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Abstract   

Human beings first appeared in the World more than six million years ago. As they evolved and developed skills, they ranged further afield. The beginning 
of woodworking and metalworking led to major changes. The story of woodworking and furniture is inextricably linked with the story of our civilizations.  
During the past 300 years, as technology has advanced and social concerns have evolved into more democratic ideals, furniture makers and furniture 
designers have begun to acknowledge these cultural shifts within vocational and professional arenas.  
People have used the furniture in their homes and always reflected the aspirations, fashions, and technology of the time during the history.  
Furniture design in disciplined work that combines technical information with prior experience, observation, and intuitive judgment, but systematic design 
will not guarantee good results. 
Designers have sought a better understanding of science, ergonomics, comfort, production and the business of marketing, branding, and distribution. In 
our day  theory engages aspects of industrialization and mass production, green design, health and welfare concerns, universal design, social use and 
current design trends. 
Keywords: civilization, furniture, design, trends 
   

 

MOBİLYA:  KISA BIR HİKAYE 

Özet   

İnsanoğlunun altı milyon yıldan fazla bir süreden beri yeryüzünde yaşadığı bilinmektedir. İnsanlar zamanla dünyaya dağılmış ve gittikleri yeni yerlerde 
bir çok beceriler geliştirmişlerdir. 
Ağaç ve metalin işlenmeye başlaması büyük değişimlere yol açmıştır. Ağaçişleri ve mobilyanın hikayesi, insan medeniyetinin hikayesine sıkı sıkıya bağlıdır. 
Geçtiğimiz 300 yıl boyunca tıpkı teknolojik gelişmeler gibi sosyal ve moral değerlerdeki gelişmelerde mobilya tasarımcıları ve üreticileri açısından, mesleki 
formasyon bilgileri kadar önemlidir ve dikkate alınmalıdır. 
İnsanlar tarih boyunca mobilyayı evlerinde kullanagelmişler, mekan ve mobilyalarına zamanın ruhunu, modasını ve teknolojisini yansıtmışlardır. 
Mobilya tasarım disiplininde teknik bilgi, tecrübe, gözlem ve sezgizel yargılar kombinasyonu yer almakla birlikte bu sistematik tasarım çalışması her 
zaman iyi bir tasarımın garantisi değildir. 
Tasarımcıların, bilim, ergonomi, konfor, üretim, pazarlama, marka ve dağıtım konularına bihakkın hakim olmaları beklenir. Günümüzde, endüstrileşme, 
seri üretim, çevreci tasarım, sağlık ve bakım hususları, herkes için tasarım, sosyal kullanım ve geçerli tasarım trendleri birbirine geçmiş ana kriterler 
olarak, görülmektedir. 
Anahtar Kelimeler: medeniyet, mobilya, tasarım, trendler 
   

 

1  Introduction 

 
The origins of man and global spread of homo sapiens can be 
interesting for us. Human beings first appeared in the World 
more than six million years ago. As they evolved and developed 
skills, they ranged further afield. Human development gathered 
pace, and with climatic change modern humans were able to 
migrate to new areas of the world.  
Human societies became more sophisticated, with increasingly 
complex art and evidence of rituals. The beginning of 
woodworking and metalworking led to major changes. Early 
humans had been expressing themselves artistically from as 
early as 30.000 years ago. Cave paintings found in France are 
among the oldest surviving examples of art. Along these state  
 

 
 
the first major settlements in the central Turkey were Göbekli 
Tepe and Çatalhöyük. In 12000 BC Göbekli Tepe and  in 9000  
Çatalhöyük had begun to develop from a small settlement into 
a larger, more organized community [1]. 
On the other hand, the story of woodworking and furniture is 
inextricably linked with the story of our civilizations. From 
Tutankhamun’s Ceremonial Chair to Rococo armchairs, and 
from 15.Louis Centre  Table to Postmodern Carlton Bookcase, 
the furniture people have used in their homes has always 
reflected the aspirations, fashions, and technology of the time. 
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Picture 1: Furniture From Tutankhamun’s Ceremonial Chair to the Postmodern Carlton Bookcase [2] 
 
Hayward, H., and others, (1975), have been prepared a source 
book about furniture. It’s title is World Furniture, the writers 
have been studied from Ancient Furniture to Postmodern and 
Contemporary periods [3]. 
Aranson, J., (1975), has been prepared a  source book, the 
Encyclopedia of Furniture, ıt’s including all subjects about 
furniture such as styles and some important details [4].  
Cerver, F.A., (2000), has been studied the story of the furniture 
and interior design. The writer has been approached the’ 
Trends’ as the last subject in his source book, Interior Design 
Atlas [5].  
According to Cerver,’ Trends’ in the Furniture and Interior 
Design as follow; Historic Reruns, Ecological Design, Furniture-
Sculpture, The Return of the Organic, Coordinated Design, 
Oriental Memories, Back to the Forge, Flashers of Metal, Simple 
Forms and Straight Lines, Gleams of Light, Ceramic Art, Art on 
the Table, Chameleon Objects, Integral Design, Inflatable 
Furniture.  
Byars, M., (2004), in his source book, “The Design 
Encyclopedia”, has been studied modern and postmodern 
furniture and other interior elements, view point of styles and 
details [6]. 
Hudson, J., (2006), has been studied the modern and 
postmodern furniture and interior elements in her source book 
the of title is ‘1000 New Designs and Where to Find Them’ [7]. 
Atiya, F., (2010), has been investigated mainly Ancient Egyptian 
Furniture and articles in his book of The Egyptian Museum in 
Cairo. The book has been bought by the writer of this paper 
when his visiting The Cairo Museum in 2010 [8].   
Miller, J., (2011), has been studied the story of the furniture in 
her book, title of “Furniture”,   main lines of 11 subjects, from 

Ancient Furniture to Postmodern and Contemporary 1970 on 
ward [2].  
Fiell, C. and P., (2012), have been studied more than 1000 
Masterpieces of Modern Chair, include from Abildgaard’s 
Klismos Chair to Zaha Hadid’s Z Chair [9]. 
Gura, J. (2012), has been studied the story of the furniture, after 
1970s in her book the title of Design After Modernism. It is 
including “Defining the Trends ”which are consist of 15 
movements from Relaxing Modernism to Unaccustomed 
materials [10]. 
Postell, J., (2012), in the title of his book’s ‘ Furniture Design’, 
the writer has been carried out the systematic and useful 
knowledge. With a gladness, I have been used widely his 
valuable  knowledge and experiences about furniture design in 
this conference paper. I would like to special thanks for his 
respectful studies here [11]. 
According to Postell, Architects, industrial designers, interior 
designers, furniture designers,  enginneers, fabricators, 
craftspeople, theorists, sociologist, cultural anthropologist, 
historians, and business entrepreneurs actively contribute to 
furniture design in unique ways and hold distinct views about 
it. Design furniture relies upon judgment and technical 
information linked to several professional and academic 
disciplines. The breadth and depth of knowledge necessary to 
design, select, fabricate, and arrange furniture in space is 
extensive.  
Consider the influence that structural forces, material 
properties, the surrounding environment, ergonomics, and 
aesthetics have on furniture design. Reflect upon the historical, 
cultural, political, and societal conditions revealed by the way 



 
 
 
 

Hasan EFE 
IFC 2016 International Furniture Congress 13-15 October 2016 

 

3 
 

people sit, rest, work and play, or the human factors research 
upon which furniture designers rely.   
Generally, some references which are related with main 
subjects have been given respectively, without any comment at 
the end of the each subject in this study. Furthermore, if any 
participant wants to visit some useful internet sites or blogs, 
also he or she can find a few links at the end of the references.  
This paper is prepared understanding and provides knowledge 
and inspiration for furniture and designing  furniture. It is 
ordered as fallowing out lines, and include current furniture 
design trends. 
 

2 Introduction to Furniture Design 

 
Designing furniture relies on intuition, judgment, design skills, 
engineering principles, and knowledge in a broad range of 
disciplines helpful with problem solving. Designing furniture 
requires inspiration, a concept or idea, and the commitment to 
give pleasure to those who use it [11]  
The inevitable shift from designing furniture to fabricating 
furniture generates an appreciation for both the obvious and 
subtle ways in which making can influence the design process. 
Through the process of making furniture, one will learn about 
hand, power, and digital tools, material properties and working 
methods, assembly processes, and the time required to finish a 
project. Fabricating furniture demands precise skill and 
workmanship and often results in a sense of craft for those 
directly involved in the process. Making furniture does not 

necessarily quarantine an ability do design furniture, but it will 
result in an expanded knowledge of materials, tools, and 
joinery, which in turn generates a broader appreciation and 
respect for furniture design [13], [11]. 
Furniture design is deeply rooted in the human condition. It is 
a social science that belongs to the humanities, an applied art 
that draws upon many design disciplines, and is dependent 
upon a working knowledge of materials and fabrication 
techniques. It is a holistic and interdisciplinary field of study.  
Before going into the furniture design, consider the terms 
furniture and design and reflect upon the fundamental and 
symbiotic relationships bound in the meaning and etymology of 
these two words.  
 

3 Furniture 

 
Furniture*noun 1.the movable articles that are used to make a 
room or building suitable for living or working in, such as 
tables, chairs, or desks. 2. The small accessories or fittings that 
are required for a particular task or function: door furniture, 
[11],   
By many accounts, furniture includes a broad range of 
moveable objects organized in four main categories :  
*Human body support devices 
*Surfaces and objects to support various activities 
*Storage and display pieces 
*Spatial partitions 
 

Picture 2: Basic Functions and Life Cycle of Furniture [12] 
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Furniture pieces are designed and fabricated to assist in the 
many ways people sit and rest, work and play, organize or 
display items, and partition space. This view suggests a broad 
utilitarian framework, in which function is perceived to be the 
primary intended purpose of furniture. Although function, 
utility, and social use are important aspects of the performance 
of furniture, rarely does function alone inspire great design.  
Furniture design draws upon ideas of beauty, principles of 
design, theory, material properties, fabrication technologies, 
business economies, environmental design matters, and the 
surrounding spatial context in which it is placed, all of which 
are integral and intertwined with function, utility and social 
use. Considerations that influence what we think about and feel 
regarding furniture design include: 
*Aesthetics (the meaning of from) 

*Historical precedent (examples from the past) 
*Principles of design (i.e., unity, harmony, hierarchy, spatial 
order) 
*Function and social use (ergonomics, comfort, proxemics) 
*Design processes (sketching, iterative overlays, model studies, 
digital modeling. Full scale working prototypes collage 
assemblies. 
*Material (classification, characteristics, properties, 
availability, cost) 
*Fabrication processes (hand, power digital) 
*Environmental design matters (sustainability, renewable 
materials, off-gassing) 
*Surrounding context (the spatial setting for furniture) 
*Professional practice (economic, legal, and business decisions) 

Picture 3: Considerations That Influence What We Think About and Feel Regarding Furniture Design [12] 
 
Utilitarian considerations can channel the development and 
refinement of design ideas but rarely inspire them. Utility is 
grounded by specific categories of social use, associated with 
the broader classifications of building and zoning 
nomenclature. In this paper, categories of social use include.  
*Healthy care 
*Hospitality 
*Institutional 
*Office 
*Recreational 
*Religious 
*Residential 
*Retail 
*Storage 
Broad categories of social use are dependent on particular 
activities and affected by specific circumstances, which are 
nearly always influenced by place, occupancy, and time. As an 
example, day care furniture is a specific type of furniture cross 

linked with institutional and residential categories. A law firm 
is a specific type of office classification, as is an accounting form 
or a telemarketing company. Furniture for a Catholic church, a 
Jewish synagogue, or Islamic mosque, falls under a liturgical 
classification. 
The word furniture is derived from European verbs, nouns, and 
adjectives. The French verb Fournier means “to furnish” 
Furniture provides a place setting for work, rest, and play. It 
also contributes to the ambiance and style of interior space. 
Furniture provides people with desired items and necessary 
equipment that complement and complete interior space.  
The Latin adjective mobile means “movable”, which is an 
important characteristic of furniture. The French ‘meubles’, the 
Turkish ‘mobilya’, and the Polish ‘namjestaj’ all translate into 
the English word furniture. Freedom from the physical 
structure of a building provides designers with an opportunity 
to create spatial relationships between movable elements and 
built-in components. The creation of spatial relationships 
through the size, location, and orientation of furniture pieces 
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places furniture design within the disciplines of architecture 
and interior design [14], [15], [16], [11], 
Spatial order and spatial organizations are including: 
*Grid : a regular tessellation that divides space into a series of 
contiguous cells, which can then be used for spatial indexing 
purposes. Grids can be generated from square or rectangular 
cells, triangular, circular, or hexagonal formations. 
*Linear : relating to, consisting of, or using lines in form or in 
spatial sequence.  
*Centralized : drawing spatial relationships into, around, or 
toward a central area or point. 
*Radial : elements radiating out from a central area or point. 
(spiraling or swirling) in a circular, lineal, or spiral path.  
*Cluster : a small group of elements gathered closely together.  
Buying, selling, and marketing, furniture is a business. Sales are 
influenced, in part, by the display of furniture in a particular 
setting (i.e., store, showroom, ad, journal, book, exhibit, or web 
site). Price, quality, function, aesthetics, historical context, and 
branded appeal also influence sales. As a business, furniture is 
carefully marketed through specific venues with consideration 
towards the competition and broader market demand for 
similar products. 
 

4 Design 

 
Design;  *noun, 1. a plan or drawing produced to show the look 
and function or workings of something before it is built or 
made. 2. The art or action producing such a plan or drawing. 3. 
Underlying purpose or planning the appearance of design in the 
universe. 4. A decorative pattern.  
*verb, 1. Conceive and produce a design for. 2. plan or intend 
for a purpose, [11]. 
One can think of design as structured play. It’s a process 
resulting from creative thinking, intuitive judgement, and hard 
work. As a process, design develops through a working method 
that is shaped by technical information, informed by theory, 
and dependent on communication skills. Design ideas develop 
within a conceptual and contextual framework and are 
dependent on the operations and abilities of the designer’s 
hand and head.  
The design process utilizes both the right and left hemispheres 
of the brain. The left side of the brain processes information in 
a linear manner, working from part to whole relationships. It 
takes pieces of information and organizes them in a logical 
order, then it draws conclusions. The left-brain person would 
enjoy making schedules and planning the fabrication of 
furniture. 
The right side of the brain, however, processes from whole to 
parts, holistically. It starts with the big picture, not with specific 
details. The right-brain person wants to see, feel, or touch 
furniture. Thus furniture designers who can activate both sides 
of the brain often enhance the design process, furthering the 
considerations of conceptual, structural, functional, tactile, 
aesthetic, spatial, economic, and cultural needs and desires, all 
at the same time [17], [11]. 
The word design is distinct from the word project. While design 
entails processes of inquiry and methods for exploring and 
synthesizing ideas a project is the coherent resolution of 
purpose and presence. At some point in time, design efforts will 
transform into projects. A project can be revealed in a drawing 
model, working prototype, or fabricated work. It’s not the 
medium that distinguishes a design from a project; rather, it is 
the presence of resolved and synthesized aspects, clarity of 
idea, function, purpose and, very often, the intent to make real.  

The words design and designate are derived from the Latin 
verb designate. Designate translates “to mark out,” taken from 
de, “of” and signare, “to mark” or the noun ‘signum’, a mark or 
sign. The Italian word for project is’ la progettazione’, referring 
to the planning stage between design and fabrication,’la 
progetto’ translates into “the plan”. The word design is 
sometimes used to mean “the plan” and can imply planning or 
intending for a purpose.  
At the core of designing furniture is a body of knowledge and 
the skills necessary to integrate the tangible and intangible 
aspects that become furniture. Tangible aspects include :  
*Materials (characteristics, workability, and finish qualities) 
*Fabrication processes (tools, performance, quality, and 
limitations) 
*Resources (time, money, and access to equipment and 
supplies) 
Intangible aspects include :  
*The program (intention, purpose, function) 
Theory and history (inquiry, rationale, precedent) 
*Ergonomics and proxemics (designing for a set of activities, 
within the limits of the human body and the study of how 
people communicate in and through space) 
*Knowledge about the human body and the human condition 
*The design process 
*Marketing and branding strategies 
*Professional practice 

 
Picture 4: Maintaining Lumbar Lordosis In Designing Human 

Body Supports. [18] 
 
Designers can build upon their understanding of the present 
and be better equipped to foresee into the future when they 
have gained insight from the successes and failures, processes, 
and aspirations of others in the past. Look carefully at the 
design and fabrication processes from the past. Consider the 
innovative use, available materials, the joinery, and aesthetics, 
all of which can inform and inspire new furniture design.  
Design skills include the ability to graphically communicate and 
physically model ideas. Though technical instruction can be 
taught, design skills need to be exercised and will improve with 
experience. Furniture designers need to learn how to design, 
sketch, draw, draft, make study models, and use computer 
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programs, while simultaneously developing a working 
knowledge about materials, fabrication techniques, and the 
human body, when they actively design furniture. In regard to 
the skills and knowledge necessary to design furniture, 
experience in both designing and making furniture’s is perhaps 
the best teacher a student can have [15], [19], [20], [11]. 
 

5 Furniture + Design + (X) = Furniture Design 

 
The primary intention of combining the terms furniture and 
design together is to articulate an emerging discipline in the 
combined synthesis of the two terms. The phrase furniture 
design establishes a framework for an emerging discipline that 
is comparable to interior design, industrial design, fashion 
design, or graphic design a discipline that is co-dependent with 
other allied design fields and, yet, one that has a core body of 
knowledge. It is an area of study that extends beyond the 
summation of furniture and design. It combines the arts and 
sciences, business and marketing strategies, and design and 
fabrication processes. It engages furniture as tangible objects, 
materials, and built form, as well as part of a larger history of 
design; informed by research, ideas, developed by design 
processes, theory, utility, comfort, use and aesthetics.  
Furniture design needs to be practiced in order to be fully 
appreciated; however, some aspects can be studied, learned, 
and taught. Designers, educators, fabricators, industrial 
entrepreneurs, museum curators, and writers have developed 
an enormous body of knowledge about furniture design. This 
body of knowledge is available to the public through book, 
journals, museum and gallery exhibits, and web sites. 
 A growing number of universities and colleges offer courses in 
furniture design many within art, industrial design, interior 
design, and architecture programs. Generally, the course 
content and student learning outcomes from furniture offerings 
address the following areas of research and inquiry; 
*History (societal and cultural themes) 
*Human factors (anthropometrics, ergonomics, and proxemics) 
*Humanities (psychology, sociology, human perception) 
*Theory (inquiry, research methods, aesthetics) 
*Design (processes, phases, paradigms) 
*Skills (drawing, model making, digital design and fabrication) 
*Materials (characteristic and performance) 
*Fabrication processes (means and methods-hand, power, 
digital techniques) 
*Professional practice 
Research methods can focus one’s inquiry within the vast body 
of knowledge of furniture design. Through the process of 
gathering, organizing, and analyzing information, a stage is set 
for producing innovative work. Research can inform ideas and 
clarify specific knowledge about furniture design. It can 
enlighten designers and fabricators in ways to resolve technical 
matters regarding material properties, fabrication processes, 
marketing strategies, and business phoning.  
There are scores of books, journals, report, professional 
organizations, academic institutions, web sites, furniture 
companies, showrooms, and galleries available to the designer 
today, and a wide range of professional practice venues, to 
support one’s study of the field of furniture design.  
Within the broader study of the humanities, areas of research 
include;  
*Human perception/phycology /behavior science 
*Sociological/cultural inquiry 
*Anthropometrics/ergonomics/proxemics 
*Social use/notions of place-making and dwelling  

*Business identify/branded environments 
One can study economic, legal, and business matters in tandem 
with material and technical aspects of fabricating furniture. 
Research methods can channel and inform relationships 
between broad areas of inquiry and more focused studies in 
specific areas. They can also expand focused inquiry into 
broader, more complex understandings.  
There are, essentially, two primary approaches to research 
methods:  
*Empirical studies (learning by doing) i.e., designing, drawing, 
making, testing. Generally,  an inductive approach working 
from concrete realities into general ideas. 
*Scientific methods (systematic and quantitative) i.e. gathering 
information, organizing data, and statistical analysis. Generally 
, deductive approach working from ideas and concepts down to 
concrete realities. 

 
Picture 5: Stress Distribution in the Household Chair Under 

the Cyclic Load [21] 
 
There is a third approach that is reflective in nature, involving 
the study of precedent, the writings of others, or investigating 
design processes (These approaches tend to be more scientific 
than empirical). 
Themes and streams of research inquiry include: *Theory 
(human factors, ergonomics, proxemics, comfort, social use) 
*Design, (processes, methods, techniques) *Material research  
*Fabrication technologies *Professional practice *History; 
Themes and streams are akin to the braids of a rope-they are 
interdepending on one another and collectively strengthen the 
totality of one’s research or inquiry [22], [24], [14], [15], [19], 
[23], [11]. 
 
Design Principles 
 
Design principles provide criteria that describe formal 
intentions. The intended purpose of a chair or table can begin 
with a range of needs or desires and develop through any 
number of processes. Along the way, furniture designers are 
confronted by design principles, which require the eye and the 
hand to work together in a complex system of thought and 
action. The principles of design covered in this chapter are.  
*Balance, Structural and Visual Symmetry and Asymmetry 
*Continuity, Unity, and Variety 
*Dynamism and Stasis 
*Hierarchy and Emphasis 
*Contrast (Juxtaposition) 
*Rhythm and Pattern 
*Scale and Proportion 
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Picture 6: Design Elements and Principles and the Schema of Their Using  [12], ]24]  
 
Balance: Structural and Visual, Symmetry and Asymmetry; 
Visual balance is the spatial weighing of a composition around 
an axis. Structural balance involves the physical equilibrium of 
freestanding elements such as chairs and tables. Furniture must 
be able to withstand lateral, shear, live, and moment forces. 
Visual balance and structural balance are related but distinct 
concepts.  
o  Structural Balance; Structural balance considers the forces in 
furniture to be in equilibrium. When forces are not in 
equilibrium, cantilevers can fail, shelves can sag, and furniture 
can tip over. Furniture must be able to withstand lateral forces 
(forces applied from the side), shear forces (internal forces 
working in parallel but opposite directions), and moment 
forces (rotational force applied to joints). Structural forces 
inspire design ideas and are an important consideration in the 
conception of form.  
In cases where furniture is precariously tall and narrow or 
where the center of gravity lies beyond the tipping point, it may 
become necessary to attach furniture to a floor, wall, or ceiling 
in order to maintain structural stability.  
There are dimensional limits to the horizontal span of shelving 
before deflection occurs and imbalance appears. Shelving 
system, bred frames, music stands, grandfather clocks, cabinet, 
doors, and speaking podiums all depend upon basic 
engineering principles to maintain structural balance and 
function safely.  
o Visual Balance; The spatial weighing of visual balance 
expresses either symmetrical or asymmetrical composition.  
o Symmetry; is a form of balance where a component (or 
several components) is mirrored along an axis. Symmetry can 
be expressed bilaterally (around a common axis) or radially 
(around a common point). 
o Asymmetrical balance is dynamic and appears in equilibrium 
along an axis through its form, though it cannot be mirrored.  
Continuity, Unity, and Variety; The wall –mounted wood 
paneling that transforms into sinusoidal bench in Gunnar 
Asplund chapel at the Woodland Cemetery in Stockholm, 
Sweden, expresses continuity, unity, and variety. 
Dynamism and Stasis; The handcrafted wood rockers 
designed and crafted by Sam Maloof express movement in both 
visual and visceral manner. Furniture that appears static, such  
 
as Emik Skoven’s Block stool expresses stasis. Dynamism and 
stasis are contrasting attributes in built form.  

Hierarchy and Emphasis; Hierarch, and emphasis point to 
priority, and relative value in design. Hierarchy and emphasis 
are achieved through the manipulation of location, color, size, 
texture, and shape. Form, color and material can emphasize 
primary, secondary, and tertiary levels of importance and 
meaning. 
Formal hierarchy can reinforce social status, such as the person 
sitting at the short end of a long rectangular conference table. 
In this sense, social, cultural, and political meaning, parallel 
formal characteristic of hierarchy. 
Emphasis is drawn from dominant and subordinate 
relationships. For example, one can emphasize the vertical 
elements of a shelving system by using distinct materials and 
details to draw the eye. Shape differences and contrast levels 
can help designers distinguish dominant and subordinate 
relationships in their wok.  
Contrast; Contrast or juxtaposition is the simultaneous 
experience of the relationships between contrasting elements 
or characteristics. Examples include a curvilinear form 
juxtaposed with an orthogonal shape and a light, reflective 
surface juxtaposed with a dark matte finish. 
Rhythm and Pattern; The world rhythm derives from the 
Greek term rhythmus, meaning “to flow” Rhythm is the 
foundation of music dance poetry, and design. Rhythm is the 
structure and order of elements in space or time. 
Rhythm is also the order of temporal daily experiences such as 
waking and sleeping, including monthly and seasonal patterns, 
and life-cycle events such as birth and death.  
Pattern is the arrangement of elements that determine a whole 
and are made from points, lines, and shapes. Rhythm and 
pattern are codependent and inherent aspects in design. They 
reveal the underlying structure of from through physical 
spatial, or temporal compositional order.  
Scale and Proportion; Scale and proportion are dependent 
upon physical and spatial relationships, although important 
distinctions need to be made between these terms. Scale is 
based upon the size of one thing relative to another, such as the 
size of a sectional sofa in relation to the size of a room. 
Proportion is the geometric correlations between parts and 
between parts and the whole. 
o   Scale; furniture very often appears larger   smaller in its 
intended spatial context than it did in the shop where it was 
fabricated. The perception of scale depend upon the size of the 
furniture and the spatial context in which it is placed. When the 
surrounding spatial environment changes, the relative 



 
 
 
 

Hasan EFE 
IFC 2016 International Furniture Congress 13-15 October 2016 

 

8 
 

perception of size will change as well though the proportions of 
the furniture have not changed. 
 Furniture draws relationships between objects and space 
thereby giving scale to a room but it also draw relationships to 
the human body, thereby indirectly giving scale to the room 
based upon the body. Parallel to the idea of relative size but 
different in focus is the scale in which designers sketch, draw 
draft or think about furniture initial conceptual ideas may be 
delineated at any scale.  
Placement and orientation are important aspects of furniture 
design. Because architects and interior designers incorporate 
furniture into the plans and sections of their drawings 
designers should think about the context of furniture in the 
conception of design and be able to sketch model, and develop 
furniture designs in a range of scales from %=1-0” to full scale  
o  Proportion; is not about size, nor is it about the perception of 
scale. It is the mathematical  relationships of a part, or parts of 
a design, to other parts within a given field or frame of 
reference. We recognize furniture by its proportions, 
identifying the relationships between seat pan to seat back and 
leg dimensions to table height dimensions. 
 Proportion is the relationship between with and length and 
concurrently, between height and depth. Furniture can appear 
visually heavy or light, compressed or extended. How we 
characterize the physical and spatial relationships of furniture 
reveals proportional relationships of the design. 
Proportion is based upon a variety of tangible references. 
Naturally, the human body is the most common reference used 
in the design of furniture. Other proportional systems include 
mathematical or geometric systems such as the Golden Mean, 
the Fibonacci sense of numbers, the root system, fractal 
geometry and logarithmic or parabolic geometry [26], [15], 
[19], [27], [25], [11].  
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Abstract   

The problems of today are that the cities are becoming more and more overbuilt and the relaxation areas are becoming fewer. There are not enough free 
green areas in the cities. The solution – it is necessary to find other alternatives for creating walking and entertainment spaces. In the article we are going 
to talk about global examples where urbanization of unused land in cities is a natural move dictated by the new needs of people. In this report we are 
going to present to you our project NATURALS, which includes our idea for reconstruction of unused railway roads in the capital of Bulgaria, Sofia, as well 
as a furniture collection for street equipment (bench, bicycle stand, table, self-watering pot, fence, street lamp, recycle bin), appropriately finished to 
improve the durability of the materials in exterior weather conditions. In this study durability of the decorative coats was tested. 
Keywords: urban design; free places; naturals; furniture; street equipment; finish; reliability; materials; exterior; decorative coats; durability. 
   

 

1 Introduction 

The cities of today are becoming more overbuilt and 
overcrowded which causes problems with the environmentally 
friendly conditions of living and recreation. This leads to the 
need of looking for new opportunities to create more spaces for 
walking, entertainment, relaxation and sports zones by 
urbanization of unused areas in cities. 

1.1 Global examples for utilization of unused land. 

There are a lot of examples for appropriate urbanization of 
unused areas [1]. A good example in Europe is Coulée verte 
René-Dumont or Promenade plantée (French for tree-lined 
walkway) or Coulée verte (French for green course) which is 
an elevated linear park built on top of an obsolete railway 
infrastructure in the 12th arrondissement of Paris, France. It 
was inaugurated in 1993 (fig.1). 
 

 
Figure.1 Promenade plantée location 

The Promenade plantée is an extensive green belt that follows 
the old Vincennes railway line. The park is perfectly located 
near some important places as the Opéra Bastille and the 
Boulevard Périphérique. It is very convenient for the people 
who work or live there. At its west end, near the Bastille, the 

parkway rises 10 m above the surrounding area and forms 
the Viaduc des Arts, over a line of shops for high quality and 
expensive arts and crafts. The elevated part of the route, on the 
viaduct, has some covered sections going past modern 
buildings, also some open sections with expansive views. Other 
abandoned railways have been converted into parks and 
parkways, but the Promenade Plantée was the first green space 
constructed on an elevated viaduct. 

The western part of the parkway may be accessed via stairways 
and elevators leading up to the elevated viaduct (fig.2a; b). This 
part is reserved for pedestrians. The eastern part of the 
parkway is accessible via ramps and stairways and is open to 
both pedestrians and cyclists (fig.2a; fig.2b; fig.3; fig.4).  

  

Figure.2 a) Stairway and elevator.        Figure.2 b) Stairway 

  
Figure.3 Bicycle lane and relaxation zone. Figure.4 Footbridge 

The Promenade Plantée was built on the former tracks of the 
Vincennes railway line, linking the Bastille station to Verneuil-
l'Étang, passing through Vincennes which was built in 1859 and 

https://en.wikipedia.org/wiki/French_language
https://en.wikipedia.org/wiki/Green_belt
https://en.wikipedia.org/wiki/Vincennes
https://en.wikipedia.org/wiki/Op%C3%A9ra_Bastille
https://en.wikipedia.org/wiki/Boulevard_P%C3%A9riph%C3%A9rique
https://en.wikipedia.org/wiki/Viaduc_des_Arts
https://en.wikipedia.org/wiki/Verneuil-l%27%C3%89tang
https://en.wikipedia.org/wiki/Verneuil-l%27%C3%89tang
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ceased to operate on December 14th,1969. Part of the line 
beyond Vincennes was integrated into Line A of the RER, while 
the Paris-Vincennes section was completely abandoned. 

The area was renovated at the beginning of 1980. In 1984  the 
Bastille station was demolished to make way for the Opéra 
Bastille. The Reuilly area was designed in 1986; it incorporates 
the old commercial rail depot of Reuilly as well as a group of 
park areas. The Promenade Plantée was designed at the same 
time in order to reuse the rest of the abandoned line between 
the Bastille and the old Montempoivre gate to the city. 
Landscape architect Jacques Vergely and architect Philippe 
Mathieux designed the parkway, which was inaugurated in 
1993. The arcades of the Viaduc des Arts were renovated in 
1989, as was the new square Charles-Péguy [2]. 

Another very good example of an urbanized zone is High Line 
Park, USA. It is 2.33km-long. The linear park is located in New 
York City, in the famous Manhattan borough (fig.5), on an 
elevated section of an unused  New York Central Railroad spur, 
called the West Side Line. The designers and architects were 
inspired by the 4.8-km Promenade plantée (tree-lined 
walkway), a similar project in Paris completed in 1993.The 
High Line has been redesigned and planted as an aerial 
greenway and rails-to-trails park. 

 

Figure.5 High Line Park 

  

  

 

The park's attractions include naturalized plantings that are 
inspired by the landscape that grew on the unused tracks, and 
views of the city and the Hudson River (fig.6). The trail is made 
of pebble-dash concrete walkways that swell and constrict, 
swing from side to side, and divide into concrete tines that meld 
the hardscape with the planting embedded in railroad gravel 
mulch (fig.7). The Stretches of track and ties are a reminder of 
the High Line's former use. Part of the track is adaptively reused 
for rolling lounges positioned for river views. Most of the 
planting, which includes 210 species, is of rugged meadow 
plants, including clump-forming grasses, liatris, 

and coneflowers, with scattered stands of sumac and smoke 
bush. At the Gansevoort Street end, a grove of mixed species 
of  birch already provides some dappled shade by late 
afternoon. Along the High Line that is currently open to the 
public, the park’s “peel-up” benches are an integral part of the 
landscape design, rising organically from the planks of the 
walkway. In the rail yard section of the High Line, the “peel-up” 
benches will evolve into new design elements to create more 
seating, picnic areas and playgrounds. 

 

Figure.8 “Peel-Up” Bench Seating 

 

 Figure.9 Kids area in high line park 

The third and final section of the High Line will feature an area 
dedicated to kids and families (fig. 9). Part of the railway will be 
covered with a thick rubber safety coating, and transformed 
into a unique area for kids. The success of the High Line in New 
York City has encouraged the leaders of other cities, such as the 
mayor of Chicago Rahm Emanuel, who sees it as "a symbol and 
catalyst" for gentrifying neighborhoods. One estimate is that it 
costs substantially less to redevelop an abandoned urban rail 
line into a linear park than to demolish it. Other cities around 
the world are planning elevated rails-to-trails parks. One writer 
called this the "High Line effect” [3]. 
 

1.2 Project Naturals 

The aim of the Naturals project is to reconstruct unused tram 
lines in Bulgaria. Firstly, the project aims at the urbanization of 
an old, unused tram line in Sofia. It is located along the route 
from G.M. Dimitrov metro station to Student City junction. 
Years ago there was a tram which went from the main sation to 

Figure.6 Natural growth                                 
on the track 

Figure.7 Planting in concrete 

https://en.wikipedia.org/wiki/RER_A
https://en.wikipedia.org/wiki/R%C3%A9seau_Express_R%C3%A9gional
https://en.wikipedia.org/wiki/Op%C3%A9ra_Bastille
https://en.wikipedia.org/wiki/Op%C3%A9ra_Bastille
https://en.wikipedia.org/w/index.php?title=Jacques_Vergely&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Philippe_Mathieux&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Philippe_Mathieux&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Square_Charles-P%C3%A9guy&action=edit&redlink=1
https://en.wikipedia.org/wiki/New_York_Central_Railroad
https://en.wikipedia.org/wiki/West_Side_Line_(NYCRR)
https://en.wikipedia.org/wiki/Promenade_plant%C3%A9e
https://en.wikipedia.org/wiki/Paris
https://en.wikipedia.org/wiki/Greenway_(landscape)
https://en.wikipedia.org/wiki/Rail_trail
https://en.wikipedia.org/wiki/Hudson_River
https://en.wikipedia.org/wiki/Liatris
https://en.wikipedia.org/wiki/Asteraceae
https://en.wikipedia.org/wiki/Birch
https://en.wikipedia.org/wiki/Rahm_Emanuel
https://en.wikipedia.org/wiki/Gentrification
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the University of Forestry. Nowadays this area is not 
maintained and lacks any aesthetic appearance (fig.10; fig.11). 

 
Figure. 10 Tramline before              Figure.11 Tramline now 
 
In the past the tram was convenient for the students who 
travelled from the provinces (Railway station) to the Student 
City district. Today there is the № 413 bus and also a metro line 
going this route. The bus is a convenient way of travelling but 
the metro line has more advantages. In this area there are many 
people and rush road-traffic. The reconstruction of this space 
will lead to a better traffic organization as well as better 
conditions for cycling. The project is about a pedestrian and 
bicycle lane and it envisages the construction of several bicycle 
stands and a lot of places for recreation. The ground of the 
pedestrian promenade is concrete and of the bicycle lane - 
asphalt. The bicycle stands will be mounted near the 
universities as well as G.M.Dimitrov metro station. The station 
bicycle stands would be convenient for students. They can 
travel by metro, then continue by bicycle. This will encourage 
young people to use only environmentally friendly transport. 
Cycling is not only a “green” way to travel but it is also suitable 
for young people to do more physical exercise. So we have two 
benefits: first, people do not pollute the environment and 
second, they do exercise while travelling to a particular 
destination. This section is suitable for building a bicycle lane 
as it can be separated from the boulevard, which is a basic rule 
in designing roads of this type. Cyclists will be separated from 
the roadway by high vegetation and fencing. This will help to 
increase security. The following tree species are provided for 
this purpose – silver linden (Tilia Tomentosa); horse chestnut 
(Aesculus Hippocastanum) and red American oak (Quercus 
Rubra). The purpose of that selection is to avoid monotony. 
They have different colours in autumn and they are: Tilia 
tomentosa – yellow (Fig. 12 b); Aesculus hippocastanum – 
brown (Fig.13 b); Quercus rubra – red (Fig. 14 b).  
 

 
a) b) 

Figure. 12 Tilia Tomentosa a) spring colour; b) autumn colour 
 

 
a) b) 

Figure.13 Aesculus hippocastanum a) spring colour; b) 
autumn colour 

 
a)                                                    b) 

Figure. 14 Quercus rubra a) spring colour; b) autumn colour 
 

Another decorative feature for which Tilia is selected is that it 
has beautiful blossoming and a pleasant fragrance in spring. 
Aesculus hippocastanum also has beautiful blossoming in 
spring and in autumn it has interesting fruit, which children 
could use to play games with. The bicycle lane could be 
separated not only by landscaping and fencing but also by the 
well-known method of urban design, using flooring in a different 
colour. Red colour was chosen because it is easily noticeable by 
traffic participants. The bicycle lane is separated from the 
pedestrian area, not only by the different colour and type of 
flooring, but also by hedges and a strip of grass. For this purpose, 
our project envisages the use of the Bird grapes species 
(Ligustrum Vulgare) as being the most suitable. Moreover, it has 
a lot of decorative features. In spring it has very delicate white 
blossoms with a pleasant fragrance, and in autumn it has black 
fruit in a cluster (hence the name of the plant) [4]. Recreation 
areas and stands are designed to be located between the bicycle 
lane and the pedestrian path. The purpose of the project is to be 
suitable for all users. In the construction of the furniture we 
have followed a very important formula which is hidden in the 
word "naturals". The word was chosen as it follows perfectly 
the idea of the project to build an area where you would feel 
close to nature. Another key point is that each piece of furniture 
in the project is in the shape of a letter from the word n a T u R 
a l S (fig.15). The relaxation area in the bicycle lane will be 
equipped with the following products designed in the project: 
bench; bicycle stand; table; exterior pot; fence; lamp; recycle 
bin. They are designed to be constructed by plywood and metal 
alloys. 

 
Figure. 15 Furniture design; n – bench; a – bicycle stand; T – table; 
u – exterior pot; R – fence; l – lamp; S – recycle bin 
 
The bench is n-shaped. It has an asymmetrical shape and two 
main zones, (fig.16) 

 
Figure. 16 Three-seat bench 

L = 1930 mm; W = 430 mm; H = 450 mm 
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The bench has two main purposes as a separate item. The first 
zone is for bicycle support and the second is a space to sit. These 
functions  are dictated by the fact that it will be located on a 
pedestrian and bicycle lane and it should be comfortable and 
used by all traffic participants. The materials which are used for 
the bench construction are carbon steel (S235JR, t=4mm) and 
plywood (t=16mm). Based on the fact that the bench is 
designed for outdoor conditions, it was decided for the wood 
and metal to be coated with epoxy film forming system. The 
bench has three seats made by plywood and measuring 450 x 
430 mm. They are fix to the skeleton of the bench by 
countersunk bolts. The bicycle lockers are decorated (faced) 
with plywood and fixed to the skeleton by countersunk bolts. 
The distance provided for the tyre wheel is 80 mm. (The widest 
mountain bike tyre is 75 mm). The bench skeleton is made of 
square tubes fastened together by welding. The arc part of the 
bench functions as a wheel stand and also bears the whole 
construction. The skeleton has an L-shaped section. It is made 
of two pieces – a side part and a bended part. The side part is 
cut by a CNC-controlled laser machine. The bended part is made 
by an NC-controlled folding machine. The two parts are 
fastened together by a welding seam. The leg of the bench is 
faced with plywood and the skeleton is built from square tubes 
(40x20 mm). The plywood is attached to the construction of the 
leg by means of dowels and cap nuts. The bench is fixed to the 
ground by means of steel plates and bolts [5]. 
The Bicycle stand is a-shaped (fig.17). 
 

 
 

Figure. 17 Bicycle stand 
L = 1237 mm; W = 400 mm; H = 856 mm 
The shape of the bicycle stand is a stylized “a”, which is the 
second letter of the word naturals. This particular letter was 
chosen for a stand because of its rounded shape that could 
follow the shape of the tyre. The locker consists of two parts -a 
bearing metal skeleton made of steel and decoration made of 
plywood (16mm). The height of the stand (H = 856mm) is 
synchronized with the structural characteristics of the bicycle 
and the relative height of the human body. The whole width, 
which is enough to hold both, the tyre and the fork of the 
bicycle, is 150mm. There are three pieces of plywood and they 
are fixed to the skeleton by countersunk bolts. The skeleton is 
made up of two sheets, which are cut by a laser machine with a 
CNC control. The two arc-shaped pieces are made by a folding 
machine with an NC control. The pieces are joined together by 
a welding seam. The stand is fixed to the ground by anchor 
bolts. The locking of the bicycle is made possible by a lock rope 
provided by the cyclist. This bicycle stand allows locking of both 
tyres. One of the advantages of this product is that while you 
are locking your bike, you can put your luggage on the top of the 
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Figure. 18 Locking the bicycle 

 
The table is T-shaped. 

 

 
Figure. 19 Table 

L = 1800 mm; W = 600 mm; H = 720 mm 
The table is T-shaped. It can be used by three people in length. 
It consists of two parts: a metal construction and a wooden 
worktop (plywood). The worktop is joined to the skeleton by 
screws with countersunk heads. The skeleton consists of three 
legs, stretchers and a cross-lath. The legs are custom made of two 
steel sheets which are laser cut by a CNC machine. There are two 
bended parts and they are made by using the same technology as 
the previous two pieces of furniture. The pieces are fastened 
together by welding. The legs contact the ground by stainless 
steel steps. The two stretchers are made of   rectangular tube 
(50x30mm). They are fixed to the legs by welding. The distance 
from the ground is 184mm. The cross-lath is also made of 
rectangular tube (50x30mm) and is fixed to the skeleton by 
welding. The table construction and measuring are in conformity 
with its function. It is mainly designed to be used for short stays, 
for example by students having a rest or lunch or working on 
their laptops. Therefore, a compromise is made with the height 
of the footrest. 

 
Figure. 20 Self watering pot 

L = 800 mm; W = 430 mm; H = 450 mm 
The self-watering pot is presented in figure 20. The shape of the 
self-watering pot is similar to the letter U. It consists of three 
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parts: a bearing metal skeleton (supporting structure), a box for 
planting flowers or other types of decorative plants and 
wooden facing (plywood). The containers, where the plants are 
grown, are made of polypropylene. The pot has two legs in 
order to be separated from the ground and the moisture. The 
plywood is attached to the pot steel structure by fasteners. The 
plant containers have a water tank which provides water for 
the plants for a long time without any maintenance. It is at the 
bottom of the pot and the soil is at the top. The plants “drink” 
water via cylindrical elements with slots. They separate the 
water from the soil. The tank is filled with water through a ø 
40mm tube. The periods of water filling depend on the plant 
itself. 
The multifunctional equipment is presented in figure 21. 

 
Figure. 21 Multifunctional street equipment (fence) 

L = 112mm; W = 955mm; H = 1000mm 
This equipment has the letter R. It could be used as a fence or 
as a bicycle stand. It could function as both simultaneously. The 
fence consists of four identical pieces and two elements forming 
the letter R. The R-forming parts are fixed to the construction 
by screws. Plywood is used to decorate and accent the R. The 
wooden parts are fastened to the steel by screws. Two dowels 
are used to stabilize the construction in its length. They are 
inserted into cylinders in order to fix the distance between the 
vertical pieces. The fence is attached to the ground by anchor 
bolts. 
The ecological Lamp is presented in figure 22. 

 
Figure. 22 Ecological lamp 

L = 350 mm; W = 597 mm; H = 4000 mm 

The lamp is L-shaped. It is designed for alley lightning. It is 
ecological because of its function to accumulate energy during 
the day and use it at night. The materials used are steel, 
polypropylene and solar panels. The batteries and electronic 
equipment hidden inside guide the accumulation of energy. The 
design of the luminaire consists of two curved pieces in the 
shape of the letter l and several sheet pieces which are attached 
to the curved pieces by welding. The result is a hollow body 
with a compound shape in which six accumulator batteries are 
inserted. The accumulation and consumption of energy system 
is managed by the electronic equipment. The solar panels are 
curved in order to collect energy more efficiently. A covered 
opening is provided to insure access in cases of failure. The 
cover is 1600x300x8 and it is attached to the structure of the 
lamp by bolts and fixed nuts. The lamp is 750x200 and provides 
light by LED lights. The shade protects the lamp from 
unfavorable weather conditions and is attached by clips. 
The recycle bin is presented in figure 23. 

 
Figure. 23 Recycle bin 

The materials used are sheets of steel, plywood and 
polypropylene. The steel is used for the construction of the 
product. The plywood is used for decoration of the roof and for 
the movable door (at the front of the product). The 
polypropylene is used for the container. The recycle bin 
consists of two S-shaped steel sheets (S235JR, t=3mm). In the 
upper part, they are fastened together by four pieces measuring 
80х460х5, and by a bended piece in the lower part.  All steel 
details are fastened together by welding. The steel construction 
is decorated with plywood fixed by bolts. The waste container 
is located in the lower part of the S shape. It can hold up to 90 
liters of waste. It is made of polypropylene. Emptying is made 
possible through a movable door. It has a hanger mechanism 
which is fastened to the steel structure. The recycle bin stands 
on stainless steel legs. They are fixed to the construction by 
welding.  
The steel pieces are protected from the external influence by 
alkyd primer, acrylic paint and epoxy varnish. The plywood is 
treated with alkyd transparent primer transparent and urethane 
alkyd varnish (yacht varnish) [6], [7]. 

2 Conclusion 

The problems of today are that the cities are becoming more 
and more overbuilt. Relaxation areas are becoming fewer. It is 
necessary to create safety and comfortable relaxation areas to 
encourage people to spend more time with the nature. 
Regarding global, successful examples it has been developed 
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project for bicycle and pedestrian lane.  The idea of the authors 
is to create well organized and pleasant for walking area. 
The main accent is the furniture collection which is suitable for 
bicycle and pedestrian lane. It is designed following the 
requirements for street furniture and equipment.  
The authors believe that they have achieved modern design 
which will be comfortable for the people. 
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Abstract   

It is aimed to determine the innovative design approaches for narrow kitchens and teen rooms within this study. Kitchen and teen room projects which 
are designed in a design office are taken to the scope of the study for that purpose. In conclusion, solution offers were provided to improve the functionality 
of the space and increase the number of users with respect to innovativeness.  
Keywords: Interior architecture, Innovativeness, Narrow space 
   

 

DAR MUTFAK VE GENÇ ODALARINDA YENİLİKÇİ TASARIM YAKLAŞIMLARI  
Özet   

Bu araştırmada dar mutfak ve genç odalarında yenilikçi tasarım yaklaşımlarını belirlemek amaçlanmıştır. Bu amaçla bir tasarım ofisinde tasarımı 
yapılan dar mutfak ve genç odaları projeleri araştırma kapsamına alınmıştır. Sonuçta; yenilikçilik bağlamında mekanın işlevselliğini ve kullanıcı sayısını 
arttırıcı çözüm önerilerine yer verilmiştir.  
Anahtar Kelimeler: İç mimarlık, Yenilikçilik, Dar mekan 
   

 

1 Introduction 

House is a way of living and settling which has a sheltering-
protection function developed by families or individuals who 
live together, share the parts of the same space and do all the 
living actions –sleeping, resting, eating etc. – together [1]. 
House construction in Turkey went in two different directions. 
These are 100-200 m2’houses which are called luxury houses 
and the houses which are under 60-100 m2 and called low-cost 
housing [2]. Varieties with respect to the space are not wanted 
in the houses which are built with the loan support of the state. 
Because when the number of rooms increases, corridor and lost 
space will also increase. Since house ownership and tenancy are 
considered in relation with family in our country, house 
planning is generally made in accordance with some certain 
family sizes. For families that includes 2-3 persons 70m2, 6m2 
kitchen, a single bathroom with WC; for families that includes 
3-4-5 persons 90m2, 8m2 kitchen, WC + bathroom with WC; for 
families that includes 6 or more people 110m2, 10m2 kitchen, 2 
bathrooms with WC are offered. Kitchens should be big and 
useful; bathrooms should be functional and in minimum size 
which means they should not exceed 6m2 [3]. Increase in the 
construction materials, land and workmanship influence the 
cost price of the houses. Growth in the population increases the 
need for houses day by day. House building area is kept small 

for the purpose of lowering the cost price and increasing the 
purchasing power [4]. Space sizes and space organizations in 
houses cannot keep up with the technological developments 
and family size in time [5].  
Development phases of family are like the following [6]: 
 Starting a family phase: It is the first and second years of the 

marriage. Family is small and moving. 
 Expanding family phase: Family becomes an expanding 

family after the birth of the first child. All of the children or 
most of them are under 18 at the expanding family phase. 
Needs of the family are in the position of constantly 
changing and increasing at this phase. Families can be said 
to be less moving compared to the first phase. 

 Shrinking family phase: Families enter into this phase when 
the children begin to leave their parent’s house and it 
continues until the old age phase. 

 Old age phase: At this phase, children left their parent’s 
house and the family is small as in the staring a family 
phase. 
Changes in the needs of the family in parallel with the 
phases that the family goes through can be met in three 
ways [6]. These are: 
1. Families have a chance to make their house bigger or 
smaller based upon the factors such as structural 
adjustment of the environment where the house is built, 
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structural facilities of the house and the cost of the changes 
that will be made. 
2. Families change their houses according to their 
developments. 
3. The houses in which the families live have the optimal 
size that can meet these changes [6]. In this situation, 
families do not have difficulties in settlement. 
Solutions that the families come up with in order to meet 
the changing needs belonging to the starting a family and 
expanding family phases are written below. These changes 
are not very logical and they are made with the 
opportunities that the family has [7]: 
1. As a result of the increase in the number of children; 

 Making one or more than one child sleep in a mattress in the 
kid’s room or in the living room, 

 Integrating the balcony to the room or turning it into a 
single room with the aim of expanding the kid’s room, 
2. Because of the gender differences; 

 Boy’s or girl’s leaving the room after a certain age and move 
into another room, sleeping in a corner of the sitting room 
or the living room if there is not enough room for the 
children, 

 Turning a part of the living room into a room in the L type 
living rooms, 
3. Because of the need or increase in the need for storage 
volume or hobby; 

 Closing the WC and using it as a hobby room (using it as a 
dark room), 

 Closing the kitchen balcony and using it as a storage or 
using the balcony as a storage by putting cupboards in the 
balcony, 

 Putting shelves on the doors in the corridors and using 
them as large cupboards for bedding, 

 Pulling down the wall between two rooms and making a 
closet and putting a closet instead of it which can be used 
from both sides [7]. 
 

Stephane Malka, a French architect, solved the problem of 
continuous development of the cities with a module unit which 
he put on the roof of old buildings by using the modular system 
(Fig.1-a) [8]. Families can expand in the course of time as 
mentioned above. There becomes an increase in the needs of 
the people with this expansion. It can be seen that these needs 
can be satisfied by putting additional modules on the building 
in Fig. 1-b [9]. Similar to the same situation, it can be seen that 
modular systems can be used in different ways for the purpose 
of creating a difference at the time of construction as in the 
example of Denmark – Copenhagen IT University (Fig. 1-c) [10]. 

 
 
 
 
 

 

     
                      a [8] b[9] c [10] 
 

Figure 1.Satisfying the needs of people with modular system. 
 

Burdurlu and Ejder [11] analyzed narrow houses and 
mentioned the importance of factors such as functionality 
priority and multi-functional design, modularity, 
diversification of products and product differentiation for the 
furniture design suitable for narrow houses. Ökem [12] claimed 
that mobility, flexibility, collectability, storing, modularity and 
adjustability are among the features that furniture designed for 
the minimal houses should have. Öcal [13] in her study claimed 
that it is aimed to meet the constantly changing demands and 
requirements of the users with the interior space and the 
equipment designs in the spaces. She also stated that the 
demands and requirements of the users change according to 
the socio-cultural and socio-economic structure along with the 
changing family structure and these changes are reflected in the 
space usage of the people. In addition, she claimed that factors 
such as the fast increase in the population growth and 
migrations have an influence on the space formation. World 
Health Organization defines 10-19 age group as the 
‘’Adolescent’’ age group, and defines 15-24 age group as the 
‘’Young’’ group. Since the ages belonging to adolescent and 
youth intersect, 10-24 age group is considered as ‘’Young 

People” [14], [15]. When the term ‘’child’’ is used, persons who 
are between the age of 0-18 are understood in a family. 
Children can have separate rooms or they can share the room 
in accordance with the social structure and the economic 
opportunities of the family. Children’s having their own rooms 
is a significant factor for both an organized settlement in the 
house and personality development of the children [16]. Size, 
forms and intended purpose of the furniture that should be in 
children’s room change according to the age groups. Since 
height of the children differs according to their ages, furniture 
for the children does not have a standard size. Children grow up 
fast; therefore, furniture bought for children becomes unusable 
in a few years. This result which affects the economic 
conditions forces families to use the children furniture for a 
longer time. Size for the children furniture is arranged above 
the age groups or construction arrangements are made in a way 
that furniture can be used by two age groups [16]. 
Excessive amount of hours that the family members spend out 
of their homes because of the working conditions and social 
structure today and the shortness of the time spent at home 
force family members to be together. Eating in the kitchen is 
one of the most positive solutions for the families who work as 
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it is necessary to reduce negative factors such as waste of time 
and energy loss stemming from the service which requires 
extra work and walking when eating on the dinner table in the 
living room. Breakfast or dinner is eaten in a short time and 
easy way with minimum energy loss in kitchen [1]. Therefore, 
putting a dinner table in the kitchen is a demanded situation. 
Different solutions should be provided in the children’s room 
because of the increase in the number of children and gender 
differences between the children. Again, increase in the number 
of children forces families to provide different solutions for the 
kitchen as well. It is aimed to determine different solutions 
which increase the functionality of the narrow kitchens and 
children’s room and the number of users with respect to 
innovativeness taking this data into consideration. Children’s 
room and kitchen projects of which applications were 
completed were obtained from a design office in İstanbul for 
this purpose and common points along with the possibilities 

that could increase the number of users and the functionality of 
the kitchens and children’s rooms were determined. 

2 Method 

It is aimed to determine different solutions which increase the 
functionality of the narrow kitchens and children’s room and 
the number of users with respect to innovativeness within this 
study taking the data provided above into consideration. 
Children’s room and kitchen projects of which applications 
were completed were obtained from a design office in İstanbul 
for this purpose and common points along with the possibilities 
that could increase the number of users and the functionality of 
the kitchens and children’s rooms were determined. Name of 
the office was not given because of the ethical concerns. 

3  Findings 

Images related to first teenage room arrangement analyzed are 
provided in the Fig. 2. 

 
Figure 2.Images of teenage room arrangement 1 

     
 

    

 
This arrangement was made to use one bedroom for a family 
with three children. In accordance, folding bed application 
concealed under the bedstead was included in this 
arrangement. 2 more beds are unfolded at nights and children 
are given an  
 

 
opportunity to sleep together in a single bedroom. These beds 
are folded and converted into one bed during the day so that 
the usage area of the room is increased. 
Drawings related to second teenage room arrangement 
analyzed are provided in Fig. 3.  
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Figure 3.Drawings of the teenage room arrangement 2 

  
                                                 EMPTY ROOM PLAN                                     DIVIDED ROOM AND FURNISHED PLAN 

 
A-A SECTION                                    B-B SECTION 

 
This project was considered for three children. One bedroom 
was divided into two in the project because of the gender 
differences. A part of the divided room was arranged for two 
sisters and the other half was arranged for the brother. A bunk 
bed was put in the section where two sisters stay in order to 
create an opportunity for 2 sisters to sleep together. The other 
part of the divided room was planned for the brother. 

 
Images related to third teenage room arrangement analyzed 
are provided in the Fig. 4. 
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Figure 4.Images of teenage room arrangement 3 

   
 

   

 
This arrangement was made to use one bedroom for a family 
with two children. In accordance, folding bed application 
concealed under the bedstead was included in this 
arrangement. Another bed is unfolded at nights and children 
are given an opportunity to sleep together in a single  

 
bedroom. The bed is folded and converted into one bed during 
the day so that the usage area of the room is increased. Images 
related to fourth teenage room arrangement analyzed are 
provided in the Fig. 5. 
  

 
Figure 5.Images of teenage room arrangement 4 

   
 

   

 
This arrangement was made to use one bedroom for a family 
with two children. In accordance, folding bed application 
concealed under the bedstead was included in this 
arrangement. Another bed is unfolded at nights and children 
are given an opportunity to sleep together in a single bedroom. 
The bed is folded and converted into one bed during the day so 
that the usage area of the room is increased.  
 
 

 
Images related to fifth teenage room arrangement analyzed are 
provided in the Fig. 6. 
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Figure 6.Images of teenage room arrangement 5 

 

 
This arrangement was made to use one bedroom for a family 
with two children. In accordance, one bed was planned on the 
other bed in order to give children an opportunity to sleep in a 
single bedroom. 

 
Images related to first kitchen arrangement analyzed are 
provided in the Fig. 7. 
  
 

Figure 7.Images of kitchen arrangement 1 

    
 

     

 
This arrangement was made in order to increase the number of 
users. In this arrangement, legs of the dinner table which is in 
the kitchen are opened with a special rail system to make  
 
 

 
the dinner table bigger. Therefore, capacity of the dinner table 
which is normally for 4 people becomes suitable for 6 people. 
Images related to second kitchen arrangement analyzed are 
provided in the Fig. 8. 
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Figure 8.Images of kitchen arrangement 2 

 

     
 

     
 

 

 
This arrangement was made to increase the functionality of the 
space. The dinner table was designed as mobile in this 
arrangement. Users can determine the place of the dinner table 
as they like. The dinner table can move left or right on a  
 

 
rail which is on the cupboard so that the cupboards which are 
below can be used easily. 
Images related to third kitchen arrangement analyzed are 
provided in the Fig. 9. 
 

 
Figure 9. Images of kitchen arrangement 3
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This arrangement was made to increase the functionality of the 
space. It is an arrangement which can be used in kitchens  
which are too narrow to put a dinner table. Dinner table 
mechanism gets out of the cupboard and makes it possible to 
eat in this arrangement. 

4 Findings 

It is aimed to determine different solutions which increase the 
functionality of the narrow kitchens and children’s room and 
the number of users with respect to innovativeness within this 
study. Teen’s room and kitchen projects of which applications 
were completed were obtained from a design office in İstanbul 
for this purpose and they were analyzed and common points 
along with the possibilities that could increase the number of 
users and the functionality of the kitchens and children’s rooms 
were determined. 
In accordance; it was observed that different solutions to 
increase the functionality of the kitchen space and the number 
of users focused on the dinner table. It was determined that 
some of the solutions were provided to increase the size of the 
dinner table so that the number of users can also be increased. 
Other solutions were arrangements which were made to be 
able to change the place of the dinner table to increase the 
functionality of the space. 
It was observed that different solutions to increase the 
functionality of the teenage room space and the number of 
users focused on the bedding system. It was determined that 
some of the solutions were the arrangements which were made 
for folding beds so that the number of users could be increased. 
It was also determined that the other solutions were the 
arrangements which were made for bunk bed so that the 
functionality of the space could be increased. Moreover, diving 
the room into two because of the gender differences is another 
solution which can be observed as a result of this study. 
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Abstract   
This study was designed to determine dimensional stability values of some species wood according to leach abilty test were conducted for( 6,24,48,72,96 
hours) leaching periods. Some treatment material is impregnated in compliance with ASTM D 1413-76 Iroko (Milicia excels) and European Larex (Larix 
decidua) were used as wooden   material. According the results  ,the highest shrinkage rate belongs to European larex wood impregnated with Teak oil 
(15.86  %-96 hours ) the lowest to Iroko wood imgregnated with Teak oil (3.93 %-6 hours) ; the highest  swelling  rate belongs to  European larex wood 
impregnated with Teak oil (18.40  %-96 hours ) the lowest to Iroko wood imgregnated with Teak oil (4.11 %-6 hours) determined. 

 
Keywords: Natural protection, Woodworks, Furniture, Linseed-teak oilems. 

   
 

ÇEVREYLE DOST BAZI EMPREYE MADDELERİNİN BAZI ODUN TÜRLERİNDE 
BOYUTSAL KARARLILIK ÜZERİNE ETKİLERİ 

Özet   
Bu çalışma bazı odun türlerinde boyutsal kararlılık değerlerinin belirlenmesi amacıyla  zaman periyotlarına bağlı olarak (6,24,48,72,96 saat) 
gerçekleştirilmiştir. Çeşitli emprenye maddeleri ASTM D 1413-76 standardına bağlı kalınarak ıroko-larex odunlarında eprenye işlemi gerçekleştirilmişt.r. 
Deney sonuçlarına göre en yüksek daralma değeri lareks  odununda tik yağı emprenyesinde  (%15.86-96 saat) ‘te gerçekleşirken , en düşük daralma 
değeri Iroko odununda tik yağı emprenyesinde (% 3.93 -6 saat)’te olurken; en yüksek  hacimsel genişleme değeri lareks odununda tik yağı emprenyesinde 
(%18.40-96 saat) ‘te , en düşük ıroko odununda tik yağı emprenyesinde (% 4.11-6 saat) ‘te belirlenmiştir. 

  
Anahtar Kelimeler: Doğal koruma, Ağaçişleri Endüstrisi, Mobilya, Beziryağı-Tik yağı 

   

 

1 Introduction 

 
The dimensional changes that accompany the shrinking and 
swelling of wood are major sources of both visual and 
structural problems in furniture. Shrinking and swelling 
occur as the wood changes moisture content in response to 
daily as well as seasonal changes in the relative humidity of 
the atmosphere, i.e., when the air is humid, wood adsorbs 
moisture and swells; when the air is dry, wood loses moisture 
and shrinks. Various finishes and treatments may be used to 
slow this process, but, in general, they do not stop it. Likewise, 
air drying and kiln drying the wood do not prevent the wood 
from subsequently gaining or losing moisture. Thus, wood 
that is kiln dried to 6 percent moisture content and stored in 
a dry shed outdoors in a temperate climate such as that found 
in Indiana will regain moisture until it eventually reaches 
about 12 percent moisture content. Under the same 

conditions in a tropical climate, the wood will come to a 
moisture content of about 16 percent  [1]. 
 
Wood as a lignocellulosic material has for hundreds of years 
played a major role as an element in infrastructures and raw 
material for valuable products. Even today wood is valued as 
a renewable resource in a wide range of industrial 
applications. However, solid wood is heterogeneous, 
hygroscopic, and susceptible to biological degradation by 
fungi, insects etc. Especially, its dimensional increase 
(swelling) is a major problem, and difficulties frequently 
occur when the relative humidity of the air surrounding the 
wood changes [2,3]. 
 
Wang et al.(2005) This paper focuses on the moisture 
properties of wood treated in palm oil-, soy oil- and slack 
wax for   different processing times and temperatures. Also, 
the relative importance of oil uptake and thermal 
modification on the wood moisture properties is 
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investigated. Slack wax was better than palm oil or soy oil in 
improving the moisture performance of thermally treated 
wood, and treatment at 220 °C was superior to treatment at 
200 °C, with 4 h being generally better than 2 h treatment. 
Water absorption in samples treated with wax at 100 °C or 
160 °C was similar to that in samples treated at high 
temperatures while improved anti-shrink efficiencies (ASE) 
and lower hygroscopicities occurred only for the high 
temperature treatments. Chloroform extracted samples 
treated at high temperature with palm oil or soy oil had 
relatively similar hygroscopicity and ASE properties 
compared to unextracted samples, but had greatly increased 
water absorption properties. These results confirm that 
chemical reactions in wood resulting from the heat 
treatment account for the main improvements of wood 
properties in reduced hygroscopicity and improved 
dimensional stability, while the oil absorbed by wood 
reduces the rate of water absorption[4]. 
 
Salthamer et al. (1998) they have indicated that there are 
approximately 150 sources in the oscillation of volatile 
compounds to modern internal venues and they have stated 
that the majority of these result from furniture and wood 
products. Considering the damages inflicted by the synthetic 
colorants within the industry that manufactures wood and 
wood products; the chemical materials that preserve the 
wooden materials should have poisonous effects against tree 
pests. However, once these chemicals are applied on wooden 
materials as dyes and preservatives, they are harming other 
creatures despite this is unwanted, as they pass onto the soil 
and water and diffuse into the air when the wooden products 
are disposed and burnt at the end of their utilization period 
and during their use [5].   The study has determined the 
volumetric shrinkage/swelling percentage properties on 
some  wood.  
 

2 Material and Method 

2.1.Material 
Wood and Chemical Material  
This study (European Larex (Larix decidua) and iroko (Milicia 
excelsa) ) as wooden material (TS 2470 1976); chemical 
treatment  as  teak oil  were used [6].   .  
2.2.Method 
 
Preparation of Experiment Samples 
 
According by TS 4083,4084,4085,4086 (1984) standards, the 
samples in the air-dried moistness were cut as roughcast and 
they were kept in the air conditioning unit at a temperature 
of 20±2 oC and relative humidity 50±5% until they reached 
fixed weight. The roughcasts were brought to the dimensions 
30×20×20 mm [7,8,9,10].    .  
Impregnation 
 
The teak oil has been prepared was subjected to 
impregnation beyond the classical brushing application in 
order to measure the penetration depth on wood, to ensure 
long-term sustainability and to determine the adherence 
amount. The impregnation process was realized under the 
conditions specified within (ASTM–D 1413-76 1976). The 
experiment samples that have been prepared were firstly 
applied with pre-vacuuming for 60 minutes that is equivalent 
to 60 cm Hg-1 (Hg-1:Vacuum), and then they were left into 
the solvent at normal atmosphere pressure for 60 minutes 
[11].  
 

3  Results And Discussion 

 
Rate of Volumetric Swelling  
 
Findings about  volumetric  swelling / shrinking on rate 
(treatment/ control specimens ) are given in Table 1,2. 

Table 1. Volumetric  Swelling Rate (%) 
                     Treatment Species Control Species 

Wood  Species 

Volumetric  Swelling  (%) Volumetric  Swelling  (%) 
6 

Hours 
24 

Hours 
48 

Hours 
72 

Hours 
96 

Hours 6 Hours 
24 

Hours 
48 

Hours 
72 

Hours 
96 

Hours 
Larex 
Wood 

Linseed Oil 6.25 13.13 16.78 17.96 18.32 
11.27 14.34 14.81 14.51 14.26 

Teak Oil 5.84 16.09 15.51 18.07 18.40 
Iroko 
Wood 

Linseed Oil 4.21 7.48 7.83 7.81 8.20 
5.18 7.74 8.75 7.83 8.08 

Teak Oil 4.11 7.43 7.87 8.05 8.25 
 
The highest volumetric swelling value was observed for the 
application of  treatment (teak oil )  larex wood (18.32 % - 96 
Hours), while the lowest was observed in iroko wood ( teak 

oil) application (4.11 %-6 Hours) . Oil group than the control 
group decreased the swelling ratio 

. 
Table 2. Volumetric  Shrinking  Rate (%) 

 
                     Treatment Species Control Species 

Wood  Species 

Volumetric  Shrinking  (%) Volumetric  Shrinking    (%) 
6 

Hours 
24 

Hours 
48 

Hours 
72 

Hours 
96 

Hours 6 Hours 
24 

Hours 
48 

Hours 
72 

Hours 
96 

Hours 
Larex 
Wood 

Linseed Oil 6.80 12.66 15.22 16.14 15.84 
4.57 7.69 9.08 7.80 7.91 

Teak Oil 6.04 14.59 14.02 15.84 15.86 
Iroko 
Wood 

Linseed Oil 4.19 6.72 7.95 7.77 7.78 
11.24 14.31 14.83 14.50 14.26 

Teak Oil 3.93 7.08 7.73 8.05 8.28 

The highest volumetric shrinking value was determined for 
the application of treatment (linseed oil ) larex wood (16.14 

% - 72 Hours), while the lowest was observed in ıroko  wood  
(teak oil) application (3.93 %-6 Hours) .  
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4 Conclusions 

Linseed oil and teak oil have given positive results in terms of 
their dimensional stability on Larex/ ıroko wood. Shrinking 
and swelling of wood occur as a result of the response of the 
wood to changes in atmospheric humidity. The resulting 
dimensional changes in the wood are a major source of 
defects in furniture. In general, shrinking and swelling cannot 
be prevented. It is important, therefore, that furniture be 
designed so that shrinking and swelling effects are 
minimized. Teak oil and  Linseed oil alot of benefits for (safe 
for human, animal and plants once dry Very water and dirt 
resistant,reduces wood swelling and shrinkage,allows the 
natural greying process to ccur Microporous, breathable 
finish which does not crack, peel or flake No sanding 
necessary for future applications 
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Abstract   

Laminated Veneer Lumber (LVL) has been proven their usefulness and efficiency as framing members (girders, beams, joist, headers, panels, etc.)in 
construction. Their application and manufacture is limited in Turkey. In this study, four different types of 7-layers LVLs were successfully manufactured 
using sawed beech (B) and poplar (P) veneers, and melamine formaldehyde (MF) adhesive. In this work, LVLs were formed with two veneers for each 
surface and three veneers for core layer. Produced four different types of LVL were coded based on the type and location of the veneers. BBBBBBB, 
BBPPPBB, PPPPPPP and PPBBBPP were called as Group I, Group II, Group III and Group IV, respectively. As physical properties, oven dry specific gravity 
(SG) and moisture content (MC) were determined according to TS 2472 (1976a) and TS 2471 (1976b) standards. Mechanical properties like glueline 
shear strength, modulus of rupture (MOR), modulus of elasticity (MOE) and compression strength (CS)(parallel to grain) were also determined according 
to EN 314-1 (2004),EN310 (1993) and TS 2595 (Anonymous 1977)standards, respectively. Based on this study, the highest strength and SG values were 
obtained with all beech used veneers (Group I). On the other hand lowest values were recorded with all poplar veneers (Group III). It should be noted that 
contribution rate of beech veneers in LVL had an increase on both strength and SG values. 
Keywords: Laminated veneer lumber (LVL), Melamine Formaldehyde, Poplar, Beech, Modulus of elasticity, Glue   
   

 

KAYIN VE KAVAK KAPLAMALARIN MELAMİN FORMALDEHİT TUTKALI 
KULLANILARAK LAMİNE KAPLAMA KERESTE ÜRETİMİNE UYGUNLUĞU  

Özet   

Lamine kaplama kereste (LVL) inşaat yapılarında kiriş, döşeme kirişi, başlıklar ve paneller gibi çerçeve üyeleri olarak etkili ve kullanışlı olduğunu 
ispatlamıştır. LVL’nin türkiyede uygulaması ve üretimi sınırlıdır. Bu çalışmada biçilmiş kayın ve kavak kaplamaları, melamin formaldehit (MF) tutkalı 
kullanılarak dört farklı tipte yedi tabakalı LVL’ler üretilmiştir. LVL’ler her dış tabaka için iki adet kaplama ve iç tabaka için üç adet kaplama olacak 
şekilde oluşturuldu. Üretilen LVL’ler kaplamaların kullanım yeri ve türüne bağlı olarak kodlandırıldı. BBBBBBB, BBPPPBB, PPPPPPP ve PPBBBPP sırasıyla 
I.grup, II. Grup, III. Grup ve IV. Grup olarak isimlendirildi. Fiziksel özellikler olarak fırın Kurusu özgül ağırlık ve rutubet değerleri TS 2472 (1976a) ve TS 
2471 (1976b) standartlarına göre belirlendi. Yapışma mukavemeti, eğilme direnci, eğilmede elastikiyet modülü ve liflere paralel basınç direnci gibi 
mekanik özellikler sırasıyla EN 314-1 (2004), EN310 (1993) ve TS 2595 (1977) standartlarına göre belirlendi. Bu çalışmada en yüksek direnç ve yoğunluk 
değeri tamamı kayın kaplamalarından üretilen I. Grup LVL’lerde elde edildi. Diğer yandan en düşük değerler tamamı kavak kaplamalarından üretilen III. 
Grup LVL’lerde gözlemlendi. Kayın kaplamalarının LVL’ ye katılım oranının direnç ve yoğunluk değerlerinde bir artış sağladığı söylenebilir. 
Anahtar Kelimeler: Lamine kaplama kereste (LVL), Melamin formaldehit, kavak, kayın, Elastikiyet modülü, Tutkal 
   

 

1 Introduction 

Laminated veneer lumber (LVL), a lumber-like product, is 
an engineered wood product which is manufactured from 
sliced, peeled or sawed veneers, glued parallel to the 
longitudinal axis of the member.  
LVL can provide higher wood utilization rate compared to solid 
wood, improved strength, more available sizes, better 
performance predictability, dimensional consistency, 
dimensional stability and treatability [1]. LVL used in building 
construction as farming members such as girders, joists, beams, 
headers and columns, as well as panels because of these 
properties [1].  
Quality properties of the LVL can be affected by the type of solid 
wood and their density, physical and mechanical properties, 
composition of wood species used for veneers, thickness of the 
veneers, type and amount of adhesives used and their bonding 
performance with veneers. Usually phenolic adhesives such as 

phenol formaldehyde (PF) and phenol resorcinol formaldehyde 
(PRF) are used in LVL manufacturing for structural applications 
in exterior conditions while urea formaldehyde (UF) adhesives 
are recommended for semi-structural and non-structural 
applications in interior conditions. Melamine formaldehyde 
(MF)is expensive. However, compared to UF, it has better water 
resistance, higher temperature stability, curing ability at low 
temperatures and without hardener [2],[3]. 
Beech and poplar are very common wood species harvested in 
Turkey. Poplar is low-cost and very fast growing tree species in 
general. Beech, on the other hand, more expensive and have 
relatively better structural properties than poplar. Both tree 
species have several different application areas. Manufacture of 
engineered wood composites utilizing these trees is important. 
Utilization of poplar wood in LVL manufacturing was reported 
by Uysal and Kurt [4], Burdurlu et al. [5] and Kurt and 
Mengeloglu [6].   

mailto:iatar@ksu.edu.tr
mailto:ihbasboga@ksu.edu.tr
mailto:karakus@ksu.edu.tr
mailto:fmengelo@ksu.edu.tr
https://en.wikipedia.org/wiki/Engineered_wood
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In this laboratory study, LVL was manufactured with selected 
beech and poplar veneers in different layers using MF 
adhesives. The suitability of poplar and beech combinations in 
LVL manufacturing were evaluated. For this purpose, physical 
(oven dry specific gravity and moisture content) and 
mechanical (glueline shear strength, modulus of rupture, 
modulus of elasticity and compression strength) properties of 
manufactured LVLs were determined.  
 

2 Materials and Methods 

2.1    Wood Veneers 

The LVLs were manufactured from sawed veneers of poplar 
and beech with dimensions of approximately 500mm x 140mm 
x 3mm and moisture content of 6-8%. They provided from Dal 
timber trade İn Hatay, Turkey. 

2.2   Adhesive  

A commercial MF adhesive was used. MF adhesive has a pH of 
9.40 with a solid content of 53±1%, and density of 1.230 g/cm³ 
at 20 ºC (MF adhesive was provided from Kastamonu 
integrated factory in Adana, Turkey). The adhesive spreading 
rate was 200g/m². The gram weight pick up was calculated 
according to procedures described in ASTM D899 [7]. 

2.3   LVL Manufacturing  

Beech and poplar veneers were used in LVLs with different 
combinations (Table 1). After spreading adhesives to veneers 
surfaces’, LVLs were formed four surface layers (two top 
surfaces and two subgrade) and three core layers. Two of LVLs 
were produced with only beech or poplar veneers. Third one 
was consisted of beech surface layers and poplar core layers 
while another one was consisted of poplar surface layer and 
beech core layers. Billets were pressed at 200 ºC, 10 min and a 
pressure of 50 Bar with their grain directions parallel to each 
other. LVLs were further cut in accordance with specific test 
dimensions. 

Table 1.Sample code and order of laminates. 

Sample Code Order of The Laminates 
 

I BBBBBBB 
II BBPPPBB 
III PPPPPPP 
IV PPBBBPP 

2.4   Testing 

Oven dry specific gravity (SG) and moisture content (MC) of 
LVLs were determined in accordance with TS 2472 [8] and TS 
2471[9], respectively.  
A gluebond quality (glueline shear strength) was determined 
according to procedures described in EN314-1 [10].Specimens 
were modified as in an ELVE (European Laminated Veneer 
Engineering) final report Anonymous [11]. The specimens’ 
forms, dimensions and shapes are shown in Fig.1. The bond 
quality was determined for one of seven gluelines, this being 
3/4 layers. Specimens were conditioned at a relative humidity 
of 65±1% and a temperature of 20±3 ºC for at least 14 days 
before testing. Dimension sand shapes of SG and MC specimen 
sareal so given in Table2. 

 
Fig.1.Glue bond quality specimens’ form and dimensions. 

 
Table2. Dimensions and Shape of Specimens for Specified Tes 

LVLs were tested flatwise to failure in bending under center 
point loading to determine modulus of rupture (MOR) and 
modulus of elasticity (MOE). MOR, MOE and compression 
strength (CS) (parallel to grain) were determined according to 
procedures described in EN310 [12], and TS 2595 [13], 
respectively. The specimens were tested using a ZwickRoell 
(Z010) testing (Zwick, Germany). Dimensions and shapes of 
MOR, MOE and CS specimens are given in Table 2. 

2.5   Statistical Analysis 

One-way ANOVA with 4 levels was applied for statistical 
analysis using Design-Expert® Version 7.1.6. 

3 Results and Discussion 

The specimens were cut from the manufactured LVLs for air-
dry specific gravity, glueline shear strength, modulus of 
rupture, modulus of elasticity and compression strength 
parallel to grain measurements. Measured properties of the 
LVLs were presented in Table 3. 
 
Table 3.Average values of the studied properties of the LVLs. 

 
Properties 

LVL 

I II III IV 

SG 
(g/cm³) 

0.739 
(0.027) 

0.635 
(0.011) 

0.492 
(0.015) 

0.586 
(0.040) 

MOR 
(MPa) 

120.41 
(7.43) 

97.16 
(17.70) 

48.59 
(4.77) 

53.31 
(17.42) 

MOE 
(MPa) 

11009.7 
(395) 

10309.9 
(1347) 

5277.9 
(490) 

5522.8 
(1110) 

CS 
(MPa) 

70.71 
(2.69) 

59.70 
(6.29) 

32.46 
(2.47) 

48.70 
(3.67) 
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GSS 
3/4 

6         
(0.4) 

5.1      
(0.6) 

1.9    
(0.5) 

4.4    
(1.4) 

The average oven-dry specific gravity (SG) values were in the 
ranged of 0.492 to 0.739 g/cm³ (Table 3). Interaction graph of 
density values were presented in Figure 2. Type and 
combination of the veneer had a significant effect on SG values 
(P<0.0001). It was higher when beech veneer was used. Lowest 
SG values were observed when poplar veneers were utilized. 

 

 

Fig.2. Interaction graph densityvalues of the samples 

Interaction graph of shear strength (GSS) values were 
presented in Figure 3. The average GSS values between 3/4 
Glueline were in the ranged of 1.9 to 6 g/cm³(Table 3). Type 
and combination of the veneer had a significant effect on GSS 
values (P<0.0001). It was lower when poplar veneer was used. 
Highest GSS values were observed when beech veneers were 
present in LVL manufacturing. 

 

 

Fig.3. Interaction graph of glue shear strength (GSS) values of 
the samples 

The average Modulus of rupture (MOR), Modulus of elasticity 
(MOE) and Compression strength parallel to grain (CS) values 
of LVLs ranged from 48.5-120.4, 5277.8-11009.6 and 32.4-70.7 
MPa, respectively (Table 3). Type and combination of the 
veneer had a significant effect on MOR, MOE and CS values 
(P<0.0001). Interaction graphs of MOR, MOE and CS values 
were presented in Figure 4, Figure 5 and Figure 6, respectively. 
Highest properties were reached when beech veneer was used. 

On the contrary, presence of poplar veneer drastically reduced 
the MOR, MOE and CS values. It should be noted that the 
veneers used in this study were not sawed in our laboratories. 
Surface of the veneers were not in a perfect shape for the 
bonding and there were some thickness varieties among the 
beech and poplar veneer. These impurities may affect the 
bonding performance of the glue, homogenous thickness and 
density in manufactured LVLs. 

 

 

Fig.4. Interaction graph of modulus of rupture (MOR) values of 
the samples 

 

 

Fig.5. Interaction graph of modulus of elasticity (MOE) values 
of the samples 
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Fig.6. Interaction graph of compression strength (CS) values of 
the samples 

 

4 Conclusions 

 

1. The potential use of beech and poplar woods for LVLs 

manufacturing were determined. Experimental LVLs were 

manufactured from sawed beech and poplar veneers with 

the MF adhesive successfully. 

2. Combination types affected physical and mechanical 

properties of LVLs. I group LVLs had the highest and III 

group LVLs had the lowest OD, MOR, MOE, and CS values 

among three different wood species. 

3.  As proportion of beech veneer in LVL increased, strength 

values of LVLs raised also. 

This study should be supported by a follow up studies by 

collecting the logs and preparing veneers. Cutting solid 

samples and comparing them with LVLs manufactured with 

veneers from the same logs should be done in the future 

studies. 
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Abstract   

This study has made in order to determine the effects of impregnation with fire retardant chemical materials on the compression strength of Oriental 
beech, European oak and Scotch pine wood materials. To achieve this goal, test samples prepared from woods of Oriental beech (Fagus orientalis Lipsky), 
European oak (Quercus petraea Lieb.) and Scotch pine (Pinus sylvestris Lipsky) according to TS EN 345 regulations were impregnated with ammonium-
sulfate [(NH4)2S04], sodium acetate (NaC2 H3O23H2O), aluminum chloride (Al2C6.I2H2O), borax [Na2B4O75H2O], boric acid [H3BO3] and, borax + boric acid 
(w:w=%50:50). The compression strength of impregnated samples was determined according to TS 2595. Finally, according to wood species; compression 
strength was found the highest value at Scotch pine (63,27 N/mm2) and the lowest value at European oak (58,55 N/mm2). According to variety of 
impregnation; compression strength values were found no statistical difference  between control samples and impregnated test samples. According to 
wood species + variety of impregnation; compression strength was found the highest value at beech + control sample (66,84 N/mm2) and the lowest value 
at oak + aluminum chloride (53,33 N/mm2). If compression strength values are important factor in used areas wood species and variety of impregnation 
can be considered via in this study. 
Keywords: Compression strength, Fire retardant chemicals, Impregnation, Solid woods 

   

 

YANMAYI GECİKTİRİCİ KİMYASAL MADDELERLE EMPRENYE ETMENİN DOĞU 
KAYINI, SAPSIZ MEŞE VE SARIÇAM ODUNLARININ BASINÇ DİRENCİNE 

ETKİLERİ 
Özet   

Bu çalışma, yanmayı geciktirici bazı kimyasal maddelerle emprenye etmenin doğu kayını, sapsız meşe ve sarıçam odunlarının basınç 
direnci değerlerine etkilerini belirlemek amacıyla yapılmıştır. Bu amaçla, ülkemizde yaygın olarak bulunan, doğu kayını (Fagus 
orientalis Lipsky), sapsız meşe (Quercus petraea Lieb.) ve sarıçam (Pinus sylvestris Lipsky) odunlarından TS EN 345 esaslarına göre 
hazırlanan deney örnekleri Amonyum sülfat [(NH4)2 S04], Sodyum asetat (NaC2 H3O2.3H2O), Alüminyum klorür (Al2C6.I2H2O), Borax 
[Na2B4O7.5H2O], Borik Asit [H3BO3] ve Boraks + Borikasit (%50:50) ile emprenye edilmiştir. Emprenye edilen deney örneklerinde; 
basınç direnci değerleri TS 2595 esaslarına göre belirlenmiştir. Sonuç olarak ağaç türüne göre; basınç direnci değeri en fazla 
sarıçamda (63,27 N/mm2) ve en az meşede (58,55 N/mm2) bulunmuştur. İşlem çeşidine göre; emprenye edilmiş deney örneklerinin 
basınç direnci değerleri ile kontrol örnekleri arasında istatistiksel olarak bir fark bulunmamıştır. Ağaç türü + işlem çeşidine göre; 
basınç direnci en fazla kayın + kontrolde (66,84 N/mm2) ve en az meşe + alüminyum klorürde (53,33 N/mm2) bulunmuştur. Bu 
çalışmayla, basınç direnci önemli olduğu kullanım alanlarında ağaç türü ve işlem çeşidi değerleri dikkate alınabilir. 
Anahtar Kelimeler: Basınç direnci, Yanmayı geciktirici kimyasal maddeler, Emprenye, Doğu kayını, Sapsız meşe, Sarıçam 

1 Introduction 

Wooden material is more preferable material in a lot of 
industrial sector like construction pulp, plaque, furniture etc. 
since it is lighter than concrete, iron, aluminum, PVC and the 
other construction material, easily workable, can be produce 
sustainably and it has superior physical and mechanical 
features in different places of uses [1].  Boron compounds is one 
of the important protective chemical compounds for wood and 
it is mostly use to protect the wood from biological hazards like 
bacteria, fungi, insects etc. However, boron compounds cannot 
be used extensively because they can easily be washed away in 
outdoor spaces and high humid indoor spaces [2]. There have 
been alot of studies for a long time to prevent dimensional 

change of wooden material. For example; choosing suitable 
kind of wood according to usage place, applying some 
constructions, chemical treatment with paraffin, polyethylene 
glycol, styrene, methyl methacrylate etc., production of batten 
board, plywood, shiver, fiberboard are some measure to 
prevent dimensional change of wooden material [3]. 

Although mechanical features of wooden material can be 
determined by experiment in used area, generally laboratory 
experiments are preferred since its ideal and more economical. 
Also, for detection of mechanical features of anisotropic 
characteristic (that means change features in different 
directions) wooden material, laboratory experiment is more 
useful since time and money can be saved. Besides, more force 
can be applied than real application and as a result the biggest 

https://scholar.google.com.tr/citations?view_op=view_citation&hl=tr&user=BMLpREkAAAAJ&citation_for_view=BMLpREkAAAAJ:_FxGoFyzp5QC
https://scholar.google.com.tr/citations?view_op=view_citation&hl=tr&user=BMLpREkAAAAJ&citation_for_view=BMLpREkAAAAJ:_FxGoFyzp5QC
https://scholar.google.com.tr/citations?view_op=view_citation&hl=tr&user=BMLpREkAAAAJ&citation_for_view=BMLpREkAAAAJ:_FxGoFyzp5QC
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and lowest changes in material and effects of these changes can 
be detectable [4]. The most mechanical properties of wooden 
material is compression, pulling, bending, shearing, split stress, 
elasticity module and hardness [5]. 

Wooden, polymer composits is made by in-place polymeri-
zation of monomers which fill the cell space of wood. Both 
physical features like specific gravity, water resistant, 
dimensional stability and mechanical features&rigidity 
increase after polymerization [6]. 

It was observed that bending and pulling strength decrease and 
compression strength increase after impregnation of pine and 
picea woods with salts dissolved in water [7]. 

The relationship between specific gravity and compression 
strength of Scotch pine grow in Sweden at different humidity 
level was searched and determined that specific gravity is 
directly proportional with compression strength and inversely 
proportional with humidity [8]. 

This study was done to identify the effects of impregnation of 
oriental beech, scotch pine, and European oak woods with fire-
retardant chemical substances (Ammonium sulphate, sodium 
acetate, aluminum chloride, borax, boric acid, borax+boric acid) 
on pressure resistance. 

2 Materıals and Methods 

2.1 Materials 

2.2 Solid Wood 

The Oriental beech (Fagus orientalis Lipsky), European oak 
(Quercus petraea Liebl.) and Scotch pine (Pinus sylvestris 
Lipsky) woods to be used as test sample was chosen randomly 
from the timber merchants in Ankara. Special emphasis is given 
for the selection of wood materials. Accordingly, non-deficient, 
proper, knotless, normally grown (without zone line, without 
reaction wood, without decay and insect mushroom damages) 
wood materials were selected. 

2.3 Protective Chemicals 

In this study, preservative chemicals; borax, boric acid, boric 
acid + borax (w:w=%50:50) ammonium sulfate, sodium 
acetate, aluminum chloride, are used to impregnate the test 
samples.  

Borax and boric acid were obtained from Etibank - Bandırma 
(Turkey) borax and acid Factory. Boric acid [H3BO3] contains 
%56.30 ½ B2O3 %43.7 H2O with a molecular weight 61.84, 
density 1.4 g.cm-3, melting point 171 0C. Borax [Na2B4O7.5H2O] 
contains %21.28 Na2O %47 B2O3, %30.9 H2O with a molecular 
weight 291.3, density 1.8 g/cm3, melting point 741 0C [9].  
Sodium Acetate (C2H3NaO2) makes from the reaction of acetic 
acid with sodium carbonate or sodium hydroxide. There are 
some trihydrate and anhidrosis  forms, that loses water at 58oC. 
It dissolves in water and ethoxyethane and less dissolves 
ethanol.  Aluminum chloride (AlCl3 + 3KCl + Al); density: 2,698 
g/cm3 at 25°C, melting point:  659,7 °C, Boiling point: 2057 °C. 
It is trivalent (+3) in all compounds. It is second important 
element in industry after iron and it abounds in earth and 
moon. It presents in compounds form, not in elemental form in 
nature. Compounds of aluminum chloride forms 8 % of earth’s 
crust and it ranks number three in abundance. Almost all rocks, 
especially volcanic rocks are aluminum ciliate minerals 
composed of 60% of aluminum. Ammonium sulphate 
(NH4)2SO4); It is cheap salt and dissolves in water easily. It 
affects metals. Molecular weight is 132,14 g/mol and 

disintegrate at 280°C. In 100 g water, it dissolves 41,22 g at 0°C, 
43,47 g at 25°C and 50,42 g at 100°C. Water solution behaves as 
weak acid. It doesn’t dissolve in ethanol and acetone [10]. 

2.4 Methods 

2.5 Determination of density 

The densities of wood materials, used for the preparation of test 
samples were determined according to TS 2472 [11]. For 
determining the air-dry density, the test samples with a 
dimension of 20x30x30 mm were kept under the conditions of 
202 0C temperature and 653 % relative humidity until they 
reached to a stable weight. The weights were measured with an 
analytic scale of ±0.01g sensitivity. Afterwards, the dimensions 
were measured with a digital compass of ±0.01mm sensitivity. 
The air-dried densities (12) of the samples were calculated by 
the formula;  

        

12

12
12

V

W
  g.cm-3     [1]   

Where W12 is the air-dry weight (g) and V12 is the air-dry 
volume (cm3). 
 
The samples were kept at a temperature of 1032 0C in the 
drying oven until they reached to a stable weight for the 
assessment of oven-dry density. Afterwards, oven-dry samples 
were cooled in the desiccator containing phosphorus pentoxide 
(P2 O5). Then, they were weighted on a scale of ±0.01g 
sensitivity and their dimensions were measured with a digital 
compass of  0.01mm sensitivity. The volumes of the samples 
were determined by stereo metric method and the densities 
(o) were calculated by the formula; 

Vo

Wo
o   g.cm-3    [2]   

Where Wo is the oven-dry weight (g) and Vo is the oven-dry 
volume (cm3). 

2.6 Determination of humidity 

The humidity of test samples before and after the impregnation 
process was determined according to TS 2471 [12]. Thus, the 
samples with a dimension of 20x20x20 mm were weighed and 
then oven-dried at 1032 0C till they reach to a constant weight. 
Then, the samples were cooled in desiccator containing 
phosphorus pentoxide (P2O5) and weighed with an analytic 
scale of 0.01 g sensitivity. The humidity of the samples (r) was 
calculated by the formula;  

Mo

MoMr
r


 x 100    [3]   

Where Mr is the initial weight (g) and Mo is the oven-dry weight 
(g). 

2.7 Preparation of the test samples 

The rough drafts for the preparation test and control samples 
were cut from the sapwood parts of massive woods and 
conditioned at a temperature of 202 0C and 653  relative 
humidity for three months until reaching an equilibrium in 
humidity distribution.  
 
The samples for compression strength test, with a dimension of 
20x20x30 mm were cut from the drafts having an average 
humidity of 12 % according to TS 2595 [13]. The densities and 
humidity values of all test samples were measured before the 
impregnation process. 

http://tureng.com/tr/turkce-ingilizce/anhidrosis
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The test samples were impregnated according to ASTM D 1413 
[14], TS 344 [15] and TS 345 [16]. The samples were dipped in 
the impregnation pool immersing 1 cm below the upper surface 
for 2 hours for medium-term dipping. The specifications of the 
impregnation solution were determined before and after the 
process. The processes were carried out at 202 0C 
temperature. Retention of impregnation material (R) was 
calculated by the formula;  

R
G C

V


.
10

3  kg.m-3        G = T2-T1  [4]   

Where G is the amount of impregnation solution absorbed by 
the sample (g), T2 is the sample weight after the impregnation 
(g), T1 is the sample weight before the impregnation (g), C is the 
concentration (%) of the impregnation solution and V is the 
volume of the samples (cm3). 

Impregnated test samples were kept under a temperature of 
202 0C and 653 % relative humidity until they reach to a 
stable weight.  

2.8 Compression Strength 

The tests for compression strength parallel to grains of wood 
materials were carried out with Universal Testing Machine 
shown in Figure 1, according to TS 2595. The capacity of 
Universal Testing Machine was 400 N. The speed of testing 
machine was adjusted to 5 mm/min. for crashing to occur in 1-
2 minutes.  
                                                Fmax 

 
 
 
 

 
 
 
 
 
 

Figure 1. Universal testing machine for compression strength 
 

Compression strength was calculated by the formula; 

2max .  mmN
ab

F
b    [5]  

  
 

Where Fmax is the breaking load on the scale (N), a is the cross-
sectional width of test sample (mm), b is the cross-sectional 
thickness of the test sample (mm). 

2.9 Data Analysis 

The results were analyzed statistically by computer software, 
MSDAT-C for Windows. A total of 99 samples (3x3x11) were 
prepared. The effects of impregnation with ammonium-sulfate 
[(NH4)2 S04], sodium acetate (NaC2 H3O2.3H2O), aluminum 
chloride (Al2C6.I2H2O), borax [Na2B4O7.5H2O], boric acid 
[H3BO3] and, borax + boric acid (w:w=%50:50).on the densities, 
compression strength of the woods were analyzed by ANOVA 
(Analysis of Variance). Duncan Test was also applied where 
appropriate.  

3 Results and Discussıon 

3.1 Density 

Statistical values of average air-dried densities that are used in 
the experiments samples have been shown in Table 1. 
 

  Tab.1. Statistical values of air-dried density averages 

Statistical  
values 

Wood Materials  

Beech Oak Pine 

X (g.cm-3) 0.692 0.665 0.573 

Ss (g.cm-3) 0.01961 0.02368 0.01305 

v (s²) 0.00042 0.00062 0.00019 

min (g.cm-3) 0.648 0.624 0.552 

max (g.cm-3) 0.715 0.695 0.595 

N 10 10 10 
X: Arithmetic mean, v: Variance, Ss: Standard deviation, N: Number of samples 
 

According to the Tab.1 the highest air-dried density value was 
found in beech and the lowest in pine wood. The air-dried 
density values of massive wood materials in literature; Ash 
(0.690 g.cm-3), beech (0.660 g.cm-3), oak (0.650 g.cm-3), walnut 
(0.680 g/cm3), pine (0.520 g.cm-3), poplar (0.502 g.cm-3) [17]. 
These values have shown parallelism with air-dried density 
values of experimented wood materials. 

3.2 Retention Amount 

The results of multiple variance analyses with regard to the 
effects of wood type and impregnation chemicals are given in 
Table 2. 
 

Tab. 2.  The results of analysis of variance for retention 
amounts 

SOURCE DF 
Sum of 
square 

Means 
of 

square 

F  
value 

Sig. 
α ≤  

0.05 
Wood types 
(A) 
Impregnation 
chemicals (B) 
Interaction 
AB 
Error 

2 
5 

10 
16
2 

17
9 

4224.2
3 

4167.5
3 

2238.0
9 

4816.2
3 

15446.
1 

2112.1
2 

833.50
7 

223.80
9 

29.730 
 

71.04
3 

28.03
6 

7.528
1 
 
 

0.000 
0.000 
0.000 

 
 

 
The results of the analysis of variance indicated that the effects 
of the wood types, impregnation chemicals and their 
interaction were found to be statistically significant (α≤0.05). 
Average values the retention amounts of different types of 
wood and types of process are given in Tab. 3. 

20x20x30 
(mm) 
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Tab. 3. Average the retention amounts of different types of 
wood and types of process (kg/m³) 

 

WOOD TYPES 𝐗 HG* 

Pine (I) 19,39 A 
Beech (II) 18,60 A 
Oak (III) 8,74 B 

IMPREGNATION 
CHEMICALS 

𝐗 HG** 

Borax (Bx) 22,70 A 
Borax+Boric Acid 
(Bx+Ba) 

19,77 B 

Sodium acetat (Sa) 17,90 B 
Boric Acid (Ba) 12,46 C 
Aluminum chloride(Ac) 10,37 C 
Ammonium sulfat(As) 10,26 C 

*LSD : ± 1,964,   **LSD : ± 2,778   

 
As shown in Tab. 3, according to types of wood highest 
retention amount was obtained in pine (19.39 kg/m³) and the 
lowest in oak (8.74 kg/m³) wood samples. This situation could 
be attributable to the impact of permeability of pine wood and 
due to tyloses in oak wood samples. According to impregnation 
chemicals, highest retention quantity was obtained in Bx (22.70 
kg/m³) and the lowest in As (10.26 kg/m³). This may be due to 

chemical properties of Bx and As. The Duncan test results of the 
interaction of wood type and impregnation chemicals are 
shown Tab.4 and the graphic is shown in Fig. 2. 
 
Tab.4. The Duncan test results of the interaction of wood type 

and impregnation chemicals  

Type of Wood and 
Impregnation Chemicals 

𝐗  HG 

Pine (I) + Bx 
Pine (I) + Bx+Ba 
Pine (I) + Sa 
Pine (I) + As 
Pine (I) + Ba 
Pine (I) + Ac 
Beech (II) + Bx 
Beech (II) + Sa 
Beech (II) + Bx+Ba 
Beech (II) + Ba 
Beech (II) + Ac 
Beech (II) + As 
Oak (III) + Bx 
Oak (III) + Bx+Ba 
Oak (III) + Sa 
Oak (III) + Ba 
Oak (III) + Ac 
Oak (III) + As 

32,67 
28,90 
23,69 
11,84 
11,41 
7,844 
22,05 
21,68 
21,10 
18,04 
16,14 
12,58 
13,39 
9,316 
8,339 
7,938 
7,117 
6,355 

A* 
A 
B 

FGHI 
FGHI 
GHI 
BC 
BC 

BCD 
CDE 
DEF 
FGH 
EFG 
GHI 
GHI 
GHI 
HI 

  I** 

LSD : ± 4,812 *: the highest, **: the lowest 
 
According to interaction of wood type and impregnation 
chemicals highest retention amount was obtained in pine 
impregnated with Bx (32.67 kg/m³) and the lowest in oak 

impregnated with as (6.355 kg/m³) samples. 

Figure 2. The retention amount of the interaction of wood type 
and impregnation chemicals 

3.3 Compression Strength  

The results of multiple variance analyses with regard to the 
effects of wood type and impregnation chemicals for 
compression strength are given in Tab 5. 
 

Table 5.  The results of analysis of variance for compression 
strength 

SOURCE DF 
Sum of  
Square 

Mean 
Square 

F  
Value 

Sig. 
α ≤ 

0,05 

Wood type (A) 
Imp. Chem. (B) 
AB 
Eror 
Total 

2 
6 

12 
189 
209 

849,40 
544,76 
988,73 

14460,2 
16843,2 

424,7 
90,79 
82,39 
76,51 

 

5,550 
1,186 
1,076 

 

0,0045
* 

0,3151 
0,3817 

 

*: Fark, 0,05’e göre anlamlı 

The results of the analysis of variance indicated that the effects 

of the wood types were found to be statistically significant, 

impregnation chemicals and their interaction were not found to 

be statistically significant (α≤0.05).  

Tab. 6. Average the compression strength values of different 
types of wood and types of process  

 

WOOD   TYPES  𝐗 HG* 

Pine (I) 63,27 A 
Beech (II) 59,71 B 
Oak (III) 58,55 B 

IMPREGNATION 
CHEMICALS 

X̅ HG** 

Control 63,20 A 

Sa 61,61 A 
Ba 61,51 A 
Bx+Ba 60,38 A 
As 59,93 A 
Bx 58,70 A 
Ac 58,26 A 

       *LSD : ± 2,915, ** LSD : ± 4,452 
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As clearly shown in Table 6, according to types of wood the 
highest compression strength value was obtained in pine 
(63,27 N/mm2) and the lowest in oak (58,55 N/mm2) wood. 
According to impregnation chemicals, mathematically highest 
compression strength value as to control was obtained in Sa 
(61,61 N/mm2) and the lowest in Ac (58,26 N/mm2). Also 
results of control samples and impregnation chemicals were 
not found to be statistically significant. The Duncan test results 
of compression strength of the interaction of wood type and 
impregnation chemicals are shown Tab.7 and the graphic is 
shown in Fig. 3. 
 
Tab.7. The Duncan test results of the interaction of wood type 

and impregnation chemicals 

Type of Wood and 
Impregnatıon Chemıcals 𝐗 HG 

Pine (I) + Bx 
Pine (I) + Bx+Ba 
Pine (I) + Control 
Pine (I) + Ba 
Pine (I) + As 
Pine (I) + Sa 
Pine (I) + Ac 
Beech (II) + Control 
Beech (II) + Ba 
Beech (II) + As 
Beech (II) + Bx+Ba 
Beech (II) + Ac 
Beech (II) + Sa 
Beech (II) + Bx 
Oak (III) + Sa 
Oak (III) + Control 
Oak (III) + Ba 
Oak (III) + Bx 
Oak (III) + Bx+Ba 
Oak (III) + As 
Oak (III) + Ac 

61,46 
60,17 
59,78 
59,68 
59,43 
59,21 
58,25 
66,84 
65,11 
65,04 
63,74 
63,20 
62,54 
56,45 
63,06 
62,99 
59,73 
58,17 
57,22 
55,32 
53,33 

ABCD 
ABCD 
ABCD 
ABCD 
ABCD 
ABCD 
ABCD 

A* 
AB 
AB 

ABC 
ABC 

ABCD 
BCD 
ABC 
ABC 

ABCD 
ABCD 
BCD 
CD 
D** 

 LSD : ±  7.712, *the highest  **the lowest  
 

According to interaction of wood type and impregnation 
chemicals the highest compression strength value was obtained 
in impregnated beech with Control (66,84 N/mm2) and the 
lowest in oak + Ac (8223 N/mm2) samples. 
 

 

Figure 3. The compression strength of the interaction of wood 
type and impregnation chemicals 

4 Conclusion 

In this study, changes in compression strength of wood 
materials searched when it proceeded with fire-retardant 
chemicals.  

The highest retention amount-ratio according to wood kinds 
has been detected at scotch pines (19,39 kg/m³ - % 21,81), the 
lowest at oaks (8,742 kg/m³ - % 9,15) and according to process, 
the most at Bx (22,70 kg/m³); the lowest at Af (10,26 kg/m³). 
Also it has been detected that the highest retention amount 
according to wood kinds + process is at pine + Bx (32,67 kg/m³) 
and the lowest is at oak + Af (6,355 kg/m³). As a result, the 
highest values have been obtained with scotch pines. The 
reason indicated in literature for that is, coniferous trees have 
open transformation pairs which provide longitudinal liquid 
flow and so that, this kind of wood can store more impregnate 
substances.  

The highest compression strength according to wood kinds has 
been detected at scotch pines (63.27 N/mm2), the lowest at 
oaks (58.55 N/mm2). According to process, the detected values 
are; Kn: 63.20 N/mm2, Sa: 61.61 N/mm2, Ba: 61.51 N/mm2, 
Bx+Ba: 60.38 N/mm2, Af: 59.93 N/mm2, Bx:58,70 N/mm2 ve 
Akl: 58.26 N/mm2. As a result, the highest compression 
strength (after Kn) has been obtained with Sa (61.61 N/mm2), 
and the lowest with Akl (58.26 N/mm2). It can be said that, 
process kind has more decreasing effect on compression 
strength than control. According to wood kinds + process, the 
highest compression strength has been detected at pine + Kn 
(66.84 N/mm2) and the lowest at oak + Akl (53.33 N/mm2). As 
a result, the kind of process has decreasing effect on 
compression strength resistance. The reason may be for that, 
impregnate substances weaken the molecule structure of 
cellulose chain and lower the cohesion of cells.  Hence, the 
literature says that, impregnate substances reduce the strength 
since it hydrolyzes celluloses in woods.  
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Abstract   

In this research, the effects of boric acid (H3BO3) solution on the combustion properties of water based varnish was investigated. For this purpose, water-
based varnish which was modified with 5% boric acid at varied amount (10%, 20%, and 30%) was applied on the experiment samples made from scots 
pine (Pinussylvestris L.) and beech (Fagus orientalis L.). Afterwards, the combustion properties of the water based varnish was determined according to 
ASTM-E 69 standard principles. 
 
During combustion tests, released amount of oxygen (%), carbon monoxide (ppm), nitrogen oxide (ppm) gases, mass loss of the samples (%) and 
combustion temperature values are determinate. According to the research outcome, when increase the boric acid value in the water based varnish the 
resistance properties against to fire increases.In addition it may also be suggested that, in the selection of the furniture and decoration parts likely to be 
exposed to higher temperatures, beech wood is better than pine wood. 
Keywords:Boric Acid, Modification, Wooden Material, Water Based Varnish, Combustion Test 
   

BORİK ASİT MODİFİKASYONUNUN SU BAZLI VERNİĞİN YANMA DIRENCİNE 
ETKİSİ   

Özet   

Bu araştırmada, borik asit (H3BO3) çözeltisinin su bazlı verniğin yanma direnci üzerindeki etkisi araştırılmıştır. Bu maksatla, sarıçam (Pinussylvestris 
L.) ve kayın (Fagus orientalis L.)’dan hazırlanan örneklere, farklı oranlarda (%10, %20, %30) %5’lik borik asitle modifiye edilmiş su bazlı vernik 
uygulanmıştır. Daha sonra örnekler, ASTM-E 69 esaslarına göre yanma deneyine maruz bırakılmıştır.  
 
Yanma deneyi sonrasında, ağırlık kaybı (%), açığa çıkan oksijen (%), karbon monoksit(ppm) ve azot oksit (ppm) gazları ile sıcaklık değerleri (ºC) tespit 
edilmiştir. Araştırma sonucuna göre, su bazlı vernik içindeki borik asit karışım oranının artışı, yanmaya karşı olan direnci artırmıştır. Ayrıca, yüksek ısıya 
maruz kalması muhtemel mobilya dekorasyon elemanlarında kullanılacak ağaç malzeme seçiminde, sarıçama kıyasla kayının tercih edilmesi önerilebilir. 
 

Anahtar Kelimeler: Borik Asit, Modifikasyon, Ağaç Malzeme, Su Bazlı Vernik, Yanma Deneyi. 
   

1 Introduction 

Wood is a material which an indispensable part of our lives has 
been used since ancient times. The lightness and the resistance 
to mechanical and physical impacts are the most important 
characteristic features of the wood material. Modification of 
wood can be described as the enrichment of features of wood 
and production of a new type material which does not cause 
harm to nature after finishing life cycle [1].  
Although wood material has superior properties such as 
lightness, durability, aesthetic appearance, it contains some 
undesired features. Dimensional changes caused by different 
climate conditions, vulnerability to biological threats and 
changes in the color and texture that occurs outdoor restrict the 
potential applications of wood. 
Another one of these factors is flammability of wood. From this 
point of view, chemical impregnation with various chemicals is 
extremely essential in order to improve the combustion 
resistance of products obtained from the wood material [1;2]. 

Because forming of volatile and flammable substances which 
occurs at high temperatures was prevented in the impregnated 
wood, flammability properties of wood decreases. The spread 
of fire can be prevented by this way [3]. This situation is one of 
the undesired properties of wood. While other undesired 
properties only cause financial losses, the burning feature of 
wood also can be cause vital losses. Flame and gases can lead to 
death of people [4]. 
Water-based varnishes and paints are gaining importance day 
by day in parallel with the technological developments in the 
furniture and wood products industry. In 1970, with "Clean Air 
Act", drawn up and signed by the United States Environmental 
Protection Agency, the reduction and limiting of volatile 
organic compounds were aimed. In parallel with this 
development, usage and development of water-based 
varnishes increased. In this context, it is aimed not only to 
provide a protective feature in the wood material with this 
varnishes, but also to develop the aesthetic and technological 
properties. In terms of technological characteristics, water-
based paints and varnishes are healthier compared with 

mailto:mehmetbudakci@duzce.edu.tr
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solvent-based surface protectors. However, unfortunately, the 
vast majority of paints and varnishes used in Turkey are 
solvent-based [5]. 
In a previous study, it was reported that the Scots pine samples 
impregnated with a mixture of Borax and boric acid gave better 
combustion results than other samples [6]. In another study, 
the combustion properties of Douglas samples which 
impregnated with boron compounds and Polyethylene Glycol 
400 was investigated. As the result of the study, it was found 
that the combustion resistance of boron compounds is higher 
than Polyethylene Glycol 400 [7]. In the performed another 
study, an alternative surface protective varnish obtained by 
mixing water-based varnish with boric acid and hardness value 
of surfaces coated with this varnish was investigated. As a 
result, it was found that the boric acid has an increasing effect 
on the hardness value of surface coated with varnish [8]. Boron 
and boron-based chemicals is commonly used today with the 
properties of fire-retardancy, oxidation deterrence and 
corrosion inhibitor [9].  
Yapıcı et al. investigated the combustion properties of beech 
samples impregnated and coated with different materials. 
According to these results, impregnate enrichment in the 
water-based varnishes have a positive effect on combustion 
properties compared with other varnishes. In addition, it was 
stated that water-based varnishes positively affect the 
formation of gases resulting from combustion. Boron and 
boron-based compounds with fire-retardant feature are used in 
the numerous study and these earned a reputation as a very 
effective fire retardant [10]. 
In this study, water-based varnish which modified with 5% 
boric acid at varied amount (10 %, 20 %, and 30%) was applied 
on the samples made of Scots pine (Pinus sylvestris L.) and 
beech (Fagus orientalis L.). Then, combustion properties of 
these samples were investigated.  

2 Material and Methods 

2.1 Material 

Wood material 

For using in experiments, Scots pine (PinusSylvestris) L. and 
oriental beech (Fagus orientalis L.) samples, which are 
commonly used in furniture and wood working industry, was 
prepared. Samples was chosen randomly from timber suppliers 
of Karabük, Turkey. A special emphasis was put on the selection 
of the wood material. Accordingly, detect-free, whole, knotless, 
normally grown (without zone line, reaction wood, insect 
damage, or fungal infection) wood materials were selected. 
Blending process was carried out to represent control samples 
for other groups. The oversized test samples were climatized 
until they reached constant weight (for 12% air-dry moisture 
content) at 20 ±2 °C and 65±3 relative humidity in a climate 
room. Following the climatization, they were cut with the 
dimension of 9x19x1016 mm according to ASTM E-69-02 [11]. 
For the experiments; 24 pieces of pine, 24 pieces of beech and 
6 pieces of control samples for each wood type were prepared. 

Water-Based Varnish 

Water-based varnish modified with Boric acid was applied to 
the obtained samples. Water-based varnishes were prepared 
with modification using 5% boric acid at varied amount (10 %, 
20 %, 30 %). Varnishes were applied to samples according to 
ASTM-D 3023-98 [12]. 

2.2 Methods 

Air-Dry Density 

Upon conducting the experiments the moisture contents (the 
moisture content deviation from 12 percent) of the specimens 
were measured according to TS 2471[13] and density values 
was measured according to TS 2472 [14]. Samples were 
conditioned at 20 ± 2 °C and % 65 ± 3 relative humidity until 
they reach constant weight. Afterwards, the dimensions of 
wood materials were measured with a compass of ±0.001 mm 
sensitivity and volumes were determined by a stereo-metric 
method. The air-dry (δ12) densities of samples were calculated 
by the following equation:  

δ12 =
M12

V12

g
cm3⁄      (1) 

where M12 is the air dry weight (g) and V12 is the volume of the 
sample.  

2.3 Oven-Dry Density  

Oven-dry densities of wood materials used for the preparation 
of treatment samples were determined according to TS 2472. 
Accordingly, air dried samples were oven dried up to 103 ± 2ºC 
until they reach constant weights. Then, the samples were 
cooled in a desiccator containing calcium chloride and weighed 
in an analytic balance of 0.01 sensitivity. Afterwards, the 
dimensions of wood materials were measured by a compass of 
70.01 sensitivity and volumes were determined by a stereo-
metric method. The oven-dry (δ12) densities of samples were 
calculated by the following equation:  

δ0 =
M0

V0

g
cm3⁄      (2) 

where M0 is the oven-dry weight (g) and V0 is the volume of the 
sample. 

2.4 Non-Volatile Matter Content of Varnish 

The aim of determining of Non-Volatile Matter Content of 
Varnish is to detect of layer properties of varnishes for forming 
uniform varnish layer. Non-volatile matter content (NV) was 
determined with Ø 75 ± 5 mm concave glass according to TS 
6035 EN ISO 3251 [15]. It can be calculated by the equation 

NV =
m2−m0

m1−m0

x100     (3) 

where m0 is the empty cap weight (g), m1 represents the cap 
weight with test sample (g), and m2 is the cap weight with the 
remnant (g). 

2.5 Dry-Film Thickness of Varnishes 

Dry-film thickness of varnishes is an important factor in the 
comparative tests. The thickness of the varnish layers was 
measured with a comparator which has a sensitivity of 5 µm. 

2.6 Execution of Combustion Tests 

The combustion test was carried out according to the ASTM E-
69-02 [11]. A digital balance with the sensitivity of 0.01 g was 
used for determination of mass reduction of samples. Butane 
gas was used to make an ignition flame. The gas flow was 
standard to a flame high of 25 cm, and the temperature must be 
1000 °C. The distance between the bottoms of the samples, 
which were hung inside of the fire tube and top of the gas pipe, 
were adjusted as 2.54 cm. During the test, mass reduction, 
temperature and released gases (CO, NO and O2) were 
determined each 30 seconds. The test was made under a 
chimney where the flow of air blown was drawn with natural 
draft. At the beginning of combustion the test flame source was 
used for 4 minutes; then the flame source was taken away and 
it was continued 6 minutes. In total, the test lasted 10 minutes. 
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2.7 Statistical Analyses  

An open-source statistical analysis software package was used 
evaluate data statistically. Multiple analysis of variance 
(ANOVA) was performed between process groups and control 
groups, and differences between process f-groups and control 
groups and differences between Duncan test results and mean 
values were compared when significant differences were 
detected within obtained data. Therefore, success ranking 
among the factors included into the experiment was 
determined by separating them into homogeneity groups 
according to least significant difference (LSD) critical values. 

3 Results 

The values obtained by different experiments performed on the 
samples were given in the following subsections. The tables 
were given in the 5th section.  

3.1 Density Values  

The oven-dry and air-dry densities of samples were 
determined. The average oven-dry density and air-dry density 
of Scots pine samples was found as 0,47 g/cm3 and 0,51 g/cm3, 
respectively. The average oven-dry density and air-dry density 
of beech samples were found as 0,66 g/cm3 and 0,72 g/cm3, 
respectively. 

3.2 Determination of Non-Volatile Matter Content 

The Non-Volatile Matter Content of varnishes were determined. 
The non-volatile matter content of non-modified, 10%, 20% 
and 30% boric acid modified water-based varnishes were 
found as 26.2%, 27.2%, 27.4% and 29%, respectively.  

3.3 The Thickness of Varnish Layer 

The thickness of varnish layer was measured with a compass of 
±0.001 mm sensitivity. 83 μm thickness found on Scots pine 
samples while 87 μm thickness found on beech samples.  

3.4 Combustion Tests 

The average mass reduction values obtained during 
combustion tests were given in Table 1. According to Table 1, 
while the highest average mass reduction was observed in 
Scots pine control samples with % 45,16, the lowest mass 
reduction was observed in beech samples coated with 30% 
boric acid modified water-based varnish with 26,85% after 
flame-induced combustion process. The highest average mass 
reduction was observed in Scots pine control samples with 
98.28% and the lowest mass reduction was observed in beech 
samples coated with 30% boric acid modified water-based 
varnish with 46,80% when combustion process finished. The 
average temperature values obtained during combustion tests 
were given in Table 2. 
According to Table 2, while the highest average temperature 
value was observed in beech control samples with 634 °C, the 
lowest average temperature value was observed in beech 
samples coated with 30% boric acid modified water-based 
varnish with 211°C during combustion tests. The average % O2 
values obtained during combustion tests were given in Table 3. 
According to Table 3, while the highest average % O2 value was 
observed in beech samples coated with unmodified water-
based varnish with ratio of 18.05%, the lowest average O2 
value was observed in beech samples coated with 30% boric 
acid modified water-based varnish with ratio of 15.58%.The 
average CO values obtained during combustion tests were 
given in Table 4.  
According to Table 4, while the highest average CO value was 
observed in beech control samples with 687 ppm, the lowest 

average temperature value was observed in Scots pine samples 
coated with 10% boric acid modified water-based varnish with 
317 ppm.  
The average NO values obtained during combustion tests were 
given in Table 5. According to Table 5. while the highest average 
NO value was observed in Scots pine samples coated with 30% 
boric acid modified water-based varnish with 66 ppm, the 
lowest average NO value was observed in Scots pine control 
samples with 23 ppm.  
The average chimney temperature values obtained during 
combustion tests were given in Table 6.According to Table 6. 
while the highest average chimney temperature value was 
observed in beech control samples with 238 °C, the lowest 
average temperature value was observed in beech samples 
coated with 30% boric acid modified water-based varnish with 
107 °C during combustion tests. 
Obtained values from tests were investigated by variance 
analysis. The Duncan test was applied in order to determine 
which of the difference obtained from variance analysis were 
(p≤ 0.05) significant. The Duncan test result shown as different 
homogenous group in table 7. 

4 Discussion 

As a result, it was found that the beech samples were more 
resistant to mass reduction during combustion compared with 
Scots pine samples. In terms of mass reduction, the highest 
values (%) were observed in control samples of Scots pine. The 
mass reduction values of Scots pine samples decreased up to 
1%, 3%, 6% and %21 in the unmodified and 10%, 20%, 30% 
boric acid modified water-based varnishes, respectively. 
According to test results, it can be said that boric acid solution 
significantly reduces the rate of weight loss. 
The highest mass reduction values (%) were observed in 
control samples of Beech. The mass reduction values of beech 
samples decreased up to 28%, 40%, 43% and %52 in the 
unmodified and 10%, 20%, 30% boric acid modified water-
based varnishes, respectively. The highest combustion 
temperature values were observed in control samples of Beech. 
It was found that the Scots pine burned at a higher temperature 
compared with beech samples. These high temperature values 
can be related to the resin content of pine samples. In terms of 
O2, the highest values (%) were observed samples coated with 
30% boric acid modified water-based varnishes in both wood 
types. When control groups take into consideration, the CO 
values of beech samples found higher (up to 31%) compared to 
Scots pine. In terms of NO values, the results of beech samples 
found higher (up to 36%) compared to Scots pine. For all that, 
it can be said that as the ratio of boric acid of the boric acid-
varnish solution increase, the CO and NO values of combustion 
tests increases. 
The highest chimney temperature values were observed in 
control samples of Beech. When the varnished samples were 
examined, the highest values were observed Scots pine 
samples. 
As a result; it can be said that the boric acid is an important fire-
retardant and boric acid modified water-based varnishes can 
be used in places where high temperature resistance is 
necessary. In the similar studies, it was reported that the boron 
compounds provide resistance to combustion [16]. In another 
study, it was stated that samples coated with boric acid 
modified varnishes provide better results in all combustion 
parameters compared unvarnished control samples. In parallel 
with these results, it was reported that pine samples have 
worse combustion properties because of the resin content [17]. 
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In similar studies realized on samples coated with boron 
impregnated varnishes, it was stated that the amount of boric 
acid effects the NO and CO values of combustion, positively [10]. 
As a result of the study, it can be said that obtained results are 
parallel with literature. The varnishes and paints which contain 
combustible and flammable substances accelerate the spread of 
fire, especially in the wooden structures. Borons are excellent 
fire retardants for this structures when applied at adequate 
retentions to cellulosic fibers [18]. According to results of this 
study, it can be said that in the constructions which at higher 

risk of fire, can be preferred coated beech wood with 30% boric 
acid modified water based varnish.  
Also, with the using of boron compounds in an alternative 
industry will be put boron to good use. Also alternative boron 
markets will be emerged for our country which also has 75% of 
boron reserves of the world. In the parallel of this study, the 
abiotic properties of boron and boron compounds is another 
workable subject which supported in literature [19]. 
 

5 Tables 

Table 1. Weight-Loss Values (%) 

Time 
Scots Pine Beech 

Control 0% 10% 20% 30% Control 0% 10% 20% 30% 
1* 2,23 1,32 0,79 0,48 1,13 1,24 1,60 0,53 0,83 0,98 
2* 5,12 2,25 1,79 1,39 1,95 3,12 2,63 1,56 1,42 2,20 
3* 8,46 5,92 4,09 4,28 4,49 5,94 5,44 3,94 4,03 6,22 
4* 13,56 9,16 7,43 7,75 7,79 10,95 9,85 8,40 8,03 10,61 
5* 22,47 13,78 11,47 11,61 11,94 18,92 13,80 13,04 13,26 13,52 
6* 28,42 18,16 15,84 16,31 15,84 23,48 19,01 17,03 17,60 17,19 
7* 37,12 24,39 21,37 21,71 21,86 33,27 24,18 23,42 22,20 21,46 
8* 45,16 31,68 30,58 30,30 27,15 41,57 29,46 27,71 27,39 26,85 
9 52,41 35,30 37,39 33,63 30,67 47,15 33,41 32,57 33,60 30,46 

10 60,85 36,63 38,76 35,21 35,80 54,29 36,71 36,96 35,35 31,75 
11 72,64 43,05 41,77 38,63 37,45 66,95 38,88 38,34 37,70 32,03 
12 77,14 47,61 45,44 43,03 38,97 73,42 40,98 39,25 38,06 33,15 
13 81,68 53,03 52,36 49,60 42,71 78,52 43,08 41,56 40,00 34,30 
14 83,42 58,04 59,41 56,18 48,81 82,46 46,96 44,98 41,32 35,48 
15 85,16 66,06 68,20 62,82 53,48 85,01 51,22 45,80 44,68 37,64 
16 89,43 74,15 74,27 69,30 57,35 88,16 53,55 46,22 48,44 38,88 
17 93,46 81,61 79,68 75,88 63,81 91,74 57,53 50,36 50,24 41,12 
18 96,78 87,23 84,63 81,47 69,33 95,47 60,21 53,99 52,20 43,23 
19 97,15 94,55 92,56 86,86 74,74 96,54 66,58 56,00 53,70 45,44 
20 98,26 97,55 95,24 92,51 78,00 97,56 70,53 58,50 55,28 46,80 

* Flame-induced combustion 

 
Table 2. Temperature Values (°C) 

Time 
Scots Pine Beech 

Control 0% 10% 20% 30% Control 0% 10% 20% 30% 

1* 81 61 87 93 81 79 75 82 80 66 

2* 100 80 108 112 98 102 92 102 97 84 
3* 126 101 132 135 119 136 113 126 120 108 

4* 153 123 155 158 140 161 136 154 145 135 
5* 178 145 177 180 161 210 159 181 171 163 

6* 202 167 200 202 182 246 179 204 196 188 

7* 226 192 224 225 204 281 197 226 213 203 

8* 253 213 245 243 223 309 214 235 223 210 
9 291 227 257 251 232 366 224 237 226 211 

10 368 236 260 256 232 474 223 228 221 206 

11 464 250 271 267 237 534 223 222 219 200 

12 535 270 295 286 247 612 230 220 220 193 
13 546 299 333 319 261 634 241 225 221 186 

14 526 347 401 376 283 594 262 231 226 180 
15 478 403 481 450 315 543 282 237 232 174 
16 401 457 543 524 353 459 304 255 239 169 

17 343 500 573 563 394 399 324 264 261 164 
18 310 511 557 562 427 346 328 256 287 159 

19 273 479 507 536 438 309 307 236 305 154 

20 238 439 449 481 425 291 280 220 303 150 
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Table 3. O2 Values (%) 

Time 
Scots Pine Beech 

Control 0% 10% 20% 30% Control 0% 10% 20% 30% 
1* 20,50 20,77 20,40 20,49 20,53 20,67 20,62 20,53 20,39 20,28 
2* 19,59 20,14 19,93 20,11 20,00 20,03 20,27 20,51 20,31 20,16 
3* 18,81 19,86 19,77 19,99 19,75 19,16 20,11 20,05 19,74 19,68 
4* 18,17 19,69 19,61 19,82 19,22 18,44 19,87 19,57 18,73 19,01 
5* 17,65 19,31 19,43 19,19 18,50 17,73 19,59 18,79 17,99 18,20 
6* 17,50 18,74 19,38 18,51 17,90 17,12 19,41 17,97 17,18 17,29 
7* 17,39 18,42 19,20 17,76 17,20 16,91 19,20 17,39 16,61 16,41 
8* 17,35 17,96 18,82 17,11 16,56 16,81 18,97 16,91 16,50 15,78 
9 17,28 17,84 18,41 16,64 16,27 16,72 18,64 16,71 16,54 15,60 

10 17,25 17,81 17,82 16,22 15,97 16,47 18,51 16,81 16,84 15,58 
11 17,24 18,32 17,39 16,07 15,91 16,34 18,30 17,02 17,36 15,76 
12 17,77 18,68 17,14 16,08 16,03 16,96 17,86 17,48 17,79 16,04 
13 18,48 18,73 16,92 16,09 16,18 17,81 17,53 18,17 18,20 16,55 
14 19,07 18,94 16,75 16,13 16,34 18,56 17,40 18,74 18,52 17,05 
15 20,02 18,93 16,86 16,27 16,50 19,12 17,44 19,13 18,59 17,43 
16 20,59 19,18 17,03 16,35 16,59 19,76 17,55 19,32 18,63 17,79 
17 20,77 19,58 17,39 16,54 16,66 20,07 17,66 19,44 18,63 18,11 
18 20,83 20,21 17,83 16,62 16,66 20,24 17,84 19,53 18,72 18,47 
19 20,82 20,39 18,29 16,76 16,73 20,37 18,05 19,59 18,85 18,66 
20 20,85 20,46 18,86 16,83 16,89 20,51 18,10 19,64 18,96 18,73 

 
Table 4. CO (ppm) Values 

Time 
Scots Pine Beech 

Control 0% 10% 20% 30% Control 0% 10% 20% 30% 
1* 25 32 46 53 52 34 40 51 51 53 
2* 86 51 63 70 70 74 56 70 63 75 
3* 126 74 75 85 77 119 81 82 101 96 
4* 150 88 86 99 96 157 96 89 138 110 
5* 169 99 97 117 129 186 118 117 191 122 
6* 206 105 109 155 158 216 125 159 252 140 
7* 288 113 123 193 198 285 142 200 305 167 
8* 368 122 134 223 239 424 159 244 354 202 
9 431 144 166 267 262 528 183 308 424 264 

10 475 162 190 315 296 645 215 356 479 345 
11 394 189 210 359 339 686 247 383 500 404 
12 283 221 239 404 378 654 279 415 508 472 
13 237 255 280 439 405 607 323 424 486 518 
14 226 292 294 444 445 571 362 400 460 537 
15 206 320 304 433 463 525 386 376 435 534 
16 172 378 317 394 450 449 399 353 418 510 
17 129 353 280 341 444 375 406 324 401 483 
18 84 301 249 316 422 296 381 301 389 459 
19 47 270 226 289 395 218 350 282 376 439 
20 31 233 187 276 376 135 316 259 351 415 
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Table 5. NO Values (ppm) 

Time 
Scots Pine Beech 
Control 0% 10% 20% 30% Control 0% 10% 20% 30% 

1* 2 0 10 10 9 1 8 7 9 9 
2* 4 0 13 15 13 2 12 11 12 13 
3* 7 1 13 16 21 7 18 23 23 21 
4* 11 1 18 16 31 13 27 38 31 31 
5* 15 4 27 22 40 20 35 46 44 41 
6* 17 7 36 29 46 26 37 52 53 50 
7* 17 15 41 32 48 29 41 51 54 57 
8* 17 22 45 37 48 29 43 48 55 60 
9 18 29 46 41 48 30 43 45 52 58 

10 20 36 44 42 47 34 41 41 46 54 
11 23 37 43 42 47 36 41 37 43 50 
12 21 40 42 44 50 34 39 35 37 45 
13 17 41 40 46 55 30 39 33 31 41 
14 13 40 40 47 60 23 38 31 27 35 
15 7 42 40 49 65 17 38 32 25 31 
16 3 44 38 53 66 12 35 31 24 28 
17 2 47 37 51 61 8 30 30 22 25 
18 1 40 31 46 54 5 23 28 20 22 
19 1 32 28 40 48 3 16 25 16 20 
20 1 25 23 33 38 2 10 22 11 17 

* Flame-induced combustion 
 

Table 6. Chimney Temperature Values (°C) 
Time Scots Pine Beech 

Control 0% 10% 20% 30% Control 0% 10% 20% 30% 
1* 56 45 50 52 37 56 36 47 46 50 
2* 81 65 69 71 45 81 52 56 64 62 
3* 102 87 88 91 54 109 70 67 55 74 
4* 121 102 110 112 64 138 88 75 66 81 
5* 137 110 121 122 73 162 104 82 78 88 
6* 149 124 127 139 79 180 115 89 85 92 
7* 159 134 136 148 89 192 123 98 93 98 
8* 169 144 147 156 97 205 131 102 97 101 
9 181 155 152 159 101 219 140 103 98 102 

10 191 160 163 161 101 238 152 109 96 100 
11 191 162 166 161 99 228 146 103 101 103 
12 188 169 166 169 103 211 155 102 102 100 
13 182 174 169 173 109 192 163 104 102 107 
14 169 172 173 177 118 177 153 106 104 105 
15 152 171 176 180 131 164 145 109 108 103 
16 137 166 179 182 136 145 128 108 102 105 
17 123 156 180 187 152 129 116 102 100 103 
18 113 143 178 186 164 116 104 98 100 101 
19 93 133 175 186 168 104 97 91 97 99 
20 76 124 173 185 163 92 89 85 97 98 

 
Table 7. Duncan Test Results 

Factor 
Weight-Loss Temperature O2 CO NO 

Chimney 
temperature 

Mean HG Mean HG Mean HG Mean HG Mean HG Mean HG 
Beech-30% 27,47 a 165 a 18,90 a 317 c 35 c 94 a 
Beech-20% 31,27 ab 210 b 19,20 b 334 c 33 bc 90 a 
Beech-10% 32,00 ab 207 b 18,36 b 260 b 32 bc 92 a 
Beech-0% 35,28 ab 220 bc 17,47 b 233 b 31 b 115 b 

Scots Pine-30% 36,16 bc 253 cd 17,31 a 280 b 33 bc 104 ab 
Scots Pine-20% 40,94 c 311 e 18,49 a 263 b 45 d 150 cd 
Scots Pine-10% 43,15 c 313 e 18,65 b 184 a 36 c 145 c 
Scots Pine-0% 44,07 c 275 d 18,67 b 190 a 25 b 135 bc 
Beech-Control 54,78 d 354 f 18,25 b 359 d 18 ab 157 d 

Scots Pine-
Control 

57,55 d 305 de 17,63 c 207 a 11 a 139 BC 
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Abstract   

In order to select the proper material for bending, bending properties, abundance of the material, and strength values after bending of wood should be 
taken into consideration. Beech wood is used for different applications including curved and straight forms. One of the main applications of these species 
in curved form is in furniture industry. Massive bending members have been subjected to different loads. Strength of furniture largely depends on 
counteraction degree to these loads. In the current study, effects of parameters such as bending radius (200 mm and 300 mm), steam pressures (0.2 and 
1.3 atmospheres) and setting methods (drying room and high frequency) on diagonal compression and bending moments of bent massive beech wood 
have been investigated. The effects of differences in steam pressures and settings were investigated only for the samples with 200 mm bending radius. The 
effect of bending radius was examined for both drying room and high frequency setting.  F and T tests have been used in statistical analyses. The results 
showed that the all parameters had statistically significant effect on diagonal bending moment while only bending radius in drying room setting group 
had significant effect on compression moment at 5% confidence level.  
Keywords: Beech, Bending, Diagonal compression, Diagonal bending, Moment 
   

 

FARKLI BÜKME PARAMETRELERİNİN KAYIN ODUNUNUN MOMENT 
DEĞERLERİ ÜZERİNE ETKİLERİ  

Özet   

Bükme için uygun ağaç türü seçiminde bükülme özellikleri,  malzemenin mevcudiyeti ve bükme sonrası ahşabın direnç özellikleri dikkate alınmaktadır 
Kayın ahşabı, farklı alanlarda düz yada bükülmüş olarak kullanılmaktadır. Bükülmüş halde değerlendirildiği önemli yerlerden birisi de mobilyadır. Masif 
halde bükme elemanlar farklı yüklemelerin etkisi altında kalmakta, mobilyanın mukavemeti büyük ölçüde bu yüklemelere karşı koyma derecesine bağlı 
bulunmaktadır. Bu çalışmada bükme yarıçapı (200 ve 300 mm), buhar basıncı (0,2 ve 1,3 atm) ile farklı set etme (kurutma odası ve yüksek frekans) 
parametrelerinin bükülmüş masif kayında diyagonal basma ve diyagonal eğme momentleri üzerine etkileri araştırılmıştır. Buhar basıncının ve set etme 
farklılığının etkisi sadece 200 mm bükme yarıçapına sahip örneklerde araştırılmıştır. Bükme yarıçapının etkisi ise hem yüksek frekans hem de sabit 
sıcaklıkta set edilmiş örneklerde incelenmiştir. İstatistik analizlerde F ve t testleri kullanılmıştır. Sonuç olarak diyagonal eğilme momenti üzerine tüm 
parametrelerin, diyagonal basma moment değerleri üzerine sadece kurutma odasında set edilmiş grupta bükme yarıçapının etkisinin % 5 güven 
düzeyinde istatistiki olarak anlamlı olduğu bulunmuştur. 
Anahtar Kelimeler: Kayın, Bükme, Diyagonal eğme, Diyagonal basma, Moment 
   

 

1 Introduction 

Tree species choosing for bending, material’s availability and 

strength properties of wood after bending process are taken 

into consideration. Beech wood is using in different areas bent 

or straight form. One of the important using areas of bent beech 

wood is furniture industry. Bent members are under the 

influence of different loads; furniture strength is change upon 

withstanding degree on a large scale. 

History of using curved trees is very old. In first years, because 

of difficulties that bending of very thick materials, naturally 

curved trunks and branches and root or thick branches that 

merge with trunk were used. Then process by band saw and 

milling machines and by carving requested curves were formed 

[1]. Bent wood is evaluated in common areas as furniture, 

structure, boat, tool handles, music instruments, sport 

equipments, barrel, walking stick, umbrella handle, basket etc.  

There are different forming methods of wood material in our 

day. These are cutting, scrape, lamination and bending 

techniques [2]. Strength properties of wood which bent variant 

methods are different. Strength of bent material is higher as 

compared with cut or scraped materials [1]. Depends on 

bending degree some mechanical properties are decrease. In 

the literature it is pointed out that, decreases on static bending 

strength are sign to effect of bending process and also 

researches about hardwood samples which bent small radius 

are indicate lower bending strength [3]. 
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Kollman and Cote [4] explanation in their book that refers to 

Teichgraber (1953), increase on ratio of bending radius to 

thickness mechanical properties are decrease or increase 

noteworthy. It is pointed out, dynamic bending strength and 

young’s modulus are higher and bending strength is lower of 

bent wood specimens as control groups. In a different study, it 

is explained that strength loses occurs in bent Hickory wood as 

control groups [5]. 

Büyüksarı [6] pointed out that, beech and oak wood specimens 

that bent different radius, micro–mechanical specimens which 

taken from convex surfaces, value of bending, tension, 

compression and young’s modulus are higher than concave 

surface. With decreasing on bending radius, strength values are 

decrease on convex and concave surfaces.   

The aim of this study is to determine the effects of bending 

parameters such as bending radius (200 mm and 300 mm), 

steam pressures (0.2 and 1.3 atmospheres) and setting 

methods (drying room and high frequency) on diagonal 

compression and bending moments of bent massive beech 

wood. 

2 Materials and Methods 

2.1 Materials 

Beech (Fagus orientalis Lipsky) trees were harvested from 

Duzce Forest Enterprises in the northwestern part of Turkey. 

Two trees with straight stems and approximately 40 cm in 

diameter, were selected, and 4-m logs from each tree were cut. 

The logs were sawn to 8 cm thick. Samples with a 2 × 2 cm 

cross-section was prepared from this timber source.  

The steaming was carried out at two different steam pressures 

(0,2 and 1,3 atm) in steam jenerator (Fig. 1). The steaming 

times were 36 min at 0.2 atmospheric pressure and 6 min at 1.3 

atmospheric pressure. The samples were bent at two different 

radii (300 mm and 200 mm) in the tangential direction. The 

bent samples are shown in  Fig. 2.  

 
Figure 1. Steam jenerator and steam cylinder

 
Figure 2. Bent samples at 300 mm radius 

Fig. 3 shows the bending macchine. Two setting methods, 

drying room (Fig. 4) and high frequency (Fig. 5), were used. The 

drying room condition was set at 65 °C for 30 hours. The high 

frequency setting used a high frequency generator of 13.56 

MHz for 5 min, with a cooling time of 15 min before the sample 

was released. After setting, all specimens were conditioned in a 

climate chamber at 20 °C and a relative humidity of 65% for 

three weeks before testing. 

 
Figure  3. Bending machine 

 

 
Figure 4. Drying room setting  

 
Figure 5. High frequency setting 
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The experimental design is shown in Table 1. 

Table 1. The experimental design 

Group 
Steaming 
Pressure 

(atm) 

Setting 
Method 

Bending Radius 
(mm) 

A 0.2 DR 300 
B 0.2 DR 200 

C 1.3 DR 200 

D 1.3 HF 300 

E 1.3 HF 200 

DR: drying room setting, HF: high frequency setting 

2.2 Method 

Diagonal Bending Moment 

For determining diagonal bending moment, bent samples having 20 x 

20 mm cross sections and between 200 and 300 mm bending radius 

were used. Primarily were conditioned at conditioning room wit 20 ± 2 

C temperature and 65 ± 5 relative humidity until having 12% moisture 

content. Samples were placed to test machine with applying load at the 

center of bent specimens and wheeled apparatus were used to prevent 

friction at the end of specimens (Figure 6). Test speed was setted to 1,5 

± 0,5 min. break and force at instant of failure (Pmax) was measured as 

N.  Diagonal bending strength test was performed in the universal test 

machine with 100kN capacity.   

Diagonal bending moment was calculated by the following equation:   

Me =
P

2
∗

L

2
 (1) 

Where; 
Me: Diagonal bending moment   (Nmm) 
P  : Breaking force                       (N) 
L : Effective span          (mm) 
 

 
Figure 6.  Diagonal bending test setup 

Diagonal Compression Moment 

For determining diagonal compression moment, bent samples having 

20 x 20 mm cross sections and between 200 and 300 mm bending 

radius were used. Primarily were conditioned at similar conditions. 

Samples were placed to test machine with applying load at the end of 

specimens (Figure 7). Test speed was setted to 1,5  ± 0,5 min. break and 

force at instant of failure (Pmax) was measured as N. Diagonal moment 

was calculated by the following equation: 

Mb = Pb ∗ Lb (2) 
Where; 

MB : Diagonal compression moment   (Nmm) 

Pb  : Breaking force                             (N) 

Lb : Height of moment                  (mm) 

 

 

Figure 7.  Diagonal compression test setup 

Comparing obtained diagonal bending and pressure moment 

values from steamed different vapour pressure (0,2 and 1,3 

atm), bent at different radii (200 and 300 mm) and setted 

different methods (holding in a drying room at 66 0C constant 

temperature and high frequency setting), F and t tests were 

used. It was evaluated that the differences were effective 

whether on diagonal moment values at the 95% confidence 

level. 

3 Results and Discussion 

The average diagonal bending moment values of bent Beech 

wood are shown in Table 2. 

 

Table 2. Diagonal bending moment values of bent Beech wood 

Group N 
X 

(Nmm) 
S 

Xmin 
(Nmm) 

Xmax 
(Nmm) 

V 
(%) 

A 44 11065.7 1425.5 5792.0 13643.7 12.9 
B 44 8563.6 1201.7 6001.3 11422.2 14.0 
C 30 8498.4 794.8 6743.2 9950.6 9.4 
D 18 10070.6 1226.0 8039.0 12201.3 12.2 
E 53 7922.4 909.6 5775.1 9856.1 11.5 

N: Number of specimens, X: Mean, S: Standard deviation, Xmin: Minimum value, Xmax: Maximum 

value and V: Coefficient of variation 

 

According to results in Table 1, it was observed that the 

diagonal bending moment value of specimens, which were set 

both in drying room and high frequency, decreased depending 

on decrease of the bending radius (more bending). It was 

understood that these decrement were significant at 5% 

confidence level, as a results of statistical analysis. It was 

observed that those set with high frequency within specimens 

had same bending radius and steamed same steam pressure 

were found to be lower bending moment. The bending moment 

values of specimens, set in drying room and had similar 

bending radius but steamed to different pressures, found to a 

bit much versus specimens steamed to 1,3 atm pressure. These 

differences are statistically significant. 

The average diagonal compression moment values of Beech 

wood are shown in Table 3. 
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Table 3. Diagonal compression moment values of Beech wood 

Group N 
X 

(Nmm) 
S 

Xmin 
(Nmm) 

Xmax 
(Nmm) 

V 
(%) 

A 38 10159.2 1288.8 7310.0 12297.2 12.7 
B 25 9300.6 1947.3 3939.3 12724.9 20.9 
C 26 8921.8 1426.3 5190.2 11234.9 16.0 
D 16 9608.8 1305.5 6565.0 12331.2 13.6 
E 40 9052.5 1685.5 4729.9 12147.3 18.6 

According to result of diagonal compressive values shown in 

Table 3, Differences of set, steam pressure and bending radius 

was seem not much effected to the values of compressive 

moment and found to be closer each other of those. As a the 

result obtained to statistical analysis, specimens, set to only 

drying room and steamed at 1.3 atm steam pressure, have a 

significant effect on compressive moment of bending radius. It 

was found out that there was no such difference at 5% 

confidence level in the other groups. 

The differences occurred anatomical structure of bent beech 

specimens used in this research were investigated in the 

literature [6]. Büyüksarı [6] stated that wood cell and its wall 

occurred to cracking, deformation, and split depending on 

bending, in addition that happened to change of the cell form 

and increased to fracture and deformation based on decreasing 

of bending radius. The concave surfaces more affected as for 

that the convex surface. 

The F and t test results are given in Table 3, 4, 5 and 6.Table 3. 
Diagonal Bending Moment (F test) 

Parameters 
Steam 

pressure 
Setting 

Bending radius 

Drying 
High 

Frequency 

Varians ratio 2.29 1.31 1.407 6.974 

F table 1.71 1.69 1.64 2.04 

Confidence 

level 
* N.S N.S * 

 

Table 4. Diagonal Bending Moment (t test) 

Parameters 

Steam 

pressure 

 

Setting 

Bending radius 

Drying 
High 

Frequency 

Sig. (2 tailed) 0.287 0.04 0.00 0.00 

Confidence 

level 
N.S * * * 

 

Table 5. Diagonal Compression Moment (F test) 

Parameters 
Steam 

pressure 
Setting 

Bending radius 

Drying 
High 

Frequency 

Varians ratio 1.863 1.396 2.283 0.600 

F table 1.93 1.77 1.9 2.15 

Confidence 

level 
N.S N.S * N.S 

 

Table 6. Diagonal Compression Moment (t test) 

Parameters 
Steam 

pressure 
Setting 

Bending radius 

Drying 
High 

Frequency 

Sig. (2 tailed) 0.44 0.74 0.04 0.24 

Confidence 

level 
N.S N.S * N.S 

The results showed that only the effect of setting differences on 

diagonal compression moment values are not noticeable 

whereas other bending parameters affect both diagonal 

compression and bending moment values at 5% confidence 

level. 

Diagonal bending specimens occurred to tensile stresses where 

concave place of bent specimen and to compressive stresses 

where convex side of those depending on loading. For specimen 

acting on apparatus with wheels, the amount of wood zone 

where is tried to tension increased.  As stated above, these 

tension stresses comprised of concave zone that was greater 

fractures and deformation occurred to cell walls depending on 

bending. Therefore, it was thought that the effect on moment 

values of steam pressure of 200 mm bending radius and making 

set differences more obviously occurred. It was stated that 

these damage was much less in specimens bent till 300 mm 

radius [6]. However this damage in anatomical structure 

increased with decreasing bending radius (200 mm) and 

decreased to moment values. For this reason, it was thought 

that bending radius caused to significantly decrease to diagonal 

bending moment.  

The concave side more affected in comparison with convex 

surface occurred to compressive stresses. Fracture and 

cracking occurred in anatomical structure of cell wall subjected 

of pressure and squeeze. As it is known that compression 

strength is less negatively affected than the tensile strength in 

wood defects [7]. For this reason, it was thought that steam 

pressure and differences of making set were not generated a 

significant difference within compressive moment. It was 

observed that bending radius has significantly affected on 

values of compressive moment in specimens made set in only 

drying room and steamed at 1,3 atm steam pressure. 

4 Conclusion 

As a result, it was expected to be no significant differences that 

if exposed to diagonal bending of the built-in end (detected) 

bent wood, the amount of wood zone influenced by tensile 

stresses is decreased or wood rate subjected to compressive 

stresses is increased as same as diagonal compressive 

specimens. As expressed to above, effects of steam pressure 

and differences of making set decreased on moment values. 

However, ıt was showed that the moment values could fall 

further, in case of cracks and fragmentation of wood cell wall 

bent to till small radius increased. It is necessary to enlighten 

such topics by other researches made related to Different wood 

species, different steam pressure and bending radius. 
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Abstract   

Inappropriate design of working environment is one of the significant reasons of occupational accidents and injuries in labor-intensive production sites. 
Inadequate and incomplete working environments, which is caused by ignoring ergonomic factors in planning level, creates persistent psychical disorders, 
increase mistakes and accident rates and decrease work productivity. Enhancement of the compliance between worker and task is a crucial step an on 
improving productivity. The worker can reach maximum productivity with less physical load and less energy consumption when the compliance occurs. 
This study is implemented in a medium sized labor-intensive furniture factory located in Denizli district. In the content of the study, it is aimed to determine 
physical workloads of operators while working (loading and unloading) with machinery in solid wood processing workshop of the factory. Before the 
implementation of the study, working environment of this division is ergonomically investigated and 12 critical machines are selected for implementation. 
Individual characteristics, working conditions and postures of the operators in the selected machines are determined by using surveys, measurements and 
video recording techniques. After analyzing workers in loading and unloading operations, time consumptions and posture frequencies during operations 
are determined. Ovako Working Posture Analysis System (OWAS) is used to evaluate workloads and risk assessment of work-related musculoskeletal 
disorders. The assessment of the results show that inadequate and incomplete working environment and operational designs cause serious physical 
disorders. Operational design improvements related to working environment are presented to the senior management of the factory that may help to 
decrease work-related musculoskeletal disorder risks of the workers. 
Keywords: Furniture industry workers, work-related musculoskeletal disorders, risk assessment, OWAS method 
   

 

MOBİLYA SEKTÖRÜ ÇALIŞANLARINDA BEDENSEL ZORLANMANIN OWAS 
YÖNTEMİ İLE BELİRLENMESİ 

Özet   

Emek yoğun üretim yerlerinde iş kazaları ve yaralanmaların önemli nedenlerinden biri hatalı tasarlanmış çalışma ortamlarıdır. Ergonomik faktörler 
dikkate alınmadan yetersiz veya eksik tasarlanmış çalışma ortamları kalıcı bedensel rahatsızlıkların ortaya çıkmasına, hata ve kaza oranlarının 
artmasına ve verimliliğinin düşmesine neden olmaktadır. Verimliliği arttırmanın etkin yöntemlerinden biri de insan-makine ve çevre arasındaki uyumu 
geliştirmektir. Bu uyum gerçekleştiğinde birey daha düşük fiziksel yüklenme ve enerji tüketimi ile maksimum verimliliğe ulaşabilecektir. Çalışma 
Denizli’de işgücünün yoğun olarak kullanıldığı orta ölçekli bir mobilya işletmesinde gerçekleştirilmiştir. Çalışmada mobilya işletmesinin masif işleme 
bölümünde çalışan işçilerin makine ile çalışmaları sırasında (makineye iş yükleme ve boşaltma) karşılaştıkları bedensel zorlanmaların belirlenmesi 
amaçlanmıştır. Araştırma öncesinde çalışma koşulları ergonomik koşullar açısından incelenmiş ve araştırmaya esas olmak üzere kritik 12 makine 
belirlenmiştir. Bu makinelerde çalışan işçilerin bireysel özellikleri, çalışma koşulları, beden duruşları ve işe bağlı zorlanmaları anket, ölçüm ve 
görüntüleme yöntemleri ile saptanmıştır. Bedensel zorlanmaların belirlenmesinde OWAS (Ovako Çalışma Duruşları Analiz Sistemi) yöntemi kullanılmıştır. 
Analizler sonucunda masif işleme bölümünde makineye iş yükleme ve boşaltma faaliyetlerinde çalışan işçilerin harcadıkları zaman, çalışma sırasındaki 
vücut duruş sıklıkları belirlenerek, kas-iskelet sistemi zorlanmalarına yönelik risk değerlendirmeleri yapılmıştır. Değerlendirmeler sonucunda çalışma 
ortamı ve işin yanlış-eksik tasarımlanmasından kaynaklanan ciddi bedensel rahatsızlıkların ortaya çıktığı, uygun tasarımlarla olumsuzlukların 
giderilebileceği saptanmış ve tasarıma ilişkin önerilerde bulunulmuştur. 
Anahtar Kelimeler: Mobilya endüstrisi çalışanları, kas iskelet sistemi rahatsızlıkları, risk değerlendirmesi, OWAS yöntemi 
   

 

1 Introduction 

Incorrect designed working environment is one of the most 
important reasons of occupational accidents and injuries in 
production sites. Inadequate and incomplete working 
environments, which is designed by ignoring ergonomic factor 
in planning level, creates persistent psychical disorders, 
increase mistakes and accident rates and decrease work 
productivity. Improving productivity is regardless a basic aim 
on continues improvement for business managers.  

 

Enhancement of the compliance between worker and work is 
one of the efficient methods on improving productivity. 

The individual works in the working environment should 
remain at a level that can be done throughout the workdays. 
People forced to work over their power get tired. Fatigue can 
provide negative impacts in terms of employees’ work 
efficiency, healthy, safety and psychological balance. Therefore, 
it is important to recognize performance limits of workers, 
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determine rest and working hours and improve working 
conditions in order to improve work productivity [1]. 

Incorrect work designs and posture disorders may cause loss of 
productivity and occupational health problems. On the other 
hand, working in correct posture could have positive impact on 
the total amount of workpieces as well as productivity [2]. 
Many industries still require a significant amount of human 
labor despite the advancements in mechanization technologies. 
Working posture of workers could cause productivity 
decrements and work related musculoskeletal disorders in 
furniture industry as a labor-intensive sector [3]. Furniture 
production is accepted in the class of hazardous and extremely 
hazardous occupations via regulations of the Ministry of Labour 
and Social Security of July 2013 (No: 28706, 13-07-2013). As a 
labor intensive sector, many studies are conducted in different 
research areas of furniture industry, however, there are less 
studies in ergonomics area [4]. Christensen, et al. [5] 
determined that the risk of being injured by the neck is very 
high in furniture industry workers who work at neck stretched 
forward position. İlhan, et al. [6] investigated that the most of 
occupational accidents occur in 1-5 years experienced workers 
by over workloads. 

Kalınkara and Özkaya [7] investigated the risk levels of working 
postures and movements of lumberjacks who work in the 
logging industry. The results of the study show that cutting and 
bark peeling operations are high risk level jobs and 47.4% of 
total cutting operations include high risk level for work-related 
musculoskeletal disorders and require urgent ergonomic 
actions. Work-related musculoskeletal disorders are among 
common problems in forest products and furniture industry 
workers in developed countries as in developing countries. 
Calvo [8] presented that 24% of furniture industry workers 
have back pain, 22% have muscular pain and 66% are exposed 
to repetitive jobs and/or vibrations. Harsh environmental 
conditions (low-high temperature, dusty environment, low 
lighting, steep and slippery etc.), heavy-duty (manual handling, 
bending and twisting) and dangerous tools and saws increase 
those problems and cause work-related musculoskeletal 
disorders by over workloads.  

This study aims to investigate the risk levels of working 
postures and movements of furniture industry workers who 
specifically work in solid wood operations. According to best of 
authors knowledge, this study is the first study that investigates 
workloads and risk assessment of work-related 
musculoskeletal disorders of furniture industry workers with 
OWAS methodology. This paper is structured as follows. 
Section 2 introduces the methods for physical workload 
evaluation methods including OWAS. Section 3 includes 
findings of ergonomic risk assessment for a furniture factory. 
Finally, Section 4 concludes the paper and present future 
research directions. 

2 Material and Method 

This study investigated in solid wood workshop of a furniture 
factory that operates in Denizli. As a preliminary study, the 
machines and operations in the solid wood processing 
workshop of factory examined and 12 different machines that 
have huge workload and repetitive jobs are selected for 
investigation. The prepared surveys regarding individual 
information and body measurements are conducted to 18 
different workers who work in these 12 machines. The 
operations in these machines are categorized into three module 
class as loading module which only execute material loading 

operations to machine, unloading module and both loading and 
unloading module in which operations executed by same 
operator. Table 1 shows the work module categorization of 
machines according to related operations. 

Table 1. Investigated machines and related work operations 

Code Machine Name 
Work Modules 

Loading Unloading 
Loading + 
Unloading 

M1 
Multiple Rip Sawing 
Machine 

+ +  

M2 
Radial Length Cutting 
Machine 

  + 

M3 
Opticut Cross-Cutting 
Machine 

+ +  

M4 
Four-Sided Planning 
and Moulding Machine 

+ +  

M5 
Laminating Hot Press 
Machine 

  + 

M6 Moulding Machine + +  

M7 Circular Saw Machine   + 

M8 
Sizing and Squaring 
Machine 

  + 

M9 
Manuel Cross-Cut 
Sawing Machine 

  + 

M10 Band Saw + +  

M11 Rounding Machine   + 

M12 
Veneer Slicing 
Machine 

  + 

Work-related musculoskeletal disorders cause expensive 
health care problems which result in the loss of income and 
productivity. Risk assessment of physical workloads may help 
to prevent development of disorders. Demand of repeating 
activities, workplace and environmental conditions affect the 
measurement process of physical workloads [9].  

Common methodological tools used to assess physical 
workload are JSI - the job strain index [10], NIOSH - the National 
Institute for Occupational Safety and Health lifting equation 
[11], REBA - the rapid entire body assessment [12], RULA - the 
rapid upper limp assessment [13]; MAC - the manual handling 
assessment charts [14], OCRA - The concise exposure index 
[15], OWAS - Ovako Working posture Assessment. System [16] 
and QEC - Quick Exposure Check [17]. See David [18] and 
Roman-Liu [19] for detailed comparison of common physical 
workload assessment tools.  

In this study, OWAS method that enables to analyze repetitive 
motions and various postures of workers with the help 
videotapes is used to investigate risk levels of various postures 
and movements. OWAS was developed by Karhu, et al. [16] to 
identify and evaluate full body working postures in response to 
the need for an analytical method that is simple, unambiguous, 
and valid. A posture is directly defined with a three digit code 
in the OWAS method. The first digit defines the position of the 
back, the second defines the arms and the third digit defines the 
legs [20]. Later versions of the method includes a forth digit 
that represents weight or use of force/effort [21]. Figure 1 
describes OWAS coding system with alternative choices for 
each digit. In the related literature, various studies indicate that 
OWAS is one of the most reliable method among different risk 
assessment methods [16, 22]. Therefore, OWAS method is 
selected for risk assessment of solid wood processing 
workshop operations of investigated furniture factory. 
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POSITION OF BACK  
1- straight  
2- bent forward or backward  
3- twisted or bent sideways  
4- bent or twisted forward or backward 

POSITION OF ARMS  
1- both arms are below shoulder level  

2- one arm is at or above shoulder level  
3- both arms are at or above shoulder level 

POSITION OF LEGS  
1- sitting  
2- standing with both legs straight 
3- standing with weight on one straight leg  
4- standing or squatting with both bent knees  
5- standing or squatting with one bent knee  
6- kneeling on one knee or both knees  
7- walking or moving 

LOAD / EFFORT OR WEIGHT HANDLE 
1- weight or effort or force is 10 kg or less  
2- weight or force is > 10 kg and < 20 kg  
3- weight or force is more than 20 kg 

  3      2      4        1 

 
Figure 1. Four digit OWAS coding system for body parts [16, 23] 

It is possible to analyze risk level of each working posture and 
position combinations for the musculoskeletal system of 
workers with the help of OWAS methodology. In OWAS method, 
four different risk categories are defined for determining the 
priority status on correcting risky postures [7]. These are;  

 Category 1: Working postures have no hazardous 
effect on musculoskeletal system and no action is 
necessary. 

 Category 2: Working postures have some hazardous 
effect on musculoskeletal system and it is required to 
include ergonomic improvements to future plans.  

 Category 3: Working postures have hazardous effect 
on musculoskeletal system and it is necessary to make 
ergonomic improvements soon. 

 Category 4: Working postures have quite hazardous 
effect on musculoskeletal system and it is urgent to 
make ergonomic improvements immediately [23]. 

In order to investigate working postures of workers, operations 
are recorded with video camera during 30 minutes in total for 
each worker. Later, the videos are investigated by 5 seconds 
intervals and the observation data is conducted on detail by 
using 4 digit system of the methodology. The data analyzed by 
using the WinOWAS software. Recommendations for actions 
graphs are created with the help of software and the graphs are 
assessed by a group of experts.  

3 Findings 

Personal information and body measurements of participated 
workers in the content of this study are given in Table 2.  
Table 2 indicate that participated workers are active work force 
and their age range is between 18 and 50. Body Mass Indexes 
(BMI= “Weight (kg)”/ “Square of height (m)”) of the workers 
show that 61.1% of them at normal weight, 27.8% of them are 
overweight and remaining 11.1% are in the obese category. 

Survey results indicate that occupational accidents and 
musculoskeletal disorders commonly occurs at the categories 
of overweighed and obese workers. The majority of workers do 
not see solid wood workshop operation as “hard work”. But 
lifting load is identified as “hardest work” by the workers who 
has complaints. 
According to result of OWAS analyses in this study conducted 
at 12 machines and 18 workers, there was no posture from 
Category 4 which requires urgent ergonomic improvement 
actions. However, Category 3 postures which require 
ergonomic improvements soon are identified at M6, M7, M8, 
M9 and M10 machines. While loading and unloading operations 
of M6 and M10 machines are executed from different workers, 
these operations executed by same worker at M7, M8 and M9 
machines. Figure 2 shows recommendations for actions graphs 
for both operations of M6 machine according to OWAS analysis 
with WinOWAS software. 
The graphs on Figure 2 indicate that back and leg positions in 
loading operations and leg positions in unloading operations 
are at Category 3 risk level. The most common working posture 
in loading operations of this machine are “bent or twisted 
forward or backward position” (% 37) at back part and 
“standing or squatting with one bent knee position” (% 59) at 
leg part. The most common working posture in unloading 
operations is “standing or squatting with one bent knee” 
position (% 36) at leg part which is at Category 3 risk level. 
Despite the usage of the lift tables with weight sensors in 
loading operations of M6 machine, the high risk level at leg part 
depend on narrow working space and wrong working position 
of the worker (Figure 3). High feeding speed of machine and 
short length of workpieces cause repetitive motions which 
increase working speed of workers that result negative 
working postures.  
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Table 2. Information about the participated workers 

Worker 
Code 

Age 
Body 
Mass 
Index 

Sectorial 
Experience 
(Year) 

Operational 
Experience 
(Year) 

Occupational 
Accidents 

Musculoskelet
al Disorders 

Absence of 
Business 

Hardest Work on 
Solid Wood 
Processing 

1 24 24.07 9 7  Slipped disk   

2 20 20.76 2 2     

3 30 26.59 8 8 Finger cut    

4 39 26.22 22 2  
Muscle 
contraction 

  

5 38 24.51 23 3    Band saw dust 

6 18 20.68 7 3   3 Lifting load 

7 18 22.49 2 2 
Drop of a 
material 

  Lifting load 

8 18 20.76 1 1    Lifting load 

9 23 31.07 2 2 
Particle 
pricking to 
eyes 

   

10 46 32.65 30 9   20  

11 37 22.32 25 5     

12 30 26.99 10 6    Standing 

13 27 26.06 15 4  Slipped Disk 20  

14 27 23.12 8 4 
Hit of MDF 
board 

Rheumatis
m 

20 Machine set-up 

15 22 23.14 4 0.08     

16 50 23.88 30 7     

17 26 28.40 10 0.42     

18 27 23.15 10 3   2  

  
(Loading) (Unloading) 

Figure 2. Recommendations for actions graphs for M6 operations 
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Figure 3. Working postures at M6 loading operations 

Figure 4 shows recommendations for actions graphs for both 
operations of M10 machine according to OWAS analysis with 
WinOWAS software. 

  
(Loading) (Unloading) 

Figure 4. Recommendations for actions graphs for M10 operations 

The graphs related to M10 machine indicate that “standing or 
squatting with one bent knee position” is the only Category 3 
position for both operations. The high risk level in unloading 

operation is result of the difference between bench length and 
stocking area length (Figure 5). Usage of lift tables with weight 
sensors could help to eliminate this problem.  

  
Figure 5. Working postures at M10 

 
 
Figure 6 shows recommendations for actions graphs for M7, M8 
and M9 machines in which loading and unloading operations 
executed by same workers.  

The graphs on Figure 6 show that there is a risk only at leg 
positions for all three machines. “Standing or squatting with 
one bent knee” position is seen in M7 at 35%, M8 at 45% and 
M9 at 34% which indicates Category 3 risk level.  
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M7 M8 M9 

Figure 6. Recommendations for actions graphs for M7, M8 and M9 
The general OWAS analysis result of solid wood workshop by 
investing  

all operations cumulatively at 12 machines by 18 workers is 
depicted in Figure 7 with the help of WinOWAS software.  

 
Figure 7. Recommendations for actions graph for all solid wood operations

 
According to Figure 7, when the all operations of solid wood 
workshop investigated cumulatively, there is no risky posture 
at Category 3 and 4 level. The most common postures are 
“straight” position at back, “both arms are below shoulder 
level” position at arms, “standing with both legs straight 
position” at legs and “weight or effort or force is 10 kg or less”. 
Accordingly, it is possible say that the posture positions in solid 
work processing workshop do not overload to musculoskeletal 
system. However, when the machine/work and worker 
compatibility is considered, there are considerable working 
posture problems in 5 of 12 machines investigated in the 
workshop.  

4 Results 

In the content of this study, solid wood processing workshop of 
a large-scale furniture factory which has labor intensive 
production is investigated to assess working posture related 
musculoskeletal disorders. Therefore, twelve critical machines 
from this workshop are selected for implementation. The 
results of the study show that five machines (Moulding 
Machine, Circular Saw Machine, Sizing and Squaring Machine, 
Manuel Cross-Cut Sawing Machine and Band Saw) are in 
Category 3 risk level which defined as “working postures have 
hazardous effect on musculoskeletal system and it is necessary 
to make ergonomic improvements soon”. The common feature 
of these machines is that they are low-technology and simple 
solid wood processing machineries used even in small-scale 
enterprises. Generally, height mismatch of worker with 
benches and lifts, narrow working space and wrong working 

area design problems increase risk levels in these machines. 
Elimination of these problems and new working area designs 
could provide effective working environments in which 
operations do not overload on musculoskeletal system of 
workers.  
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Abstract   

The aim of this study is to determine the living room space and furniture usages effects on user satisfaction. Thus, a face to face interview was conducted 
with 50 residents selected randomly in the area of permanent mass housing sites in Duzce, Turkey. The questions in the survey were prepared in order to 
identify the relationship between participant’s demographic properties and satisfaction level with their houses and living room which is constructed after 
earthquake in 1999. The results of the questionnaire were evaluated with SPSS (Statistical Package for Social Sciences) using chi-square test. Almost %84 
of participants’ household size is equal or less than 4 persons. Also statistically significant relationship was found between household size, amount of 
furniture, income level and satisfaction of houses-living room. There is no statistically significant relationship between participants’ gender, education 
level, house ownership and satisfaction of houses-living room. The results clearly show the main impact on user satisfaction level was based on household 
size. 
Keywords: Household size, Permanent housing, Furniture, Housing satisfaction, Living room satisfaction. 
   

 

KALICI KONUTLARDA ALAN KULLANIMI KULLANICI MEMNUNİYETİ DÜZCE 
ÖRNEĞİ 

Özet   

Bu çalışmanın amacı konut salon alanı ve mobilya kullanımının kullanıcı memnuniyeti üzerindeki etkilerini belirlemektir. Bu nedenle Türkiye-Düzce ili 
kalıcı konut bölgesinde ikamet eden rastgele seçilmiş 50 konutta ikamet eden bireyler ile yüz yüze görüşme yöntemiyle anket uygulanmıştır. Anket 
soruları, 1999 yılındaki deprem sonrası inşa edilen katılımcı konut ve salon alanları ile katılımcıların demografik özellikleri ve memnuniyet düzeyi 
arasındaki ilişkiyi belirlemek amacıyla hazırlanmıştır. Anket sonuçları, SPSS İstatistik paket programı kullanılarak Ki Kare (X2) testi ile 
değerlendirilmiştir. Katılımcıların yaklaşık %84’ünün hane halkı büyüklüğü 4 ya da daha az kişidir. Ayrıca hane halkı büyüklüğü, gelir düzeyi,  mobilya 
miktarı ve konut-salon memnuniyeti arasında istatistiksel olarak anlamlı bir ilişki bulunmuştur. Katılımcıların cinsiyeti, eğitim düzeyi, konut sahipliği ve 
konut-salon memnuniyeti arasında istatistiksel olarak anlamlı bir ilişki bulunmamıştır. Sonuçlar, hane halkı büyüklüğünün konut- salon memnuniyet 
düzeyi üzerinde ana etkiye sahip olduğunu açıkça göstermektedir. 
Anahtar Kelimeler: Hane halkı büyüklüğü, kalıcı konut, mobilya, konut memnuniyeti, salon memnuniyeti 
   

 

1 Introduction 

Since the beginning of history, most structures have been made 
of wood, stone, soil, or brick to living. This structures, also can 
be described house, have served as shelter, protector and 
privacy zone. In addition to this needs, however, this structures 
currently carried out the task of ensuring reliable comfort areas 
with the development of technology [1]. When viewed from this 
angle, houses are the most important part of almost every 
individual's life.  Although house layout differs depending on 
some factors such as cultural, social, environmental it generally 
contains one or more room, an entrance, a kitchen, a bathroom 
and it is used to living, cooking, socializing and entertains 
guests [2]. 
 
Turkey is one of the biggest countries of Europe by means of the 
number of households with approximately 20 million [3]. Also, 
these households consist of 1,382 million one person 
households, 1,383 million one parent family households, 
10.897 million households with children and 3,072 million 
couple households without children [4]. It was reported that 

average household size is 3.8 and number of occupants per 
room (living room is included and kitchen, bathroom and toilet 
is excluded) is calculated as 1.1 in Turkey [3]. Düzce is 
considered, it could be seen that average number of room per 
house is 3.9 and number of room per person is 1.0 [3] while the 
average home contains 1.8 rooms per person in the OECD 
member countries [5].  
 
The living room is described as the primary point of the house 
where daily activities take place and it is mostly used to 
communication or meeting room. Typical Turkish families 
spend almost all their indoor social time in the living room and 
performing activities such as watching TV, eating, talking, 
resting etc. [6]. At other time, the living room is the area where 
guests and visitors are entertained. Indeed, the living room is a 
significant area compared to other shared rooms. In high rise 
apartment-type buildings, because generally there are 
insufficient outdoor spaces, occupants tend to spend even more 
of their time in the living room. 
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Furniture are one of the most important element of the living 
room. Furniture help us to organize things and determines the 
usage of the living room. Hence, occupants attach great 
importance to organize the living room furniture depending on 
their preferences, needs and priorities. 
 
The selection and placement of furniture in a space is strictly 
influenced by the utilitarian need, creativity, and ethnicity of 
the users. Pile (1990) stated that the effective factors in the 
selection furniture can be divided into 3 categories;   
functionality, quality and aesthetic [7]. Previous studies 
performed on Turkey also revealed that usefulness, quality, 
durability, work shipman quality and aesthetic are imported 
factors [8]. Ching et al. (2004) reported that modularity and 
flexibility can be effective in the selection of furniture [9], To 
answer the needs of family living inside the house, furniture 
inside the living room are placed in variety of paths to fit 
requires of a family. Previous studies indicate that examining 
rooms in the house with binary oppositions is not enough to 
explain such a complex relationship [10]. 
 
Natural disasters cause millions of people to reevaluate their 
priorities in life. Loayza et al. (2012) emphasized that natural 
disasters cause considerable economic, social and physical 
damage whose effects can spread beyond the immediate 
locality [11].  Most of the earthquakes in Turkey take place on 
North Anatolian Fault (NAF) and this fault is about 1500 km 
long and crosses the country from east to west [12]. 
 

  
 
Fig 1. Some Earthquakes on the NAF 
 
Duzce is also located on the North Anatolian Fault Line [13]. In 
1999, Kocaeli earthquake of August 17 with a moment 
magnitude of 7.5 and Düzce earthquake of November 12 with a 
moment magnitude of 7.2 hit Turkey. These earthquakes take 
place on NAF and cause thousands of fatalities and injuries [14]. 
Damaging to buildings was quite high; it was reported that 
12513 buildings destroyed, ruined or severely damaged, 9065 
buildings moderately damaged, and 10222 buildings slightly 
damaged only in Düzce after November 21 earthquake. When 
viewed from this angle, it can be easily said that many people 
have been left homeless and this situation created a big need 
for housing [15].  
 
Post-disaster housing is defined as housing policies and 
applications following a disaster for meeting the urgent, 
temporary and permanent sheltering needs of the survivors of 
the disaster [16]. The construction of the post-disaster housing 

entails a process radically different from the construction of 
housing in normal times, since the recovery and reconstruction 
phases in the aftermath of disasters consists of activities to be 
implemented in time of major crisis [17]. In addition, after a 
disaster, adjust to new environment is very difficult for victims. 
In this case, the first priority of the people is a shelter, interim, 
or permanent housing and comfort needs are thrown into the 
background [18]. 
 
In this study, it was investigated that household expectations, 
qualifications and features of housing-living rooms of 
permanent houses which built after 12 November 1999 
earthquake in the Düzce province of Turkey.  

2 Previous Studies 

The literature on the history of dwelling proves the existence of 
a living room that integrates various functions. Actually, 
historians of housing concur that in middle-class Europe and 
the United States domestic spaces designated solely for 
entertainment of guests existed approximately between the 
early 17th century and the mid-19th century [19],[20],[21]. 
During the 19th century the term ‘‘parlor’’ was used for the part 
of house appointed for hosting guests in homes of the middle-
class [22]. However, beginning in the late 19th century, the 
division between common and special began to be cloudy and 
we begin to see the appearance of the middle-class versatile 
living room: the term ‘‘living room’’ made its emergence during 
the late 19th century. At first, it was used to draw the distinction 
between the room that designated for formal entertaining, the 
parlor, and the room used by the household for work and 
leisure, the living room [22]. Eventually, the living room began 
to replace the parlor as a room that was now designated not 
only for formal entertaining, but also for the everyday use of the 
household members [20], [23]. 
 
As indicated by authentic records, a few improvements caused 
the middle class to prefer an all-purpose living room. For one, 
the dimensions of houses reduced as a consequence of the 
growing of funding allocation for domestic technology and the 
vehicle throughout the early 20th century [24]. The diminution 
in size let for fewer rooms. In addition, the average number of 
kids per family and the disposal of capacity of homemade 
products reduced the number of rooms needed [24]. Fast urban 
growth influences elevated property prices, which prompted to 
smaller apartments [22].  
 
There are some studies describing the private and personal 
functions of the living room. Csikszentmihalyi and Halton 
(1981) noticed that lots of their respondents felt most at home 
in living rooms of their houses [25]. In addition, they found that 
many of surveyed women put objects which are important and 
special for them into their living room Moreover, Shenk et al. 
(2004) revealed that, generally there are photographs of their 
family and friends in living rooms of older people [26]. These 
studies prove that the living room is one of the most important 
part of a house and people felt like in their “own home” in their 
living room. 
 
Tsunetsugu et al. (2005) found that varieties in the designs of 
living rooms led different physiological effects. These findings 
also prove that rooms with a specific organizing of furniture 
will result on user’s specific behavior [27]. One of the function 
of a living room is as a space to communicate and spend time 
with family. As a primary social event space in the house, living 
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room permits relatives to get together and participate in a 
scope of activities desirable [28].  
 
Relatives have the chance to spend quality time together with 
variety of activities, for example sitting in front of the TV, 
discussing their day and playing computer games. Distinctive 
activities require different furniture spatial arrangement to suit 
the necessities. As a space for casual time with friends and 
family, diverse level of closeness is provided in a living room 
[29]. Mitton & Nystuen (2007) expressed that inside a bigger 
space, discussions cluster might be shaped by just 
orchestrating furniture into particular groups [30]. 
 
The living room ensures a range of “loneliness” to the occupants 
and functions as private area for the households [31]. The 
solitude caters on a assortment of activities that contains 
reading, resting, composing, and even relaxing. At the point 
when architectural restriction occurred, for example, absence 
of private rooms, have a tendency to use the living room as their 
isolation zone [32]. According to Rubenstein (1989), comfort is 
one of the fundamental purposes behind users to physical and 
mental involvement in their living room. In this manner the 
arrangement and choice of furniture uncover distinctive levels 
of solace for the households. Furniture layout gives a specific 
connection towards accomplishing comfort level and users 
decide their level of comfort in view of their own personal 
tendency and experience [33].  
 
Arranging the furniture of a space needs cautious 
considerations. Faulkner and Faulkner (1975) proposes that 
appropriate agenda should be drafted keeping in mind the end 
goal to deliver an effective arranging. Special functions could 
comprise of the consideration of the little youngsters in the 
house that require less furniture to be place at the middle of the 
living room [34]. Objects with sharp edges or tips are unsafe to 
the kids [35]. Appropriate determination of safe furniture 
should be a precedence. Detecting of the needs of objects which 
placed into house would help to determine the arrangement of 
certain equipment, for example, TV that should be near a wall 
plug.  
 
As a principle center space of the house, the living room should 
ensure safety, solace and unwinding to the households. At the 
point when least space is a worry in the house, the aspect of 
precedence is provide to cycle where paths and movement 
should be short and direct.  
 
In the another survey realized in Turkey, it was reported that 
user satisfaction related with the size of houses; satisfaction 
ratio are 60% in 80-100 m2, 76% in 101-120 m2 and 88% in 120 
m2 and over. Also, it was stated that the number of people in the 
family effects the satisfaction. As the people number increase, 
the satisfaction level decreases [36]. Işık (1992) reported that 
data and results obtained from families with different social-
economical levels is very important during building new 
residential and designing new interior parts. This study was 
realized with the objective of determining the user’s 
expectations and qualifications of houses in the permanent 
houses in Düzce [37]. 

3 Research Method 

In this study was aimed to investigate user satisfaction level of 
permanent houses and living room which are constructed after 
17 August 1999 Kocaeli and 12 November 1999 Düzce 

earthquake. When the survey performed in the field firstly 
amount of dwelling was determined. There are totally 1420 
dwelling in these neighborhoods (Çamlıevler, Bahçelievler and 
Güzelbahçe) [38]. With using this data, sample size was 
determined as 50 residents by stratified sampling method. In 
order to get user satisfaction level, face to face survey method 
was performed with randomly selected 50 residents in 
permanent housing site in Düzce. Questions were prepared for 
determining to relationship between resident’s demographic 
properties (age, gender, income level, education level etc.) and 
housing-living room space. The participation in the study was 
based on willingness. All participants were informed about the 
study and oral consent was obtained. The study was cross-
sectional and population-based.  
 
The existences of statistical relationship between the 
participant’s satisfaction level, housing-living room and various 
demographic characteristics of the groups were analyzed by 
using the frequencies, percentages and chi-square (X2) analysis. 
The relations among the variables were statistically analyzed 
with IBM SPSS 21 (Statistical Package for the Social Sciences) 
and the results were interpreted. 
 

3.1 Study Limitation 

This study was conducted in permanent housing site in Düzce 
province as shown in Fig. 2. As seen in Fig. 2, survey was 
performed at the 3 neighborhoods (Çamlıevler, Bahçelievler 
and Güzelbahçe) of Düzce Province in Turkey. These 
neighborhoods were selected due to the fact that it is the first 
permanent housing place and largest ones in terms of 
population density and people who are experienced the former 
earthquakes.   
 

 
 

 Figure 2. The neighborhoods in Düzce province which the 
study was conducted (marked in red circle) 

4 Findings 

4.1 Descriptive Data of Participants 

Some of demographic features and general ideas about 
participants who are willing to participate in our study are 
given in Table 1. 
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Table 1. General preferences of participants 
 

Consumer  
Characteristics 

N % 

 Consumer  
Characteristics 

N % 

 Consumer  
Characteristics 

N % 

Age (Years) Educational Level Monthly Income (TL) 

25-30  19 38 Primary &Secondary 17 34 1000-2000 TL 9 18 
31-40  12 24 High School 22 44 2001-3000 TL 13 26 
41-50  10 20 Bachelor & Upper  11 22 3001-4000 TL 11 22 
Over 51  9 18 Gender   4001-5000 TL 6 12 
   Male 19 38 >5001 TL 11 22 
Total  50 100 Female 31 62 Total  50 100 

 
As seen in Table 1, almost 62% of participants were 40 years 
old and under, 38% percent is older than 40. This result showed 
that participants consisted of relatively young family. Of them, 
62% are female, 38% are male. About the education level, 
almost 78% of participants had lower graduation than 
bachelor’s degree; only 22% percent of participants were 
graduated from bachelor or higher education degree. 
 

Furthermore, almost all participants’ income level at the middle 
socio economic group, 66% of participants earned less than 
4000 TL.  The majority of families whose income level was 
higher than 4000TL consisted of more than one person who has 
worked and earned money. Finally, participant’s housing 
situations (ownership, household size, inhabitancy etc.) and 
properties are represented in Table 2. 
 

Table 2. Housing characteristics of participants 
 

Housing  
Characteristics N % 

 Housing  
Characteristics N % 

 Housing  
Characteristics N % 

Inhabitancy Household Size Ownership 

1-3 years 8 16 1-2 Person 16 32 Owner 27 54 
4-6 years 17 34 3-4 Person 26 52 Tenant 22 44 
7-9 years 7 14 > 5 Person 8 16 Lodging Building 1 2 
> 10 years 18 36       
Total  50 100 Total  50 100 Total  50 100 

 
There are 3 different residence types for inhabitants, owner of 
the apartment, tenant and lodging building. House ownership 
was effect on residents’ satisfaction with regard to apartment. 
If the residents are owner of the house, they can make long term 
plan and they can try to find permanent solution for their 
problem and requirements. Contrarily, tenant and lodging 
building residence was generally ignoring their nonessential 
requirements. These approaches can be influential on 
perception of residents’ satisfaction.  As a result of this study, 
almost half of residents (54%) were owner, 44% tenant and 
only 2% rented as lodging building (Table 2).  
 
Satisfaction level of people with their housing showed variety, 
usually depending on the inhabitancy. When the people live in 
same house for a long time, people provide some appliance and 
stuff in a time for their temporary requirements. This situation 
can cause space inadequacy and reduction of satisfaction level 
or more satisfied user due to compensated requirements. That 
is why participant’s inhabitancy is also important factor for 
evaluating living space perception. In this study, inhabitancy of 
residents was separated 4 different time period (1-3 years, 4-6 
years, 7-9 years and more than 10 years). Participants’ 
inhabitancy was seen in Table 2. According to this data 
participant’s inhabitancy percentage was 16% for 1-3 years, 
34% for 4-6 years, 14% for 7-9 years and 36% more than 10 
years, respectively.  
 
One another important point is household size of dwelling 
users. In this study participants’ household size was 
categorized in to 3 main groups (1-2, 3-4 and more than 5 
persons). The study results revealed that household size with 

1-2 persons were 32%, with 3-4 persons were 52% and more 
than 5 persons were 16%. 
 
According to United Nations Population Division Commission 
on Human Settlement (UNCHS) 20 square meter is adequate 
space for per person in living space (UNCHS, 1995).  In this 
report, floor area per person is defined as a median floor area 
(in square meters) of housing unit divided by the average 
household size. This indicator measures the adequacy of living 
space in dwellings. A low value for the indicator is sign of 
overcrowding [39]. 
 
If household size increases, floor area per person is getting 
decrease to inadequate level of space requirements. The floor 
area of the all visited houses in this study was approximately 
100 square meters because they were constructed in standard 
size.  Based on this data, floor area per person was determined 
as at least approximately 50 square meters for 1-2 person, 25 
square meters for 3-4 and less than 20 square meters for more 
than 5 persons. Accordingly, the minority of our participants 
(16%, N=8) had sign of overcrowding. This result also showed 
that there was adequate space per person in permanent mass 
housing which was constructed after 1999 Düzce earthquake. 
 
To make a confirmation of this information, three different 
questions were asked to participants. These are about 
adequacy and satisfaction level about housing-living room. 
First one of these questions was related with assessment of 
participants’ satisfaction with their living room.  According to 
survey result, most of the resident (82%) was satisfied with 
living room size and other properties (such as; form, height, 
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position in the house, lighting, heating system, color etc.)(Table 
3).  

 
Table 3. Participants’ satisfaction about living room 

 
Living room Satisfaction  
Situation N % 
Participants’ Decision 

Yes 41 82 
No 9 18 
Total  50 100 

 
At the same time, according to participants’ responses we have 
been found that these living rooms were adequate for hosting 
and any other activities. To make a confirmation of the former 
question, second one was asked and results were represented 
in Table 4. Accordingly, approximately 76% of participants' has 
specified that their living room was adequate or bigger.  
 
Table 4. Participants’ perceptions about living room adequacy  
 

Living room Space Adequacy 
Situation N % 
Participants’ Perception 

Too Small 3 6 
Small 9 18 
Adequate 29 58 
Big 6 12 
Too Big 3 6 
Total  50 100 

 
In order to determine consistency of the findings and more 
comprehensive relations, we asked to residents whether the 
furniture cause or not any impediment or difficulties. This 
result showed, 56% of participants thought that their furniture 
doesn’t cause any difficulties when they make chores. 
Furthermore, in this study housing area adequacy were 
investigated and results were presented in Table 5. 
 

Table 5. Participants’ Perception about Housing Area 
Adequacy Situation 

 
Housing Area Adequacy 
Situation N % 
Participants’ Perception 

Too Small 2 4 
Small 10 20 
Adequate 24 48 
Big 9 18 
Too Big 5 10 
Total  50 100 

 
Accordingly, almost 76% of participants thought that their 
housing area were adequate or bigger than their requirement. 
Consequently, most of the participants satisfied with their 
dwellings and living room. But some previous studies have 
showed that residents’ satisfaction was not only affected by size 
of house-living room but also affected by environment, 
aesthetics, weather quality, neighbor relations, noise, security, 
durability, location (closeness of the town center, hospitals, 
schools and shopping centers) and so on [40],[41],[42].  
 

Additionally, the researchers sometimes found the chance to 
make conversations with the households except the  ones  who  
participated  in  the  survey  during  the  research  in  these  
neighborhoods.  These conversations sometimes were more 
useful to get more information on certain cases. So,  not  only  
the  survey  instruments  but  also  the  conversation  notes  were 
considered in  the study report.  
 
In these conversations, most of the residents denoted that 
permanent mass housing site was settled on the firm ground 
and this location is one of the best location in regards to ground 
solidity. At the same time this location has higher altitude and 
wooded place for this reason air quality is better than most of 
location in Düzce. One another result of these conversations 
was most of residents were experienced at least one of the 
earthquakes (August 17, 1999 Kocaeli or November 21, 1999 
Düzce).  They have declared that post-earthquake effects were 
highly difficult. At that time, only they have thought to keep 
themselves in a house no matter what; big, small, fancy or 
unpleasant it didn’t matter, this condition could have been 
changed their perception about housing and housing 
satisfaction. Some of the residents said that, they had bigger and 
more furnished houses before than the earthquake, but now 
their priorities have changed as to durability of building and 
ground. 
 
In addition to these results, participants’ demographic 
properties also can be influential on their satisfaction. These 
relationships were explained in next step of this study. 

4.2 Relationship Between Resident Demographic 
Properties and Satisfaction Level 

 
As information about users is significant for satisfaction with 
housing, residents of the settlements were investigated in the 
research. Meeting spatial needs of humans in the housing unit 
and its conditions that enable fulfillment of the personal 
requirements are significant for increasing housing 
satisfaction.  
 
To determine the relationship between participants' 
demographic characteristics and housing satisfaction, chi-
square analysis was performed. To this end, some demographic 
characteristics, such as household size, family income, 
education level, marital status, ownership situations and 
gender were taken into consideration. 
 

Table 6. Household size and housing adequacy  
 

Household  
Size 

Housing Adequacy 

Too 
Small 

Small Adequate Big Too Big Total 

1-2 
Count 

% 
0 

0% 
0 

0% 
5 

31.3% 
6 

37.4% 
5 

31.3% 
16 

100% 

3-4 
Count 

% 
0 

0% 
5 

19.2% 
18 

69.2% 
3 

11.6% 
0 

0% 
26 

100% 

>5 
Count 

% 
2 

25% 
5 

62.5% 
1 

12.5% 
0 

0% 
0 

0% 
8 

100% 

Total  
Count 

% 
2 

4% 
10 

20% 
24 

48% 
9 

18% 
5 

10% 
50 

100% 
(X2 (8) = 42.45, P<0.05) 

As seen in Table 6, only 24% percent of participants thought 
that their houses were inadequate; rest of them (76%) thought 
adequate. According to Pearson chi-square statistic, there was 
a significant relationship between household size and housing 
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adequacy (X2 (8) = 42.45, P<0.05). This result can be explained 
with regard to necessity of shared housing area per person. As 
described in former section, when the household size increases 
to 5 and more persons, housing area per person decreases to 
fewer than 20 square meter, so the residents need additional 
space for meeting their requirements.  
 

Table 7. Household size and living room adequacy  

 

Household  
Size 

Living room Adequacy 

Too 
Small 

Small Adequate Big Too Big Total 

1-2 
Count 

% 
0 

0% 
0 

0% 
10 

62.4% 
3 

18.8% 
3 

18.8% 
16 

100% 

3-4 
Count 

% 
2 

7.7% 
3 

11.5% 
18 

69.3% 
3 

11.5% 
0 

0% 
26 

100% 

>5 
Count 

% 
1 

12.5% 
6 

75% 
1 

12.5% 
0 

0% 
0 

0% 
8 

100% 

Total  
Count 

% 
3 

6% 
9 

18% 
29 

58% 
6 

12% 
3 

6% 
50 

100% 
(X2 (8) = 30.99, P<0.05) 

 
According to Pearson chi-square statistic, there is also 
significant relationship between household size and living 
room adequacy (X2 (8) = 30.99, P<0.05). This relationship could 
be explained by result shown in Table 7, 96% residents’ 
household size was less than 4 persons, meaning that most of 
the residents have enough living area.   
 
Income level is indicator of the residents’ prosperity.  Increase 
in income level can provide satisfaction with housing-living 
room with regard to additional requirement of individuals. 
Furthermore, this situation may be influential on individuals’ 
perception about housing-living room, because it has been 
accepted as prosperity indicator. To determine the relationship 
between income level and housing-living room, chi-square (X2) 
test was performed and resulting data represented in Table 8 
and 9. To perform this analyses, income level of the participants 
were divided into 2 groups (<3000 TL or higher) and housing-
living room adequacy were divided into 3 groups (small, 
adequate and big).  
 

Table 8. Income level and housing adequacy 
 

Income Level 
(TL) 

Housing  Adequacy 

Small Adequate Big Total 

<3000 
Count 

% 
2 

9% 
10 

45.5% 
10 

45.5% 
22 

100% 

>3001 
Count 

% 
10 

35.7% 
14 

50% 
4 

14.3% 
28 

100% 

Total  
Count 

% 
12 

24% 
24 

48% 
14 

28% 
50 

100% 
(X2 (2) = 7.96, P<0.05) 

 
As seen in Table 8, Pearson chi-square test statistic was found 
as X2 (2) = 7.96, P<0.05 and it has been showed that, there is 
significant relationship between participants’ income level and 
housing adequacy. As such, when the individual’s income level 
was more than 3000 TL, satisfaction with housing declined. 
This can be attributed to the fact that individuals with higher 
income level could afford to buy bigger or more household 
appliance, furniture etc., turning their housing area into an 
inadequate place. 

Table 9. Income level and living room adequacy 
 

Income Level 
(TL) 

Living room  Adequacy 

Small Adequate Big Total 

<3000 
Count 

% 
2 

9.1% 
14 

63.6% 
6 

27.3% 
22 

100% 

>3001 
Count 

% 
10 

35.7% 
15 

53.6% 
3 

10.7% 
28 

100% 

Total  
Count 

% 
12 

24% 
29 

58% 
9 

18% 
50 

100% 
(X2 (2) = 5.73, P>0.05) 

 
As seen in Table 9, according to Pearson chi-square test statistic, 
there was no significant relationship between income level and 
living room adequacy (X2 (2) = 5.73, P>0.05). Similarly, there 
was no significant relationship between housing-living room 
satisfaction and education level (X2 (4) = 8.93, P>0.05), house 
ownership (X2 (2) = 5.29, P>0.05) and gender (X2 (2) = 4.87, P>0.05). 

5 Conclusion 

Factors regarding housing-living room and its conditions such 
as size, number of rooms, quality, comfort features (heating 
systems, lightning, flooring type etc.) and meeting basic 
requirements (hosting, entertainment, sitting, resting etc.) are 
components for residents to satisfy. In this study, individuals’ 
perceptions of satisfaction were investigated, via determining 
to relationship between participants' demographic properties 
and housing-living room conditions. Consequently, the present 
study displayed that, significant relationship between 
satisfaction with house-living room and household size, and 
reverse relationship with income level. Contrarily, the study 
indicated that education level, gender factor and house 
ownership were not effect on the satisfaction.  
 
Housing satisfaction is based on individual perception. This 
perception can be affected by several factors which are not only 
related with housing size and conditions but also with 
environment, transportation, neighborhood relationship, 
location. Therefore, we can suggest that further studies in 
which those factors are taken into consideration are needed.  
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Abstract   

The goal of this study was to analyze the situation of the cooperation between University and Industry in Düzce, Turkey. Target population of the study 
was the firms that related only woodworking industry. There were 242 firms according to the registry of Düzce Chamber of Industry and Commerce. But 
some of them were only the end product seller instead of manufacturer or supplier. Because of this reason, population of this study was determined as 
154.  And this was the only constraint of the study. 91 of 154 firms were surveyed by the face to face method with 41-question survey. According to the 
results it can be said that Industry knows very little about opportunities and has little concern with cooperation. Also, miscommunication may be the one 
of the main reason of weak cooperation. In this regard, Technology Faculties are able to strengthen this weak cooperation due to its on-site education 
syllabus. 
Keywords: University-Industry Cooperation, Woodworking Industry, Furniture Industry, Technology Faculty. 
   

 

ÜNİVERSİTE-SANAYİ İŞBİRLİĞİ 
Özet   

Bu çalışmanın amacı, Düzce’de üniversite sanayi işbirliğinin durumunu analiz etmektir. Bu çalışma kapsamında yalnızca ağaçişleri-mobilya endüstrisinde 
faaliyet gösteren firmalar hedef kitle olarak belirlenmiştir. Düzce Ticaret ve Sanayi Odası kayıtlarına göre 242 firma bu alanda faaliyet göstermektedir. 
Fakat bunlardan bazıları üretici ya da tedarikçi değil sadece nihai ürün satıcısıdır. Bu nedenle bu çalışmanın nihai popülasyonu 154 olarak belirlenmiştir. 
Bu husus çalışmanın yegane kısıtı olarak düşünülebilir. 154 firmanın 97’si ile 41 sorudan oluşan bir anket kullanılarak yüz yüze görüşme tekniği ile 
gerçekleştirilmiştir. Çalışma sonuçlarına göre endüstrinin fırsatlar hakkında çok az şey bildiği ya da neredeyse farkında olmadığı ve işbirliği ile ilgili çok 
duyarlı olmadıkları söylenebilir. İletişimsizlik ya da iletişim eksikliği bu zayıf işbirliğinin ana sebeplerinden biri olabilir. Bu doğrultuda, Teknoloji 
Fakültelerinin işyerinde eğitim müfredatı sayesinde bu zayıf işbirliğini güçlendirebilecektir.  
Anahtar Kelimeler: Üniversite-Sanayi işbirliği, Ağaç İşleri Endüstrisi, Mobilya Sanayisi, Teknoloji Fakültesi. 
   

 

1 Introduction 

Cooperation (collaboration) is a situation in which someone 
acts together to do something. This cooperation can be 
established between at least two partners for group action to 
achieve a common purpose. Partners can be natural person or 
legal identity such as university, hospital, enterprise and etc. In 
either case there should be a management that organizes the 
partners for an efficient group action. Manner of rule is the key 
factor that affects this cooperation success too. Consequently 
parties must arrange well this key factor before beginning the 
action. In general cooperation bases on a project either funded 
by public enterprises or own funds. Both, projects must 
contribute all the partners. Contribution may be differing 
according to the goal and scope definitions of the partners. For 
example providing pecuniary resources, intellectual property, 
commercial product, scientific publication and etc. are some of 
these goals. In terms of university intellectual property and 
scientific publication may be of top priority but of course 
developing innovative commercial products, new materials or 
business knowledge are research interests too. But, Industry, a 
distinct chain or group of businesses which serve specific 
products or service, especially focuses on growth and 

profitability. University-Industry cooperation is not a new 
matter and has been studied for decades. But lots of things 
changes rapidly not only with the technological development 
but also region to region. Also, industry and university changes 
too; their needs, knowledge, market, competition conditions, 
teaching way and etc. According to Zhang et al. (2010) scientific 
and technical advancement as a power source, social need as a 
market driving force and market competition as an external 
pressure are the external morals and the technical innovation 
mechanism of China’s wood processing enterprises results in 
the industry-university cooperation [1]. 
 
But according to Congqin and Changhong (2007) enterprises 
are incomparable advantageous about converting scientific and 
technological acquisition into products, keeping up with 
market demand while universities are important for new 
knowledge and ideas by having the most valuable human and 
technical resources [2]. According to Lööf and Broström (2008) 
technology and knowledge distribution has an outstanding role 
in the literature on technological change, creative thinking and 
growth [3]. And also role of universities has been remarked 
much more. Zheng et al (2008) stated that University-industry 
cooperation established through some organization such as 
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enterprises, universities and research institutes in order to 
achieve their value objective. But majority of academic 
knowledge is neither distributed decently with corporates nor 
served their practical necessity [4].  In the some related 
literature this problem was stated as follow; “Despite extensive 
evidence for the importance of partnering between university 
and industry, many scholars emphasize that our knowledge on 
the interaction between university and industry still is limited 
and unambiguous when it comes to issues such as systematic 
data analysis and the economic consequences associated with 
knowledge diffusion” [5], [6], [7]. That’s why it’s difficult to 
form cooperation between these partners. 
 
In early days, support structure for innovation by providing 
trained persons, research results and knowledge to university 
was the role of the universities but nowadays university is not 
only an education institution but also combined economic 
productivity centers [8].  While scientific knowledge means an 
economic enterprise and formation, distribution, and usage of 
this knowledge by industry become more than an issue, role of 
the university maybe the most significant to achieve this 
knowledge transfer and goal [9]. Also, Shuilong (2011) stated 
that cooperation between Industry-university is important for 
national innovation system [10]. Harhoff (1999) expressed that 
scientific personnel in the firms is essential for technology 
intensive entry [11]. That’s why about 60% research projects, 
collaborated with university and industry, funded in U.S. by the 
Advanced Technology Program [12]. Governments are an 
indivisible part of this collaboration between industry and 
university. And according to Etzkowitz (2003) collaboration 
between university-industry-government means Triple helix.   
And entrepreneurial university takes an important role to 
broadening academic knowledge to the partners [8]. While 
firms upscale their technological infrastructure, they’re getting 
closer to the academia and profiting this knowledge. And, 
governments, as a ruler and public entrepreneur, fund the 
projects and maintain order.   
 
According to Zhangbao and Yicai (2000) University-industry 
cooperation can be classified into four; personnel training, 
research and development, production and operation and 
subject complex [13]. But Yanyan et al. (2004) classified it 
according to the perspective of the subject role, such as 
government leading mode, enterprise leading mode, 
universities or research institutes leading mode, and common 
leading mode [14]. 
 
As the late 1970s, significance of university-industry 
collaboration has increased [15]. Exercised policies to 
encourage keep up university-industry cooperation from the 
1980’s [16]. And need of this collaboration has been extensively 
highlighted in recent times [17]. And according to Chang, and 
Chu (2009) there are lots of studies in various fields that 
expressed relationship between theory and practice [18]. From 
this point of view, aim of this study was to examine this 
relationship between woodworking industry and university in 
Düzce city of Turkey.  
 

2 Materials and Methods 

In this study, only one partner, industry side, surveyed to 
examine collaboration level between university and industry. 

Also governmental side in this collaboration neglected in this 
study and this maybe limitation of the survey. Woodworking 
industry is an essential industry in Düzce city and that’s why 
surveyed with this study. Also, Woodworking Industrial and 
Forest Industrial Engineering Departments in Düzce University 
justified the decision.      
 
At first woodworking or furniture manufacturing firms have 
been identified by registry list of Düzce Chamber of Industry 
and Commerce. Inclusion criteria of this study have been 
determined as manufacturing companies. But, some of these 
firms were only seller and that’s why excluded for survey. 
Consequently total of 242 firms were identified, 154 of them 
provided inclusion criteria. The space of subject group 
calculated with following equality [19];    
 

𝑛 =
𝑧2. 𝑁. 𝑝. 𝑞

(𝑁. 𝑑2 + 𝑧2. 𝑝. 𝑞)⁄         (1) 

Where; 
z : Standard errors (1.96 for 5% Confidence Interval) 
N : Statistical population size 
p : Probability of desired feature existence on the 
population (99%) 
q=1–p : Probability of desired feature absence on the 
population (1%)  
d : Sampling error – lot tolerance percent defective 
(taken as 0.02) 
n  : Sample size 
 
 With using formula 1, sampling size of this study was 
determined as 58. To improve reliability, study was conducted 
with 91 firms. Study has been performed with firm owners, 
managers or staffs who have the ability to represent the firm. 
 
Obtained quantitative and qualitative data analyzed by IBM 
SPSS 21 (Statistical Package for the Social Sciences) software 
and visualized by tables. There were limited literature on this 
issue and therefore results discussed with a limited knowledge. 
At the end of the study a framework of benefits and obstacles 
summarized according to the results and suggestions were 
given as a conclusion. 
 

3 Results and Discussion 

3.1 Descriptive Data of Participants 

This study was performed within wood working industry 
which is engaged in manufacturing field in Düzce province. 
 
In order to understand industry properties and sectoral 
structure, some descriptive questions were asked to firm via 
questionnaire form. This survey also serves the purpose of 
determining the status of cooperation between universities and 
enterprises in this sector. Some of descriptive features and 
general ideas about companies are given in Table 1. 
 
Scale of the firm is the one of the key factors that influencing the 
propensity of firms on collaborating with researches 
organizations such as universities and other education 
institutions [20], [21], [22], [23]. 
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Table 1. General preferences of companies 

 
Company 
Characteristics 

N % 

 Company 
Characteristics 

N % 

 Company  
Characteristics 

N % 

Scale Operating Period Legal Structure 

Micro (<10 Employees) 37 40.7 1-10 Years 22 24.2 Private 30 33 
Small (<50 Employees) 35 38.5 11-20 Years 22 24.2 Limited Liability 44 48.4 
Medium (<250 Employees) 12 13.2 21-30 Years 20 22 Joint Stock  16 17.5 
Large (>250 Employees) 1 1.1 >31 Years 17 18.7 Un defined 1 1.1 
Un defined 6 6.5 Un defined 10 10.9 Production Type   
R&D Department    R&D Budget   Job shop production 42 46.1 
Available 17 18.7 Available 12 13.2 Mass production 17 18.7 
Unavailable 73 80.2 Unavailable 76 83.5 Mixed production 31 34.1 
Un defined 1 1.1 Un defined 3 3.3 Un defined 1 1.1 
Total  91 100 Total 91 100 Total  91 100 

 
The companies’ scale information which are the subject of this 
study was seen in Table 1, almost 40.7% of the companies were 
micro scale which has less than 10 employees, 51.7% percent 
were small & medium scale (between 50 to 250 employees) and 
only 1.1% were large scale (>250 employees) companies. This 
result showed that woodworking companies in Düzce province 
consisted of generally small & medium scale companies. 
According to Veugelers and Cassiman (2005) cooperation level 
between industry-university may be related to industry 
structure. If the share of SMEs (Small and Medium Sized) that 
are focused on non-science activities and have limited R&D 
portfolio is high in the structure then cooperation level should 
be low [24]. Furthermore according to face to face interview 
most of them are family companies. In the business literature, 
generally family business may bring some difficulties or 
impediment. For example, when managerial decisions are 
influenced by feelings about and responsibilities toward 
relatives in the business, when nepotism exerts a negative 
influence, and when a company is run more to honor a family 
tradition than for its own needs and purposes, there is likely to 
be trouble [25]. Some of the scholars give useful advice for 
solving these problems related with family business 
management. These researches mostly emphasize that 
requirement of turning over family member management to 
professional management or providing distinctive hierarchical 
structure [25], [26], [27].  
 
According to the study results, those companies' operating 
periods' percentages were found 1-10 or 11-20 years 24.2%, 
21-30 years %22 and more than 31 years %18.7.  This result 
shows that those companies have highly experienced. In this 
study, companies’ legal structures were divided into 3 main 
groups (private, limited liability and joint stock). The study 
results revealed that private companies were 33%, limited 
liability companies were 48.4% and joint stock companies were 
17.5%.  
 
Like the other industries, woodworking industry also performs 
their production type according to amount or properties of 
consumers’ demand. In small amount or desired unique 
designed products need job shop production system. In order 
to reduce of production costs, mass production system is 
required, but this system is not suitable for variety in product. 
Therefore mixed production system is generally preferred by 
fashion oriented industries like textile and furniture. As a result 
of this study, almost half of the companies (46.1%) performs 

job shop production, 34.1% mixed production and only 18.7% 
mass production system (Table 1). 
 
Lyon et al (1995) stated that change is unavoidable and 
industry has to lean on research [28]. In order to improve 
market share and perform many activities; innovations and 
proper research and development (R&D) investments is 
essential [29]. 
 
Investing in R&D studies has a major role relationship with 
collaborative R&D projects. Also legal status of the firms may 
influence the cooperation. To understand the R & D conditions 
of the companies, two questions were asked to them. First one 
was availability of R&D department and second was R&D 
budget of the company. As seen in Table 1, majority of these 
companies don't have R&D department (80.2%).  Only 17 
companies (18.7%) has been established R&D department and 
reserved some budget for this purpose. But, solely 12 from the 
17 companies have the budget for R&D. 
 
According to East Marmara Development Agency’s report, 
Düzce province has around 239,000,000 TL investments in 
woodworking and forestry industry. Furthermore, these 
companies achieved 22,320,000 $ export revenue in 2012 [30]. 
Accordingly, forestry and wood product industries in Düzce can 
be said that highly valuable. But this study results showed that 
these companies unfortunately did not give any importance to 
innovation and R&D. To make a verification of this judgment, 
some questions were asked to firm which are related with 
innovation and R&D. For instance; as seen above, too few 
companies have R&D department and some of them do not 
reserved a budget for innovation and R&D. In addition, only 
5.5% of these companies have trademark registration, 3.3% 
have patent and there is no utility model registration. When it 
comes to quality certifications’ issue, 35.2% of these companies 
have TSE (Turkish Standards Institution) certificate, 33% have 
ISO 9001 (International Organization for Standardization) 
certificate, 4.4% have ISO18001 certificate, 6.6% have ISO 
14001 certificate and 3.3% have CE (European Conformity) 
mark. As seen in these results, companies have given more 
attention to get quality certifications. It is actually expected 
result since this is a public demand. 
 
Cohen et al. (1998) reported that sales, research productivity 
and patenting applications of enterprises were increased due to 
results of scientific studies [31]. This emphasizes to importance 
of cooperation between university and industry. Meanwhile, 
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this cooperation provides contributions about Intellectual and 
industrial property rights along with development of R&D 
projects. 
 
Patents or innovations, value and stock return can be used to 
measure the effectiveness of the academic knowledge on 
enterprise performance [3]. Meanwhile, intellectual and 
industrial property rights are another important indicator for 
companies’ innovation and R&D perspective. Previous studies 
indicated that lost or stolen ideas and intellectual property 
rights were some of the most important concern in 
collaborative works [32]. Additionally, problem related to 
intellectual property is a factor that hinders an effective 
collaboration [33].  Herein, almost 73.6% of the forestry and 
woodworking companies unfortunately were unaware of 
intellectual and industrial property rights. Furthermore, as 
seen in Table 2, we found that 56% of them did not realize the 
importance of university-industry cooperation. Mariti and 
Smiley (1983) reported that notable drivers for cooperative 
agreements are in general cost and risk sharing [34]. Generally 
companies want to get utilization from cooperation as quick as 
possible even now. But, innumerable creative ideas couldn’t 
have been emerged and realized or would have come to light 
much later [35], [36].  This is undesired but expected result of 
most R&D – innovation projects. This can be said that one of the 
most important obstacles with regards to establishment of 
cooperation between universities and industry. 
 
Table 2. Awareness about university-industry cooperation and 

intellectual and industrial property rights 

 

Awareness Situation of the Companies 

University-Industry 
Cooperation 

 
Intellectual and Industrial 

Property Rights 

 Aware Unaware Total Aware Unaware 

Count 
% 

40 
44% 

51 
56% 

91 
100% 

24 
26.4% 

67 
73.6% 

   

Tax Allowance 
Support 

 
Refundable Government 

Support 

Count 
% 

33 
36.3% 

58 
63.7% 

91 
100% 

70 
76.9% 

21 
23.1% 

 
To get rid of these obstacles, Turkish public institutions and 
organizations provides a lot of easiness and exemption about 
refundable support and tax allowances.  For instance; Science 
Industry and Technology Ministry (SANTEZ projects), Small 
and Medium Sized Enterprise Development and Support 
Administration’s projects, The Scientific and Technological 
Research Council of Turkey’s projects, Development Agency 
projects and so on. Besides European Union also give some 
similar supports. Unfortunately, this study results showed that 
most of the companies were unaware of these supports and 
exemptions, such as 63.7% of these companies were unaware 
of tax allowances (Table 2). Although most of the companies 
were aware of refundable government support (76.9%) but 
only 31.9% of them utilized from these supports. 
 
According to Severson (2005) development university-
industry collaboration also depends on cultural differences 
[37]. Existing cultural difference between two partners must 

accompany the respect rather than criticism as a barrier [38]. 
Cultural differences between stakeholders like universities and 
industries based on education level. Unfortunately, uneducated 
employee profile was common in especially woodworking and 
forestry industries in Turkey. Regarding the education level of 
business representatives who participated in the study was 
seen in Table 3.  
 

Table 3. Education level of business representatives 

 

Business Representatives Education Profile  

Education Level Frequency Percent 

Primary Education 28 30.8% 

Secondary Education 30 32.9% 

Bachelor Degree or Higher 33 36.3% 

Total 91 100% 

 
As seen in Table 3, more than half of the company 
representatives were secondary education or lover degree 
(63.7%), only 36.3% graduated from universities. Education 
profiles of employees generally lower level than company 
representatives. Inadequacy of education level is an important 
difficulty with regards to initiate innovative projects and 
enables to establish cooperation between university and 
industry. Uneducated staff may not understand some new 
applications, innovation or project details, especially if the 
cooperation is based on academic research and knowledge. 
Moreover, in preliminary steps of the new projects, education 
level becomes more important since a literature review is 
especially needed to determine the previous studies. Workers 
with low education levels can fail at this step of the project. So 
university-industry cooperation can contribute to overcome 
this problem. A lot of previous study showed that public 
researches provide substantial contributions to industrial 
development, modernization or innovation in European [35], 
[39]. In order to get scientific publication which are related 
with the novel developments in industry, free access to 
scientific databases are vitally important [21]. 
 
To determine the reasons of weak cooperation according to 
company perspective, we asked questions to participants with 
regard to some possible difficulties.  For instance; too many 
variation of supporting mechanism, in adequate supporting 
fund, university location and lack of communication, 
bureaucratic obstacles, industry’s be against to innovation, the 
lack of mutual trust, inter-agency cooperation with the lack of 
interest and motivation, inadequate support about 
manufacturing by the universities and there are not enough 
information about success story which are about university-
industry collaborations. We collected data about these possible 
difficulties and results were seen in Table 4.  
 
Regarding with possible reasons about weak cooperation 
between university and industry, this study results showed that 
most of the companies did not aware mentioned possible 
reasons. Companies declared that they did not have idea with 
choosing undecided option in all possible reasons. 
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Table 4. Possible reason of University-Industry weak cooperation 

 

Possible reason of University-Industry weak cooperation 

Possible Reasons  Agree Undecided Disagree Total 

Too many variation of supporting mechanism 
Count 

Percent 
33 

36.2% 
37 

40.7% 
21 

23.1% 
91 

100% 

There is adequate supporting fund  
Count 

Percent 
19 

20.9% 
30 

32.9% 
42 

46.2% 
91 

100% 

University location and lack of communication 
Count 

Percent 
42 

46.2% 
39 

42.8% 
10 

11% 
91 

100% 

Bureaucratic obstacles 
Count 

Percent 
35 

38.5% 
51 

56% 
5 

5.5% 
91 

100% 

Companies are inadequate to determine their requirements  
Count 

Percent 
42 

46.2% 
34 

37.4% 
15 

16.4% 
91 

100% 

The lack of mutual trust 
Count 

Percent 
37 

40.6% 
44 

48.4% 
10 

11% 
91 

100% 

Inter-agency cooperation with the lack of interest and motivation 
Count 

Percent 
44 

48.4% 
33 

36.2% 
14 

15.4% 
91 

100% 

Inadequate support about manufacturing by the universities 
Count 

Percent 
32 

35.2% 
40 

43.9% 
19 

20.9% 
91 

100% 

There are not enough information about success story about  
university-industry collaborations 

Count 
Percent 

22 
24.2% 

45 
49.4% 

24 
26.4% 

91 
100% 

 
As seen in Table 4, almost 40% of them chosen undecided 
option. When reasons were separately evaluated, it was found 
that there was no significant difference between the 
percentages of agreement and disagreement of possible 
reasons. Only three reasons were found relatively important. 
Companies’ inadequacy with regard to determination of their 
requirements and lack of communication between universities 
and industries were found 46.2%; lack of interest and 
motivation in inter-agency cooperation were found 48.4% 
(Table 4). When asked to companies' assessment about status 
of communication adequacy of the university, 53% of these 
companies were found poor, almost 32% were found 
inadequate, only 15% of them were found that university has 
successful communication with industry.  
 
All represented results above displayed that one of the main 
problems based on inadequate education level of staffs who 
were employed in woodworking and forestry industries. 
Nowadays, vocational and technical education in Turkey 
encountered crisis, including particularly woodworking related 
fields. That is why students do not prefer these fields. This 
problem is not only in Turkey but also in other countries, such 
as US and Europe [28], [40]. These literatures also indicated 
that number of students decreased due to the lack of 
competitiveness and innovation framework program when 
compared with other study programs. 

4 Conclusion 

This study results showed that there was weak cooperation 
between university and woodworking related industries in 
Düzce province. Furthermore, both sides of this cooperation 
were responsible with regards to weak collaboration. 
Especially companies do not care about innovation, R&D and 
cooperation with universities. Although a lot of problems, two 
major problems were found remarkable for cooperation 
between university and industry. First and most important one 
is companies’ structure and managerial perspectives. As 
mentioned above, forestry and woodworking related 
companies consist of SMEs and family business. Second one is 
inadequate education level of companies’ employee, 

representative or decision maker like owner, manager etc.  
These problems cause some impediment with regard to 
establishing collaborative projects. For example, family 
business’ decision makers generally gave a biased decision 
regarding with family relation rather than professional 
perspective. Almost all strategic decisions depend on family 
hierarchical structure or founder’s managerial vision. 
Therefore, projects which will benefit in the long run, may not 
accepted by them, like cooperation with university in R&D 
projects. 
 
Companies generally focus on profit and competiveness, so 
they try to protect their confidential business info from early 
disclosure by keeping it secret. But additional costs for 
collaboration in a project is a major issue that surveyed firms 
considered. Maybe this occurs due to non-advantageous 
structure of furniture firms to perform a project. To overcome 
this problem, companies should turn over family members’ 
management style to the professional management style and 
they should increase education level from the worker to the 
manager. Combining theory with practice accelerates the 
learning process, and facilitates the transfer of knowledge to 
the field of production. Therefore, universities also should 
improve some activity. For example;  
 

 They should organize conferences related with 
industrial problem or state of the art developments in 
related industry. 

 Organize some technical visits to companies. 
 Higher education institutions should assign students 

projects or thesis that direct them to industry. 
 Universities should establish project support office, 

test labs and communication center  for industries. 
 
We have to make sense of that entrepreneur university does not 
mean commercialization but it means that integration of 
teaching to ensure sustainable development, innovation and 
productivity for national and international contribution.  
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Abstract   

In this stud,y effect of cooling process on stresses has been analyzed for adhesive bonded thermoplastic composite sheets. Stresses on joint were occurred 
to apply some uniform temperature loadings under 0 as -30, -35, -40, -45 and -50 oC. The adhesively joint geometry was designed as single lap joint. 
Adhesive layer was assumed as epoxy resin. Meanwhile, modeled thermoplastic composite sheets were reinforced by steel-fibers as unidirectional. Finite 
element method (FEM) was preferred to obtain thermal stresses in joint. ANSYS software was utilized for both modeling and solution, since it is known 
that this code presented good solutions for many type of engineering problems. A good mesh was also designed in joint model, carefully. According to 
obtained results different thermal expansion coefficients of thermoplastic composite sheets and adhesive may be caused thermal stresses on joint model. 
Distributions of stresses both adhesive and composite sheets were plotted with color contours. 
Keywords: Cooling process, Stress analysis, FEM, Adhesive joint, Thermoplastic sheet. 
   

 

YAPIŞTIRICI İLE BİRLEŞTİRİLMİŞ TERMOPLASTİK KOMPOZİT PLAKLARDA 
SOĞUMA SÜRECİNİN GERİLMELER ÜZERİNE ETKİSİ 

Özet   

Bu çalışmada, termoplastik kompozit plaklardaki gerilmeler üzerine soğuma prosesinin etkisi analiz edilmiştir. Gerilmeler sıfır derecenin altındaki bazı 
sıcaklıklar, -30, -35, -40, -45 and -50 oC için hesaplanmıştır. Yapıştırıcı bağlantı geometrisi, tek bindirme bağlantısı olarak tasarım edilmiştir. Yapıştıcı 
tabakası epoksi yapıştırıcı olarak kabul edilmiştir. Bu arada modellenen termoplastik kompozit plakalar tek yönlü olarak çelik tellerle takviye edilmiştir. 
Bağlantıdaki ısıl gerilmelerin elde edilmesi için sonlu elemanlar metodu (FEM) tercih edilmiştir. Modelleme ve çözümün her ikisinde ANSYS yazılımından 
yararlanılmıştır, çünkü bu yazılım çeşitli birçok mühendislik probleminin çözümü için iyi çözümler sunmaktadır. Model üzerinde dikkalice çok iyi 
düzenlenmiş bir ağ yapısı da oluşturulmuştur. Elde edilen sonuçlara göre termoplastik kompozit plakaların ve yapıştırıcın farklı ısıl genleşme katsayıları 
model üzerinde ısıl gerilmelerin oluşmasına neden olmuştur. Yapıştırıcı ve kompozit plakalar üzerindeki gerilme dağılımları renkli eş gerilme eğrileri 
şeklinde çizdirilmiştir. 
Anahtar Kelimeler: Soğuma prosesi, Gerilme analizi, FEM, Yapıştırıcı bağlantısı, Termoplastik plaka 
   

1 Introduction 

The development of advanced composite materials has 
constituted a revolution in materials applications in recent 
years. Since high stiffness and strength to weight of fibers, along 
with other properties such as environmental resistance, make 
composite materials increasingly popular as potential 
candidates for materials substitution [1]. Fiber-reinforced 
composite materials consist of fibers of high strength and 
modulus embedded in or bonded to a matrix with distinct 
interfaces between them [2]. 
Adhesive bonding technology is frequently used in virtually all 
the industries fields of the world and this is commonly owing to 
its great strength-weight ratio, low cost and high efficiency 
currently [3]. The two major classes of laminate joints are 
bonded joints as in Figure 1. Joints involving composite 
materials are often bonded because of the natural presence of 
resin in the composite. Several characteristics of fiber-
reinforced composite materials render them more susceptible 
to joint problems than conventional metals. These 
characteristics are weakness in in-plane shear, transverse 
tension, interlaminar shear, and bearing strength relative to the 

primary assets of a lamina, the strength and stiffness in the fiber 

direction [4].       
Three-dimensional finite element models were developed to 
investigate the effects of both tensile load and uniform 
temperature load on the stresses in hybrid joints. An aluminum 
sheet was bonded a composite sheet. Hybrid joints were 
designed from both pinned joint and adhesively bonded single 
lap joint [5]. An elastic-plastic thermal and residual stress 
analysis were performed for adhesively bonded single lap joint. 
For this purpose, thermoplastic composite adherents were 
bonded to each other with epoxy adhesive. The magnitudes of 
elastic analyses results are higher than elastic-plastic analysis 
results. Contrary to elastic analysis results, elastic-plastic 
analysis results were nonlinear [6]. 
A thermal stress analysis of an adhesive butt joint which 
contained circular holes was applied under a non-uniform 
temperature field. The adherents were assumed to be rigid and 
the adhesive was replaced with a finite strip having holes and 
rigid fillers in it and the thermal stress distribution in the 
adhesive was analyzed using a two-dimensional theory of 
elasticity [7]. Thermal stresses were analyzed in aluminum-to-
composite, symmetric, double-lap joints using FEM. The joint 
configuration considered aluminum adherent in combination 



 
 
 
 

Faruk Şen 
IFC 2016 International Furniture Congress 13-15 October 2016 

 

70 
 

with four different unidirectional laminated composite 
adherents subjected to uniform temperature loading [8].  
 

 

Figure 1. Bonded joints of composite structures [4]. 

A transient thermal and thermal stress analysis of an 
adhesively bonded and laser-spot welded joint was performed 
related to a thermal model developed for the laser-spot welding 
of multi-layered sheets using a pulsed Nd:YAG laser. Non-linear 
material properties of adhesive and metal sheets were 
considered with the non-linear finite element technique for the 
thermal stress analysis [9].  
An elastic thermal stress analysis was applied for thermoplastic 
composite plates. They were designed as bonded single lap 
joint with adhesive. Finite element method (FEM) was used to 
determine thermal stresses. Different uniform temperature 
loads were applied on FEM model as joint as 40, 50, 60, 70 and 
80 oC [10]. 
In this work, cooling effect on thermal stresses was analyzed for 
thermoplastic composite sheets bonded together as single lap 
joint, firstly. 

2 Material, Model and Conditions 

Bonded sheets were assumed to produce as thermoplastic 
composite material. The mechanical property of composite and 
epoxy is listed in Tables 1 [11] and 2 [12], respectively. Briefly, 
the thermoplastic composite was made of high-density 
polyethylene (HDPE) as a thermoplastic matrix material and 
unidirectional steel fibers for reinforcement [11]. It was 
presumed that the mechanical properties of materials didn’t 
change with cahnged temperature.  
 

Table 1. Mechanical properties of thermoplastic composite 

[11]. 

E1 
MPa 

E2 
MPa 

ν12 
X 

MPa 
Y 

MPa 
S 

MPa 
α1 

1/°C 

α2 
1/°
C 

4100
0 

1200 0.25 39 5 14 
12.6 
x10-6 

130 
x10-6 

 
Table 2. Mechanical properties of epoxy adhesive [12]. 

E 
MPa 

ν 
K 

MPa 
n 

y 

MPa 
α 

1/°C 

5000 0.35 81.50 0.625 26 159 

 

Uniform temperature loads under zero for cooling effect were 
applied on adhesively bonded single lap joint as -30, -35, -40, -
45 and -50 oC. The reference temperature was recognized as 20 
oC. 
Geometry, dimensions and boundary conditions of designed 
single lap joint is plotted in Figure 2. Thickness of both upper 
and lower thermoplastic composite sheets were 2 mm, whereas 
the thickness of adhesive layer was 0.2 mm. Lengths of each 
composite adherents and adhesive layer were modeled as 80 
and 20 mm, respectively. 
 

 
 
 
 
 
 
 
 
 

 
 

Figure 2. Designed single lap joint (mm). 
 
FEM structure of the adhesively bonded single-lap joint is 
shown in Figure 3 with zooming views.  
 

 
 
Figure 3. FEM structure of single lap joint with zooming views. 
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Obtaining of thermal stresses based cooling effect, ANSYS 
software was utilized for both modeling and solution of single 
lap joint. Element type was selected as PLANE 182 since this 
element type is appropriate for this problem. It is well-known 
that PLANE182 is used for 2-D modeling of solid structures. 
Concisely whole single lap joint model was divided into 2960 
elements and 3298 nodes. 

3 FEM Results 

The uppermost thermal tensile stresses and compressive 
stresses based on cooling processes effects are plotted in 
Figures 4 and 5, respectively. According to these figures, 
thermal tensile and compressive stresses are increased by 
decreasing of cooling thermal loadings applied single lap joint, 
uniformly. It is seen clearly that the highest thermal stresses are 
occurred for -50 oC, whereas the bottommost of thermal 
stresses are computed for -30 oC loadings. 

 
a) x 

 
b) y 

 
c) xy 

 
Figure 4. Thermal tensile stresses based on cooling. 

a) x 

 
b) y 

 
c) xy 

Figure 5. Thermal compressive stresses based on cooling.  
 

As an example of all analyses, distributions of stresses on whole 
joint for -30 and -50 oC are plotted in Figures 6 and 7 with color 
contours, respectively. These figures pointed out that high 
stresses are created around adhesive layer.  
It is seen that the highest stresses are calculated as x=50,61 
MPa, y=10,97 MPa and xy =28,61 MPa as tensile form and x=-
33,80 MPa, y=-10,08 MPa and xy=-25,66 MPa as compressive 
form for -50 oC cooling temperature.  
 

 
a) x  

 
b) y   

 
c) xy 

Figure 6. Distributions of stresses on whole joint for -30 oC. 
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Meanwhile, the lowest stresses are computed as x=36,15, MPa, 
y=7,83 MPa and xy=20,43 MPa as tensile form and x=-24,14 
MPa, y=-7,20 MPa and xy =-18,33 MPa as compressive form 
for -30 oC cooling temperature. Linear changing is clearly seen 
between -30 oC and -50 oC cooling temperatures. 

 
a) x  

 
b) y   

 
c) xy 

Figure 7. Distributions of stresses on whole joint for -50 oC. 

Because of importance distributions of stresses on adhesive 
layer for -30 and 50 oC are dawn in Figures 8 and 9, respectively 
as illustration.  

 
a) x  

 
b) y   

 
c) xy 

Figure 8. Distributions of stresses on adhesive layer for -30 oC. 

These figures indicate that stresses are concentrated ends of 
adhesive layer. The magnitudes of these stresses may be caused 
peeling from these zones of adhesive layer.  

 
a) x  

 
b) y   

 
c) xy 

Figure 9. Distributions of stresses on adhesive layer for -50 oC. 

4 Conclusions 

FEM analysis results figure out that cooling process of single lap 
joint designed with thermoplastic composite sheets and epoxy 
adhesive cause to occur high stresses both thermoplastic sheets 
and adhesive layer. It can be said that different thermal 
expansion coefficients of composite sheets and adhesive may 
be source of this result. Stresses generally are concentrated 
around adhesive layer. Additionally high stresses are occurred 
free end of adhesive layer. It may cause failure from these 

critical zones. Stresses are increased by increasing of cooling 
temperature as absolute value. 
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Abstract   

Childhood is a period in which laid a foundation for the development of personality and mental abilities in later years. The most important areas in the 
development of these capabilities are undoubtedly children playground expressed themselves freely. In this study was made evaluation of wood plastic 
composite use instead of plastics used in children playgrounds. As a result, the wood plastic composite material exposed to all weather conditions in the 
children playground is indication of the to be a material suitable for use in the children playground equipment being resistant against sun, moisture and 
harmful organisms as chopping ants, termites, fungus. 
Keywords: Children playground, composite, moisture, termites, chopping ants 
   

 

ÇOCUK PARKLARINDA ODUN PLASTİK KOMPOZİT KULLANIMININ 
DEĞERLENDİRİLMESİ 

Özet   

Çocukluk dönemi sonraki yaşlardaki kişilik ve zihinsel yeteneklerin gelişmesinin temelinin atıldığı dönemdir. Bu yeteneklerin gelişmesindeki en önemli 
alan şüphesiz ki özgürce kendilerini ifade ettikleri çocuk oyun alanlarıdır. Bu çalışmada, çocuk oyun alanlarında kullanılan plastikler yerine odun plastik 
kompozit kullanımının değerlendirilmesi yapılmıştır. Sonuç olarak, oyun alanlarında her türlü hava koşuluna maruz kalacak olan odun plastik kompozit 
malzeme güneşe, rutubete ve doğrama karıncaları, termitler, mantarlar gibi zararlı organizmalara karşı dayanıklı olması da çocuk oyun parkı 
donatılarında kullanıma elverişli bir malzeme olduğunun göstergesi niteliğindedir. 
Anahtar Kelimeler: Çocuk oyun alanları, kompozit, rutubet, termitler, doğrama karıncaları 
   

 

1 Introduction 

Acting the childhood being the most important stage of human 
development is the greatest need for a child. This stage is to 
support the motion activities such as game and sport. Playing 
games and doing sports is the most important rights for 
children. Firstly, Malta Declaration of the Rights of Children's 
Games was published in 1977 for these rights. Then, Turkey 
signed the Children's Rights Agreement in 1990. The agreement 
was approved by the Turkey Grand National Assembly in 1994. 
This covenant was published in the Official Journal at the 
beginning of 1995, it entered into force. In accordance with 90. 
Matter of our Constitution has turned into a mandatory legal 
matter to comply with this agreement [1]. The materials and 
dimensions of the children's play spaces are determined 
according to this legal matter.  

All development of children spends natural or man-made 
environments, traditional and modern circles; open and closed 
spaces and they affect from these places. The exhibit similar 
behavior depending on their environment of children having 
different personal features shows the effects of human 
behavior on the venue [2]. These places where children spend 
time described as a playground.  

Children's playground can be divided into two categories as 
indoor playgrounds and outdoor play area. In this study has 
been called as "Playgrounds" the open play areas used under 
the supervision of parents of the younger children, and where 
traditional fixed appliances, organized by the children's game 
species, isolated with border and obstacles from environment. 
Traditional children's playgrounds occur from constant and 
mechanical equipment. Traditional play areas contains slides, 
swings, magic cube, ladders, crucibles, climbing frames, 
seesaws, balances, mixed cabinets and sandboxes [3]. These 
equipments are used in high-density polyethylene (HDPE) 
being thermoplastic types as raw material.   

In this study was conducted to evaluate the use of wood plastic 
composite materials instead of plastic (HDPE) being the raw 
material of playground equipment. 

1.1. Materials Used in the Children's Play Area 

Designed playgrounds by mind made effective slope 
improvement and placed neatly resources must be protected 
from the external environment, easy transportation and easy 
drainage. The materials used as well as the factors in the design 
of a successful game are also important. As a result of the 
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reflection in design of developments in technology also varies 
used in playground equipment [4].  

When selecting materials for Games playground equipment, 
their durability, longevity and ease of maintenance must be 
sought and the combined use of different materials in 
appropriate cases is preferred [5].  Last decade, children's 
playground equipment is used together and separately in 
materials such as rubber stainless steel, the treated wood, hard 
plastic and durable materials. The most preferred materials are 
molded plastic elements and steel covered with vinyl, painted 
bright, colorful powder paint. These materials are flexible but 
robust, and suitable for use by children. There are no splinters 
and they are not too hot or cold. They are adapted to seasonal 
temperatures. They allow the design of large or small set pieces 
[4]. Another topic to be considered in the selection of material 
of playground equipment is sustainability. Recycled materials 
and energy consumption during the life cycle of the material 
should be considered. For example, wood material is approved 
by FSC (Forest Stewardship Council Protection Chain). 
Minimize the use of energy and water in construction, repair 
and development of playground is an important issue [6].  The 
disposal or re-use possibilities, the content of toxic materials, 
carbon emissions, purchasing, production, recycled material in 
the content, the entire life cycle of selected materials should be 
considered [6]. To be safe, inviting and interesting in the choice 
of colors for children in Children's playground equipment 
materials should be considered [5].   

2 Plastics 

Plastics are an important group of substances obtained by these 
chemical transformations using natural gas as raw materials of 
petroleum-based products or by-products in the , 
petrochemical industry. General properties of plastics: 

1. Easily softened by being heated and gain the flexibility to be 
ductile without melting 

2. It harden again when they are cooled after giving form easily 
when the soft [7]. 

2.1. High Density Polyethylene (HDPE) 

 
High Density Polyethylene (HDPE) is almost no branching on 
the long carbon chains, hence crystalline (semi-crystalline) is a 
polymer. Molecular forces are severe because of these 
structures and tensile strength of the polymer is high. Kept 
under a certain level of branching are provided with the specific 
catalyst and reaction conditions. In this case HDPE's structural 
characteristics ensures strong, hard and rigid; counted shock 
proof tank, packaging materials, pipes between usage areas [8].  

2.2. Advantages of Plastics 

 Lower costs 
 Lightweight materials 
 Easy to be processed 
 Transparent, matt, gloss can be in the form 
 Rigid and flexible features 
 Resistance to high temperature and low temperatures  
 Moisture, oxygen, gas permeability according to 

needs 
 They are chemically an inert material. 
 Hygienic and robust 
 Good resistance against impact and spill even in the 

case of breakage  

 It can be produced in different colors in terms of 
aesthetic appearance and protection against 
ultraviolet light 

 It has the ability to produce in a variety of forms 
compared to glass packaging 

2.3. Disadvantages of Plastics 

a) Human Health Effects of Plastics 

The effects on human health of plastic are the toxic impact 
caused waste and environmental pollution. Environmental 
pollution appears to be a factor which facilitates the spread of 
some diseases, influencing the results and the going of some 
diseases, being directly cause disease, preparing the ground for 
disease. All environmental drawbacks can cause effects to all 
four. It may facilitate the spread of some diseases as a direct 
result of the disease air, water and soil pollution and can 
influence the progress of certain diseases [9]. 

b) Effects the Nature of Plastics and Environmental 
Pollution 

The impact of environmental pollution plastic arises due to the 
use as packaging material such as bottles, pots, boxes and the 
smallness of their density causes a volumetric attention. The 
time for disappearance of the plastic in nature is 1000 years. 
Crude oil, non-renewable resources such as natural gas is 
reduced for plastic production, consisting of harmful gases 
cause air, water and environmental pollution. Combustion with 
plastic reveals dioxin which is a very dangerous substance and 
forming greenhouse effect. Increasingly marine pollution 
comes on the agenda more problems created by plastic than 
pollution of water bodies. Some plastics such as adhesive films 
have carcinogenic effects from that they contain vinyl chloride.  

3 Wood Plastic Composites 

Wood plastic composites (WPC) are manufactured with 
mixture of wood flour and polymer based thermoplastic. The 
structure of wood plastics composite material based 
thermoplastic finds plastics such as Polyethylene (PE), 
polypropylene (PP) and polyvinyl chloride (PVC) with wood. 
The wood flour contained in wood-plastic composite is not only 
tree material, all annual plants being a fibrous structure and 
woody material such as agricultural waste represents [10], 
[11]. Generally, wood plastic composites are produced in two 
stages. The raw materials combined composite material is 
homogeneously mixed by the mixer. This material passes 
through a second process. In this stage, the material is finalized 
by extrusion or pressure, injection molding. Alternatively, the 
mixture obtained after the first process can be production 
melted and shaped under heat and press [12].  

The advantages of wood-plastic composite; 

 The presence in the plastic matrix of the wood fibers 
enables to obtain harder material and reduction of 
costs. 

 It reduces carbon emissions the use with plastic of 
wood because it is a renewable natural resource of 
wood. Because; the construction of the final product 
requires less fossil energy and lesser materials.  

 Recycling is possible. Therefore, it is an 
environmentally friendly material. 

 It is highly resistant to moisture. 
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 It has high dimensional stability and the working is 
very small. 

 It requires less maintenance. 
 It is resistant to fungus and insects. 
 It enables the production of different colors and forms 

[12], [13]. 

The disadvantages of wood plastic composite; 

 They possess a low bulk density and therefore storage 
problems occur. 

 During storage of the raw materials may be a risk of 
fire and exposure to biological degradation. 

 Especially because the silica contained in agricultural 
waste causes the wear on production machinery [12], 
[13]. 

Today, the average annual growth rate of WPC is approximately 
18 % in North America and 14 % in Europe. Wood plastic 
composite with this growth trend may be one of the most 
dynamic sectors of the plastics industry. Only it was 
determined that produced 210 thousand tons of WPC in 1999. 
Statistics have shown that increased to 350 thousand tons of 
this production in 2001 [14]. WPC 's current production 
capacity is approximately 545 thousand tons and is expected to 
increase of this production amount [15].  

4 Conclusions 

Wood plastic composite material having the appearance of 
wood and being the production of different colors allows 
designing the colorful, lively, interest attractive game module. 
The outdoor play area is important durability of materials in 
this design which will be exposed to all weather conditions. 
Wood plastic composite material is suitable the outdoor use 
because it is resistant to sun, water and moisture. So it is an 
indicator being a suitable material for use in the children's play 
park equipment.  

5 References 

[1] Aksoy, Y. (2011) A Study on Children's Play Area Istanbul, 
Izmir, Eskisehir, Erzurum, Kayseri, Ankara, Zonguldak 
and Trabzon in Example, Istanbul Aydin University, 
Journal of Science and Technology, Year: 3, Number: 6, 
Page; 82-106. 

[2] Erkan, Ö. (2011) Use Facilities of Wood-Plastic Composite 
Material the Modular Design in Children Playground, 
Interior Architecture and Environmental Design 
Department, Department of Interior Architecture, 
Istanbul Kultur University. 

[3] Gur, Ş.Ö., Zorlu, T., (2002), Children's Spaces, Yem 
Publications, 174, Istanbul. 

[4] Taylor, A., (2008), Linking Architecture and Education, 
Sustainable Design for Learning Environments, 
University of New Mexico Press. 

[5] Theemes T., (1999), Let‟s Go Outside, Designing the Early 
Childhood Playground, High/Scope Educational Research 
Foundation. 

[6] Shackell, A.,Butler, N., Doyle P., Ball, D., (2008), Design for 
Play: A guide to creating successful play spaces, Dcsf 
Publications, Nottingham. 

[7] Guller, Ç., Cobanoglu, Z. (1997). Plastics, Environmental 
Health Basic Resources Series, Ankara, No:6. 

[8] URL 1: www.bayar.edu.tr/besergil/endüstri_polimerleri. 
pdf (03.01.2015) (21:01). 

[9] URL 2: 
www.megeb.meb.gov.tr/mte_program_modul/moduller_
pdf   Plastik%20Ambalaj. pdf (03.01.2015) (21:01). 

[10] Mengeloglu F., Alma M.H. (2002). Using Composite Panel 
Production of Wheat Straw. KSÜ Science and Engineering 
Journal, 5 (2): 37-48. 

 [11] Tufan, M., Gulec, T., Cukur, U., Akbas, S., & Imamoglu, S. 
(2015). Some Properties of Wood Plastic Composites 
Produced from Waste Glass. Kastamonu University 
Faculty of Forestry Journal, 15(2). 

[12] Tufan, M. ve Mengeloğlu, F. 2010. General Evaluation on 
Wood Plastic Composites and Raw Materials Using in 
Wood Plastic Composite Production in Our Country, III. 
National Black Sea Forestry Congress, 20-22 May 2010, 
Artvin. Volume: IV, Paper: 1658-1664. 

 [13]  Taylor, A., Yadama, V., Englund, K., Harper, D. And Kim J. 
2010. Wood Plastic Composites–A Primer, Washington 
State 
University,http://www.utextension.utk.edu/publication
s/pbfiles/ PB1779.pdf, Erişim 11.01.2010. 

[14]  Ashari, A. 2008. Wood–plastic composites as promising 
green-composites for automotive industries, Bioresource 
Technology, Volume 99, Issue 1, pp 4661–4667. 

[15]  Singh, S. and Mohanty, A.K. 2007. Wood fiber reinforced 
bacterial bioplastic composites: Fabrication and 
performance evaluation, Composites Science and 
Technology, Volume 67, Issue 9, P: 1753-1763. 

 
 



 
 

 

76 
 
 

 

 
THE EFFECT OF RESTING TIME ON EMPLOYEE SATISFACTION: THE EXAMPE 

OF DUZCE FOREST PRODUCTS INDUSTRY 

Derya SEVİM KORKUT1*, Tarık GEDİK 1, Muhammet ÇİL 1, Çiğdem ERDEM2 

1Department of Forest Industry Engineering/ Faculty of Forestry, Düzce University/81620, Düzce, TURKEY,  
*deryasevimkorkut@duzce.edu.tr, tarikgedik@duzce.edu.tr, muhammetcil@duzce.edu.tr 

2Forest Industry Engineer/ Kocaeli, Turkey 
cigdem.erdem.tr@hotmail.com 

 
 
*Corresponding author 

 

 
Abstract   

Job burnout can be defined as the decrease of power due to the work load. Decrease in performance because of exhaustion can be stabilized with the help 
of a short break from work. Both the workers' expectations and the requirements of law in terms of breaks are met by the workplaces. With the help of 
this study it is aimed to find out the effects of breaks, had by the workers of forest products industry in Düzce during their working hours, on their job 
satisfaction. In accordance with this purpose, a survey has been applied on the workers. The results of the study show that the workers have 10-15 minute 
breaks during both their morning and afternoon shifts. The workers find this amount of time adequate for having a break. Furthermore, the workers have 
stated that social facilities which are essential for breaks are provided by the institution. With these breaks they can make time for themselves by spending 
this time the way they want. It eventually increases their performance at work. 
Keywords: Resting time, Employee satisfaction, Forest products industry, Düzce 
   

 

DİNLENME ARALARININ ÇALIŞAN MEMNUNİYETİNE ETKİSİ: DÜZCE ORMAN 
ÜRÜNLERİ ENDÜSTRİSİ ÖRNEĞİ 

Özet   

Çalışma sebebiyle meydana gelen güç azalması iş yorgunluğu olarak tanımlanır. Yorgunluk sebebiyle verim gücünde meydana gelen azalmalar dinlenme 
ile tekrar denge durumuna gelebilmektedir. İşyerlerinde gerek Kanun’un gerektirdiği gerekse de çalışanların dinlenme beklentileri karşılanmaktadır. 
Yapılan bu çalışma ile Düzce orman ürünleri sanayisinde işyerlerinde uygulanan dinlenme aralarının çalışan memnuniyetine etkisinin araştırılması 
amaçlanmıştır. Bu amaç doğrultusunda çalışanlara yönelik bir anket çalışması yapılmıştır. Çalışma sonucunda, çalışanların sabah vardiyasında ortalama 
10-15 dk, öğleden sonra vardiyasında da ortalama 10-15 dk. dinlenme arası verdikleri ve çalışanların verilen bu dinlenme süresini yeterli buldukları 
belirlenmiştir. Ayrıca, çalışanlar dinlenme aralarını geçirdikleri alanların dinlenme için gerekli sosyal imkanları sunduğunu, dinlenme aralarını 
kendilerine ayırarak bu zamanı istedikleri şekilde geçirebildiklerini ve bu durumun da kendilerinin performanslarını arttırdığını belirtmişlerdir. 
Anahtar Kelimeler: Dinlenme araları, Çalışan memnuniyeti, Orman ürünleri endüstrisi, Düzce 
   

 

1 Introduction 

Because of busy schedules, physical fatigue can occur which 
makes the breaks essential. Tiredness can be defined as loss or 
decrease in productivity and it can be balanced with the help of 
breaks. Job fatigue can be defined as decrease in power which 
occurs as a result of working. Break in work is used for resting 
and eating. Breaks differ in frequency and time which allows it 
to minimize job fatigue [1]. According to current labor act, the 
general working hours are 45 hours the most in a week. If it is 
needed the employees can be made to work till 270 hours at 
most in a year. Most institutions, despite the restrictions which 
take place in law, exceed this amount of time. Employees try to 
catch up with their incomplete works at night or at the weekend 
by working overtime which increases the cost [2]. 

Breaks can be defined as the resting time that is given to 
employees during work time. According to article 68 in the law 
no. 4857; breaks are provided for the employees as long as they 
are fixed in accordance with the institution’s traditions and job 
requirements [3]. Accordingly, breaks are fixed as [4]; 

1. 15 minutes for 4 or less hour-work, 
2. Half an hour for more than 4 and less than 7.5 hour 

(including) work, 
3. An hour for more than 7.5 hour work. 

These breaks are the least ones and they are had continuously. 
However they can be used intermittently by considering the 
climate, season, traditions and job requirements of the 
institution. Breaks are not regarded as working hours [4]. 

It has been seen that breaks in practices are given mainly as 
lunch break. As well as providing the opportunity of increasing 
labor productivity, working accidents resulted from tiredness 
and distraction can be also decreased with the help of these 
breaks [5].  For the sake of positive effect of those breaks, the 
employee that is on the break should be free. The employee may 
spend the break time in the institution or outside. If the 
employee spends this time in the institution, no work should be 
given to him/her. Using break time as giving permission to start 
late or to finish the job early does not fit for the purpose. The 
break time must be used in the daily working period [6]. For the 
purpose that the employee benefits from the breaks as much as 
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possible, the employer should provide private resting and 
eating places for the employees to the full extent of his/her 
power [5]. 

Employee satisfaction is a positive emotional state that one’s 
feeling about his/her job as a result of his/her experiences. As 
the satisfaction of the employees increases [7]; 

 Their productivity and motivation levels will increase, 
 The quality of the service will increase, 
 It will help employees try more to satisfy the 

customers, 
 Absenteeism of the employees with various excuses 

will decrease, 
 Their loyalty to the institution will be stronger as if it 

was their own, 
 As a result, the profit rate will increase.  

In the breaks given for intense working pace, with short 
walking, physical resting or different activities; the employee 
can eliminate his/her tiredness by gaining his/her strength 
again. By this way, the employee can work more productively 
and in a healthy way.  

An employee should be able to spend the break time however 
she/he wants. That’s why the necessary environmental factors 
should be provided. Proper resting places should be built and 
employee satisfaction should be ensured. It can be seen that 
performance of the employees increases if employee 
satisfaction is provided. 

2 Materials and Methods 

This study has been planned in Düzce and it has been applied 
on the employees of forest products industry with the help of 
face-to-face surveys. The purpose of the survey is to find out the 
effects of breaks on employee’s job satisfaction. Surveys have 
been prepared by using the sources [2, 3, 7] which take place in 
the literature. The survey consists of 3 different sections and 27 
questions. Demographic features of the participants are 
questioned in the first section. Second section consists of the 
working time of the participants and third section consists of 
the relationship between the duration of the breaks and their 
effects on the participants’ job satisfaction degree. In this 
context, registered members of Chamber of Commerce and 
Industry have been examined and 3296 employees are 
reported to be working in forest product industry [8]. Sample 
size is specified as 345 with 95% confidence interval and 5% 
margins of error. 372 employees were participated in the study. 
28 of all surveys were considered as invalid and 345 of them 
were evaluated.  

Results of the survey were evaluated by SPSS (2003) program 
with statistical methods [9].  

3 Results and Discussion 

Findings of the study which has been done in forest products 
industry in Düzce have been summarized below. 

3.1 Demographic Features of the Participations 

Some demographic features like gender, age, marital status, 
educational background of the participants can be seen in 
Table1. 

Table 1. Demographic features of the participations. 

Demographic Features Frequency Percent 

Gender 
Male 284 83.3 
Female 61 17.7 

Age group 

18 to 24 29 8.4 
25 to 34 191 55.4 
35 to 44 89 25.7 
45 to 54 21 6.1 
55 to 64 3 0.9 
No response 12 3.5 

Marital 
status 

Married 229 66.4 
Single 110 31.9 
Other 6 1.7 

Educational 
status 

Primary school 76 22 
Secondary school 97 28.1 
High school 109 31.6 
Vocational school 28 8.1 
Undergraduate 22 6.6 
Graduate 2 0.6 
No response 11 3.2 

17.7% of the participants are women and 83.3% of them are 
men. 55.4 % of the participants are between the age of 25-34. 
66.4% of the participants are married. 22% of them are primary 
school graduate, 28.1% of them secondary and 31.6% of them 
are high school graduates. 

3.2 Working Sections 

Packing, maintenance, grinding, bureau, storage, chopping, 
upholstery, sizing, forklift, guillotine, security, human 
resources, quality control, covering, lumber, ready-made 
clothing, drying, laboratory, machine line, accounting, packing, 
cutting, marketing, planning, press, project, delivery, sand 
paper and production planning are the sections and 
departments which the participants work in. 

3.3 Average Monthly Income 

Average monthly income of the participants can be seen in 
Table 2.  

Table 1. Average monthly income. 

Options Frequency Percent 
650 Turkish Liras and less 8 2.3 
Between 651-1000 Turkish Liras 160 46.4 
Between 1001-2500 Turkish Liras 160 46.4 
Between 2501-4000 Turkish Liras 15 4.3 
No response 2 0.6 

48.7% of the participants has a monthly income that is less than 
1001 Turkish Liras. 

3.4 Satisfaction Levels of the Participants in terms of 
Their Capacity 

Two different attitudes helped in examining the satisfaction 
level of the participants in terms of their capacity. It is found out 
that the participants are satisfied with their capacity in daily 
activities and work (Table 3).   
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Table 2. Satisfaction levels. 

Options Average* Standard 
deviation 

Are you satisfied with the 
capacity of your daily 
activities? 

3.7536 0.84575 

Are you satisfied with 
your working capacity? 

3.9333 0.76528 

1: Very dissatisfied 2: Dissatisfied 3: Neither satisfied nor dissatisfied 
4: Satisfied 5: Very satisfied 

Chi-square test was applied in order to find out the relationship 
between the marital status of the participants and their 
satisfaction level in terms of their capacities, and significant 
differences were revealed (p<0.05). It was found out that 
married participants are more satisfied with their capacities 
compared to single ones. 

A significant difference was detected when chi-square test was 
applied to see the relationship between educational 
background of the participants and their satisfaction level in 
terms of their capacities (p<0.05). Participants with bachelor 
degree are seemed to be much more satisfied with their 
capacities than other participants. 

A significant difference was found when chi-square test was 
done in order to show the relationship between the income 
level of the participants and their satisfaction level in terms of 
their capacities (p<0.05). It was revealed that the more the 
participants earn, the more they are satisfied with their 
capacities. 

3.5 Working Hours 

72.8% of the participants work 6 days a week and 27.2% of 
them work 5 days a week.  

7.5% of the participants work 7.5 hours a day, 42.9% of them 
work 8 hours and 44.3% work 9 hours (Table 4). 

 

Table 4. Working hours. 

Options Frequency Percent 
7.5 hours 26 7.5 
8 hours 148 42.9 

8.5 hours 1 0.3 
9 hours 153 44.3 

9.5 hours 3 0.9 
10 hours 4 1.2 
11 hours 2 0.6 
12 hours 8 2.3 

86.1% of the participants starts working at 8.00 am, 2.9% starts 
at 8.20 am and 11% starts at 8.30 am.  

Participants have stated that they have a lunch break between 
12.00 and 13.00    (Table 5). 

 
Table 5. Lunch break time. 

Lunch break time Frequency Percent 

12:00 106 30.7 
12:15 1 0.3 
12:20 25 7.2 
12:30 127 36.8 
12:45 1 0.3 
13:00 85 24.6 

 

It is stated that the participants leave work at between 16.00 
and 20.00 pm. 20.3% of the participants leave work at 16.00 
pm, 18.8% leave at 17.30 pm and 2% leave at 20.00 pm (Table 
6). 

Table 6. Time that the participants leave work. 

Options Frequency Percent 
16:00 70 20.3 
16:30 32 9.3 
17:00 17 4.9 
17:30 65 18.8 
18:00 63 18.3 
18:05 17 4.9 
18:15 45 13 
18:30 27 7.8 
19:00 2 0.6 
20:00 6 2 

3.6 Breaks 

Breaks in the Morning Shift 

The participants have a break at between 10.00 and 13.00. 
11.6% of the participants have no break during their shifts 
(Table 7). 

Table 7. Breaks in the morning shift. 

Break time Frequency Percent 

No break 40 11.6 
10:00 226 65.5 

10:15 21 6.1 

10:30 30 8.7 
13:00 2 0.6 

No response 26 7.5 

 

11.6% of the participants said they had no break, 5.8% had 10 
minute break, 73.3% had 15 minute break when they were 
asked how much their break lasted. 0.3% of the participants 
have 20 minute break, 1.4% have 30 minute break and 0.3% of 
them have 60 minute break. 7.3% of the participants did not 
answer this question.  

Lunch Break 

The participants have lunch break at between 12.00 and 13.00. 
23.5% of the participants have break at 12.00 and 4.9% of them 
have at 13.10 (Table 8). 

 

Table 8. Lunch break. 

Options Frequency Percent 
12:00 81 23.5 
12,15 2 0.6 
12:20 21 6.1 
12:30 137 39.7 
12:35 2 0.6 
13:00 85 24.6 
13:10 17 4.9 

When they were asked how much time they spent on lunch 
break (eating and resting) they answered as between 15 and 60 
minutes (Table 9). 
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Table 9. Time for lunch break. 

Time for lunch break 
(minute) 

Frequency Percent 
 

15 4 1.2 
20 3 0.9 
30 169 49 
40 18 5.2 
45 99 28.7 
50 1 0.3 
60 51 14.8 

Breaks in the Afternoon Shift 

The participants have break at between 14.00 and 16.00 in the 
afternoon shift. 15.1% of them have no break (Table 10).  

 

Table 10. Breaks in the afternoon shift. 

Options Frequency Percent 
No breaks 52 15.1 

14:00 50 14.5 
14:30 2 0.6 
15:00 79 22.9 
15:30 50 14.5 
15:45 25 7.2 
15:50 17 4.9 
16:00 53 15.4 

No response 17 4.9 

 

When they were asked how much time they spend on break in 
the afternoon shift they answered 15% of them said that they 
had no break, 5.5% of them said they had 10 minute break, 
73.6% of them said they had 15 minute break, 0.3% of them had 
20 minute break and 0.6% of them had 30 minute break. 4.9% 
of the participants did not answer this question. 

Breaks Except Official Breaks Times 

It is tried to found out how many times the participants have 
break to smoke or go to bathroom etc. except their official break 
times. It was revealed that 35.9% of the participants had breaks 
2 times (Table 11).  

Table 3. Breaks except official breaks times (times/day). 

Options Frequency Percent 
No breaks 18 5.2 

1 42 12.2 
2 124 35.9 
3 66 19.1 
4 28 8.1 
5 10 2.9 
6 5 1.4 
7 2 0.6 

No response 50 14.5 

Satisfaction Level of the Participants in terms of Break Times 

The participants were asked if they were satisfied with their 
break times. 3.5% of the participants state that they are not 
satisfied with them at all. 6.7% of them are not satisfied, 15.7% 
are indecisive, 63.2% of them are satisfied and 11% of them are 
very satisfied with break times. 

A significant difference was detected when chi-square test was 
done in order to find out the relationship between educational 
background of the participants and their satisfaction level 
(p<0.05). Participants with bachelor degree and secondary 

school graduates are more satisfied with break times compared 
to others. 

A significant difference was found when chi-square test was 
applied to find out the relationship between monthly income of 
the participants and their satisfaction level (p<0.05). The more 
the participants earn the more they are satisfied with break 
times. 

3.7 The Place in which the Participants Spend Break   
Times 

The participants spend break times in the garden, studio, dining 
hall, grinding studio, factory, storage, the places that are 
assigned for the employees, office, working area, bathroom, 
changing room, tea room and the places that are assigned for 
resting.  

The participants are asked whether they find the places that 
they spend break times enough or not. 4.3% of them think they 
are not sufficient at all. 10.4% think they are not sufficient, 
16.2% of them are indecisive, 58.3% think they are sufficient 
and 9.6% of them think they are very sufficient. 1.2% of the 
participants did not answer this question. 

The participants were asked what can be done in order to make 
them think that the places are enough. The answers can be seen 
below: 

 There could be rest areas outside. 
 There could be areas that are designed for some 

activities. 
 There could be a garden. 
 Benches could be located outside. 
 Indoor sitting areas could be designed. 
 Environmental planning could be done A camellia could 

be built. 
 There could be some areas in which we can play table 

tennis or backgammon etc. 
 There could be some areas for sport activities. 

3.8 The Activities that They Do During Break Times 

The participants were asked what they do during break times 
and their answers can be seen below: 

 We chat with our friends and have tea with them.  
 We sit in the garden. 
 I read a book. 
 I listen to music.  
 I read new on the internet. 
 I play games. I eat lunch.  

3.9  The Effects of Break Times on Performance of the 
Participants 

The participants were asked how break times affected their 
performances at work and the answers can be seen below: 

 Resting makes us healthier. 
 It motivates us. 
 It enhances my willing to work. 
 It improves my performance at work. 
 Even if it lasts short, I feel rested. 
 It helps us get rid of the workload. 
 It is an escape from job stress. 
 It makes me more productive and rested. 

3.10 Problems Faced at Work 

The participants were asked if they face any problems at work. 
80.6% of them said they did not come across any problems 
while 15.9% of them said the opposite. 3.5% of the participants 
did not answer this question. The answers can be seen below: 
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 Inequality of salaries between the employees and their 
superiors, 

 The fact that some people see themselves superior 
which makes it hard for them to adapt to work, 

 The fact that salaries are unfair in terms of work 
performance of the employees, 

 Inadequacy of break times, 
 Inadequacy of the places that are assigned for break 

times, 
 Inadequacy of break times, 
 Unstable working hours, 
 Unstable shifts, 
 Lack of communication, 
 Cold work environment, 
 Unhygienic bathrooms, 
 Incoordination between the employees, 
 Job stress that is faced commonly, 
 Having trouble with leave of absence, 
 The fact that salaries are not paid on time, 
 The problems with bus services, 
 Poor dishes. 

3.11 Opinions and Suggestions of the Participants 

Opinions and suggestions of the participants related to the 
issue are given below: 

 I would like to see that I am valued.  
 Working and resting conditions should be better. In this 

way employers may make a profit. 
 Break times should be longer. 
 Working hours should be shorter. 
 Dishes should be better. 
 Temperature should be suitable for working. 
 Labor laws should be enforced in favor of the 

employees. 
 Employer pressure should be prevented with the help 

of government. 
 Engineers and officers should stick to break times. 

4 Conclusions 

As a result of the study, it is found out that the employees are 
partially satisfied with daily activities and their capacities at 
work. It can be said that employees with bachelor’s degree and 
married participants are more satisfied with their capacities. 
Furthermore it is stated that the more the employees earn the 
more they are satisfied with their capacities. Most of the 
participants work 6 days (72.8%) a week and 8-9 hours 
(42.5%) a day. They have lunch break at between 12.00-13.00 
and they have a break at 10.00 am (65.5%) in the morning shift. 
They also have a break at between 14.00-15.30 pm (42.5%) in 
the afternoon shift. 11.6% of the participants do not have any 
break during the morning shift and 15.1% of them do not have 
any break during the afternoon shift. It is necessary to provide 
the employees with breaks during both morning and afternoon 
shifts according to Act No. 6331 on Occupational Health and 
Safety. It is also a crucial factor in order to enhance employees’ 
performances at work. Business managers should give great 
importance to breaks in order to enhance employees’ 
performances. Places and facilities should be provided for the 
employees in order to make sure that they have the opportunity 
to rest.
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Abstract   

The transition from traditional life to modern life caused Muğla and Milas houses to be left with their own destiny. Consequently, these 
houses are disappearing rapidly. Therefore, traditional Muğla and Milas houses were examined in every respect. Its inventory and reliefs 
(today’s status) were taken out and they were documented for the transfer to new generations. The sofas of the houses, rooms and the 
architectural elements of the rooms were examined in a broad context. In this study, the fine construction elements of the traditional 
houses (2x10) in Muğla and Milas were examined in a narrow frame. The fine construction elements of the traditional houses in Muğla 
and Milas were compared, and it was seen that they generally had the same measurements.  

Keywords:  Traditional houses, Architectural elements, Construction elements 
   

 

GELENEKSEL MUĞLA VE MİLAS EVLERİNDE MİMARİ ELEMANLARIN ANALİZİ  
 

Özet   

Geleneksel yaşamdan çağdaş yaşama geçiş geleneksel evlerin, kendi kaderine terk edilmesine neden olmuştur. Dolayısıyla, kendi kaderine terk edilen evler 
her geçen gün birer ikişer kaybolmaktadır. Bu çalışmada, geleneksel Muğla ve Milas evleri her yönüyle incelenmiş, rölöveleri ve envanterleri çıkartılarak 
sonraki nesillere aktarılmak üzere belgelenmiştir. Buna göre, Geleneksel Muğla ve Milas evlerinin dış sofalı, divanhaneli ve karma sofalı olduğu tespit 
edilmiştir. Evlerin odaları, bir ailenin ihtiyacını karşılayacak biçimde tasarlanarak çıkmaları ile genişletilmiştir. Her iki merkez evleri odalarının mimari 
elemanları karşılaştırılmış, evlerin genelinde ölçü birliğinin olduğu görülmüştür. 
 
Anahtar Kelimeler: Geleneksel evler, Mimari elemanlar, yapı elemanları 
   

 

1 Introduction 

Muğla is seated in a very hilly area of southwestern Turkey. The 
land of the city, which is surrounded by Mediterranean Sea to 
the south, Aydın province to the north, Aegean Sea to the west 
and Denizli province to the east, lies partly in Aegean Region 
and partly in Mediterranean Region [1] (Fig. 1). Its seat 
is Muğla, about 20 km inland, while some of Turkey's largest 
holiday resorts, like Bodrum, Ölüdeniz, Marmaris and Fethiye, 
are on the coast in Muğla [2].  
 

 
Figure 1. Location of Muğla Province in Turkey [2]. 

Muğla bears the traces of Caria, Persian, Alexandrian, Rhodes, 
Roman, Byzantine and Turkish (Seljuk/Menteşe and Ottoman) 
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civilizations in a success [3]. Old Muğla was founded in the 
foothills of the Asar Mountain. The peak of Asar Mountain, has 
a flat appearance when viewed from the plain. Basmacı and 
Kara Muğla creeks flow on the two sides of the Asar Mountain. 
The formation of the city of Muğla started inside the castle at 
first, followed by the out-of-castle regions to the south. 
Expansion has occurred downward over the foothills of the 
Asar Mountain to the extent permitted by topographic 
conditions [4]. Muğla, which was a small district of Milas in the 
past, has grown even more over time and turned into a province 
[5]. 
 
Milas was the capital of Menteşe Beyliği (Principality) and also 
a great city of the Ottoman Empire in the past [5]. When the 
construction dates of Milas houses are checked from the 
Appendix Table, it is obvious that they have an older history 
than Muğla houses. 
 
Milas district was founded on the four hills over the eastern 
foothills of Sadra and filled lands in between them.  The hill in 
front of Hıdırlık Hill and in the middle of the city is called 
Hisarbaşı. This 90-meter-high hill is the oldest settlement in 
Milas [6]. Hisarbaşı was the most popular spot in the city and 
called as Asarbaşı in the past [7]. Milas extends toward the plain 
from Hisarbaşı to the south, on the other hand, extends toward 
three hills in north, west and south directions. Businesses, 
markets and government agencies appear on this hill or its 
foothills. Hisarbaşı region represents the first residential 
element of the city [6]. 
 
Traditional houses have improved over years in accordance 
with extended family lifestyle and displayed a nearly 
standardized feature in the units that make up the house. With 
the shrinkage in the traditional family structure, traditional 
houses have become too large for the contemporary Turkish 
family, and Turkish house which is not suitable to be divided as 
required by their "plan schemes" has become nonfunctional 
except for a few rooms [8]. 
 
Traditional old houses in and near Muğla bear mainly two types 
of characters. The common one is the house type of Muslim 
family facing the courtyard, with exterior walls made of stone 
and interior walls made of wooden laths. Others are generally 
two-storey houses facing the street with walls made of cut 
stones [9].  

Evidences supporting these features are listed below: 
Çakarcan (1988), as a result of his inventory studies in Milas 
Hisarbaşı, expressed that very few structures remained from 
anonymous architecture. He reports material wearing, 
inadequacy of the financial conditions for repair and 
restoration, abandonment of the houses brought about by 
mandatory sanctions and underdevelopment of the 
consciousness about the protection of historical environment 
as the most important factors in the extinction of such 
structures [10]. 
 
Aladağ (1991), chose a typical street with Muğla houses and 
investigated the place of Muğla house across Turkish houses. 
Then he looked for the differences of Muğla house from the the 
houses in neighboring regions. As a result of the study, he made 
restoration proposals in accordance with modern 
requirements concerning the problems of Muğla houses [5]. 
 

Hacıbaloğlu (1989) reports in his study that Turkish house has 
been abandoned to extinction each passing day, remaining 
examples disappear one after the other although they continue 
to live in the hearts of today's society, the efforts by the 
protective legislation also could not have prevented this tragic 
end, the reasons why Turkish house could not make it until the 
present time are social, cultural, industrial, financial, legal and 
administrative. He suggests that old perfect Turkish houses 
should be restored to serve to public, and dedicated young 
architects should bring a contemporary look to our cities with 
new Turkish houses carrying traditional features [8]. 
 
Küçükerman (1978) reports that tent is equivalent to 
traditional Turkish house room when considered as a unit and 
natural features of Anatolia are effective in shaping the outer 
form, and  room and “sofa” (hall, anteroom) as inner form 
elements in the traditional Turkish house [11]. 
 
The purposes of this study pertaining to the old houses that are 
our national culture, art and traditional heritage are to examine 
the plan types of traditional Muğla and Milas houses, determine 
whether there is a difference between the architectural 
elements of two residential centers by analyzing old houses and 
architectural elements constituting the traditional facing 
extinction.  
 
The data was obtained in three ways. They are: 1. survey 
implementation and systematic observations, 2. drawing of the 
house plans, 3. documentation with photographs. In the scope 
of research a total of 20 houses were examined by selecting 10 
houses from the groups of old Muğla houses with "M" code and 
Milas houses with "K" code (Appendix Table). The attention 
was paid to choose houses in urban areas and under the first 
order protection for the review. All the information obtained 
from the traditional houses were examined, interior analyses 
were performed, and recommendations were put forward. 
 

2 Analysis of the Traditional Houses in Muğla and 
Milas 

2.1 The Characteristics of Houses 

While Milas houses are in the form of detached houses having a 
mansion-like panache, Muğla houses are a part of the street 
adjacently in an order [5].  
Muğla houses generally have two storeys. The lower storey’s 
height is less than the top storey which is the main living place. 
Most houses possess cellars that provide protection from 
moisture and serve as a warehouse, and their heights range 
from 1 to 1.5 meters [5]. One of the traditional houses in the 
survey has three storeys (K8 coded house), another has one 
storey (K1 coded house), and 18 of them are with two storeys. 
 
The street access of traditional houses is provided by the 
courtyards called “hayat” which is enclosed by high walls. In the 
courtyard, toilets, stables, henhouses and an open area called as 
“salındırma” which is an area used for laundry and winter 
preparations with a stove and a roof sustained by wooden studs 
are found. Also, there is another small kitchen called "aşevi" 
(soup kitchen). Besides being a place for cooking, it is also used 
as a living room. The entrance to the courtyard from the street 
is via a double-winged door which is called “kuzulu kapı” 
(wicket door). The courtyard is covered with slate stone [5]. 
The entrance to fourteen of the investigated traditional houses 
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is through the sofa. The entrance to six houses is directly 
available from the street. 
 
One of the most striking features of traditional houses when 
viewed from the street is the presence oriels called “cumba”, 
which are used to expand the areas of rooms or sofas and to 
view the street with a broader perspective (Fig. 2). In six of the 
surveyed traditional houses a total of eight oriels emanating 
from rooms and sofas are encountered, while oriels in two of 
the houses have been abandoned in time.  
 

 
Figure 2. An oriel in a traditional house of Milas. 

 

2.2 Construction Elements 

Plan Types of Houses 

According to Sedat Hakkı Eldem’s classification of Turkish 
house plan types; there are three main types with sofa being in 
front of, between or amidst the rooms [12 from 5]. Also sofas 
protect the houses from rain and sun as well as providing access 
to the rooms on the top floor in three-storey ones. [5]. 
 
All of Muğla houses have outer sofa. Outer sofas are named as 
“önlük” (frontage) or “ön sofalı” (front sofa) colloquially. In 
Milas houses besides outer sofa, there are houses with inner 
sofa, divanhaneli and “L” type mixed sofa. Given these features, 
it is possible to encounter Central Anatolian house plan types in 
Milas houses.  
 
Outer-sofa houses: 
This is a plan type which has emerged due to climatic 
conditions. Lifestyle is always extroverted. Rooms on the top 
floor open to the garden, while the ones on the bottom floor 
open to the sofa called “önlük” which is covered on the top but 
not on two or three sides and supported by wooden studs. 
Depending on the opening positions of sofas to the street, the 
privacy of the section connected to the street is provided by 
wooden lattice works. Sofa is reached from the garden via a 
staircase. This type of plan is widely used because of the 
convenience of the region’s climate [10].  There are plenty of 
houses with intact front and open sofa in Muğla and Milas [5]. 

 Outer-sofa house type with one-room: In this plan 
type, the passage from the ground floor to the sofa 
upstairs is maintained from the side of the room 
downstairs (Fig. 3). M8 coded house in the 
investigation is in this plan type.  

 
Figure 3. Outer-sofa house type with one-room (upper floor 

plan of the house coded M8). 
 

 Outer-sofa house type with two rooms:  In this plan 
type, the access to the top floor from the ground floor 
is on the side of sofa and there are two rooms on the 
ground and top floors. The rooms are arranged side 
by side. Additionally, the entrance to the rooms is 
from sofa and they open to sofa. This type is frequent 
in the surveyed houses (Fig. 4). 

 

 
Figure 4. Outer-sofa house type with two rooms (upper floor 

plan of the house coded M2) 

 
 Outer-sofa house type with two rooms and a 

staircase in between: In this plan type, the access to 
the upper floor from the ground floor is achieved by 
the staircase with single or double flights, which is 
located in between the rooms. Rooms are arranged 
side by side again, and they open to sofa which is 
parallel to the rooms. (Fig. 5). The house coded M1 in 
the investigation was planned in this type.  
 

 
Figure 5. Outer-sofa house type with two rooms and a 

 staircase in between (upper floor plan of the  

 house coded M1). 

 
 Divanhaneli houses: This is a plan type which has 

developed by the evolution of the plan type with 
“önlük” through various experiences. In this plan type, 
the transition from open and airy system to closed 
plan types is achieved. Rooms are placed around or at 
the corners of sofa. All rooms open to this space (Fig. 
6) [10]. A dominant and striking feature of 
divanhaneli plan type is that it was mostly used by 
economically prosperous individuals in Hisarbaşı 
region of Milas.  
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Figure 6. Divanhaneli houses’ plan type (upper floor plan of 

                  the house coded K7). 
 
Inner sofa houses: 
This is the most common of the traditional Turkish house. A 
plan type called “karnıyarık” (a traditional Turkish dish with 
split eggplant stuffed with minced meat) in colloquial language 
emerged when sofa is placed amidst the rooms (Fig. 7). It is 
preferred for containing more rooms than outer sofa houses 
and being more affordable. This type of sofa is oriented in the 
direction of sun, street or view [8]. The house coded K10 in the 
investigation is planned in this type. 

These structures are usually of open central sofa type with 
rooms on two or four sides. The main floor rooms are above the 
stone-walled ground floor to make them face the street [5].   

 

 
Figure 7. Inner sofa house plan type (ground floor plan of the 
                 house coded K10). 
 
Mixed sofa houses: 
"L" plan type with mixed sofa, is a combination of outer sofa and 
divanhaneli plan types. These houses are considered as the 
most advanced examples of public construction art (Fig. 8). The 
most beautiful examples of the transition from plan types with 
sofa to divanhaneli plan type, an then to a hybrid combination 
of these two are seen in Hisarbaşı [10]. 
  

 
Figure 8. Mixed sofa house plan type (upper floor plan of the 
                 house coded K7). 
The rooms in mixed-type houses of Hisarbaşı region are:  

• In the most appropriate side of the house receiving breezes, 
• Located on the top floor and in the corners of the building, 
• Built with thin, permeable constructional elements, 
• Rich in internal and external apertures. 
 
In this plan types, the relationship between rooms is so little 
that it is almost negligible. Each room has doors opening to the 
courtyard, sofa or “önlük”. This is because each room can 
function independently. Eating, bathing, sleeping, living actions 
take place in every unit place (room). The reason for this is the 
use of rooms by units of extended Turkish family which has a 
patriarchal structure. Places such as “baş oda” (main room), 
“selamlık” (the portion of a house only for men) that are more 
frequently found in wealthy individuals’ mansions, were 
formed parallel to economic improvements. As a continuation 
of this, rooms were diverted to function as servants’ section, 
guests’ section and “haremlik” (the portion of a house only for 
women). All features of outer sofa and divanhaneli plan types 
are observed in mixed plan type. Nevertheless, mixed plan type 
is more convenient and qualified than both of them [10].  
 

Sofas 

Old houses are designed for extended type of family. The rooms 
open to sofa in these houses. Sofa is a common circulation area 
linking all spaces. It is a living and gathering place for the whole 
family [11]. Therefore, sofas are one of the important places 
that play a role in the construction of traditional Turkish house 
plan types. 
 
The places out of the circulation areas are reserved for seats in 
sofa. Over time, with further specialization of these sections 
spared for sitting, terms such as “eyvan”, “sekilik”, “taht” and 
“köşk” have emerged [8]. 
 
When the plan types of investigated traditional Muğla and Milas 
houses are grouped according to Sedat Hakkı Eldem’s 
classification (1965) [12]; all Muğla houses have outer sofa, 
whereas 6 of Milas houses have outer, 1 has inner, 1 has 
divanhaneli and 2 have “L” type mixed sofa. The average sofa 
areas are 25.3 m2 in traditional Muğla houses and 25.4 m2 in 
Milas houses. The average sofa area for both centers is 25.4 m2. 
6 of the investigated 16 outer sofa houses had sofas closed 
overall. 
 
With a mean 30 cm margin for lintel and 75 cm margin for 
parapet, the whole façade was closed with window walls, and 
sofa was converted to a sort of room. Ventilation is provided by 
windows on the window walls. 
 
Since the sofas are closed with window walls, lighting of the 
sofa issue came up. The ratios of window/floor area are 
detected as 0.39 in Muğla and 0.35 in Milas. The average area is 
0.37 m2. In studied regions, the lighting and ventilation of the 
houses are normal, even better than normal.  
 
Traditional Milas houses with inner and mixed sofas are usually 
of wealthy people’s. There are often two or four opposing 
rooms on a floor. The rooms’ doors open to sofa. 
Sofas are usually used as living rooms in traditional houses. In 
sofas converted to living rooms, “sedir” (couch, divan) and 
breakfronts which are now used as sideboards are seen during 
research studies. The average couch depth is 80-90 cm and 
height is 46-55 cm. The width is from wall to wall (Fig. 9). 
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Figure 9. The appearance of a couch in the living room of the 

house coded M7.  
 

Rooms 

The rooms in traditional houses are called "göz" or "hane". The 
rooms are lined in the same direction in examined Muğla and 
Milas houses. The rooms are named according to their places in 
the line. The ones at the ends are named side or corner room, 
while the ones in between are named as middle or intermediate 
rooms. Corner rooms are the most valuable ones, because they 
have windows facing various sides of the house, in addition to 
being in a quiet part (Fig. 10). Intermediate rooms are of 
secondary importance, and made more valuable by enlarging 
with oriels [5] (Fig. 11).  
 

 
Figure 10. A view from a room of the house coded K7. 

 

The entrances to the rooms are from the corners and the sides 
of closets in Muğla and Milas houses. The doors are usually 
made with “kündekari” technique. The rooms are surrounded 
by couches that are fixed in position [5] (Fig. 11).  
 

 
Figure 11. The appearance of couches in a room of the Milas 

house coded K8.  
 
A room in a Muğla house features the functions meeting the 
needs of a family. Therefore, the rooms are called as “the heart 
of the house” colloquially. The rooms are square and 
rectangular in shape [5].  
In examined traditional Muğla houses, the façades of the rooms 
are between 3-4.5 m, and the areas are 9.6-25 m2, while they 
are 10.5-27 m2 in traditional Milas houses [5]. The average area 
of Muğla houses’ rooms is 17.3 m2, and the average of Milas 
houses is 18.75 m2. 

 
The room heights in traditional houses are 2.80 to 3.50 m in the 
upper floors, 2.30 to 2.90 m in the lower floors [5]. The averages 
of heights are found as 3.15 m for the upper floors and 2.55 m 
for the lower floors. 
 

Walls 

There are two types of walls in old houses: stone and half-
timber. Stone walls are in the form of rubble walls [5].The half-
timber walls are built in sections of the house facing the 
courtyard [13]. Half-timber walls are separator walls formed by 
filling the triangular spaces between the roof and wooden studs 
with rocks or barks by using sand or lime mortar [5] (Fig. 12).  
 

 
Figure 12. The wall system of K2 coded house. 

 
In old Milas houses, the walls with the fireplace are masonry, 
the upper floor walls are partially or totally wooden. The lower 
floor walls are made of stone, brick or tiles with soil mortar. The 
ground floor walls on the side of the courtyard were left 
unplastered and the joints were covered with lime mortar [10]. 
 
The average wall thickness is 50-60 cm in traditional houses, 
and it is 10-18 cm in wooden or partially wooden walls. The 
average thickness of inner walls of the houses is 22-28 cm. The 
upper floor walls are always plastered. 
 
In Milas houses the access to the main floor is via the staircase 
with marble steps adjoining the wall of the ground floor. The 
wall thicknesses of the ground floors are at least 50cm [5].  
 
As the result of the study, it is seen that cold, refreshing colors 
like green, blue, turquoise as required by climatic conditions, 
are used in the decoration of Muğla and Milas houses. 
 
It is found that inner walls of eight houses (M2, M4,  M6,  M7,  
M8,  M10, K8 and K9) were covered in white, three (Ml,  M3,  K5) 
in champagne, two (M5, K7) in green, two (M9, K4) in blue, and 
two (K2, K6) in turquoise colored plastic dyes. Two houses (K1, 
K3) have limewashed and one (K10) has gray colored oil-
painted inner walls.  

Floorings 

In old Muğla houses, inter-storey flooring is formed by nailing 
2 cm-thick and 20-25 cm wide wooden planks over wooden 
beams that are 11x11 cm or 7x14 cm, due to half-timber 
structure. In houses without basements, the flooring of the 
lower floors is of slate stones, or simply soil like in most of the 
houses. Courtyards are covered with slate or river stones [5].  
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In old Milas houses, the flooring is mostly provided by wooden 
planks, carpets, rugs, or straw mats [9]. (Fig. 13).  
 

 
Figure 13. The floor view of the house coded K1. 

 
Generally, in floorings of old houses, the gap between two 
wooden slabs grow, and this results in a spoiled appearance 
and difficulty in cleaning. Apart from that, there are problems 
like wearing (cracking etc) of the flooring materials in houses 
devoid of protection (Fig. 13). 
 
Flooring brings a dynamism and vitality appropriate for the 
house’s functional use. Flooring rises a little bit at the entrance 
from sofa to room, and the door and door ceiling are low-set 
here. This part is called “seki altı” (below platform). “Seki altı” 
and wardrobes are taken as a whole. The room’s flooring is 
called “seki üstü” (above platform). This main functional part 
rises from site to site to form couches meeting seating function. 
Remaining floor is adorned with carpets and rugs. “Seki altı” 
and “üstü” are seen in M7 coded house (Fig. 14). 
 

 
Figure 14. “Seki” (platform) view of the house coded M7. 

 

Fireplaces 

In old houses, the 90-100 cm wide and 50-60 cm deep arched 
fireplace in the middle of the wall opposite to the door served 
to heat the room, cook, and heat water etc when needed. There 
are curved stones named hearthstones which are used to prop 
one’s arms in each corner of the fireplace. A portion above the 
fireplace makes a 5 cm protrusion out of the wall. On two sides 
of it, there are 10x10 grooves named “kibritlik” or “göz”. The 
protrusion ends with the small console named “ocak başı” 
(inglenook) 160-170 cm above the ground [5] (Fig. 15). In 
Milas, the marbles of the fireplaces bear Ottoman motifs and are 
made of large-sized stones [5]. 
 

 
Figure 15. The fireplace view of the house coded K2 

 
The fireplace is the only element in the room that disrupts 
uniformity. The rooms with fireplaces are often the most 
frequently used ones. The applications of fireplace in 
traditional Milas houses are shown in Fig. 16. 
 

 
Figure 16. Various fireplaces in traditional houses coded K10, 

K2, K4 and K7 (from left to right). 
 
A striking feature in examined Milas houses is the highlighting 
of fireplaces all along their lengths by their chimneys which 
make a protrusion on the outer façade. Another feature is the 
placement of fireplaces in between window series, but they are 
also seen on the walls without windows, although rarely. 
 
While the fireplaces in some of the investigated houses are still 
in use, some are not although they still exist. The fireplaces of 
some houses are closed as they are not being used. There has 
never been a fireplace in M3 coded house. 
 

Oriels 

Generally, in old houses, oriels were the construction elements 
built to expand the room’s area, provide a view of the street 
with a more appropriate perspective, and provide multi-
directional lighting of rooms [5].  
 
Oriels are seen on traditional Muğla houses’ façades facing the 
street (Fig. 17). They are obtained by the extension of wooden 
flooring beams and are enclosed by half-timber walls. There are 
one or two windows on the front side and one window on each 
side of an oriel. The façade with oriel contains eaves carried by 
bracket supports. Oriels are plastered with special mortars 
prepared with lime and fibers. Oriels are bounded by 10 cm-
wide edges horizontally and vertically [5]. 
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Figure 17. A closed oriel appearance of a Muğla house 

 
Open oriels are in the appearance of a small balcony protruding 
from sofa to street, and enclosed by lattice, in the houses with 
their side façades facing the street. Open oriels allow watching 
the street behind the lattice while sitting in the sofa in warm 
weather [5].  
 

Chimneys 

The roof technique of the Milas houses is the same with that of 
Muğla houses. Chimneys are the most important elements that 
discriminate Muğla and Milas houses. The emergence of Muğla 
chimney is based on old style tiled roofs (Fig. 18). It is suitable 
for Muğla’s abundant rainy and less windy climate [5].  
 

 
Figure 18. A view from the chimneys of Muğla house coded M6  

(drawn by İhsan Küreli). 
 
Milas chimneys are one of the most prominent elements that 
represent and characterize this region’s architecture [10].  
 
Milas chimney is like the model of an ancient Roman tomb [5] 
(Fig. 19). As for Muğla chimney, it is like “the tip of a 
perpendicular cross point screwdriver” with İhsan Küreli’s own 
words (2016) (Fig. 20). 
 

 
Figure 19. The chimney of a Milas house [14]. 

 

 
Figure 20. The chimney of a Muğla house [15]. 

 

2.3 Fine Construction Elements 

Ceilings 

Ceilings are usually simple as much importance was not placed 
on their ornamentations in traditional Muğla houses [5]. 11 of 
the investigated houses have simply decorated ceilings, while 
the rest carry ornamentations in various styles. 
 
Simple ceilings are formed by mounting 20 cm-wide wooden 
boards over 5x5 cm sized cords nailed with approximately 30 
cm intervals underneath the carrier beams supporting the roof. 
The ceiling is then bounded by approximately 10 cm-wide sills. 
Then a frame is formed with one or two wooden boards next to 
sills. The boards are nailed straightly, and the intermediate 
region between two boards is covered using laths with motifs 
[5]. 
 
Ceilings decorated in various styles are found in investigated 
Muğla and Milas houses, besides simple ceilings. A plus (+) 
shaped ornament is placed on the ceiling of M6 coded house 
(Fig. 21). On the ceiling of M7 coded house, a hexagonal 
ornament was carved (Fig. 22). The ceiling of M5 coded house 
is decorated with laths in diamond pattern (Fig. 23). In these 
types of ceilings, the stripes are compatible with the ceiling 
rose. 
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Figure 21. Ceiling decorations of M6 coded house 

 

 
Figure 22. Ceiling decorations of M7 coded house 

 

 
Figure 23. Ceiling decorations of M5 coded house. 

 
Simple ceilings constitute the majority in traditional Milas 
houses. There are Milas houses with carved ornaments in star 
shape (Fig. 24) and on hexagonal boards (Fig. 25), as well as 
houses with simple ceilings similar to those of Muğla houses in 
construction. During the investigation, some of the houses are 
found to possess square and rectangular forms in the core, and 
various geometric patterns formed with laths on the sides.  
Drawings of the ceiling examples from Muğla and Milas houses 
are shown in Fig. 26. 
 

 
Figure 24. Ceiling decorations of K3 coded house 

 

 
Figure 25. Ceiling decorations of K4 coded house 

 

 
Figure 26. Ceiling decorations of traditional Muğla and Milas 

houses. 
 

Wardrobes 

One of the most effective elements in the rooms are wardrobes, 
which have closed and open areas of use. The aim of their 
construction is the storage of everyday items. They acquire 
various names such as “yüklük” (closet), fincanlık (cupboard), 
“peşkirlik” (towel cupboard) depending on their functions. 
Initially they were made in a simple and sloppy fashion as they 
function for storage. However, later on they constituted places 
for display purposes. In this sense, they were adorned with rich 
decorations. Recently, these have turned into nonfunctional, 
for-show elements because of the interest in the use of modern 
wardrobes in wealthy people’s mansions.   
 
Closet and bathing cubicle: 
Closet is a large, 50-60 cm deep, built-in wardrobe including 
“döşeklik” (bedding closet), “gusülhane” (bathing cubicle) and 
“çiçeklik” (flower stead), covering the wall up to the level of 
“tahta başı” or “sergen” (shelf).  “gusülhane” section is usually 
the bathing stead in the parents’ room, protruding 5 cm beyond 
the closet. It has a small door and is away from the room’s 
entrance. “döşeklik” is in the middle of the closet, keeps folded 
mattresses and is placed 70- 80 cm above the ground. The 
lower part is a cupboard with wings for the storage of goods. 
“çiçeklik” at the edge of the closet, looks like a semi-circular 
miniature altar and is used to store various small items [5] (Fig. 
27 and 28). The closet drawings of the old Muğla and Milas 
houses are shown in Fig. 29. 
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Figure 27. The closet of the house coded M7. 

 

 
Figure 28. Another closet of the house coded M7. 

 

 
Figure 29. The closets of traditional Muğla and Milas houses. 

 
The averages of width, height and depth of the closets in 
investigated old houses are 277, 212 and 65 cm respectively. 
There are closets used as bathing cubicles in 12 of the them. The 
old closet of the M10 coded house was removed, and a 
reproduced one was built instead of it (Fig. 30). 
 

 
Figure 30. Reproduced closet of the house coded M10. 

Shelf  “Sergen or Tahtabaşı”: 
Shelf, located at a height of 210-220 cm from the floor, the room 
was empty walls surrounding the whole is flat board-wide 
average of 20 cm from the shelves where they are stored for 
winter food. Supports the view out is folded. While there are 
also exhibitions on Investigational home 7 of them removed for 
various reasons, only 6 of them coded M4 remains the new 
exhibition of the house. This house is the shelf width 21 cm, 
edges rounded. The house is 200 cm above the new bottom 
shelf (Figure 31). 
 

 
Figure 31. The shelf of the house coded M4. 

 
Built-in closet (fireplace cabinet) in alcove: 
A standing out storage area in traditional houses is built-in 
closets in alcoves located on the two sides, or sometimes one 
side of the fireplace. The averages of width, height and depth 
are 72.5, 122, and 25 cm for these. It is detected that there are 
fireplace cabinets in 14 of the investigated houses (Fig. 32). 
 

 
Figure 32. Built-in closet appearance of the house coded K4. 

 

Stairs 

The locations and shapes of the stairs differ depending on the 
location of sofa in old houses. In sofas covering the whole front, 
the staircase is a semi-circular spiral one at the end of the sofa. 
The stairs consist totally of wooden steps, risers and 
balustrades [5] (Fig. 33).  
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Figure 33. Stair view of the house coded K2. 

 
The access to sofa is via a staircase which is on the side in 10 
(Fig. 34), in the middle in 3, outside in 7 of the surveyed houses. 
The access to the upper floor with a side-staircase is achieved 
by approximately 16 steps. The highest number of steps (23) is 
in K2 coded Milas Rıfat Ağa House, whereas the lowest number 
(12) is in M8 coded Muğla house. The average rise is 15-18 cm, 
run is 22-28 cm and stair width is 90-110 cm. 
In three of the investigated houses, the access to the upper floor 
is via a staircase in the middle. Additionally, the first six steps 
of the staircase in M7 coded Muğla house are made of adobe. 
The stairs leading to the basement from the garden are covered 
with semicircular or flat slate stones. The remaining nine steps 
are made of wood (Fig. 34). 
 

 
Figure 34. The staircase view of the house coded M7. 

 
In the houses with a central sofa, the staircase is in between two 
rooms and in the shape of a semi-circular spiral [5]. The stairs 
of M1 coded Muğla house, and K7 and K9 coded Milas houses 
were built in this fashion. In older and simpler houses, the stairs 
are built parallel to sofa and their riser parts are open [5]. An 
example of this is the K5 coded Milas house. The stair types 
belonging to traditional Muğla and Milas houses are shown in 
Fig. 35. 
 

 
Figure 35. The stairs of traditional Muğla and Milas houses. 

The space under the stairs is made of use as “merdiven altı” 
entered through a small door [5] (Fig. 36). 
 

 
Figure 36. The staircase view of the house coded M6. 

 

Doors 

In surveyed old houses outer doors which enable passage from 
the street to the courtyard and inner doors which enable 
passage from sofa to rooms are examined. 
 
Outer Doors 
In traditional Muğla houses; normal, two winged-paneled, 
wicket and, although rarely, kündekari doors seen [5].  
 
Wicket doors: 
Wicket doors provide entry from the street to the courtyard, 
whereas the others connect the courtyard to the interior of the 
house. Wicket doors are 2.30-2.50 m-wide, double winged, with 
an additional smaller door on one of the wings, arched or 
saddle-roofed doors.  The most important feature of wicket 
door is enabling the passage of carriages when the bigger wings 
are open, but disconnecting the street and courtyard after they 
passed. Apart from that, people go in an out through the small 
arched door located on one of the wings. These doors are 70-80 
cm-wide, 140-150 cm-high and the lower boundary is 20 cm 
above the ground [5]. (Fig. 37 and 38). 
 

 
Figure 37. Wicket door appearance. 

 

 
Figure 38. Wicket doors of M2 coded house on the left and 

Municipal Culture House on the right 
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One-wing outer doors: 
There are outer doors in old houses providing entry to house 
from the courtyard or street. These doors vary depending on 
the income level of family as batten, plated rarely “kündekari” 
doors. These doors were constructed with unique techniques 
and generally using pine wood as material. The drawings of the 
outer door examples from investigated Muğla and Milas houses 
are seen in Fig. 39.  
 

 
 

Figure 39. The outer door views of Muğla and Milas houses 
 
The junctions of door casements and walls are covered with 10 
cm-sills. In old doors, forged iron rings mounted around 110-
115 cm above the ground are used (Fig. 40). 

 
Figure 40. The door rings used in traditional houses [8]. 

 
Inner Doors 
Inner doors are shaped based on the families’ financial means. 
Simple batten doors and nearly qualified plated doors are 
encountered in old Muğla and Milas houses studied (Fig. 41). 
Again, it is detected that the inner doors of the examined Milas 
houses are bigger and more elaborate than those of Muğla 
houses. The difference is seen more clearly in wealthy 
individuals’ (ağa) houses (e.g. in Rıfat Ağa House). 
 

 
Figure 41.  The inner door view of the house coded K2. 

 
In the room doors and also in a fixed frame on top of the door 
wings in some of the old houses, there is a part for the 30-35 cm 
frosted glass through which the light coming from sofa can 
reach the room (Fig. 41). In traditional houses, the room’s door 
opens toward the room and the better looking side faces sofa 
[16].  The same situation is also seen in the room doors of 
studied old Muğla and Milas houses (Fig. 42 and 43). 

 
Figure 42.  The inner door view of the house coded K1. 

 
In studied old Muğla and Milas houses, some of the inner doors 
have “kündekari” technique, simple or carved single wings (Fig. 
42 and 43). On the other hand, some are symmetrical double 
winged with a repetition pattern upwards, with solid or glass 
sections on the upper parts, and are all similar as if they were 
produced by the same person  (Fig. 44 and 45). The bad 
appearance at the junction of casement and wall on the outer 
sides of room doors is hidden with 10 cm sills. Example 
drawings are seen in Fig. 46. 
 

 
Figure 43.  The inner door view of the house coded M7. 

 

 
Figure 44.  The inner door view of the house coded K7. 

 

 
Figure 45.  The inner door view of the house coded K3. 
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Figure 46.  The inner doors of traditional Muğla and Milas 

houses. 
 
In old houses, door widths range between an average of 90-100 
cm, and heights range between 190-210 cm in the upper and 
160-190 cm in the lower floors. 
 

2.3.5. Windows 

The main floor is the upper floor in traditional houses. Ground 
floor is usually built devoid of windows, thus the windows are 
concentrated in the upper floor [16] (Fig. 47 and 48).  

 
Figure 47. The window view of the house coded M10. 

 

 
Figure 48. The window view of the house coded K10. 

 
Sash window system is seen in traditional Muğla houses [5]. In 
this system, the upper wing is fixed, while the lower one is 
mobile in vertical direction. The mobile part is moved between 
bars fixed on side frames. The lower wing is opened by turning 
it upwards, and it can be hung up by latches on the side frames 
when it is aligned with the upper wing. For security purposes, 
there are shutters (Fig. 48) or lattice (Fig. 49) outside the 
window. Both sash windows and windows with swiveling 

wings are found in traditional Milas houses. The reasons for 
preferring sash windows are that they do not narrow the room 
when the window wing is open and their windowsills are 
functional as a jardinière, lamp-stead or for hand washing. 

 
Figure 49. The window view of the house coded M3. 

 
In thick-walled houses, the windows are mounted outwardly, 
so that a niche can be generated in the inner part and this 
provides a protection from rainfalls [16]. The situation is the 
same in the examined old houses, but the inner portion is 
generally used as a basin by the help of drainage of water 
through a hose. Appearances and sections of sash windows 
with shutters are shown in Fig. 50. 
 

 
Figure 50. The window applications detected in traditional 

houses. 

3 Conclusion 

Traditional Muğla and Milas houses usually have two storeys, 
the main one being the top storey. The houses have red tile 
roofs and white walls made with a lath and plaster system. The 
houses are usually positioned in a high-walled garden. The 
entrance to the houses is mostly through “hayat” in the garden, 
while the entrance to six of the investigated houses is directly 
from the street. 
 
Oriels are one of the important features of traditional Turkish 
houses, and six of them emanate from the room and two from 
the sofa in Muğla and Milas houses.  The oriels in two of the 
houses have been abandoned in time. Regarding this, it can be 
stated that half of Muğla and Milas houses possess oriels. 
All of the traditional Muğla houses have outer sofa. In Milas 
houses besides outer sofa, there are houses with inner sofa, 
divanhaneli and “L” type mixed sofa. The average sofa areas are 
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25.3 m2 in traditional Muğla houses and 25.4 m2 in Milas 
houses. The average sofa area for both residential centers is 
25.4 m2. It can be stated that sofa areas are standard in Muğla 
and Milas houses. Sofas are often closed with window walls 
overall. The natural lighting rates of sofas are 0.39 in Muğla and 
0.35 in Milas. According to this, it can be stated that sofas 
receive more daylight in Muğla houses. Sofas have been 
converted to living places currently in traditional houses. 
 
The rooms called as “göz” or “hane” in traditional houses, are 
lined in the same direction in Muğla and Milas houses. Oriels 
provide a wider perspective view of the street in addition to 
expanding the rooms. The average usage areas are 17.3 m2 in 
traditional Muğla houses and 18.75 m2 in Milas houses, with an 
average of 18 m2 for both of these centers. There is no 
statistically significant difference between the two, so they are 
equal. The average storey heights are determined as 280 and 
350 cm for the top, and 230 and 290 cm for the bottom floors in 
Muğla and Milas houses respectively, making an average of 315 
cm for the top and 255 cm for the bottom floor when calculated 
for these two centers. 
 
As each room of the traditional houses is built in the way that 
meets the needs of a family, there are some common points in 
constructions and architectural elements forming the rooms.  
 
The ceilings of traditional Muğla and Milas houses are not 
highly ornamented as compared to the general of Turkish 
house. In most of the houses the ceilings are simple. However, 
in some houses, ceilings with star shaped ceiling roses, 
hexagonal ceiling roses with carving in the middle, and 
uniquely adorned ceilings with paneled and appliqued laths are 
found as well as simple ones.  
 
Inability to protect traditional houses for various reasons 
(natural, financial, legal) causes destruction of these types of 
ceilings. The ceilings to be inherited to future generations 
should be protected by eliminating the stated reasons.  
 
The walls of traditional Muğla and Milas houses are built of 
stone with nogging technique. The average outer wall thickness 
of Muğla houses is 55-65 cm, whereas it is 55-70 cm for Milas 
houses, making an average of 60 cm for both centers. It can be 
stated as the result of performed tests that there is a measure-
unity in terms of wall thicknesses of the houses. 
 
It is determined that Muğla and Milas houses have different 
inner wall thicknesses. This is also effective on the depths of 
closets and indoor casements. The average inner wall thickness 
is 22-28 cm for both residential centers. It is seen that the 
residents painted their houses in cold colors (green, blue, 
turquoise and their shades) according to their own personal 
tastes. This might have been required by the climate. 
 
It is found that traditional Muğla and Milas houses are usually 
built with wooden planks of pine or cedar species with widths 
ranging from 5 to 20 cm, and heights ranging from 2.3 to 2.6 cm. 
It can be stated that there is measure-unity in floorings of 
traditional Muğla and Milas houses. In some houses, the 
floorings are elevated beginning from the entrance part of the 
room to prevent the influence of cold air. It is seen that in the 
houses examined, the floorings could not resist against the 
damaging effects of weather and mechanical factors, and have 
shown deteriorations over time. 
 

Being an important element of the living places of families, 
wardrobes function to store everyday items depending on their 
aims of construction. Wardrobes are named as “yüklük” 
(closet), “peşkirlik” (towel cupboard), “fincanlık” (cupboard) 
etc. colloquially according to their functions. “gusülhane” 
(bathing cubicle) in parents’ room is located in the most 
secluded part of the closet. In traditional Muğla and Milas 
houses, the average closet width, height, and depth are 
determined as 348.2, 214.l, and 68.5 cm respectively. It is seen 
there is measure-unity in terms of width and height, in contrast 
to depth. It can be said that this difference in depth results from 
the difference in inner wall thicknesses. It is also seen that there 
are shelves and built-in cupboards for storing various supplies 
and goods in Muğla and Milas houses. 
 
The stairs of traditional Muğla and Milas houses are totally 
made of wood. The average rise is 15-18 cm, run is 22-28 cm 
and stair width is 90-110 cm in the houses of both of these 
centers. As a result of the performed tests, even if there is a 
difference in the mathematical aspect, there is no statistically 
significant difference between the stairs of two houses and this 
leads to the assumption that there is measure-unity. 
 
In traditional Muğla and Milas houses, the outer doors 
providing the passage from the street to courtyard or house are 
paneled, frame constructed, wicket and rarely “kündekari”. For 
the wicket doors, the average width is 230-250 cm, and height 
is 260-290 cm. The average width of the other doors is 140-160 
cm and height is 240-270 cm. Also it is seen that outer doors 
with iron construction are used in traditional Milas houses. As 
there is no statistically significant difference between the outer 
doors of two centers’ houses, it can be inferred that measure-
unity is achieved in the outer doors of Muğla and Milas houses. 
A standard is established in the inner doors of houses as well, 
with the averages of 200-240 cm in height and 90-125 cm in 
width in the houses of both centers. 
 
Sash window system is seen in all of the traditional Muğla 
houses. In Milas houses, it is seen that windows with swiveling 
wings are used. In the windows of houses that display diversity 
in terms of construction technique, the presence of measure-
unity is determined. 
 
Based on these facts; we have to maintain the vitality of Muğla 
and Milas houses, which are our traditional heritage, by 
restoring them in the extent that they may shed light on future 
generations, taking precautions against natural deterioration, 
providing the preservation of supporting structures in the best 
way. Additionally, we must document each traditional house by 
preparing a file which compiles all the related information in 
order to inherit to future generations.   
 
Fine architectural elements characteristic of Muğla and Milas 
houses should be incorporated into the contemporary 
architecture in the region. 

 
Note: This report is prepared out of “The Analysis of Aesthetic 
Elements of Traditional Muğla and Milas Houses” titled M.Sc. 
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Abstract   

Sarıhacılar is a town under the governance of Akseki province in Antalya. This is based on the area's Roman history. Then the village was conquest by the 
Seljuk and people had placed for the safety of Silk Road in Sarıhacılar. They were built traditional buttoned houses in living there. 
Protrude from the front because of the wooden elements “buttoned houses “is named. Extremely simple but also a technical one that is functional and that 
the strengthening of the dry walls built without mortar bonding timbers were based on the method. This structure was the most important reason for the 
scale of resources and the environment Sarıhacılar technical implementation of the geological structure is extremely weak. 
In this study; issue of restoration work and period which has been investigated for the reasons exposed to destruction of the existing structure and 
construction technology buttoned houses were investigated. 
Keywords: Sarıhacılar, bonding timbers, buttoned houses, building and construction technology 
   

 

SARIHACILAR YÖRESİNDE BULANAN DÜĞMELİ EVLERİN YAPI VE YAPIM 
TEKNOLOJİSİ İNCELENMESİ 

Özet   

Sarıhacılar, idari olarak Antalya ilinin Akseki ilçesine bağlı olan bir beldedir. Bu yörenin geçmişi Romalılara dayanmaktadır. Köy daha sonra Selçukluların 
eline geçmektedir ve burayı kervanın güvenliği için Sarıhacılar’a insan yerleştirmiştir. Burada ki insanlar bulundukları yöreye özgü düğmeli evleri 
yapmışlardır. 
Cepheden dışarıya çıkan ahşap elemanlar nedeniyle 'düğmeli ev' adı verilmiştir. Son derece basit ancak bir o kadar da işlevsel olan bir tekniktir ve harçsız 
olarak örülen kuru duvarların ahşap hatıllarla güçlendirilmesi yöntemine dayanır. Bu yapı tekniğinin uygulanmasının en önemli nedeni Sarıhacılar ve 
çevresinin kireç kaynakları açısından son derece zayıf jeolojik yapısıdır. 
Bu çalışmada; konutların restorasyon çalışmaları ve zamanla hangi nedenlerden dolayı tahribata maruz kaldığı araştırılmış olup mevcut düğmeli evlerin 
yapı ve yapım teknoloji incelenmiştir. 
Anahtar Kelimeler: Sarıhacılar, ahşap hatıl, düğmeli ev, yapı ve yapım teknolojisi 
   

 

1 Introduction 

Housing; mankind is the most clear and conscious manner to 
begin production with the Neolithic period; housing, residence 
and not as protection against dangers that may come from the 
outside along with the physical needs of social, cultural and 
emotional fulfill  the needs. The special moments of human life 
from birth to death where there is a material in virtually all 
areas. Housing, spatial projection of society's needs and 
relationship with creator is the technology's architectural 
language has written stories. Therefore, different cultures, 
different needs which constantly changes throughout the earth 
ages different solutions designed to meet the community, 
climate and very different plan from each other in geography, 
type, has emerged housing models in aesthetics and 
appearance. But among all the changes and super-luxury 
residential brick house with the modern era of the New Stone 
Age, although the transformation has a close relationship can 
be easily established [1]. 
When used in appropriate circumstances wood is a durable 
material used for centuries. For example, the laws of the 
Egyptian Pharaoh who 14 centuries before Jesus in 

Tutankhamen’s tomb made of wood no items were found to be 
decompose. The other example is wooden parts of the mosque 
built in the central town of Kastamonu village in 1300 and has 
not degradation until now. However, because of the wood 
material and aesthetic properties of biological structures not 
treated with any protective case from outdoor, the influence of 
the photo degradation and acid rain [2]. 
Sarıhacılar is a village in the District of Akseki, Antalya 
Province, Turkey, The neighborhood's history goes back to the 
Romans. There was no further information about the past. The 
village than seized to the Seljuks. People were settled to 
Sarıhacılar for the safety of the caravan by Seljuks. 
In this study was examined the building and construction 
technologies Button house in Sarıhacılar region and destruction 
of this structure were investigated. 

2 Structure and Construction Technology of Button 
Houses 

Button home in six chapters were examined in terms of building 
and construction technology. 
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2.1 Walls 

In Sarıhacılar buttoned houses, it has shallow stone foundation. 
On the structure sit on the floor structure that is unfounded 
rocky start to built on the rock wall. 
 

 
Figure 1. Structure of wall 

 
The two masters of the wall by two walls during construction 
such as wall and makes filling the bucket helix increases 
apprentice called clippings stone. About half a meter next to a 
wall in the way of the outer and inner surfaces are placed 
wooden beams elements given name and then these beams 
"pişduvan" are connected with the so-called wall notch other 
wood elements. Pişduvan (button) called the timbers was 
allowed to protrude a certain distance from the exterior wall. 
instead of by the width of the walls may vary between 50 to 70 
cm [3]. 

2.2 Flooring 

Volumes on the stony ground floors, barn, and haystack are 
service and service spaces such as warehouses and 
workmanship are less attentive compared to other floors. 
Design as floor coverings and / or compacted soil are used. 
Upstairs floor with wooden beams in the stone walls of wood-
frame system, in line with the short side of the space from wall 
to wall, wooden planks lay on the stone wall at regular intervals. 
More frequently in order, in line with other 'rafter' called trees 
and gravel is placed perpendicular to the joists veneer on top of 
them. 
Load-bearing walls of which are close to each other or in other 
words the floor and in instances where short intervals now 
assumes the task rafter beams and planks on income. 

2.3 Roofs 

Sarıhacılar their homes are mostly in the region of the roof 
gable roof sloping in two directions. In addition to that one way 
to break the roof and pitched roof it is also seen. Wooden roof 
fitting methods are common in the region. Roofs made with this 
method, to be able to withstand the structural elements usually 
cedar (tar) or juniper tree species are used. 
 

 
Figure 2. View of the roof  

 
While the original chip District sheet roofing material of the 
present house was replaced by tiles. Fringes are formed 
according to the condition of the roof. Fringes are usually run 
over 50-60 cm out from the structure of the wall. 

2.4 Overhangs 

Overhangs, is one of the most important elements that make up 
the skyline in the Turkish residential street. Exiting from the 
sights and venues will open to the street, so the top floor would 
be given the opportunity to establish a relationship with the law 
of my street. Leaving the region in general are fundamental 
elements of the facade at home. These overhangs were shaped 
according to the hall's condition. 

 
Figure 3. Laterally of the overhang   

 
Quitting can be divided into two groups, including open and 
closed out. Outdoor terrace overhangs (balcony), have also 
called bounce off the bay. Sarıhacılar in almost all indoor and 
outdoor overhangs are used in traditional housing. Closed out 
in the region 'loggias as' whereas leaving open the naming is 
called 'ayazlık'. Loggias days usually located above and at the 
end of the hall's entrance. Ayazlık are based on the spatial 
organization of articulation hall. 

2.5 Openings 

The position of the push-button opening in the home, the 
number and size; interior function varies depending on the 
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relationship with the external space availability and delivery 
system. 
 
 

 
Figure 4. View of doors and windows of button house 

 
Doors are usually simple and wood. Room doors, single-wing, 
single or double-leaf entrances doors, patio doors are double 
doors are wide. Over the door of the courtyard it was covered 
with gable roof. Wooden doors should process in general. 
Ornaments, host of cultural understanding can vary depending 
on the economic status or beliefs. 
Windows systems are similar in terms of the region and 
homemade decorations. Vertical sliding sash windows 
(guillotine) windows are frequently seen type of window. 
Usually the window of the service places such as stables and 
storage on the ground floor has been kept quite small. The 
upstairs room window winter compared to the other rooms are 
small and few, and bay windows are large and numerous. Social 
life is shaped by climatic conditions such as here will be clear 
and provide a coherent architecture [3]. 
 

2.6 Carrier system 

The carriers involved in the home-button wall architecture 
plays in the body. Wall thickness of the body varies according 
to the size of the house. Usually not less than 50-60 cm thick 
'dry wall' technique is applied without any fee. After about 50-
60 cm stone walls on both sides of the wall built along the wall 
7x7 / 8x8 in 'beams called' wooden slats are extended. The 
beams of the same size 'button' is connected with the so-called 
short slats and continue to search for bowls filled masonry. 
Button until the end of the outer surface of the excluded 10-15 
cm. The remaining parts of the region between the beams is 
called “destur”. The higher the wall, the stepping over the line 
button for the design out from the wall and pier are not 
required. Stone walls in pine and cedar planks from the outside 
(tar) button in the region 'samphire' long service life of the 
structure is achieved by selecting the so-called juniper [4]. 

3 Restoration of Button Houses 

The historical Silk Road, located in Akseki-Antalya, Sarıhacılar 
Village historic buildings over 700 years of history restored and 
feet removed. Seljuk period was established  
to protect the Silk Road. Sarıhacılar village founded by the 
Seljuks Turkmen from Central Asia has been a residential and 
urban Sarıhacılar was declared tertiary protected area in the 
village in 2011. There were prohibited from reinforced 
concrete structure. Antalya Governorship, ÇEKÜL and made 
within the framework of the protocol signed with the village 
association. 2000 was  planned so far initiated under study 14 
also building restoration completed 2 at home to be more 
renovated 12 homes, but continued to work. 
 

 
Figure 5. Restored button house 

 
Because of the wooden supports were used to ensure durability 
Earthquake "Button houses" Do not do the Ottoman-called 
period in Akseki, 300 civil architecture examples are under 
protection. 
 

4 Corruptions 

The color and chemical changes in the material as well as the 
tree is comprised of the physical change. It weakens the cell 
wall degradation ties occurring on the surface, between cells 
and causes the cells inside the macroscopic-microscopic stress 
and cracks. Also by the effect of rain cracks cause further 
erosion. According to a study conducted by coniferous trees the 
amount of erosion was reported to be 6.4 mm to 1 per century 
[5].Accompanied by physical changes in the microscopic 
changes. The anatomical structure of the wood in the outdoor 
conditions induced and the effects of the scanning electron 
microscope (SEM) was investigated in several studies that [6]-
[7].  

 
Figure 6. Completely destroyed the roof and carrier system 

 
In a study conducted with Scotch pine for 100 days it was 
observed that the gate collapsed in samples stored under water 
and light [8]. Other results in the literature, the most recent 
degradation of the middle lamella and other cell wall layer 
represents the most durable of the micro fibrils. Decomposition 
takes place mostly in the 0.05 to 2.5 mm surface. In general, the 
degradation of the gate wall of the evaluation, the passage 
opening of the gate is expanding gradually to limit the room, the 
formation of micro-cracks in the walkway edge and said to 
constitute an edged half of the destroyed gate structure [2]-[9]. 
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Figure 7. Entirely ruined on the point of button house 

 
The wood materials used in outdoor conditions occurring 
discolorations, loss of gloss, surface roughness, crack formation 
and weight loss such modifications have wood to its main 
chemical compounds of cellulose, the structure of 
hemicelluloses and lignin are caused by chemical modifications 
occurring. Hungry air impact quite complex reactions 
containing the directory [6].

 
Figure 8. Wood destruction 

 
Light by its chemical composition to have wood material shows 
absorption property. This feature is a beautiful color to wood 
while gaining unwanted physical events that triggers 
photochemical and photo. The resulting chemical wood surface 
photochemical reactions, observed in breaking the physical and 
mechanical properties. 

 
Figure 9. View of the insect holes 

 
The first rule for the formation of photochemical reaction, first 
light absorbing some components of the system is required. The 
second rule is a molecule can absorb only a fraction of the light 
[5]. Wood is good UV absorbers of the main components of 
lignin that was mentioned earlier. This feature is first broken 
down the lignin in the wood materials exposed to outdoor 
conditions. UV light with degrade lignin washed with rain water 
which is away from the tree material. In hemicelluloses with 
hydrophobic properties it is washed with lignin. The effect of 
UV light on the cellulose weight loss, the amount of α-cellulose 

and DP the degree of reduction is manifested in the form. DP 
value in the first hours and 16 hours after the 600 value less 
than 2000 are reduced to 300 values [10].

 
Figure 10.  Holes made by the insects that damage wood 

 
It is also available insect bore holes in wood have been 
destroyed referring to the above. The diameter when viewed 
from its wooden rodent insect house-horned beetle holes 
(Hylotrupes bajulus) is understood that this insect dried 
softwood damages and eggs, leaving the wood cracks and 
crevices. The eggs develop into larvae within 3 weeks. Larvae 
tunnel opening in one day, they may destroy wood in a distance 
up to their own height. As they approached the maturity period, 
they are approximately 35 mm in length; the damage caused by 
these insects can be enormous. 
 

 
Figure 11. Degraded of wood by Hylotrupes bajulus 

 
Home-horned beetle larvae 3-10, unsuitable conditions, 17 
years after the tunnel opened, the adult insects, leaves the wood 
during the mating season, behind a string of up to 10 mm and 
may in width up to 6 mm characteristic leaves oval flight-hole. 
After mating, leave as many as 200 eggs of an insect. This insect 
Europe, Russia, in South Africa and our country. Wood humidity 
28-30% and that of 28°-30° temperatures lovers. This insect 
dies if reduced to less than 8%. [11]. 

5 Conclusion 

Consisting of outdoor conditions common surface forming the 
complex film in order to prevent changes made paint and 
varnish applications. Dyes particularly provide more effective 
protection against sunlight. However, once it cracked, swollen, 
and they robbed. In this case, the surface must be cleaned and 
repainted otherwise a suitable medium for fungi. life is shorter 
than the paint and varnish applications. Oils, water repellents 
and covering short, deep penetrating paints, dyes and lacquers 
seen in cracking and peeling does not show. 



 
 
 
 

Mehmet Emin ERGÜN, Erhan MUTLU 
IFC 2016 International Furniture Congress 13-15 October 2016 

 

99 
 

If you thought it was indispensable for outdoor use, be treated 
with the use of appropriate building techniques and wood 
preservatives will provide many years of use of the material. 
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Abstract   

In this study, tensile strength of T-type joints constructed of laminated veneer lumber (LVL) were investigated. A total of 120 specimens, two types of joint 
techniques that are glued-doweled and screw joint, and six material types included solid wood and laminated wood prepared from three wood species 
and 10 replication for each group were utilized. Turkish beech (Fagus Orientalis L.), Scotch pine (Pinus Sylvestris Lipsky), and poplar (Populus Nigra) 
were preferred as wood species owing to the widely used in Turkish furniture industry. T-type specimens that are commonly utilized in furniture frames 
were tested under static tension loads. At the end of the tests; the best results were obtained with Turkish beech among the wood species while Scotch pine 
and poplar yielded had similar results. Furthermore, it was obtained that laminated process was increased the strength in the specimens constructed of 
Turkish beech, on the contrary, decreased the strength in the specimens constructed of Scotch pine and poplar. In conclusion, it was said that the laminated 
veneer lumber could be used instead of solid wood material and screw joint that provide many advantage for designers, producers, users, and sellers could 
be used instead of glued-doweled joint in the production of the frame construction furniture. 
Keywords: Veneer lumber, Joints, Furniture frame, 
   

 
 

LAMİNE AHŞAP MALZEMEDEN ÜRETİLEN T-TİPİ BİRLEŞTİRMELERİN ÇEKME 
MUKAVEMETİ 

Özet   

Bu çalışmada, lamine ağaç malzemelerden hazırlanmış T-tipi çerçeve mobilya birleştirmelerinin  çekme direnci araştırılmıştır. Denemelerde, tutkallı-
kavelalı ve tutkalsız-vidalı olmak üzere iki birleştirme tekniği ve üç farklı ağaç türlerinden masif ve lamine edilerek hazırlanan toplam altı malzeme çeşidi 
kullanılmıştır. Ağaç malzeme olarak, Türkiye mobilya endüstrisindeki yaygın kullanımları nedeniyle Doğu kayını (Fagus Orientalis Lipsky), sarıçam (Pinus 
Sylvestris Lipsky) ve kavak (Populus Nigra) odunları tercih edilmiştir. Çerçeve tipi mobilya konstrüksiyonlarında yaygın olarak karşımıza çıkan T-tipi 
deney örnekleri sırasıyla statik yük altında çekme deneylerine tabi tutulmuşlardır. Deneyler sonucunda, ağaç türlerinden Doğu kayını en iyi sonuçları 
verirken, sarıçam ve kavak malzemeler birbirlerine yakın sonuçlar vermiştir. Ayrıca, lamine Doğu kayınında kontrol örneklerine göre mukavemet 
azalması, lamine sarıçam ve kavakta ise kontrol örneklerine göre mukavemet artışı olduğu tespit edilmiştir. Sonuç olarak; çerçeve konstrüksiyonlu 
mobilya üretiminde, lamine ağaç malzemelerin masif malzemelere, tutkalsız-vidalı birleştirmenin de kavelalı birleştirmeye alternatif olarak 
kullanılabileceği, ayrıca tasarımcı, üretici, kullanıcı ve satıcılara teknik, ekonomik ve estetik yönden faydalar sağlayacağı söylenebilir.   
Anahtar Kelimeler: Lamine ahşap malzeme, Birleştirme, Çerçeve mobilyalar 
   

1 Introduction 

LVL (Laminated-Veneer Lumber) has many advantages and 
economic values, which is important for wooden boat 
construction. The recovery of veneer, the main material of LVL, 
are higher than sawn-timber and their drying process are 
faster. LVL produced with a continuous press has been 
approved as an engineered material with reliable strength and 
stiffness [1]. 
 
Laminated Veneer Lumber (LVL) made from plantation grown 
rubber wood was tested for strength and other properties 
following different standards. Results indicate that LVL of 
rubber wood can be compared with teak in many properties 

and also passed adhesion of plies and resistance to 
delamination test. LVL has got strength properties equivalent 
to that of gamari, poon, lakooch, benteak which are used as door 
and window frames, flooring and transport vehicles. Further it 
is resistant against wood rot fungi and comes under ``Resistant 
class'' [2]. 
 
LVL could be utilized instead of solid wood material in different 
areas such as building and furniture constructions because of 
the fact that most strength properties of LVL are at least as good 
as solid wood.  Furthermore, LVL members especially provide 
design flexibility with different forms in the production of the 
frame type furniture [3]. 
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Joints are generally the weakest part of a piece of furniture and 
they are the primary cause of failure [4]. 
 
The members that compose furniture frames are joined at the 
required points with different joint techniques. The strength of 
the joints represents the entire system of the chair frame. The 
joints that are the most critical parts of furniture frames should 
therefore have sufficient strength. To develop a reliable system, 
data on joint strength, stiffness, and the features of the 
mechanical behavior properties should be established properly 
and  taken into concern to improve strength [5]. 
 
Vassiliou and Barboutis (2006) investigated the tension 
strength of the furniture middle joints constructed with 
wooden and plastic biscuits, and concluded the tension 
strength of the permanent joints constructed with plastic 
biscuits was stronger than the corresponding strength of the 
connected boards. Middle joints constructed with wooden 
biscuits glued in slot resulted in greater strength than the 
similar joints constructed with all the plastic biscuits tested [6]. 
 
Barboutis and Melissides (2011) investigated influence of the 
delay of joints assembly, from machining time of the mortise 
and tenon for tension strength of T-type joints and concluded 
that increase of the assembly delay contributes to the decrease 
of the tension strength of the joints. In addition to this, 
durability class of adhesive significantly affected to the T-type 
joints strength [7]. 
 
T-type test specimens is represented top rail to backrest 
connection, back rail to backrest connection and back leg to side 
rail connection on chair frame(Figure 1).  
 

 
Figure 1. T-type connection on chair frame 

 
As seen in Figure 1, when a chair frame under the sitting and 
backrest force, the back leg to side rail and top / back rail to 
backrest joints are exposed to coercive tensile force. The tensile 
strengths of these mentioned joints are very important for the 
strength of whole chair frame.  
 
This study was carried out to investigate tensile strength of T-
type joints constructed of solid wood and laminated veneer 
lumber.  

2 Materials and Methods 

A total of 120 specimens, two types of joint techniques that are 
glued-doweled and screw joint, and six material types included 
solid wood and laminated wood prepared from three wood 
species and 10 replication for each group were prepared.  
 
Turkish beech (Fagus Orientalis L.), Scotch pine (Pinus 
Sylvestris Lipsky), and poplar (Populus Nigra) were preferred 
as wood species owing to the widely used in Turkish furniture 
industry. T-type specimens that are commonly utilized in 
furniture frames were tested under static tension loads. All 
solid wood and veneers were obtained from commercial 
suppliers in Ankara, Turkey. 
 
Table 1 summarizes the mean values and their coefficients of 
variation of moisture content and density of tested specimens. 
 
Table 1. Mean values of moisture content and density of tested 

specimens. 

Material Type 
MC 

 (%) 
COV  
(%) 

Density 
(Oven 
dry) 

(gr/cm3) 

COV  
(%) 

Density 
(Air dry) 
(gr/cm3) 

COV  
(%) 

Solid Turkish 
beech 

7,54 4,59 0,63 5,18 0,65 4,90 

LVL Turkish 
beech 

7,04 4,32 0,65 2,76 0,66 2,87 

Solid Scotch 
pine 

8,49 3,62 0,46 3,09 0,48 3,37 

LVL Scotch pine 8,09 8,99 0,54 2,99 0,56 2,97 
Solid Poplar 6,79 4,00 0,31 12,04 0,33 36,76 
LVL Poplar 6,77 2,33 0,44 3,90 0,45 3,66 

MC: Moisture Content    COV: Coefficient of Variation 
 
According to this result, rate of the specified mean value for 
moisture content was 8%. 
 
 LVL were fabricated according to TS EN 386.  Adhesive at 150-
200 g/m2 was applied on veneer surface.  Eleven layers of 
veneers were laid with their grain oriented in the same 
direction[8]. 
 
Cleanly machined, 35 mm long and 8 mm diameter, multi-
groove beech dowels with no loose or torn surface fibers were 
selected for the dowel joints (Figure 2a, 2b). Depth of 
embedment of the dowel in the rail was 20 mm and 15 mm in 
the post. The distance between the centerlines of the two 
dowels was 26 mm. Dowel-hole clearances were not measured, 
but all dowels fitted snugly in the holes. A liberal amount of 
adhesive was spread over the sides of the holes and all faces of 
the dowels [9]. 
 
The configuration of the specimens prepared with dowel is 
shown in Fig. 2a and 2b. 

 
a. 
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b. 

Figure 2. Member cross-section (a.) and test specimen 
prepared with dowels (b.). 

 
The T-type end-to-side joint specimens are shown in Figure 3. 
Screws were drilled to the center of the thickness of rail 
members. When attaching screws, pilot holes were bored into 
the post side and end of the rail. The pilot holes were equal to 
approximately 80 percent of the root diameter of the screws 
and a 30-mm depth [10]. The depth of the embedment of the 
screws in the rail was 30 mm, and the depth of the first holes in 
the post was 15 mm. The distance between the center lines of 
two screws was 26 mm [11]. 
 
The configuration of the specimens prepared with screw is 
shown in Fig. 3a and 3b. 

 
a. 

 
b. 

Figure 3. Member cross-section (a.) and test specimen 
prepared with dowels (b.). 

 
Loads were applied to the joints as shown in Fig. 4.  

 
Figure 4. Loading form of specimens 

 
All tests were carried out on a 40-kN-capacity universal testing 
machine. The rate of static loading was 1.5 mm/min. 

3 Results and Discussion 

Results of the tensile strength for T-type joints are given in 
Table 2.  
 

Table 2. Mean of Tensile Strength for T-type Joints 
Wood 

Species 
Material 

Type 
Joint 

Techniques 
Mean (N) COV (%) 

Turkish 
beech 

Solid 
Dowel 2188 11,98 
Screw 4394 8,59 

LVL 
Dowel 1617 10,89 
Screw 3659 15,23 

Scotch Pine 
Solid 

Dowel 1460 10,48 
Screw 1926 8,22 

LVL 
Dowel 1189 27,17 
Screw 2392 20,69 

Poplar 
Solid 

Dowel 1240 7,37 
Screw 1564 3,65 

LVL 
Dowel 1162 15,83 
Screw 2378 12,69 

 
Three-way analyses of variances (ANOVA) general linear model 
procedures were performed for tension tests of T-type joints. 
 
ANOVA results indicated that the effect of the all factors were 
statistically significant at the 5% significance level, except for 
the effect of material type. The analyses of variances are given 
in Table 1. 
 

Table 1. Summary of the ANOVA Results 
Source Degree

s of 
Freedo
m 

Sum of 
Squares 

Mean 
Squares 

F Value Prob. 
(Sig) 
p<0.
05 

Wood 
Species 

2 46536481.6
67    

23268240.8
33      

256.163
3    

0.00
00 

Material 
Type 

1 85867.500          85867.500            0.9453 NS 

WS+MT 2 5282195.00
0       

2641097.50
0       

29.0762       0.00
00 

Joint 
Techniqu
es 

1 45670340.8
33     

45670340.8
33     

502.791
2     

0.00
00 

WS+JT 2 11196651.6
67     

5598325.83
3        

61.6328      0.00
00 
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MT+JT 1 1659100.83
3      

1659100.83
3        

18.2653      0.00
00 

WS+MT+
JT 

2 1806791.66
7      

903395.833           9.9456        0.00
01 

Error 108 9810030.00
0      

90833.611   

Total 119 122047459.
167 

   

NS: Not Significant  WS: Wood Species  MT: Material Type  JT: 
Joint Techniques 
 
The least significant difference (LSD) multiple comparison 
procedure was performed at the 5% significance level to 
determine the mean differences in tension loading of T-type 
joints. 
 
Table 2 shows the mean comparisons of the T-type joints 
strength under tension loading for wood species. 
 

Table 2. Mean Comparisons for Wood Species 

Wood Species Force (N) 
(X) (N) HG 

Turkish beech 2978 A 
Scotch pine 1742 B 
Poplar 1586 C 

LSD±133.6N X:Means of Tension Load HG: Homogenous Group 
 
The single LSD value was 133.6 N. According to results, the 
highest values of tensile strength of wood species were taken 
from Turkish beech (2978 N), and the lowest values were taken 
from poplar (1586 N). According to Table 2, Specimens 
constructed of Turkish beech have highest tensile strength. The 
specimens constructed of Turkish beech had approximately 
71% higher capacity than the specimens constructed Scotch 
pine and 88% higher capacity than the specimens constructed 
poplar in bending moment. Scotch pine had approximately 10% 
higher capacity than the specimens constructed poplar. 
 
One of the main factor material type was analyzed meaningless 
statistically. 
 
Table 3 shows the mean comparisons of the T-type joints 
strength under tension loading for joint techniques. 
 

Table 3. Mean Comparisons for Joint Techniques 

Joint Techniques Force (N) 
(X) (N) HG 

Dowel 1485 B 
Screw 2719 A 

LSD±109.1N 
 
The single LSD value was 109.1 N. According to results, the 
highest values of tensile strength of joint techniques were taken 
from screw (2719 N), and the lowest values were taken from 
dowel (1485 N). According to Table 3, Specimens constructed 
of screw have higher tensile strength than those constructed of 
dowel. The specimens constructed of screw had approximately 
83% higher capacity than the specimens constructed dowel in 
tensile strength. 
 
Table 4 shows the mean comparisons of the three-way 
interaction for T-type joints strength under tension loading for 
wood species, material type and joint techniques. 
 

Table 4.Mean Comparisons for Wood Species, Material Type 
and Joint Techniques Interaction 

Wood 
Species 

Material 
Type 

Joint Techniques 
Dowel Screw 
(X) (N) HG (X) (N) HG 

Turkish 
beech 

Solid 2188 CD 4394 A 
LVL 1617 EF 3659 B 

Scotch 
pine 

Solid 1460 FG 1926 DE 
LVL 1189 H 2392 C 

Poplar 
Solid 1240 GH 1564 F 
LVL 1162 H 2378 C 

LSD±267.2N 
According to results, the highest values of tensile strength were 
taken from screwed solid  Turkish beech specimens (4394 N), 
and the lowest values were taken from doweled LVL Scotch 
pine and  Poplar (1189 N, 1162N). This two values are 
meaningless statistically. These results are given graphically in 
Figure 5. 
 

 
Figure 5. Comparison of the tensile strength of T-type joints 

 
According to the Fig. 5, samples prepared with screw gave 
better results than samples prepared with dowel. Better results 
were obtained samples prepared with solid Turkish beech for 
both joint techniques. 

4 Conclusion 

This study provides furniture frame manufacturers with useful 
information concerning the effects of joint construction factors, 
such as the wood species and material type (solid wood and 
LVL) on the tensile strength of T-type joints under static 
loadings. At the end of the study, the following conclusions were 
obtained: 
  

1. Specimens constructed of Turkish beech had higher 
tensile strength than those constructed of Scotch pine 
and poplar.  

2. Specimens constructed of screw had higher tensile 
strength than those constructed of dowel. 

3. LVL and solid samples gave similar results for tensile 
strength of T-type joints. The results of tensile 
strength for LVL and solid wood were statistically 
meaningless.  

 
In conclusion, it can be said that LVL could be utilized as an 
alternative wooden material instead of solid wood in terms of 
technical, economic and esthetic aspects. Especially, LVL can be 
used for manufacturing the curved members of the frame 
construction furniture. 
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Abstract   
This study was designed to develop an environmentally friendly wood stain derived . The tea plant extract is obtained in compliance with ISO 1574 -TS 
1563 and impregnated in compliance with ASTM D 1413-76.   For this purpose, developed the tea dye as  surface coating material and  double component 
waterborne varnish were applied on the wood surfaces such as pine (Pinus silvestris L.), beech (Fagus orientalis L.) bending strength-elastic modules 
changes values are calculated. 
According to experimental results, the highest value of bending strength change tea dye + AlSO4+water based varnish (79.61 N/mm2) pine  wood is obtained, 

at least the value of bending strength change control sample (68.23  N/mm2)  was pine  wood; the highest value of bending strength change tea dye + 
AlSO4+water based varnish (85.96 N/mm2) bech   wood is  obtained, at least the value of bending strength change control sample (80.71  N/mm2)  beech  
wood.The highest value of Modulus of elasticity change tea dye + AlSO4+water based varnish (15922 N/mm2) beech  wood is obtained, at least the value of 
modulus of elasticity change control sample (11057  N/mm2) beech  wood;  The highest value of Modulus of elasticity change tea dye  (9762 N/mm2) pine  
wood is obtained, at least the value of modulus of elasticity change control sample (8215  N/mm2)pine   wood. 

 
Keywords: Natural dye, furniture ındustry, bending strength 

   
 

 BİTKİ EKSTRAKTLARINDAN (ÇAY) ELDE EDİLEN DOĞAL BOYANIN BAZI 
ODUN TÜRLERİNDE EĞİLME DİRENCİ-ELASTİKLİK MODÜLÜNE ETKİSİ 

Özet   
Bu çalışmada, ahşap ürünlerin boyanmasında kullanılabilecek, çevre ve insan sağlığına zararsız doğal boyaların geliştirilmesi amaçlanmıştır. Çay bitki 
ekstraktı ISO 1574 -TS 1563 standartlarına göre elde edilmiş olup, ASTM D 1413-76 (1976) standardına göre emprenye işlemi gerçekleştirilmiştir. Bu 
maksatla, sarıçam (Pinus sylvestris L.), kayın (Fagus orientalis L.) odunu yüzeylerine, üst yüzey malzemesi olarak geliştirilen çay boyası ve su bazlı vernik 
uygulanmıştır. Eğilme direnci ve elastiklik modülünde meydana gelen değişim değerleri hesaplanmıştır.  
Deney sonuçlarına göre; en yüksek eğilme direnci değeri çay boyası+AlSO4+su bazlı vernikte (79.61 N/mm2) sarıçam odunu uygulamasında elde edilirken, 
en düşük eğilme direnci değeri kontrol örneğinde (68.23 N/mm2) sarıçam odunu uygulamasında gerçekleşmiştir. En yüksek eğilme direnci değeri çay boyası 
+ AlSO4+su bazlı vernikte (85.96 N/mm2)kayın odunu uygulamasında elde edilirken, en düşük eğilme direnci değeri kontrol örneğinde (80.71 N/mm2)kayın 
odunu uygulamasında gerçekleşmiştir. En yüksek elastikiyet modülü değeri çay boyası+AlSO4+su bazlı vernikte (15922 N/mm2), kayın odununda elde 
edilirken, en düşük elastikiyet modülü kontrol örneği kayın odununda (11057  N/mm2)elde edilmiştir. 

 
Anahtar Kelimeler:  Doğal boya, mobilya endüstrisi, eğilme direnci. 

   
 

 

1 Introduction 

Unlike conventional  latex paints (even the "environmentally-
friendly," zero-VOC versions), natural paints are 
biodegradable and free of petrochemical 
ingredients.  Conventional paints, which contain a variety of 
toxins that must be carefully disposed of to prevent 
environmental contamination.   Natural paints are made with 
a limited number of minimally processed ingredients and are 
biodegradable.  Natural paints are paints that are made with 
raw ingredients such as clay, chalk, marble, and earth and 
mineral pigments and that are not produced with 

petrochemical (oil-derived) or synthetic ingredients.  There 
are many different kinds of natural paints, which include lime 
paint, casein (milk) paint, clay paint, and distemper paints 
(like Unearthed Plant Glue Paint).    Natural paint relies on the 
inherent qualities of natural ingredients that can be used as 
binders (such as casein, a protein glue), fillers (such as marble, 
which provides opacity and whiteness), and pigments  
(such as earth pigments that derive natural color from their 
mineral content). A variety of different unique natural paint 
types exist, and include clay paint, milk paint, and lime paint. 
Most natural paints, including the entire line of paints by 
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Unearthed Paints, are 100% zero-VOC and safe to use while 
pregnant  [1]. 
 
Due to furniture and decoration, wooden materials and wood 
composites have become the mostly used semi-finished 
products and unless they are coated with a protective coating, 
their lifetime is fairly short. Dyes/varnishes are commonly 
used in furniture and decoration elements manufactured with 
wooden materials in order to prepare a protective coating 
[2,3]. Environmental pressures and restrictions imposed 
against wood preservative materials that are commonly used, 
due to the poisonous components have made the use and 
development of environment friendly materials mandatory 
[4].  The Turkish tea, which has one of the highest quality levels 
among different teas manufactured worldwide, has also 
become a strategic product for the national economy. The tea 
factories established in the Black Sea region manufacture 
around 40.000 tons of waste tea products each year [5,6].  As 
the human and environmental health awareness come even 
more to the fore, states started introducing new protective 
standards, therefore they are also demanded by the society as 
significant alternatives to natural colorants, synthetic based 
and harmful dyes .The study has determined the bending 
strength properties provided that an extract has been 
obtained from tea, which is a natural product, the procurement 
and development of natural and water based wood 

preservatives (dye) and colorants that do not harm 
environmental and human health and in order to attain long-
term aesthetic-preservative properties by conducting various 
experiments. 
 

2 Material and Method 

2.1 Material 
 
Wood Materials 

Scotch pine (Pinus sylvestris L.), which is among the common 
species in our country and is commonly used within the 
furniture-construction industry and oriental beech (Fagus 
orientalis Lipsky) woods have been used [7].   
 
Waste Tea and Varnish 

Waste teas have been procured from Rize (Fındıklı) tea 
factory. According  by ISO 1573/TS 1562 standard, the waste 
tea sample has not undergone any chemical processes and the 
samples procured were particularly selected among those that 
were not affected by harmful factors such as mold, fungus etc. 
(biotic-abiotic-humidity) [8].  During the trials, water solvent-
borne wood varnish has been used and ASTM D 3023 
principles have been followed. The properties of the varnish 
are provided in Table 1 below [9].   

Table 1. Water Solvent (Borne) Varnish 

Solvent Temperature pH Density  
Viscosity 

(DIN Cup4mm) 

Solid Material  

(%) 

Applied Amount 

(g/m2) 

Pure water   23 oC 8.5 1.020 18 34 67 

 
2.2.Method 
 
Preparation of the Tea Extract 

The sample amount envisaged in the experiment has been 
heated for an hour with a temperature below boiling point, in 
a condenser apparatus by putting it inside a 200 ml hot 
demineralized water or an equivalent water of at least the 
same level of purity and by mixing it at certain intervals, then 
after it has been filtered in the presence of a vacuum within a 
porous capsule that has been previously prepared, the process 
continued with the washing of the balloon with demineralized 
water a few times so that there aren’t any traces of the sample 
left and the part that has not been dissolved was put back into 
the porous capsule. Finally, the residue was washed with 200 
ml of hot demineralized water and after the water left in the 
residue was discharged with a pump or another device that 
would fulfil the suction requirements, the porous capsule and 
its contents were dried in a drying oven at 103oC by keeping 
them in the oven for 16 hours, followed by their cooling off in 
the desiccator and the weighing was done with 0.001 g 
sensitivity [10,11,12,8]. 
 
Extract Dye Application (Impregnated) 

The tea extract dye that has been prepared was subjected to 
impregnation beyond the classical brushing application in 
order to measure the penetration depth on wood, to ensure 
long-term sustainability and to determine the adherence 
amount. The impregnation process was realized under the 
conditions specified within ASTM–D 1413-76  [13].     
 

Preparation of Experiment Samples 
 
According by TS 2474/2478 standards, the samples in the air-
dried moistness were cut as roughcast with dimensions 
300×20×20 mm and they were kept in the air conditioning unit 
at a temperature of 20±2 oC and relative humidity 50±5% until 
they reached fixed weight [14,15]. 
      

Varnish Application 

 During the varnishing of the samples, ASTM D 3023-3924  
principles and manufacturer company suggestions were 
followed. In order to ensure that the varnish layers applied to 
the experiment samples are completely dried, they were 
waited under the laboratory conditions with 20±2°C 
temperature and  65±3 % relative humidity for three weeks 
[16,17]. 

Bending strength 

Bending resistance tests were performed according to TS 
2474/2478 basis. Examples of 20x20x360 mm were prepared. 
Examples sanded; air-conditioning cabinet at 20 ± 2 ° C 
temperature and 65 ± 5% relative humidity by keeping the 
moisture is provided to be approximately 12%. Experiments 
have been made for all samples air dried before and ± 0.01 mm 
precision with which a digital caliper example of the radial 
width of the tangential direction of the width and height by 
taking the height was measured [14,15]. 
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3 Results And Discussion 

Tea Extract  (Solvent) Characteristics 

The properties of the solvent are provided in Table 2.

 
Table 2 . Tea Extract  (Solvent) Characteristics 

 
Tea Extract  

Concentration(%) 
Solvent 

Substance 
pH Density (gr/ml) Temperature ºC 

EÖ ES EÖ ES EÖ ES 

15% Pure Water 5.32 5.3 0.997 0.996 23 ºC 23 ºC 

      EÖ: Before Impregnation,   ES: After Impregnation  

Tea plan extract has been used as an impregnation substance and due to the properties of the solvent as it has been used as a fresh 
solvent, there had not been significant changes in the pH and density values measured before and after impregnation. As the solvent’s 
pH is acidic, the possibilities of acidic solvents causing a change in the resistance of the wood should be taken into consideration.  

Retention % Rate  

The Simple Variation Analysis (SVA) results related to the retention values are provided in Table 3 and the Dunan test results related 

to these are presented in Table 4. 

 
Table 3. Retention Rates (%) 

Retention Rates (%) 

Type of Wood Ave. St. Sp. HG 

Scotch pine 5.61 3.33 B 

Oriental Beech 6.75 5.73 A 

LSD ±4.251 

 
 

Table 4. %  Simple Variance Analysis Results In Relation to % Retention Rates 
 

Source of 
Variance  

Sum of 
Squares 

Degree of 
Freedom 

Average 
Squares 

F value Level of Significance (P<0.05) 

Intra groups 244.763 5 48.953 2.432 0.041*** 

Intergroup 1690.448 84 20.124   

Total  1935.211 89    

   ***: 0.05 significance level  Ave: Average      St. Sp.: Standard Deviation  HG : Homogeneity Group  leaved 

 

When Table 3 and 4 are examined; the highest % retention rate 
was observed in oriental beech (% 6.75), while the lowest was 
observed for scotchpine (% 5.61); and a statistically significant 
difference was found between the different tree species at 0.05 
significance level in terms of % retention rates. 

Peker  et al. [18] carried out a study where they impregnated 
the oriental beech and the scotch pine wood with boron 
compounds, ammonium compounds, phosphorus compounds 
and organic solvent substances, they have determined the 
retention values for the oriental beech wood experiment 
samples that were impregnated with (borax+boric acid) 
mixture as 10.57 kg/m3, while this was 41.64 kg/m3 for scotch 
pine experiment samples;  for the beech % retention rate was 
% 2.11, for the scotch pine they have reported this value as  % 
1.60. Toker [19] determined that the highest retention rate in 

the oriental beech wood were attained in those samples that 
were processed with % 6 SP and in those calabrian pine wood 
samples that were processed with % 6 BX.  Atılgan et al. [20] 
reported that the highest % high retention value was observed 
in oriental beech wood with ammonium tetra flu borate (% 
3.91), and the lowest in oriental beech wood was observed in 
%6 cement mixture (% 0.19). 

 

Bending Strength  and Modulus of elasticity 

 

Bending strength  and modulus of elasticity values are 

presented in Tables 5 and 6 is presented.   
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Table 5. Simple Variance Analysis (SVA) Results Related to Bending Strength  Value 
 

Wood 
Type 

Tea Extract Dye and Variations 
Average 
(N/mm2) 

Standard 
Deviation 

HG 

SCOTCH 
PINE 

Control 68.23 0.54 F 

Tea Extract Dye 71.90 12.41 E 

Tea  Extract Dye + Aluminium sulphate + Waterborne 
Varnish 79.61 6.48 D 

BEECH 

Control 80.71 6.79 C 

Tea Extract Dye 82.45 5.89 B 

Tea  Extract Dye + Aluminium sulphate + Waterborne 
Varnish 85.96 4.446 A 

   HG : Homogeneous groups   Aluminium sulphate (Alum) AL2(SO4)3(16,42-14,33)H2O 

 

Table 6. Simple Variance Analysis (SVA) Results Related to Modulus of Elasticity Value 
 

Wood 
Type 

Tea Extract Dye and Variations 
Average 
(N/mm2) 

Standard 
Deviation 

HG 

SCOTCH 
PINE 

Control 8215 1.23 E 

Tea Extract Dye 9762 6.46 D 

Tea  Extract Dye + Aluminium sulphate + 
Waterborne Varnish 9222 6.37 D 

BEECH 

Control 
11057 

 
6.79 

C 

Tea Extract Dye 
12132 

 
5.89 

B 

Tea  Extract Dye + Aluminium sulphate + 
Waterborne Varnish 15922 7.87 A 

   HG : Homogeneous groups   Aluminium sulphate (Alum) AL2(SO4)3(16,42-14,33)H2O 

 
Experimental results, the highest value of bending strength 
change tea dye + AlSO4+water based varnish (79.61 N/mm2) 
pine  wood is obtained, at least the value of bending strength 
change control sample (68.23  N/mm2)  was pine  wood; the 
highest value of bending strength change tea dye + 
AlSO4+water based varnish (85.96 N/mm2) bech   wood is  
obtained, at least the value of bending strength change control 
sample (80.71  N/mm2)  beech  wood. The highest value of 
Modulus of elasticity change tea dye + AlSO4+water based 
varnish (15922 N/mm2) beech  wood is obtained, at least the 
value of modulus of elasticity change control sample (11057  
N/mm2) beech  wood;  The highest value of Modulus of 
elasticity change tea dye  (9762 N/mm2) pine  wood is 
obtained, at least the value of modulus of elasticity change 
control sample (8215  N/mm2)pine   wood. 
 

4 Conclusions 

The dye extract obtained from tea and tea wastes have given 
positive results in terms of their retention on wood within the 
water based systems. Both the impregnation application and 
the brush-gun applications to the surface can be easily used for 
tea dye extracts. Particularly the furniture for outside 
mediums (garden, city etc.), the impregnation application and 
again with the water based varnish systems secondary 
applications have also given positive results. In terms of 
human and environmental health, the dye acquired is the most 

ideal and due to its natural structure, it can be used in any field 
comfortably. 
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Abstract   

Heat treatment applications in wood, is one of the protective methods applied for the modification of wood and wood based materials. Therefore, this 
method affects the quality properties of the material. In this study, Oriental beech wood samples were heat-treated with different temperatures and times, 
and the changes in the surface, color properties were determined. Heat treatment was carried out at three different temperatures (140 oC, 180 oC, 200 oC) 
and for three different times (3 hour, 6 hour, 9 hour). The results obtained were compared with control samples. According to the results color and surface 
roughness parameters values of beech wood samples changed  depend on increasing treatment temperature and treatment duration. After heat treatment, 
surface roughness improved and color change increased.  
Keywords: Heat treatment, Oriental beech,  Surface properties, Color properties 
   

 

ISIL İŞLEME UĞRATILMIŞ DOĞU KAYINI (FAGUS ORIENTALIS LIPSKY.) 
ODUNUNUN YÜZEY, RENK ÖZELLİKLERİNDEKİ DEĞİŞİMLER 

 
Özet   

Odunda ısıl işlem uygulamaları, odun ve odun esaslı malzemelerin modifikasyonu için uygulanan koruyucu yöntemlerden biridir. Dolayısıyla bu yöntem 
malzemenin kalite özelliklerini etkilemektedir. Bu çalışmada, Doğu kayını odunu örnekleri farklı sıcaklık ve sürelerde ısıl işleme uğratılmış ve bu ısıl işlemli 
örneklerin yüzey ve renk özelliklerindeki değişimler belirlenmiştir. Isıl işlem, üç farklı sıcaklıkta (140 oC, 180 oC, 200 oC) ve sürede (3, 6, 9 saat) 
gerçekleştirilmiştir. Elde edilen sonuçlar, kontrol örnekleri ile karşılaştırılmıştır. Buna göre; ısıl işlem sıcaklığı ve süresinin artmasına bağlı olarak Doğu 
kayını odununun yüzey pürüzlülük ve renk değerlerinin değişiklik gösterdiği belirlenmiştir. Isıl işlem sonrası yüzey pürüzlülüğü iyileşmiş ve renk değişimi 
artmıştır. 
Anahtar Kelimeler: Isıl işlem, Doğu kayını, Yüzey özellikleri, Renk özellikleri  
   

 

1 Introduction 

Mankind has used wood for millennium due to its attractive 
material properties. Although wood sustains to be used for 
many utilizations, it also takes a number of disadvantages. 
Wood modification is a means of changing the material to 
overpower or improve one or more its disadvantages [1]. The 
different wood modification methods as chemical modification, 
thermal modification, surface modification, and impregnation 
modification have been classified by Hill [1]. The thermal 
modification of wood has long been known as a possibly 
advantageous method to improve the dimensional stabilization 
of wood and enhance its decay resistance [1]. The historical 
development of the thermal modification of wood has 
particularly reviewed by Hill [1], and Esteves and Pereira [2]. 
The most comprehensive research was carried out by VTT in 
Finland [3]. 
Thermal modification is constantly carry out between 
temperatures of 180 °C and 260 °C, at temperatures lower than 

140 °C result in only slight changes in material properties and 
higher temperatures result in undesirable degradation to the 
material [1]. Without adding outside chemicals/biocides to the 
wood the certain mechanical properties are reduced by thermal 
modification although the dimensional stability and the 
biological resistance of wood is increased [4, 5]. Many studies 
have been conducted on effect of heat treatment on various 
wood properties. Some studies [6], [7], [8] showed that density 
decreased and dimensional stability increased with increasing 
temperature and duration. Other studies [6], [7], [9]-[16] were 
reported that mechanical properties of heat-treated wood 
decreased with increasing temperature and duration. 
  
Esteves and Pereira [2] stated that color is a very significant 
wood characteristic for the final consumer. Color is also 
important from aspects of aesthetic and hedonic concepts. Heat 
treatment for wood can prefer as an inexpensive alternative 
method in order to get dark wood to imitate more expensive 
exotic wood species [17]. Several authors [8], [9], [18] reported 
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that the wood samples become darker with increasing 
treatment temperature and duration.  
 
Surface roughness of wood and wood products has a significant 
role for the finishing process [17]. Surface roughness 
researches in the wood processing industry have increased due 
to its effect for final products quality. The surface of every 
material consists some irregularities such as miniature hills 
and valleys. Therefore, the distributions of these hills and 
valleys affect surface roughness properties [19]. Many studies 
have been carried out the surface roughness properties of heat 
treated wood and wood products [17], [19] - [22].  
 
In this study we investigated the color changes and surface 
properties of heat-treated Oriental beech wood naturally 
grown in Turkey and one of the most common wood species 
used in forest product industry. 
 

2 Material and Methods 

 
Sample trees used for this study were harvested from pure 
beech forest in Turkey. Specimens were cut from the air-dried 
sapwood of Oriental beech lumber. All wood specimens were 
conditioned in the conditioning room at 20 °C and 65% relative 
humidity before treatment. Heat treatment process applied at 
three temperatures and three durations in a laboratory oven. 
Experimental parameters are given in Table 1. 
 

Table 1. Experimental parameters 
   Temperature 

(oC) 
    Duration 

(h) 
140 3, 6, 9 
180 3, 6, 9 
200 3, 6, 9 

Control - 
 
2.1   Color Measurements 
 

The color measurements of heat treated wood and control 
wood samples were carried out in tangential surface using 
Minolta CM-2600d spectrophotometer according to the CIE 
L*a*b*system. Color measurement was performed in the 
middle part of samples. Ten measurements were recorded. 
Total color difference (ΔE*) was determined for these samples. 
Control sample was taken as a reference value for this 
measurements.  
 
 
2.2  Surface Roughness Measurements 
 

Surface roughness measurements of heat treated beech wood 
and control wood samples were carried out using  Mitutoyo SJ-
301 instrument with a sensitivity of 0.5 µm according to DIN 
4768 [23] standard. Three parameters; average roughness (Ra), 
mean peak-to-valley height (Rz), maximum roughness (Ry) 
were measured to evaluate for surface roughness of beech 
wood samples. Ten measurements were recorded at the same 
points on the tangential surface of the each sample. 

 

3 Results 

 
3.1  Color measurements 
 

The total color difference (ΔE*) values of heat treated beech 
wood are given in Figure 1. 
 

 
Figure 1. ΔE*  values of wood samples 

 
3.2  Surface roughness measurements 

 
The changes on the surface rougness parameters (Ra, Ry, Rz) of 
heat treated wood samples and control wood samples are 
represented in Figure 2, Figure 3, and Figure 4. 

 
Figure 2. Ra values of wood samples 

 

 

 
Figure 3. Ry values of wood samples 
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Figure 4. Rz values of wood samples 

 
 

4 Discussion 

 
4. 1  Color measurements 

 
Figure 1 shows that total color difference values of wood 
samples increased with increasing heat treatment temperature 
and duration. Especially, the highest ΔE* value (22.7) obtained 
from samples heat treated at 2000C for 9 h. The samples heat 
treated at 200°C for 9 h were found to be darker than the other 
samples heat treated at other temperatures and durations. It is 
known that the heat treatment cause to change in the color of 
wood at the elevated temperature and its color turn dark [24]. 
The lowest ΔE* value (4.09) was found for the samples heat 
treated at 140 °C for 3 h. As visually comparisons, it was also 
seen that after heat treatment, the treated samples started to 
lose their light color and became darker than control samples 
with increasing temperature and duration. The color changes of 
wood are mainly due to the some photochemical reactions 
occurring in lignin [21]. As a result of complex chemical 
degredation of lignin and extractives during heat exposure, 
wood color starts to change. Hemicelluloses also can contribute 
to color change for wood [17]. 
 
 

4.2 Surface roughness measurements 
 
Test results of the samples are shown in Figure 2,  Figure 3, and 
Figure 4. The lowest values for all Ra, Ry, Rz of heat treated wood 
samples were recorded at the 200 oC for 9 h. Similar trend was 
observed for all surface roughness parameters. It was found 
that Ra values reduced depend on increasing treatment 
temperature and duration. While the highest Ra value obtained 
from control wood samples, the lowest Ra value (2.98) obtained 
from heat treated wood samples at 200 oC for 9 h. Similarly, the 
results indicated that Ry and Rz values changed depending heat 
treatment parameters. Ry and Rz values decreased with 
increasing treatment temperature and duration. The highest 
Ry, and Rz values were determined from control wood samples. 
The lowest Ry (29.61), and Rz (25.53) values were determined 
from the heat treated wood samples at 200 oC for 9h. According 
to results it was found that heat treatment improved the surface 
roughness of beech wood. Furthermore, it was found that 
surface of heat treated wood samples became smoother than 
surface of control wood samples with increasing temperature 
and duration. It is thought that the reason of the decrease in 

surface roughness and getting smoother surfaces could 
possibly be related to the changes of cell wall components [21]. 
 
There are several studies reported heat treatment improve the 
surface quality of different wood samples. For example, Korkut 
and Guller [25] reported that surface roughness of heat treated 
Red-bud maple wood at three different temperatures and three 
times decreased with increasing temperature treatment and 
treatment times. Korkut et al. [17] reported that surface quality 
of the wild cherry wood, which was exposed to heat treatment 
using temperature of 212 °C for 1.5 and 2.5 hours, improve 
apparently as a result of heat treatment. Aytin and Korkut [26] 
also found that swelling and surface roughness of common 
alder and wych elm woods decreased with increasing 
treatment temperatures (180 and 200 °C) and treatment times 
(2 and 4h).  
 
 

5 Conclusion 

 
In conclusion, it was found that surface roughness values of 
beech wood samples improved with increasing heat treatment 
temperature and heat treatment duration. Smooth surfaces 
were obtained from heat treated beech wood. All values of 
surface roughness parameters were found lower than control 
values. Especially, the application of heat treatment at 200 oC, 
for 9 h gave better results on the surface properties of beech 
wood samples.  
Furthermore, it was found that color difference (ΔE*) values of 
heat treated wood samples increased depend on increasing 
heat treatment temperature and duration. At the end of heat 
treatment, the color of all samples changed. Especially, heat 
treated wood samples at 200 oC were found darker than the 
other samples. 
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Abstract   

In this study, it was investigated withdrawal force capacity of T-type joints constructed with heat-treated Siberian pine (Pinus sibirica), Iroko 
(Chlorophora excelsa) and Common ash (Fraxinus excelsior) that are most used wood species in outdoor furniture. 120 test specimens that consist of 
3 types of wood species, 2 types of heat treatment, 2 adhesive types and 2 joint types, were prepared. 60 of specimens constructed with heat-treated 
wood materials, the other were control specimens that constructed with untreated wood materials. Results were evaluated by Multiple variance 
analysis (MONOVA) and Least Significant Difference (LSD) test was used to determine if there was a meaningful difference among the groups. 
According to the results, Ash was given highest value as wood species, heat-treated wood strength was decreased by 25% as compared to untreated 
wood (control) specimens, the best strength obtained from polyurethane adhesive and mortise and tenon joints was given the highest strength value. 
Briefly, the highest strength was obtained from Iroko – Control – Polyurethane - Mortise and Tenon joint combination. 
Keywords: Wood, Heat treatment, T-type joint, Withdrawal force capacity 
   

 

ISILİŞLEM GÖRMÜŞ ÇEŞİTLİ AĞAÇ MALZEMELERDEN ELDE EDİLEN T-TİPİ 
BİRLEŞTİMELERİN YÜK ÇEKME KAPASİTESİ 

Özet   

Bu çalışmada, ısıl işlem görmüş ağaç malzemelerden elde edilen T-tipi birleştirmelerin çekme kapasiteleri araştırılmıştır. Bu amaç doğrultusunda dış 
mekan mobilyalarında en yaygın olarak kullanılan ağaç türlerinden olan ışıl işlem görmüş Sibirya çamı (Pinus sibirica), İroko (Chlorophora excelsa) 
ve Dişbudak (Fraxinus excelsior) çalışmada kullanılan ağaç türü olarak belirlenmiştir. Çalışmanın deneme deseni 3 ağaç türü X 2 ısıl işlem türü X 2 
tutkal türü X 2 birleştirme tipi X 5 tekrar faktörünün oluşturduğu 120 test örneğinden oluşmaktadır. 60 adet ısıl işlem görmüş, 60 adet ısıl işlem 
görmeyen kontrol numunelerinden oluşmaktadır. Test sonuçları çoklu varyans analizine (MONOVA) göre değerlendirilmiş ve anlamlı çıkan sonuçlara 
LSD testi uygulanmıştır. Sonuçlara göre, Dişbudak en yüksek değeri veren ağaç malzeme olarak tespit edilmiş olup, ısıl işlem görmüş ağaç 
malzemelerin ısıl işlem görmeyen control numunelerine göre %25 mukavemet kaybettiği gözlenmiştir. Ayrıca tutkal faktöründe poliüretan tutkalı 
ve birleştirme tipi faktöründe zıvanalı birleştirme en iyi sonuçları vermiştir. Dörtlü etkileşime göre yapılan değerlendirmede en iyi sonuç İroko-
Kontrol-Poliüretan-Zıvana kombinasyonundan elde edilmiştir.   
Anahtar Kelimeler: Ağaç malzeme, Isıl işlem, T-tipi birleştirme, Çekme kapasitesi 
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1 Introduction 

Heat treatment of wood is a kind of the modification methods 
to improve the dimensional stability and biodurability of wood 
material [1]. Heat-treated wood has a growing market in indoor 
and outdoor applications, like exterior cladding, window and 
door joinery, garden furniture, decking and indoor applications 
such as flooring, paneling, kitchen furnishing, and interiors of 
bathrooms and saunas [2]. 

Mortise and tenon joints have been used for thousands of years 
by woodworkers around the world to join pieces of wooden 
members, mainly when the adjoining pieces connect at an angle 
of 90°. They are still favored for furniture frame constructions. 
There are many factors that affect the mechanical performance 
of mortise and tenon joints, including the tenon size (length, 
width, and thickness), type of fit, shape of the plug and hole, 
thickness of the glue line, wood species, and adhesives used [3], 
[4], [5].  

Previous studies have defined several factors that affect the 
strength of mortise and tenon joints. The study carried out by 
Tankut and Tankut [6] was undertaken to obtain the strength 
of round tenon/round mortise, rectangular tenon/rectangular 
mortise, and rectangular tenon/round mortise joints 
assembled under the same conditions, with different end 
configurations. The results of the study showed that 
rectangular-end mortise and tenons were approximately 15% 
stronger than both round-end mortise and tenons, and 
rectangular-end tenons fitting into round-end mortise joints. 
The results also indicated that if tenon width or length 
increased, the strength of the joint correspondingly improved. 
A predictive expression was developed for rectangular mortise 
and tenon joints that takes into account Wood Species, adhesive 
type, and joint geometry, specifically, tenon width, tenon 
shoulder width, and tenon length [7]. 

It is believed that the most useful way to increase utilization of 
heat-treated timber in the area of furniture products is to 
expand the knowledge of strength properties. Different tree 
speciess can be utilized after employing proper construction 
approaches without any losses in strength values in furniture 
areas.  

The aim of this study was to investigate the effect of the heat 
treatment, wood species, joint types and adhesive types on 
withdrawal force capacity of T-type mortise and tenon (MT) 

and dowel joints which prepared of Siberian pine (Pinus 
sibirica), Iroko (Chlorophora excelsa) and Common ash 
(Fraxinus excelsior). 

2 Material and Methods 

2.1 Wood Materals, Heat Treatment and Adhesive 

Siberaine pine (Pinus sibirica), Iroko (Chlorophora excelsa) and 
Coomon Ash (Fraxinus excelsior)  were used as wood materials 
in this study.  All the wood materails, as heat treated and 
untreated, were provided commercially from a thermowood 
company in Turkey. The planks that heat treated materails 
were proccessed under 212 ºC for 3 hours. Total heat treatment 
time was about 60h. because of a risk of cracks forming while 
drying but the time of exposure to the highest temperature was 
3 h. The heat treatment was applied according to the method 
described in the Finnish ThermoWood Handbook [8]. 

The untreated wood of the same speciess was used as a control 
specimens. The planks that used for control specimens were 
dried in industrial drying kilns at a temperature of 
approximately 70 °C and 65% relative humidity (RH), with a 
moisture content of 11%–15%.  Special emphasis is given to 
selection perfect (non-deficient) wood material. The tests were 
carried out according to previous studies in literature and 5 
replicates were used for each test. Prior to the testing, both 
control and heat-treated specimens were conditoned at 23 °C 
and 65% RH until moisture equilibrium was achieved. The 
moisture content of the untreated control specimens was 
around 6%–8% and that of the treated specimens was around 
3%–5%.  

All joints were assembled with polyvinly acetate (PVAc) and 
polyurethan (PU) adhesives. PVAc adhesive viscosity was 160-
200 cps at 25 °C with a density of 1,1 g/cm3 and was applied in 
accordance 150  10 gr/m². PU adhesive had viscosity of 3300–
4000 cps at 25 °C with a density of 1,11 g/cm3. 

2.2 General Configuration and Construction of the 
Specimens 

A total of 120 T-type joint specimens were constructed of 
Siberian pine, Iroko and Common ash with MT and Dowel joints 
and tested to determine their withdrawal force capacity. The 
experimental design of the study is consist of 3 Wood Species 
factor X 2 heat teatment factor X 2 adhesive types factor X 2 
joint types factor X 5 replicates for each (Table 1). 
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Table 1. Experimental design of the study 

Wood Species Heat Treatment  Adhesive Type Joint Type Replication 

Siberian Pine 

Heat Treated  

PVAc 
Dowel 5 

MT 5 

Polyurethan (PU) 
Dowel 5 

MT 5 

Control 

PVAc 
Dowel 5 

MT 5 

Polyurethan (PU) 
Dowel 5 

MT 5 

Iroko 

Heat Treated  

PVAc 
Dowel 5 

MT 5 

Polyurethan (PU) 
Dowel 5 

MT 5 

Control 

PVAc 
Dowel 5 

MT 5 

Polyurethan (PU) 
Dowel 5 

MT 5 

Common Ash 

Heat Treated  

PVAc 
Dowel 5 

MT 5 

Polyurethan (PU) 
Dowel 5 

MT 5 

Control 

PVAc 
Dowel 5 

MT 5 

Polyurethan (PU) 
Dowel 5 

MT 5 

Total 120 Specimens 

 
Each test specimen consisted of two structural elements, a post 
and a rail member, that jointed together. The dimension of both 
member is 50*22*150 mm as it is shown in Figure 1a. and real 
specimens were shown in Figure 1b.  

 

 

 

                    Figure 1a.                      Figure 1b. 

Figure 1. T-type of test specimens (mm) 

Mortise and tenon joints had the following nominal dimentions: 
length = 35 mm, thickness = 12 mm and witdh = 50 mm as it is 
shown in Figure 2.  

 

Figure 2. Mortise and tenon joints detail (mm) 

The detail of dowel joints is given in Figure 3. The tests for this 
connection carried out according to TS 4539 [9].  

 

Figure 3. Dowel joints detail (mm) 
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2.3 Testing Method 

Tests were conducted on a 50-kN capacity universial-testing 
machine (Mares 2007, Turkey) in the Phisical and Mechanical 
Tests Laboratory of Wood Science and Industrial Engineering 
Department of Mugla Sitki Kocman University. Loading rate 
was operated 6 mm/min under static loading. The loadings 
were continued until seperation occured on surface of 
intersection area of the joints. Figure 4. illustrates the test set-
up. The max force that produced on T-type joint elements were 
recorded as withdrawal force.  

 

Figure 4. Test set-up (dimentions in mm) 

2.4 Data Analysis 

Multiple variance analysis (MONOVA) was performed to 
determine the differences among the factors. Least Significant 
Difference (LSD) test was usesd to determine if there was a 
meaningful difference among the groups. 

3 Result and Discussions 

3.1 Density and Moisture Content 

Result of density and moisture content of the specimens were 
given in Table 2. 

Table 2. Result of density and MC 

Wood 
Specie

s 

Treatmen
t process 

Moistur
e 

Content 
(r)  (%) 

Density 
at 0 
(o) 

(gr/cm3
) 

V 
 

(%
) 

Density 
With 

Air-Dry 
MC      

(12) 
(gr/cm3

) 

V 
 

(%
) 

Siberian 
Pine 

Heat-
Treated 

4,5 0,35 2 0,36 2 

Control 6,77 0,38 4 0,40 4 

Iroco 

Heat-
Treated 

3,71 0,54 2 0,56 2 

Control 7,54 0,57 3 0,61 2 

Commo
n Ash 

Heat-
Treated 

4,24 0,55 2 0,57 2 

Control 7,04 0,59 3 0,63 3 

V: Coefficent of Variation 

Mean values and variation coefficent of withdrawal force 
capacity of T-type joints were given in Table 3. 
 

Table 3.  Mean values and coefficent of variation of T-type joints 

Wood Species Heat Treatment  Adhesive Type Joint Type 
Mean 
Value 

(N) 

Coefficent of 
Variation (%) 

Siberian Pine 

Heat Treated 

PU 
Dowel 1334,16 11,40 

MT 5299,36 3,03 

PVAc 
Dowel 1415,09 4,53 

MT 4075,07 8,06 

Control 

PU 
Dowel 1012,39 9,63 

MT 5703,53 15,40 

PVAc 
Dowel 1257,64 15,77 

MT 5466,13 10,70 

Iroko 

Heat Treated 

PU 
Dowel 1667,70 21,44 

MT 8697,55 5,35 

PVAc 
Dowel 1267,57 14,05 

MT 6284,29 15,01 

Control 

PU 
Dowel 1881,56 15,11 

MT 11228,53 6,22 

PVAc 
Dowel 718,09 2,03 

MT 9413,68 9,07 

Common Ash 

Heat Treated 

PU 
Dowel 2130,73 13,67 

MT 6931,75 15,92 

PVAc 
Dowel 1791,31 11,93 

MT 7339,84 22,85 

Control 

PU 
Dowel 3704,26 17,49 

MT 10218,10 5,59 

PVAc 
Dowel 3235,34 14,52 

MT 9242,98 14,88 
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Effect of multiple variation analyses results of Wood Species, treatment process, adhesive types and joint types on withdrawal force 
capacity of T-type joint are given in Table 4. 

Table 4. Results of multiple variation analysis 

Variation 
Sources 

Degrees of 
Freedom 

Sum of Squares Mean Square F Value 
Probability 

(p<0,05) 

WS 2 121460883,09 60730441,546 95,5884 0,0000 

HT 1 50951287,246 50951287,246 80,1962 0,0000 

WS- HT 2 18425035,666 9212517,33 14,5003 0,0000 

AT 1 11793180,402 11793180,402 18,5622 0,0000 

WS - AT 2 10239059,840 5119529,920 8,0580 0,0006 

HT - AT 1 354916,574 354916,574 0,5586 NS 

WS – HT - AT 2 3788234,678 1894117,339 2,9813 0,0554 

JT 1 955026075,934 955026075,934 1503,1906 0,0000 

WS - JT 2 66560031,781 33280015,891 52,3820 0,0000 

HT - JT 1 26232210,652 26232210,652 41,2889 0,0000 

WS – HT - JT 2 4889865,948 2444932,974 3,8483 0,0247 

AT - JT 1 2437114,822 2437114,822 3,8360 0,0531 

WS – AT - JT 2 4636070,577 2318035,289 3,6485 0,0297 

HT – AT - JT 1 4071,191 4071,191 0,0064 NS 

WS – HT – AT - JT 2 4164809,608 2082404,804 3,2777 0,0420 

Error 96 60991934,257 635332,649   

Total 119 1341954782,269  

NS: Insignificant      WS: Wood Species     HT: Heat Treatment    AT: Adhesive Type       JT: Joint Type 

According to the results, effect of main factors on withdrawal 
force capacity which are wood species, heat treatment, 
adhesive type and joint type were found statistically significant 
according to 0,05 error probability. All two way interactions 
were statistically significant except HT-AT and AT-JT. When 
investigate three way interactions, except WS-HT-AT and HT-
AT-JT all other three way interactions were found statistically 
significant. And interaction of all main factors was also 
statistically significant. LSD tests were conducted for significant 
interactions on withdrawal force capacity of joints. 

Results of LSD test for Wood Species factor on withdrawal force 
capacity of the joints are given in Table 5. 

Tablo 5. LSD test results of wood species factor 

Wood Species 
Withdrawal Force Capacity (N) 

X (N) HG 

Sibirian Pine 3195 B 

Iroko 5144 A 

Common Ash 5476 A 

LSD± 353,8,  X:Withdrawal Force Capacity, HG: Homogenity Group              

According to the results, Ash was given the highest value and 
Iroko followed to the ash with a minimum difference while 
Siberian pine was given minimum value. In this context, it can 
be said that Ash is more stronger approximately by 6% when 
compare with Iroko and 41% compare with Siberian pine 
however Iroko is stronger app. by 37% compare with Siberian 

pine.  Statistically, there was no significant difference between 
Ash and Iroko. In this manner, it can be said that there is a 
relationship between density and load carrying capacity. LSD 
test results of heat treatment factor on withdrawal force 
capacity of the T-type joint were given in Table 6. 

Table 6.  LSD test results of heat treatment factor 

Heat Treatment 
Withdrawal Force Capacity (N) 

X (N) HG 

Heat Treatment 3954 B 

Control 5257 A 

LSD± 288,9      

According to the table, T-type joint which constructed with heat 
treated wood materials were given low values than untreated 
wood materials (control group).  Strength of the joints 
decreased by 25% when compared to the control group. It is 
thought that because of heat treatmen process has negative 
effect on cellular composition of the wood materials. 

There are various research in literature which investigated 
negative effect of thermal process on material strength. 
Thermal process can be resulted by strength loss that described 
as thermal degradation and substance loss due to applied 
temperature and time dependent [10]. The strength and 
hardness of the wood decreases when heated while increases 
when cooled. It is thought that irreversible degradations on 
mechanical and technological properties of the wood caused by 
effect of thermal degradation on wood composition [11]. LSD 
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test results of adhesive type factor on withdrawal force capacity 
of the T-type joint were given in Table 7. 

Tablo 7.  LSD test results of adhesive type factor 

Adhesive Types 
Withdrawal Force Capacity (N) 

X (N) HG 

PVAc 4292 B 

PU 4919 A 

LSD± 288,9    

It is observed from the table that PU adhesive was given 13% 
highiest value than PVAc adhesive that means PVAc has showed 
lower resistance than PU adhesive. 

LSD test results of joint type factor on withdrawal force 
capacity of the T-type joint were given in Table 8. 

Table 8. LSD test result of joint factor 

Joint Type 
Withdrawal Force Capacity (N) 

X (N) HG 

Dowel 1784 B 

MT 7426 A 

LSD± 288,9               

According to result of two-way interaction of MT and dowel 
joints, MT joints were yielded approximately 4 times more force 
capacity than dowel joints. It can be explained by MT joint has 
more bonding surface than dowel joints. 

LSD results of quadruple interactions that consist of Wood 
Species-heat treatment-adhesive type-joint type were given in 
Table 9.  

 
Table 9.  LSD results of four-way interaction on withdrawal force capacity of the joints 

Wood Species Heat Treatment Adhesive Type Joint Type 
Withdrawal Force Capacity (N) 

X (N) HG 

Siberian Pine 

Heat-Treated 

PU 
Dowel 1334 GHI 

MT 5299 E 

PVAc 
Dowel 1415 GHI 

MT 4075 F 

Control 

PU 
Dowel 1012 HI 

MT 5704 E 

PVAc 
Dowel 1258 GHI 

MT 5466 E 

Iroko 

Heat-Treated 

PU 
Dowel 1668 GHI 

MT 8698 C 

PVAc 
Dowel 1262 GHI 

MT 6284 E 

Control 

PU 
Dowel 1882 GH 

MT 11230 A 

PVAc 
Dowel 718.1 I 

MT 9414 BC 

Common Ash 

Heat-Treated 

PU 
Dowel 2131 G 

MT 6147 E 

PVAc 
Dowel 1791 GH 

MT 7340 D 

Control 

PU 
Dowel 3704 F 

MT 10220 B 

PVAc 
Dowel 3235 F 

MT 9243 BC 

LSD± 1001      
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According to the results of quadruple interactions, highest 
value of withdrawal force capacity obtained from Iroko – 
Control – PU – MT combination while minimum strength 
obtained from Iroko – Control – PVAc – Dowel. This result is 
proof that adhesive type and joint type have significant effect 
on withdrawal strength capacity.  

4 Conclusion 

In this study, withdrawal force capacity of T-type joints which 
constructed with heat-treated Siberian pine, Iroko and 
Common Ash were investigated with aid of engineering design 
principles. It is believed that result of the study will help to 
design more durable frame contruction, especially outdoor 
sitting furniture construction since most of its joints are 
exposed to withdrawal load under an applied force and with 
negative weather conditions.  

When investigate effect of wood species on withdrawal force 
capacity, Iroko and Common Ash were given highest values that 
close to each other and performed better strength than Siberian 
pine. This result can be explained by difference of cellular 
structure of the wood species. In terms of heat treatment effect, 
control specimens were yielded significantly strength than 
heat-treated specimens of T-type joints. Joints strength that 
constructed with heat-treated wood were decreased 
approximately 25% as compared with control (untreated) 
specimens. As it is known that heat treatment proccess cause 
negative effects in chemical composition of the wood such as 
strength reduction because of degredation of hemicellulose, 
cellulose and lignin [1], [12], [13]. Furthermore, the strength of 
heat-treated wood is dependent on its density and moisture 
content [8]. 

Investigation of adhesive factor interaction has shown that PU 
adhesive has higher strength performance than PVAc. One of 
the most striking results obtained from joint interactions. MT 
joints had performed four times more strength than dowel 
joints. This can be explained by the increased gluing area of the 
joint, meaning that the bonding surface for the glue increases 
the strength of the joints. The highest performance was 
obtained the joints that constructed with Iroko – control – PU – 
MT combination. It can be safely said that utilisation of MT 
joints would perform more strength than dowel joints in T-type 
joints. This can serve various adventages to both users and 
producers.  

This study showed that heat-treated wood could be used for 
constructions that consist of T-type joints. Furthermore, the 
results indicated that wood species, heat treatment, adhesive 
type and joint type had a significant effect on withdrawal force 
capacity of T-type joints. 

5 Acknowledgment 

This research was supported by Scientific Research Project 
Office of Mugla Sitki Kocman University with the project 
number of 14/023. 

6 References 

 
[1]  Tankut N., Tankut A.N., Zor, M.,  “Mechanical properties of 

heat-treated wooden material utilized in the construction of 
outdoor sitting furniture”, Turkish journal of Agriculture 
and Forestry, 38: 148-158, 2014. 

[2] Viitaniemi, P., “New properties for thermally-treated wood”, 
Indust Horizons., (2000). 

 
[3] Smardzewski, J., “Strength of profile-adhesive joints,” Wood 

Science and Technology, 36(2): 173-183, 2002. 
 
[4] Dzincic, I., and Skakic, D., “Influence of type of fit on strength 

and deformation of oval tenon-mortise joint,” Wood 
Research, 57(3), 469-477, 2012. 

 
[5] Dzincic, I., and Zivanic, D., “The influence of fit on the 

distribution of glue in oval tenon/mortise joint,” Wood 
Research, 59(2), 297-302, 2014. 

 
[6] Tankut, A. N., and Tankut, N., “The effects of joint forms 

(shape) and dimensions on the strengths of mortise and 
tenon joints,” Turkish Journal of Agriculture and Forestry, 
29(6), 493-498, 2005. 

 
[7] Erdil, Y. Z., Kasal, A., and Eckelman, C. A., “Bending moment 

capacity of rectangular mortise and tenon furniture joints,” 
Forest Products Journal 55(12), 209- 213, 2005. 

 
[8] Finnish ThermoWood Association, ThermoWood 

Handbook, Helsinki, Finland, 2003. 
 
[9] TS 4539, “Ahşap Birleştirmeler – Kavelalı Birleştirme 

Kuralları,” Ankara, 1-3, 1985. 
 
[10] Rusche H (1973) “Thermal degradation of wood at 

temperatures up to 200°C–Part–I:strength properties of 
dried wood after heat treatment”, Holz als Roh-und 
Werkstoff, 31: 273–281,1973. 

 
[11] Mitchell, P.H., “Irreversible property changes of small 

loblolly pine specimens heated in air nitrogen oroxygen,” 
Wood and Fiber Science, 20(3)320–355, 1988. 

 
[12] Fengel, D. Wegener, G., “Wood chemistry ultrastructure 

reactions,” Walter De, 33(9):333–335pp, 1989. 
 
[13] Bourgois, J. Janin, G. Guyonnet, R., “Measuring color: a 

method of studying and optimizing the chemical 
transformations of thermally-treated wood,” 
Holzforschung, 45(5):377–382pp, 1991. 

 



 
 

 

121 
 
 

 

 
COMPARISON OF SOME PHISICAL AND MECHANICAL PROPERTIES OF 

VARIOUS HEAT-TREATED AND UNTREATED WOOD 
 

Selcuk DEMIRCI1, Mehmet ACAR2*, Engin BALIKCI3, Harun DILER4, Yusuf Ziya ERDIL2 

1Ege University, Department of Wood Science and Furniture Design,  
selcuk.demirci@ege.edu.tr 

2Department of Wood Products Industrial Engineering, Mugla Sitki Kocman University, 48000, Mugla, Turkey 
macar@mu.edu.tr, erdil@mu.edu.tr  

3Gumushane Vocational Education Center, 29000, Gumushane, Turkey  
enginbalikci@mynet.com  

4Department of Material and Material Process Techniques, Akdeniz University, 70000, Antalya, Turkey 
hdiler@akdeniz.edu.tr 

 

 

* Corresponding author 

 

Abstract   

In this study, it was investigated comprasion of some phisical and mechanical properties of various heat-treated and untreated wood. Untreated wood 
used as control specimens. For this purpose, siberian pine (Pinus sibirica), iroko (Chlorophora excelsa) and common ash (Fraxinus excelsior) were used as 
wood materials. Density, Moisture content, tensile strength in parallel to grain, compression strength in parallel to grain and bending strength 
perpendicular to grain were performed. The materials which processed with and without heat treatment were compared. When compare to the results, 
solid wood performed higher performance than heat treated wood in tension strength parallel to grain, heat treated wood showed higher performance 
than solid wood in compression parallel to grain for all wood species.  In bending strength, overall heat-treated and untreated wood materials were given 
similar results for all wood species except Siberian pine. 
Keywords: Heat-Treated Wood, Physical Properties, Mechanical Properties 
   

 

ISIL İŞLEM GÖRMÜŞ VE GÖRMEMİŞ FARKLI AĞAÇ MALZEMELERİN BAZI 
FİZİKSEL VE MEKANİK ÖZELLİKLERİNİN KARŞILAŞTIRILMASI  

Özet   

Bu çalışmada, aynı türdeki ısıl işlem görmüş ve görmemiş farklı ağaç malzemelerin bazı fiziksel ve mekanik özelliklerinin karşılaştırılması amaçlanmıştır. 
Isıl işlem görmemiş ağaç malzemeler kontrol numuneleri olarak kullanılmıştır. Bu amaçla, Sibirya çamı (Pinus sibirica), iroko (Chlorophora excelsa) ve 
dişbudak (Fraxinus excelsior) ağaç malzeme olarak kullanılmıştır. Yoğunluk, nem oranı, liflere parallel çekme kuvveti, liflere parallel basınç kuvveti ve 
liflere dik eğilme kuvveti testleri uygulanmıştır ve ısıl işlem görmüş ve görmemiş ağaç malzemeden elde edilen sonuçlar karşılaştırılmıştır.  Sonuçlara 
göre, tüm türlerde kontrol numuneleri çekme kuvvetinde ısıl işlem görmüş ağaç malzemelere kıyasla  daha yüksek değer verirken, ısıl işlem görmüş 
malzemeler basınç kuvvetinde  daha fazla direnç göstermiştir.  Eğilme direncinde, iroko ve dişbudak örnekleri kendi içinde birbirine yakın sonuçlar 
verirken Sibirya çamında kontrol numuneleri ısıl işlem görmüş numunelere göre daha fazla direnç göstermiştir. 
Anahtar Kelimeler: Isıl İşlem Görmüş Ağaç Malzeme, Fiziksel Özellikler, Mekanik Özellikler 
 

 

 

 

 

 

 

  

1 Introduction 

Heat-treated wood has a growing market, especially in outdoor 
applications, like exterior cladding, window and door joinery, 

garden furniture, and decking and indoor applications such as 
flooring, paneling, kitchen furnishing, and interiors of 
bathrooms and saunas [1].  
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There are different wood heat treatment processes that are in 
pilot plant or commercial phases: The Finnish process 
(ThermoWood) uses steam, the Dutch (Plato Wood) uses a 
combination of steam and heated air, the French (Rectification) 
an inert gas and the German (OHT) heated oil [2]. 

Heat treatment reduces certain mechanical properties, but the 
dimensional stability and the biological durability of wood 
increases through heat treatment. In addition, heat treatment 
results in favorable changes in the physical properties of the 
wood, such as reduced shrinkage and swelling, low equilibrium 
moisture content, enhanced weather resistance, a decorative 
dark color, and better decay resistance [3]. 

Therefore, heat-treated wood is an eco-friendly alternative to 
impregnated wood materials, and heat-treated wood can be 
used for garden, kitchen and sauna furniture, cladding on 
wooden buildings, bathroom cabinets, floor material, musical 
instruments, ceilings, inner and outer bricks, doors and 
window joinery, and a variety of other outdoor and indoor 
wood applications [4]. 

Studies on heat treatment indicated that heat treatment of 
wood improves wood physical properties by reducing 
hygroscopicity and improving dimensional stability [5], [18]. 
Studies also showed that the resistance of wood against decay 
fungal attack can be improved with heat treatment [6] 

Chemical modification of wood components occurring during 
heat treatment is mainly responsible for these new properties. 
The changes in the properties are related to the 
depolymerisation reaction of wood polymers, especially 
hemicelluloses, which are less stable to heat than cellulose and 
lignin [7]. [6] and [8] reported that heat treated wood exhibit a 
higher lignin content and lower acid number compared to the 
untreated woods indicating to the degradation of some 
hemicellulose and extractives compounds. According to [9] 
wood becomes more brittle with heat treatment and [10]. noted 
that the main factors contributing to the reduction of absorbed 
energy in impact bending are viscosity and plasticity, rather 
than elasticity.  

The degree of the change in the mechanical properties of wood 
during heat treatment is dependant on the process type, the 
maximum temperature reached in the process, and the holding 
time at that temperature [11]. In addition to, in all cases of 
thermal treatment, the extent of alterations depends on the 
chemical composition of the material used [12]. 

In this study, changes in the some of mechanical and physical 
properties as a result of the heat treatment of Siberian pine, 
Iroco and Common ash were investigated.  

2 Materials and Methods 

2.1 Wood Materials 

Siberaine pine (Pinus sibirica), Iroco (Chlorophora excelsa) 
and Common ash(Fraxinus excelsior L.)  were used as wood 
materials in this study.  All the wood materails were provided 
commercially as heat treated and untreated from a 
ThermoWood company in Turkey. Heat treated materails 
were proccessed under 212 ºC during 3 hours. The untreated 
wood of the same species was used as control samples. Special 
emphasis is given to selection perfect (non-deficient) wood 
material. The tests were carried out according to related 
Turkish standards (TSE) and 10 replicates were used in each 
test.  

2.2 Test Methods 

Density and Moisture Content (MC) 

Density and moisture content (MC) of all the heat treated and 
untreated (control) wood materials were determined 
according to related Turkish Standarts. Determination of 
density was carried out according to TS 2472 [14] and MC was 
carried out TS 2741 [13]. Samples dimensions illustrated in 
Figure 1a. and real specimens of density and MC is given at 
Figure 1b. 

 
 

Figure 1a. Figure 1b. 

Figure 1a,b. Sample For Density and Moisture Content 

Tensile Strength in Parallel to Grain 

The test was carried out in accordance to the TS 2475 [15]. Test 
specimens were prepared as shown in Figure 2a and Figure 2b.  

 
Figure 2a. 

 

Figure 2b. 

Figure 2a,b. Test specimen of tension strenght in parallel 
to grain 

Tests were conducted using a computer controlled universal 
testing machine, 5000 kg capacity. Test loading rate was stable 
in 2mm/min and following equation (1) is used to calculate max 
force; 
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ç

ç

Ç
A

F
max

  (N/mm2) 

(1) 

 
(Fmaxç): Maximum load 
(Aç): Cross-Section area  
(ç): Tensile strength 

Compression Strength in Parallel to Grain 

The test was carried out according to the TS 2595 [16]. Test 
samples were prepared in dimension of 20*20*30 mm as it is 
shown in Figure 3a and Figure 3b. 

 
 

Figure 3a Figure 3b 

Figure 2a,b. Test speciment of compression strength in 
parallel to the grain 

Compression strength in parallel to grain test was conducted 
with an universal testing machine, capacity of 5000 kg. Test was 
loading 2mm/min and compression strength values were 
calculated by the following equation (2); 

b

b
b

A

Fmax  (N/mm2) 

(2) 

(Fmaxb): Maximum load 

(Ab): Cross-Section area  

(b): Comprassion strength 

Bending Strength  

The test was carried out according to TS 2474 [17]. Test 
specimens were prepared in dimension of 20*20*360 mm 
(Figure 4a. and Figure 4b). Load was applied from the middle 
point of the specimen by 2mm/min. Maximum load (Fmaxe) for 
bending strenght (e) was determined by following equation; 

2

max

2

3

bxh

LF
x se

e  (N/mm2) 

sL : Openess between two supports 

b: sample wide (mm) 
h: sample thickness (mm) 

 

Figure 4a.  

 

Figure 4b 

Figure 3a,b. Test setup and sample for bending strength 

Evaluation of Data 

Multiple variance analysis (MANOVA) was performed to 
determine the differences among the factors. Least Significant 
Difference (LSD) test was used to determine if there was a 
meaningful difference among the groups. 

3 Results and Discussion 

3.1 Result of Density and Moisture Content 

Density and MC of test samples were given at Table 1. Results 
were given seperately in accordance wood species, thermal 
process and density at MC 0% and with air-dry MC. 

Table 1. Result of density and MC 

Wood 
Species 

Treatment  
Moisture 
Content 
(r)  (%) 

Density at 0 
(o) 

(gr/cm3) 

Density 
at Air-

Dry MC      
(12) 

(gr/cm3) 

Siberian 
Pine 

Heat-Treated 4,5 0,35 0,36 

Control 6,77 0,38 0,40 

Iroko 
Heat-Treated 3,71 0,54 0,56 

Control 7,54 0,57 0,61 

CommonAsh 
Heat-Treated 4,24 0,55 0,57 

Control 7,04 0,59 0,63 

 

According to the Table 1, density of Siberian pine 2,7%, iroko 
5,2% and common ash 6,7% have decreased when compared 
with control samples. Siberian pine had most light density 
within heat treated wood species. Furthermore, it can be seen 
from the table that MC of control samples were among 6-8% 
and heat treated were among 3-5%.  
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3.2 Tensile Strength in Parallel to Grain 

Result of of tensile strength in parallel to grain were shown in 
Table 2. According to the results, all the control samples were 
better resisted than heat treated samples. Control samples of 
pine were given highest value approximately by 18%, iroko 
samples by 10% and common ash samples by 3% than heat 
treated samples. The result shows that the heat treatment has 
negative effect on tensile strength of Siberian pine, iroko and 
common ash. 

Table 2. Results of tensile strength in parallel to grain 

Wood 
Species 

Heat 
Treatment 

Tensile Strength (N/mm2) 

Xmin Xmax Xmean v (%) 

Siberian 
Pine 

Heat 
Treated 

31,18 42,18 36,49 10,05 

Untreated 38,54 46,95 43,81 9,27 

Iroko 
Treated 45,20 58,23 51,54 10,07 

Untreated 53,88 64,54 57,78 5,66 

Common 
Ash 

Treated 60,40 78,48 69,25 9,30 

Untreated 61,31 80,44 71,21 9,26 

V: Coefficent of Variation 

Result of MANOVA of wood species, heat treatment and their 
interactions for tensile strength were given in Table 3. 

Table 3. Result of MANOVA 

Source 
Degrees of 
Freedom 

Sum of Squares Mean Square F Value P<0.05 

Wood Species (A) 2 185127207.028 92563603.514 49.8497 0.0000 

Heat-Treatment (B) 1 5576529.667 5576529.667 3.0032 0.0888 

A*B 2 1312237.059 656118.529 0.3533 NS 

Error 54 100270197.085 1856855.502   

Total 59 292286170.838    

NS: Not significant 

According to the table, wood species factor was found statistically significant while heat treatment and two-way interaction were 
found insignificant according to p< 0.05. LSD test was conducted for wood species because of it has 
been found significant and the results were given in Table 4. 

 

Table 4. LSD results of wood species 

Wood Species Tensile Strength (N/mm2) HG 

Siberian Pine 40,15 C 

Iroko 54,11 B 

Common Ash 70,84 A 

LSD ± 6,17 N/mm2,          HG: Homogenity Group 

 
According to the results, ash was given the highest value 
approximately by 31% than iroko and by 76% than pine while 
the minimum value obtained from pine. And Iroko was given 
highest value approximately by 35% than pine. In this context, 
it can be said that ash was the most stronger, iroko was  
moderate and the pine was weakest wood material in this 
study. 

3.3 Compression Strength in Parallel to Grain 

The test of compression strength in parallel to grain was carried 
out according to the TS 2595 [16]. Result of the test were given 
in Table 5.  

 

Table 5. Results of mean comparisons of compression strength in parallel to grain 

Wood Species Heat Treatment 
Compression Strength (N/mm2) 

Xmin Xmax Xmean v (%) 

Siberian Pine 
Heat Treated 42,21 56,43 51,72 9,33 

Control 44,76 50,45 47,64 3,92 

Iroko 
Heat Treated 60,87 78,11 69,72 8,38 

Control 52,07 64,89 56,70 6.27 

Common Ash 
Heat Treated 74,68 81,82 77,73 2,69 

Control 66,22 72,10 69,71 3,68 

V: Coefficent of Variation 

According to the Table 5, heat treated samples were given 
highest value than control samples for common ash, iroko and 

Siberian pine respectively. Compression strength have 
increased approximately by %11 in common ash, by %23 in 
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iroko and by %9 in Siberian pine when compare with control 
samples.  Modification were caused by heat treatment on 
cellular structure of wood species was effected positively on 

compression strength. Variance analysis of wood species and 
heat treatment were given in Table 6

. 
  

Table 6. Variance analysis of compression strength 

Source 
Degrees of 
Freedom 

Sum of Squares Mean Square F Value P<0.05 

Wood Species (A) 2 929499871.497 464749935.748 205.8979 0.0000 

Treatment (B) 1 168181473.280 168181473.280 74.5093 0.0000 

A*B 2 32226510.171 16113255.085 7.1386 0.0018 

Error 54 121888091.612 2257186.882   

Total 59 1251795946.560    

It can be seen from the tablet that all factors, wood species, heat 
treatment and two-way interaction were found significant. LSD 
tests were conducted for all significant factors. LSD result of 
wood species were given in Table 7. 

Table 7. LSD result of wood species 

Wood Species 
Compression 

Strength (N/mm2)  
HG 

Siberian Pine 49,68 C 

Iroko 64,55 B 

Common Ash 73,73 A 

LSD ± 2,38 N/mm2                                                HG: Homogenity Group 

Results showed that common ash was most durable wood 
specie while iroko and Siberian pine were follow it respectively. 

LSD test result of heat treatment were given in Table 7. 

Table 8. LSD result of heat treatment 

Heat Treatment Compression 

Strength (N/mm2) 
HG 

Heat Treatment 66,4 A 

Control 58 B 

LSD ± 1,94 N/mm2 

According to results, heat treatment factor effected 
approximately by %14. It can be clearly said that heat 
treatment has positive effect on comprassion strength LSD 
result of two-way interaction were given in Table 9. 

Table 9. LSD result of two-way interaction 

Wood 
Species 

Heat 
Treatment 

Compression 
Strength 

(N/mm2) 
HG 

Siberian 
Pine 

Heat Treated 51,73 D 

Control 47,65 E 

Iroko 
Heat Treated 69,73 B 

Control 56,7 C 

Common 
Ash 

Heat Treated 77,73 A 

Control 69,73 B 

LSD ± 3,37 N/mm2 

According to table, heat treated common ash, iroko and 
Siberian pine samples were given highest values respectively 
than untreated (control) samples. The highest value obtained 
from heat treated common ash by %14 than control samples, 
following heat treated iroko were given highest value by %23 
than control samples. While investigated the Siberian pine heat 
treated given the better result by %9 than control. 
Furthermore, control common ash and heat treated iroko were 
given same value.  

3.4 Bending Strength  

The bending test was carried out according to TS 2474. The test 
results were shown at Table 10. 

Table 10. Results of bending strength 

Wood 
Species 

Heat 
Treatment 

Bending Strength (N/mm2) 

Xmin Xmax Xmean v (%) 

Siberian 
Pine 

Heat 
Treated 

59,60 76,15 68,01 8,92 

Control 75,60 92,70 85,31 9,33 

Iroko 

Heat 
Treated 

80,56 97,67 88,29 8,58 

Control 78,36 96,57 87,51 8,21 

Common 
Ash 

Heat 
Treated 

126,37 148,99 137,67 6,18 

Control 124,71 155,06 138,44 7,49 

V: Coefficent of Variation 

 

According to results, Common ash, iroko and Siberian pine 
were showed better performance respectively. Heat treated 
and control samples of common ash were performed similar 
values with insignificant differances. There is same condition 
with iroko, no differances between heat treated and untreated 
(control) samples. However, untreated siberian pine samples 
were given highest value approximately by %20 than heat 
treated samples.  

Results of variance alaysis of bending strength were given in 
Table 11. 
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Table 11. Result of variance analysis of bending strength 

Source 
Degrees of 
Freedom 

Sum of Squares Mean Square F Value P<0.05 

Wood Species (A) 2 15012864.647 7506432.324 161.4369 0.0000 

Treatment (B) 1 879.594 879.594 0.0189 NS 

A*B 2 306189.258 153094.629 3.2925 0.0447 

Error 54 2510870.939 46497.610   

Total 59 17830804.439    

 

Results showed that wood species and two-way interaction of 
wood species and heat treatment factors were found significant 
while heat treatment factor found insignificant. LSD test were 
conducted for significant factors and LSD results of wood 
species were given in Table 12. 

Table 12. LSD result of wood species 

Wood Species Bending Strength (N/mm2) HG 

Siberian Pine 70,53 C 

Iroko 92,3 B 

Common Ash 138,03 A 

LSD ± 7,69 N/mm2             HG: Homogenity Group 

The table shows that common ash was given the highest value 
then iroko and Siberian pine had follow it respectively. LSD 
result for two-way interaction of wood species and heat 
treatment were given in Table 13. 

Table 13. LSD result of two-way interaction 

Wood 
Species 

Treatment 
Bending Strength 

(N/mm2) 
HG 

Siberian 
Pine 

Heat Treatment 65,47 C 

Control 75,6 C 

Iroko 
Heat Treatment 97,08 B 

Control 87,52 B 

Common 
Ash 

Heat Treatment 137,7 A 

Control 138,43 A 

LSD ± 10,87 N/mm2           

 

According to table, the best performance was obtained with 
common ash. Both heat treated and untreated samples of 
common ash were given almost same values. Iroko has follow it 
and highest value obtained with heat treated iroko samples but 
untreatred (control) iroko samples were given similar values 
with heat treated and thus evaluated with same homogeneity 
group. Siberian pine was the weakest wood material of this 
evaluation. Control samples of Siberian pine was showed 
higher performance than heat treated samples with a small 
difference and evaluated within the same group. 

4 Conclusion 

In this study, it was investigated some physical and mechanical 
properties of heat treated Siberian pine, iroko and common ash 
wood species compared with untreated (control) samples. For 
this purpose, density and moisture content of the species were 
determined at %0 MC and Air-Dry condition. In addition, tensile 
strength in parallel to grain, compression strength in parallel to 

grain and bending strength of the heat treated untreated 
species were determined. Results of the study obtained with aid 
of product engineering design principles and it is believed that 
results will help to choose wood material especially for outdoor 
applications since the used materials are common used wood 
materials for outdoor furniture and structural applications. 
Results of the study showed that there are significant 
differences between density and MC of heat treated and 
untreated materials. Density of Siberian pine 2,7%, iroko 5,2% 
and common ash 6,7% have decreased when compared with 
untreated (control) samples and MC has decreased 
approximately 50% in air-dry condition. It can be said that heat 
treated wood get lighter and has less MC content than 
untreated wood material. This can be an advantage for 
furniture manufacturing since furniture will be lighter and less 
swell and shrink. 
When investigate mechanical properties, heat treatment 
decreased tensile strength in parallel to grain by %18 on 
Siberian pine, by %10 on iroko and %3 on common ash. 
Common ash could be suggested for applications that needed 
tensile strength. When investigate the compression strength in 
parallel to grain, it can be clearly seen that heat treatment has 
positive effect on compression strength. Strength of the iroko 
was increased by %23, common ash by %11 and Siberian pine 
by %9 while common ash was given the highest value and iroko 
and Siberian pine follow it respectively. In bending strength, it 
was investigated that heat treated common ash and iroko were 
given similar values when compare with untreated of same 
species however, untreated samples of Siberian pine were 
given highest value approximately by %20 than heat treated 
samples. In this context, it can be said that no difference to use 
heat treated or untreated common ash and iroko for bending 
strength, but it should be used untreated Siberian pine if 
bending strength needed.  
Overall, heat treatment has both positive and negative effects 
on some physical and mechanical properties of Siberian pine, 
iroko and common ash. Results can be used to choose right 
materials due to economical and aesthetic factors.  
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Abstract   

Popularity of solid wood which has many positive features, decreased due to increasing popularity of both wood-based products and non-wood products 
such as metal, plastic, fiber-particle board etc. with technological improvement. However interest to solid wood material increased with ecological 
awareness and featured natural solid wood product designs in recent years. Naturally share of furniture industry can not be ruled out to effect of the 
increment.  
In this study, increasing value of solid wood will be tried to explain with natural solid wood products which were previously evaluated defective or waste 
and effect of furniture industry appealing more to end-user. However increasing natural-life awareness caused to orient end-users towards to natural 
products like solid wood. In recent years the developed technologies such as high frequency-vacuum drying and thermal-treatment technologies 
contributed positively by reason of adding value to solid wood with increasing features without using addictives, as a result of that these techniques 
expanded usage area of solid wood.  
Keywords: Natural Solid Wood Product, Furniture Industry, Thermal Modification, High Frequency-Vacuum Drying 

 

MASİF AHŞABIN DEĞERİNİN YENİDEN ARTMASI 
Özet   

Teknolojinin gelişimiyle birlikte metal, plastik, lif-yonga levha gibi ahşap levha esaslı ve ahşap dışı ürünlerin çeşitliliğinin artmasıyla, sayısız olumlu 
özelliği bulunan masif ahşabın popülerliği azalmıştır. Ancak bu malzemeye olan ilgi, ekolojik farkındalık ile son yıllarda farklı tasarımlarla üretilmeye 
başlanan doğal masif ahşap ürünlerle artmaya başlamıştır. Doğal olarak mobilya endüstrisinin bu artışa katkısı yadsınamaz.  
Bu çalışma kapsamında masif ahşabın artan değeri, önceleri kusurlu veya atık olarak nitelendirilen doğal masif ahşap ürünlerin daha çok son kullanıcıya 
hitap eden mobilya endüstrisinin etkisi ile açıklanmaya çalışılacaktır. Bununla birlikte artan ekolojik yaşam bilinci, son kullanıcının masif ahşap gibi 
doğal malzemelere yönelmesine sebep olmuştur. Son yıllarda geliştirilen ve masif ahşabın birçok özelliğini katkı maddesi kullanılmadan arttıran yüksek 
frekans-vakum kombinasyonlu kurutma ve ısıl işlem gibi koruma teknikleri de masif ahşabın kullanım alanlarını arttırmaya yönelik olumlu katkı 
yapmıştır.   
Anahtar Kelimeler: Doğal Masif Ahşap, Mobilya Endüstrisi, Termo İşlem, Yüksek Frekans-Vakum Kurutma, 
   

 

1 Introduction 

In Turkey, trend to natural solid wood products continues 
increasingly in the last period. Habits of using environment-
friendly natural products and targets aiming to increase life 
quality are effective in this trend. At this point, sustainability 
notion couldn't have been distinguished oneself on produced 
solid wood products by the reason of raw material value and 
endproduct quality. It can be seen easily from entrepreneur 
failures with not to comply technical trues that are essential of 
sustainability value-added products. 
When examined the range of natural wood products that; 
natural wood table and coffee tables (a), luxury yacht 
equipments (b), furnitures from wood panels (c), private & 
unique furnitures (d), one-piece and big-sized materials as 
wooden beam and column applications in historical buildings 
(e), log cabin applications (f), toys and boutique products from 
solid wood (g), laminated wooden windows (h), restoration 
applications in historical buildings (i), laminated wooden 
beams and columns (j), big-sized solid wood products at docks 
(k) and gunstock from scirrhous timbers (l) are only few of 
them (Figure 1). 
 

2  Sustainability Criteria For Value-Added Solid 
Wood Products 

 
It should be understood from this title that solid wood products 
must preserve stability, form, mechanical strength and natural 
resistance (to biological attacks) at usage areas for decades, not 
few years. To provide them, some quality criteria can be said 
that essentials come to forefront according to usage area. These 
are choosing right wood specie, proper design, surface 
protection precautions, homogenous drying until required 
moisture levels, thermal modification applications and 
impregnation applications for outdoor products preserving to 
biological attacks etc. 
At this range, only way is drying for realizing other quality 
criteria fully and correctly. Even if other criteria were provided 
and drying didn't perform correctly, the product  can't be 
maintain its form for a long time. Because solid wood can't be 
used without drying until %19 and below at anywhere in the 
world. For example, moisture content falls to nearly %5-6 
levels for interior wares that stability and processing quality 
are important factors for these products, while this level 
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reaches until %19 for impregnated products at outdoor 
applications.  
 

(a)  (a) 

 (b)  

   (c)

 (d)  

(e)  (e) 
 

(f) 

(g)  
(g) 
 

(h) 

 (i)

(j) 

(k) 

 
 (l) 
 
 

Figure 1. Some samples for value-added and big-sized solid wood products 
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With all justification, importance and benefits of wood drying 
should be told:  
According to Kantay [1], drying is removing water which is at 
inside of wood and isn't necessary for intended purpose. Target 
of an ideal drying is to protect wood quality, to hold drying costs 
and drying period at minimum level. 
Drying provide these benefits; protecting from decaying, 
limiting shrinkage and swelling, simplification of some 
woodworks as planing, milling, sanding, perforating etc., 
improvement of some finishing applications as gluing, painting, 
waxing etc, improving mechanical strengths and increasing 
effect of impregnation. First of all, in cases where taking 
account of weights for shipping, it should be known that 
carriage of dried wood is cheaper and more riskless [2].  
When mentioned-before usage areas are evaluated; moisture 
content should be app. 10% (even 5%) for not occurring 
blurring on milling at wooden toys. Moisture contents of parts 
forming the laminated products as laminated woodworks, big-
sized beams, columns and solid wood panels etc. should be too 
close for bonding quality and stability. Before impregnation 
process of solid wood (for example which has cross-section 
dimensions of 30x30 cm and 30x40 cm in size, was made from 
one-piece solid Oak and used in docks and log cabin pieces), it 
should be targeted 19% moisture content level without 
occurring fissure and split. Also indoor products that natural 
solid wood tables and wheel-formed coffee tables produced 
from logs, indoor pieces as load-bearing column and beams in 
historical buildings should have 12% and below moisture 
content. 
All of these wooden products can not be dried or desired results 
can not be obtained despite drying along months until reaching 
mentioned moisture content levels with conventional drying 
methods. At this point, vacuum drying combined with high 
frequency heating applications is suggested for obtaining 
minimum drying periods, reaching desired final moisture with 
protecting material quality. 
 

3 Technical truths about preserving value-added 
wooden products 

3.1 Rapid and Protective Drying 

 
About drying solid woods produced of value-added products 
which are explained before, different technical drying methods 
can be used. However, if dried material is stiff, big-sized, if there 
are drying difficulties due to visual features or if drying by 
conventional methods requires long periods not enough to be 
regarded as economic, alternative methods come to forefront. 
At this point, High Frequency - Vacuum (HFV) combination 
drying method which uses electromagnetic wave to heat and 
vacuum drying can be suggested for minimizing drying periods 
and not occurring quality loss. 
Just to clarify the drying process (HFV) more: 
While heating starts from surface to inside in available 
industrial technical drying methods, heating starts from inside 
at humid areas and it continues to surfaces in HFV method. 
Thereby heating is faster, drying period is getting shorter 
considerably with protecting material quality with this process. 
Heat source in this process is electromagnetic energy received 
from high frequency generator. Depending on drying 
environment temperature is low and exterior surface is colder, 

possible heat loss that transfer from lumber to environment is 
reduced. 
HFV has two application methods in theory: lumber is stable or 
continuous during the drying. In static method, lumber is 
generally charged stack formed without stick into a cylindrical 
autoclave and condenser plates are placed strictly between 
lumbers at regular intervals, so lumbers are heated with HF. 
Soon after heating, rapid and foolproof drying is done with 
vacuum application (Figure 2). In dynamic method, one of 
electrodes is moving band which carries lumber and other one 
is stable at above the band. 

 
Fig. 2. General view of a high frequency - vacuum combination 

drying kiln with a capacity 25m3 [3]. 
When HF-V drying applications are considered generally; heat 
resource doesn't leave waste so it is a clean and 
environmentally-friendly process, HFV process obtain energy 
conservation approximately 40-50% due to don't require to 
heat kiln equipment and due to humid areas consumes more 
energy while drier areas less, because of that selective process 
creates homogeneous drying, operating and maintenance costs 
are becoming low, less stocking costs and more cash-flow due 
to short drying periods and with more quality lumbers by 
comparison conventional methods, although it has risks as 
occurring honeycombing, color-change and carbonization. 
Despite all, higher investment costs due to complicated 
infrastructure and requiring special security measures should 
be considered [4]. 
HF-V drying system doesn't require solid and liquid fuel which 
need high investment costs for heat resource as conventional 
methods. On the other hand when considering mentioned heat 
resources can release environmentally hazardous gases, HF-V 
drying system is more suitable. Pressure mechanism to 
lumbers from above which is an indoor equipment can prevent 
deformations and thus drying quality can increase. Stacking 
without sticks gives chances to increase more lumber charge 
capacity at the rate of approximately 40%, because of that this 
advantage provides less operation costs and  provides more 
acceptable especially compared with vacuum drying.  
When the results are evaluated about HF-V procedure drying 
mentioned value-added solid wood products: 
According to Güler et al. [5], solid Sapele wood material which 
has cross-section dimensions of 30x30cm in size and used in 
docks' lateral surface for absorbing hit energy of heavy cargo 
ships, dried from initial moisture 80-90% to final moisture 8-
15% with good quality results. Drying period took 228 hours 
and 2,83 Kwh/kg energy consumed for vaporizing 1kg water 
(Figure 3). Drying period of 25cm thickness Oak lumbers took 
360 hours with same process and moisture levels. Tested 
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dimensional lumbers can not be dried without problems and 
similar periods in conventional drying methods. 

 
Figure 3. Overview of HF-V dried sapele lumbers [3]. 

As a continuation of these original studies, Beech, Walnut, Oak 
and Iroko lumbers with 10 cm thickness were dried with this 
process for producing natural solid wood table (Figure 4). 
Lumbers started to drying from high moisture contents until 
under 10% moisture contents and drying continued between 
36 hours and 226 hours. These results show that drying periods 
can be completed between 1,5 days and 9 days which can take 
weeks even if months with conventional drying methods. 
 

 
Figure 4. Boule lumbers after drying; 11cm thickness, width of 

up to 110 cm and length of up to 5 m [3]. 

3.2 Thermo Treatment process 

 
Thermal modification is one of the environmentally friendly 
methods to improve the properties of wood materials. It was 
demonstrated that by exposing the wood to temperatures 
between 170°C to 220°C in absence of oxygen, it is possible to 
modify components of wood that are susceptible to moisture 
absorption and biological degradation in nature. Wood after 
thermal modification becomes much more dimensionally 
stable, and the durability for outdoor applications increases 
from 5 to 20 years if the wood is not in direct contact with the 
ground.  
During the thermal modification process the wood material will 
be heated to at least 180oC. Steam is used as a safe gas, which 
protects the wood material from risks of fire. The steam also 

affects the chemical changes to the wood material during the 
process. As a result of the thermal modification as Thermo 
Wood material is more stable than normal wood and resistance 
against fungus is better. The thermal modification darkens the 
wood color and it is suitable for different applications in 
interior and exterior use (Figure 5). 
 

 (a) (b)

(c) 

Figure 5. Thermo kiln (a), process (b) and product (c) 

Specifically, thermal modification is a process, which exposes 
wood to temperatures between 180˚C and 260˚C. Thermal 
modifications with the use of methods like Plato-Process 
(Holland), Rectification Process and Bois Perdure (France), 
OHT Process (Germany) and Thermo Wood Process (Finland) 
are widely used in European industries. These methods expose 
wood to temperatures between 160oC and 260oC to increase 
both dimensional stability and resistance to decay. 
Despite the aforementioned benefits, thermal modification can 
cause many technological alterations in physical, mechanical 
and chemical wood properties. One example is color, which is 
characterized as a physical property and, in general, becomes 
darker in thermally modified wood. This modification can be 
explained by the formation of products resulting from the 
degradation of hemicelluloses and of others components such 
as extractives. The oxidation of products like quinones also 
contributes for color modifications in wood. 
Moreover, the characteristics of the method such as the 
atmosphere of treatment, initial moisture content of wood 
pieces and the equipment used (closed or open system, for 
example) are very important because they can directly affect 
the properties of wood.   
Thermal modification beneficially alters several technological 
parameters of wood. The changes in the physical parameters 
are due to the significant alterations of the structure and the 
chemical composition of wood, which take place during the 
modification process. These changes are complex and some 
aspects are still far from being completely understood. Various 
industrially important hardwoods and softwoods have been 
treated in an autoclave in N atmosphere. The physical (density, 
L-value, moisture content, bending strength, MOE) and 
chemical (pH, hemicellulose-, total phenol- and soluble 
carbohydrate content) parameters have been measured and 
evaluated. By establishing linear correlations between physical 
and chemical parameters the chemical changes affecting the 
physical properties could be investigated and tracked. Very 
good correlations have been found for hardwood samples, 
whereas for softwoods only poor correlations have been 
established. Results could contribute to a better understanding 
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of the reactions of thermal modification, and could furthermore 
provide a basis for wood species dependent technology 
optimization in the future. 
 

4 Results and Conclusions 

 
In our country, especially in the last period, trend to natural 
wood products showed a rapid increase due to different 
reasons. But it is understood that solid wood has sensitivity in 
the production and use for having sustainable quality, in other 
words, to be use without occurring any deformation for many 
years, we need to gain ground. At this point, some experiences 
can be showed. For example, big-sized Oak wooden parts which 
have practice risks, restoration and renovation works in 
historical buildings at Istanbul, are only one of the similar 
problems (Figure 6). 

(a) 

 (b) 

Figure 6. Case report: Big-sized solid Oak wood application for 
load-bearing in wooden scaffold project (a) and restoration 

with laminated Oak woodworks  in old buildings in İstanbul(b) 

When the considered technical specifications for prepared 
projects from related municipalities or other official 
establishments, it is seen that there is no refer to any standard 
or prepared with insufficient information. For example; in 
wooden scaffold project, there is a request choosing best 
quality of Oak wood (which should have high mechanical 
strength and natural resistance) and it is signified with only 
"1st class Oak". But which standard of TSE will be referred and 
correspondingly desired moisture content level should be 
specified. And it causes to not suitable operations according to 
technical specifications because of uncertainties and it effects 
operations negatively. On the other hand, there is only a request 
about "woodwork profiles should be produced from thermo-
treated 1st class Oak according to lamination technique" in old 
building restoration project. Indeed which standard of TSE will 
be referred and expectations with moisture content and 
thermo-treatment should be specified exactly. 
An example for using solid wood according to technical trues 
and sustainability quality criteria; reusing impregnated 
sleepers from solid Oak wood is a weakness for producing and 
using indoor products even table, coffee table etc. These 
sleepers were produced for outdoor applications and they 
produced with impregnation chemicals which have serious 
health risks for peoples, so it is wrong to be utilized indoor 
products.   
In the vision of all these facts; if it is desired that wood materials 
for producing value-added solid wood products should service 
rigidly at usage areas for many years, even if other criteria are 
fulfilled, it should be dried until moisture levels what requires 
at usage areas and especially outdoor applications naturally 

durable wood species or additionally thermo-treatment 
process should be performed. And also proper wood specie 
should be preferred or process should be investigated with 
moisture content or stability measurements. 
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Abstract   

This study examines the moment capacity of the in-plane biscuit (clamex-p) and minifix corner joints in the furniture with frame construction under the 
diagonal compression and tension forces. The samples in the expremist were consisted of scotch pine (Pinus sylvestris L.) beech (Fagus orientalis L.) and 
Oak (Quercus borealis L.) which are widely used in Turkey furniture industry; as well as wood composites particleboard (YL), fiberboard (MDF) and 
okoume (Aucoume klaineana) plywood (OKP).In the corner joints of in-plane biscuit (clamex-p) and minifix connectors were used in order to compare. 
Total of 240 pieces of corner joints two types of load, six types of materials, two joint types and ten iterations from each group, were prepared and tested 
under static load. The results show that from the massive wood materials group, beech (Fagus orientalis L.) and from the wood the wood composities 
materials group MDF yielded the highest values. On the other hand, Oak (Quercus borealis L.) in the wood materials group and particle board (YL) in the 
wood composities group yielded the lowest values. Additionally, the results show that when the in-plane biscuit (clamex-p) joint were minifix joints were 
applied to the wood materials more moment capacity was achieved. The moments carried under the diagonal tension and compression load yielded similar 
results. 
Keywords: Biscuit type fastener, frame type furniture, corner joints, diagonal compression and tension test, moment capacity. 
   

 

MASİF AHŞAP VE AHŞAP ESASLI LEVHALARDA 
ÇERÇEVE TiPi KÖŞE BİRLEŞTİRMELERİN MOMENT KAPASİTELERİ  

Özet   

Bu çalışma, çerçeve konstrüksiyonlu mobilyalarda, bisküvi tipi yabancı çıtalı köşe birleştirmelerinin diyagonal basınç ve diyagonal çekme kuvvetleri 
altındaki moment kapasitelerini belirlemek amacıyla yapılmıştır. Deney örnekleri, Türkiye mobilya endüstrisinde yaygın olarak kullanılan masif 
ağaçlardan sarıçam (Pinus sylvestris L.), Doğu kayını (Fagus orientalis L.) ve Sapsız meşe (Quercus borealis L.); ahşap esaslı levhalardan ise yonga levha 
(YL), lif levha (MDF) ve okume (Aucoumea klaineana) kontrplaktan (OKP) hazırlanmıştır. Köşe birleştirmelerde bisküvi tipi yabancı çıtalı birleştirme 
(clamex-p) ve karşılaştırma amacıyla minifix bağlantısı kullanılmıştır. 2 yükleme formu, 6 malzeme çeşidi (3 masif, 3 ahşap esaslı levha), 2 birleştirme 
tipi ve her guruptan 10 yineleme olmak üzere toplam 240 adet köşe birleştirme deney örneği hazırlanmış ve statik yük altında test edilmiştir. Sonuç 
olarak, ağaç malzemelerden Doğu kayını, ahşap esaslı levhalardan ise MDF en yüksek değerleri vermiş, en düşük değerler ise ağaç malzemelerde sapsız 
meşe ve ahşap esaslı levhalarda YL ile elde edilmiştir. Bisküvi tipi yabancı çıtalı birleştirmeler ahşap esaslı levhalarda, minifiksli birleştirmeler ise masif 
ağaç malzemelerde uygulandığında daha fazla moment kapasitesine ulaşılmıştır. Diyagonal çekme ve basınç yükü altında taşınan momentler birbirlerine 
yakın değerler vermişlerdir. 
Anahtar Kelimeler: Bisküvi tipi bağlantı elemanı, çerçeve mobilya, köşe birleştirmeler, diyagonal çekme ve basınç deneyi, moment kapasitesi. 
   

 

1 Introduction 

The design of the joints in a furniture frame is perhaps the most 
important step in the entire design process. Even though the 
members may have more than enough strength to carry the 
forces imposed upon them, if the joints are too weak, the 
structure may still fail. It is probably safe to say that more 
structural failures occur in furniture because of weak joints 
than from any other single cause. It is important, therefore, that 
the joints used in the construction of a particular piece of 
furniture be scientifically designed so that they can safely carry 
the forces imposed upon them in service. Mechanical strength 
of the joint is decisive, because the failure usually is related to 
the furniture fitting [1]. Elliptical wood-plate joints, developed 
in the mid-1950's by Swiss cabinetmaker Herman Steiner A 
wood-plate, or biscuit as it is often referred to in the US, fitted 

into a circular kerf made with a small carbide tipped circular 
saw or router bit. Several secondary forest product 
manufacturers have been using these beech wood plate joints 
because they more easily provide precise joint alignment than 
doweled joints, and generally allow the use of thinner stock. 
Meanwhile, when compared with the preparation and assembly 
time of the dowel joint, the wood-plate joint is often faster and 
less expensive to produce [2]. Researches have tested plastic 
biscuit corner joints in tension and compression modes in case 
construction of furniture. [3]. Saar et al. studied the most 
suitable detachable joint for plywood details. Vassiliou et al. 
researched the strength of the middle and corner joints made 
with wood and plastic biscuit joints [4].  This article provides 
the moment capacity of the in-plane biscuit (clamex-p) and 
minifix corner joints in the furniture with frame construction 
under the diagonal compression and tension forces. 
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2 Materials and Methods 

Scots pine (Pinus sylvestris L.), Oriental beech (Fagus orientalis 
L.) and sessile oak (Quercus borealis L.) from the wood species, 
which are used prevalently in the furniture sector as wooden 
materials, were used in the experiments. They were selected 
randomly from the market. Also, chipboard (CB), medium 
density fiberboard (MDF) and Gaboon mahogany plywood 
(GMP) as wood-based boards were used in the experiments 
according to the TS 3635 standards [5].   

2.1 Fittings 

The Clamex-p and Minifix fasteners were used from the foreign 
biscuit-type strip plastic fasteners in the joinings of the 
experimental specimens. Clamex-p is a fiberglass-reinforced 
plastic that is without screws and adhesive, as well as a 
practical unassembled and new fastener. Channels are opened 
in the shape of a bow with a length of 66 mm, a depth of 29 mm 
and a width of 10 mm with a Computer Numeric Control (CNC) 
machine or special zeta machine for the parts to be joined. The 
fasteners, which can be placed easily in these opened channels, 
are composed of two parts, male and female. These parts 
recognize the opportunity of making the adjustments at more 
or less 2 mm. The fasteners are tightened by turning a camshaft 
with an Allen or special wrench from a hole opened with a drill 
having a diameter of 6 mm on the side surface of the pieces 
joined. Thanks to the treenail in the shape of an extension from 
itself, it prevented the incidents of distortion and turning. 
Thanks to this, it is sufficient to use only one fastener in the 
assembling of narrow pieces, such as a drawer frame (Figure 1). 

 
Figure 1. Clamex-p fitting element 

Generally, the Minifix is composed of 3 parts. These are the 
body, shaft and dowel parts. The body is composed from a 
slipped to one side eccentric curve from the center and the shaft 
has a special cylindrical shape with one end having a diameter 
of 6, 7 or 8 mm and the other end in a manner that would 
conform to the dowel. After placing the unassembled Minifix 
fastener pieces, the fastening is formed by tightening the 
unassembled parts by drawing the cylindrical shaft with the 
turning from the upper part of the body. It is the fastener used 
the most in Turkey in the production of knock-down furniture. 
It can be found very easily in the market. Its preferability is 
increased by the fact that it is inexpensive, that it is easy to 
dismantle and attach in unassembled furniture and due to the 
fact that it provides ease of assembly (Figure 2). 

 
Figure 2. Minifix fitting element 

2.2 Specimen preparation 

L-type joinings were prepared in the experiments. The diagonal 
compression and withdrawal tests were implemented on the L-
type joinings. During the preparation of the joinings, the 
wooden materials obtained were first of all neatly stacked as 
lumber for six months in suitable conditions. After cutting to 

the crude measurements, they were neatly stacked by putting 
laths between them, without receiving direct sunlight and in an 
environment with a central heating system that could be 
ventilated for a period of one year and were kept in the 
acclimatization chamber until they reached an unchanging 
weight. In this manner, it was provided that the solid wooden 
materials reached a humidity of approximately r=8%. All of the 
elements composing the joinings were first of all planed in a 
planing machine. Subsequently, they were passed through a 
thickness machine and were measured in the circular saw 
machine. Finally, they were brought to their net measurements 
in a contact machine. The long parts of the L-type joinings were 
prepared in the dimensions of 250x100x18 mm, whereas, the 
short parts were prepared in the dimensions of 150x100x18 
mm. The shapes and measurements of the experimental 
specimens have been given in Figure 3. 

 
Figure 3. L-type joining test specimen (mm) 

The parts that were in the measurements of 250x100x18 mm 
in the joinings were prepared with the Minifix fasteners 
obtained from the market. The details and measurements 
related to the joinings have been given in Figure 4. 

 
Figure 4. Minifix and hole centers of the test specimens (mm) 

Also, the parts that were in the measurements of 250x100x18 
mm in the joinings were prepared with the Clamex-p fasteners 
obtained from the market. Channels were opened for the 
Clamex-p fasteners by preparing a special template in the 
horizontal milling machine and holes were opened with a 
diameter of 6 mm by utilizing the drilling machine. The details 
and measurements related to the joinings have been given in 
Figure 5. 
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Figure 5. Clamex-p and hole centers of the test specimens (mm) 

2.3 Testing procedures 

The force carrying form, the moment arm distances, and the 
test specimen measurements for the diagonal tension and 
compression resistance tests are shown in Figure 6 and Figure 
7 Diagonal resistance tests were carried out with a four-ton 
universal test device according to the ASTM – D 1037 method. 
The moment force (Mt) in the diagonal tension tests was 
calculated with Eq.1. The moment force (Mc) in the diagonal 
compression tests was calculated with Eq.2. 
MT = Fmax /2 x LT (Nm)    (1) 
MC = Fmax x Lc (Nm)    
 (2) 
Here: 
Mt & Mc = Moment (Nm) 
Fmax = Maximum force at the moment of breaking (N) 
L = Arm of Moment (m) 

 
Figure 6. The test models for the diagonal compression 

resistance 

 
Figure 7. The test models for the diagonal tension resistance 

 
The effect of material type, joint type and the dual interactions 
of these factors on the moment carrying capacity of L-type 
corner joints furniture were determined with Multiple Analysis 
of Variance. The Least Significant Difference (LSD) test was 
applied for the differences in the analysis for the level of 
significance among the groups that emerged as statistically 
significant according to a level of reliability of p<0.05. Thus, the 
material type and joint type from among the factors tested were 

determined by being separated into homogeneous groups 
according to the sequences of success between each other. 

3 Result and Discussion 

All of the Minifix connections became deformed in a manner in 
which they came out from the place of the dowels in the 
diagonal compression experiments. The teeth on the outer 
surface, which held the material of the Minifix dowels, could not 
provide sufficient holding. Deformations were observed in the 
shape of breaking and splitting on the side opposite the 
camshaft in all of the fasteners in the biscuit-type Clamex-p 
diagonal compression experiments (Figure 8). 

 
Figure 8. Failure modes of test specimens 

 
The averages and coefficient of variation of the bending 
moment under diagonal compression according to material 
types and joint types are given  in Table 1. The multivariate 
analyses of variance for bending moment resistance under 
diagonal compression are given in Table 2. 
Table 1. The averages and coefficient of variation (v) of the 
bending moment under diagonal compression according to 
material types and joint types 

Type of 
Material 

Type of joint 
Average 

Moment Force 
(Nm) 

(v)                                               
(%) 

Scots pine 
Clamex-p 59.49 9.53 

Minifix 115.93 15.80 

Oriental 
beech 

Clamex-p 92.86 13.83 
Minifix 154.75 11.21 

Sessile oak 
Clamex-p 79.10 6.84 

Minifix 82.68 6.97 

CB 
Clamex-p 83.05 11.52 

Minifix 62.07 17.59 

MDF 
Clamex-p 97.23 13.45 

Minifix 90.07 10.77 

GMP 
Clamex-p 77.41 14.56 

Minifix 85.20 14.92 

Table 2. The multivariate analyses of variance for bending 
moment resistance under diagonal compression 

Sources of 
Variance 

Degree of 
Freedom 

Total of 
the 

Squares 

Average 
of the 

Squares 

F 
Value 

Probability 
of Error 
p<0.05 

Type of 
Material 

5 32455 6491 46 0.0000 

Type of 
joint 

1 8607 8607 62 0.0000 

Type of 
Material x 

Type of 
joint 

5 29288 5857 42 0.0000 

Error 108 14955 138   

Total 119 85306    

Comparison of the moment-carrying capacities according to 
type of materials are given in Table 3. 
 



 
 
 
 

Hasan Özgür İMİRZİ, Yusuf TUNÇBİLEK, Hasan EFE 
IFC 2016 International Furniture Congress 13-15 October 2016 

 

136 
 

Table 3. Comparison of the moment-carrying capacities 
according to type of materials 

Type of Material 
Diagonal Compression Resistance (Nm) 

(X) HG 
Scots pine 88 BC 

Oriental beech 124 A 
Sessile oak 81 C 

CB 73 D 
MDF 94 B 
GMP 81 C 

LSD ± 7,376   

The highest moment value was produced in Oriental beech 
within all of the materials. From the wooden materials, the best 
was Oriental beech, the second was Scots pine and the third was 
sessile oak. Whereas, from the wood-based materials, it was 
MDF, GMP and CB, respectively (Table 3.3). Comparison of the 
Moment-Carrying Capacities According to Type of Joints are 
given in Table 4. 

Table 4. Comparison of the moment-carrying capacities 
according to type of joints 

Type of joint 
Diagonal Compression Resistance (Nm) 

(X) HG 
Clamex-p 82 B 

Minifix 98 A 
LSD ± 4,259   

The Minifix joinings were superior compared to the biscuit 
joinings according to type of fasteners. Comparison of the 
Effects on Moment-Carrying Capacity According to the Dual 
Interaction for Type of Material and Type of joints are given in 
Table 5. 

Table 5. Comparison of the effects on moment-carrying 
capacity according to the dual interaction for type of material 

and type of joints 

Type of 
Material 

Type of joint 
Diagonal Compression 

Resistance (Nm) 
(X) HG 

Scots pine 
Clamex-p 59 F 

Minifix 116 B 

Oriental beech 
Clamex-p 93 CD 

Minifix 155 A 

Sessile oak 
Clamex-p 79 E 

Minifix 83 DE 

CB 
Clamex-p 83 DE 

Minifix 62 F 

MDF 
Clamex-p 97 C 

Minifix 90 CD 

GMP 
Clamex-p 77 E 

Minifix 85 DE 
LSD ± 10,43    

The highest value was produced by the Oriental beech with the 
Minifix fastener in the dual interaction of the type of material 
and the type of joining. The lowest value was produced in the 
Scots pine with the biscuit joining. The Oriental beech, sessile 
oak, Scots pine and GMP produced the best results in the Minifix 
type fasteners. The MDF and CB with the biscuit type fasteners 
produced good results (Table 3.5). According to the data 
obtained, the Clamex-p fasteners should be preferred for use in 
wood-based materials. Whereas, in the diagonal withdrawal 
experiments, all of the Minifix fasteners withdraw from the 
place of the dowels and became deformed. In the wooden 
materials, the Clamex-p fasteners became deformed in the 
manner of breaking, snapping and tearing. In the wood-based 
boards, there were deformations in the form of breaking in the 
MDF, breaking and snapping in the CB, whereas, in the GMP 
there was snapping between the layers (Figure 9). 

 
Figure 9. Failure modes of test specimens 

The averages and coefficient of variation of the bending 
moment under diagonal tension according to material types 
and joint types are given  in Table 6. The multivariate analyses 
of variance for bending moment resistance under diagonal 
tension are given in Table 7. 

Table 6. The averages and coefficient of variation of the 
bending moment under diagonal tension according to material 

types and joint types 

Type of 
Material 

Type of joint 
Average 

Moment Force 
(Nm) 

(v)                                               
(%) 

Scots pine 
Clamex-p 71.72 13.08 

Minifix 107.48 12.91 

Oriental beech 
Clamex-p 91.54 12.63 

Minifix 157.30 12.89 

Sessile oak 
Clamex-p 93.74 6.16 

Minifix 85.79 12.46 

CB 
Clamex-p 86.17 10.48 

Minifix 63.67 14.09 

MDF 
Clamex-p 101.78 11.31 

Minifix 99.89 10.43 

GMP 
Clamex-p 88.18 10.84 

Minifix 83.14 15.47 

Table 7. The multivariate analyses of variance for bending 
moment resistance under diagonal tension 

Sources of 
Variance 

Degree 
of 

Freedom 

Total of 
the 

Squares 

Average 
of the 

Squares 

F 
Value 

Probability 
of Error 
p<0.05 

Type of 
Material 

5 28894 6778 42 0.0000 

Type of 
joint 

1 3417 3417 25 0.0000 

Type of 
Material x 

Type of 
joint 

5 27610 5522 40 0.0000 

Error 108 14675 135   
Total 119 74598    

Comparison of the Moment-Carrying Capacities According to 
Type of Materials are given  in Table 8. 

Table 8. Comparison of the moment-carrying capacities 
according to type of materials 

Type of Material 
Diagonal Tension Resistance (Nm) 

(X) HG 
Scots pine 90 C 

Oriental beech 124 A 
Sessile oak 90 C 

CB 75 D 
MDF 101 B 
GMP 86 C 

LSD ± 7.307   

The highest moment value was produced in Oriental beech 
within all of the materials. From the wooden materials, the best 
was Oriental beech, the second was Scots pine and the third was 
sessile oak. Whereas, from the wood-based materials, it was 
MDF, GMP and CB, respectively (Table 3.8). Comparison of the 
Moment-Carrying Capacities According to Type of Joints are 
given  in Table 9. 
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Table 9. Comparison of the moment-carrying capacities 
according to type of joints 

Type of joint 
Diagonal Tension Resistance (Nm) 

(X) HG 
Clamex-p 89 B 
Minifix 100 A 

LSD ± 4,219   

The Minifix joinings were superior compared to the biscuit 
joinings according to type of fasteners ( Table 3.9). comparison 
of the effects on moment-carrying capacity according to the 
dual interaction for type of material and type of joints are given 
in Table 10. 

Table 10. Comparison of the effects on moment-carrying 
capacity according to the dual interaction for type of material 

and type of joints 

Type of 
Material 

Type of joint 
Diagonal Tension Resistance 

(Nm) 
(X) HG 

Scots pine 
Clamex-p 72 F 

Minifix 108 B 

Oriental beech 
Clamex-p 92 CDE 

Minifix 157 A 

Sessile oak 
Clamex-p 94 CD 

Minifix 86 DE 

CB 
Clamex-p 86 DE 

Minifix 64 F 

MDF 
Clamex-p 102 BC 

Minifix 100 BC 

GMP 
Clamex-p 88 DE 

Minifix 83 E 
LSD ± 10.33    

The highest value was produced by the Oriental beech with the 
Minifix fastener for the type of material and joining type dual 
interaction. The lowest value was produced by the CB with the 
Minifix fastener. The Oriental beech and Scots pine produced a 
good result with the Minifix-type fasteners. The sessile oak, CB, 
MDF and GMP produced good results with the biscuit-type 
fasteners (Table 10). The data on the type of materials and the 
type of joining dual interactions showed similarities in the 
withdrawal and compression experiments. According to these 
results, the Minifix fasteners should be preferred in the wooden 
materials and the biscuit-type Clamex-p fasteners should be 
preferred in the wood-based materials. 

4 Conclusions 

The positive aspects of Clamex-p; 
1.The Clamex-p fastenings showed high resistance 
characteristics in the diagonal compression and diagonal 
withdrawal tests. 
2.The fastening piece did not withdraw from the connection 
channel. 
3.The clamex-p fastenings produced results close to each other 
from the aspect of the wooden materials and the wood-based 
board materials. 
4.Positive results were produced in all of the materials joined 
with Clamex-p. 
5.The side ratchets, which are the characteristic attribute of 
Clamex-p, made a positive effect on holding due to the fact that 
the surface area of holding was more. The fact that the surface 
area of the Minifix fastening dowels was slight and due to the 
fact that the small ratchets on the dowels did not work by 
holding deeply into the materials were the cause of the holding 
being weak. 
The negative aspects of Clamex-p; 

1.Snappings and breakings were observed on the female part of 
the parts composing the Clamex-p fasteners.  
2.The fact that the widths of the channels were too much was 
the cause of breakings on a part of the materials in the CB and 
MDF. 
The fact that the Clamex-p produced good results in all of the 
materials, would make an increasing effect on the type of 
material that would be joined. Thanks to the special treenails 
found on the Clamex-p fasteners, increases the opportunity of 
joining with a single fastener without turning and would 
provide an ease and saving of time in practicality in the joinings. 
The fact that positive results were produced in the wooden 
materials and the wood-based board materials would make the 
effect of an expanded area of use. The Clamex-p can be used in 
the production of modern and classical furniture. The 
strengthening and developing of the fiberglass-reinforced 
plastic structure, which forms the structure of the Clamex-p, 
could make an increasing effect on the moment carrying 
capacity and performance of the fasteners. 
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Abstract   

This document contains paper format of In this study, it has been aimed to determine the effects of interior design characteristics in open-plan offices on 

users. For this purpose, the Forestry Regional Directorate and Forestry Operations Directorate buildings, which are located in Ankara, have been chosen 

as the study environment for work motivation. A motivation questionnaire, which was composed of 2 sections and 16 questions, has been applied to 71 

employees using open offices. Of the users who participated in the study, 40.85% were females and 59.2% were males. When the results of the interviews 

were reviewed in general, it has been observed that 39.4% of the users were not satisfied with the open office working environment, 43.7% were not 

satisfied with the open office interior design and 40.8% stated that the open office environment negatively affects relations with other persons. Moreover, 

it was determined that males were taken into account more compared to females when making known their opinions about office design and comfortable 

working in the office environment.  
Keywords: Open office, Work motivation, Interior design, Equipment element. 

   

 

AÇIK OFİSLERDE İÇ MEKAN TASARIMININ KULLANICILARIN ÇALIŞMA 
MOTİVASYONU ÜZERİNDEKİ ETKİLERİ 

Özet   

Bu araştırmada, açık ofislerin iç mekan tasarım karakteristiklerinin kullanıcıların çalışma motivasyonu üzerindeki etkilerinin belirlenmesi 
amaçlanmıştır. Bu maksatla, Ankara’da bulunan Orman Bölge Müdürlüğü binası araştırma ortamı olarak seçilmiş olup, bu binadaki açık ofisleri kullanan 
71 personele 2 bölümden ve 16 sorudan oluşan bir motivasyon anketi uygulanmıştır. Araştırmaya katılan kullanıcıların %40,8’ini kadınlar ve %59,2’sini 
ise erkekler oluşturmaktadır. Araştırma anketlerinden elde edilen sonuçlara genel olarak bakıldığında, kullanıcıların %39,4’ünün açık ofis çalışma 
ortamından ve %43,7’sinin ise açık ofis iç düzeninden memnun olmadığı, yine %40,8’inin açık ofis ortamının diğer kişilerle olan ilişkilerini olumsuz yönde 
etkilediğini bildirdiği görülmektedir. Ayrıca, ofisin düzenlenmesinde fikirlerine başvurulması ve ofis mekanının rahat çalışabilmesi açısından 
düzenlenmesi bakımından erkeklerin kadınlara oranla daha fazla dikkate alındığı belirlenmiştir. 
Anahtar Kelimeler: Açık Ofis, Çalışma Motivasyonu, İç Mekân Tasarımı, Donatı Elemanı. 
   

1 Introduction 

“Office” is the name given to a space that is structured within 

the framework of a certain activity or duty for persons 

(employees) and furnishings (work machinery, equipment 

elements, etc.). Generally, these duties and activities, just as 

they are of different types and at different levels of difficulty or 

complexity, also require information on different storage and 

forms of transfer. These differences are in the lead of the 

important factors, which should be taken into consideration in 

the determination of the needs and the type of office [1], [2]. 

Whereas, according to another definition, “office” is a place 

where various persons who work and have duties and who are 

called chief, jobholder, clerk, accountant and designer of the 

division of labor and specialty, work at a desk suitable to the 

attributes of their own jobs [3]. 

Besides the technological, economic, sociological, etc. 

developments in becoming widespread and in the development 

of offices, the concepts of “satisfaction of the employees” and 

“motive/motivation” are in the forefront for human beings. 

Motive is defined as the intrinsic force that prompts the actions 

and behaviors of the individual, that is, as the intrinsic and 

extrinsic forces in the environment of the organism, which 

provide energy to the behavior. Motivation is called an 

individual’s direction to behavior for the intrinsic force to 

become ready [4]. In the study by Tümgan (2007)[5], motivation 

was defined as the forces activated for a certain objective, which 

are oriented in the direction of the desired behaviors of 

individuals. The objectives of motivation are: 

 To provide for the employees to remain at the business 

enterprise. 
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 To provide for the employees to use their creative hidden 

forces.  

 To provide for the employees to increase their work 

successes.  

When human beings join a business enterprise, it brings with it 

certain requirements, which affect the success in the workplace 

to the business enterprise. Some of these requirements are 

related to physiological values, whereas, some others are related 

to psychological and social values. These are constituting 

significant factors in providing for the motivation of the 

employees at the institution [6]. For those employed in an office 

to find a motivationally suitable environment, just as it can be 

extremely beneficial in overcoming the needs and reaching the 

objectives for the employees, it would also be under 

consideration that the objectives of the business enterprise 

would be in harmony with the objectives of the employees and 

thus, while the employees are continuing their activities in the 

direction of the objectives of the business enterprise, they would 

provide benefits both for themselves and also for the business 

enterprise.  

In the rapid industrialization of the present-day, due to many 

negative factors, such as lack of education and business 

enterprises keeping the human factor in the second plan, 

employees have become confronted with the threat of losing 

their productive capabilities by becoming worn out [7]. 

Ergonomics, from this aspect, is based on making working 

conditions suitable for human beings. It has been researched 

within a humanistic concept for the adaptation of the human 

personality within a short period of time to a changing 

environment by examining the psychological and physiological 

aspects and by increasing human productivity in complicated 

working conditions. The humanistic concept can be explained 

with the analysis of the factors, which affect the organization of 

the working conditions in accordance with human objectives 

and by examining it from the psychological, biological and 

social aspects of human beings [7]. 

The satisfaction and motivation of employees working in offices 

where they spend approximately 8-10 hours per day can only 

be provided with the treatment at an optimum level of the 

person-equipment elements and the human-environment 

relations. The anthropometric attributes that should be taken 

into consideration in the relationship between humans and 

equipment are envisaged as being within harmony as 

measurement and shape in the areas of activity where the users 

establish physical relations. Conforming to the user 

measurements in the dimensions of equipment elements and 

their placement in interior spaces are important steps in the 

fulfillment of ergonomic factors. The anthropometric 

measurements follow the material attributes of the equipment 

elements [8]. Materials and textures suitable to their functions 

should be selected by taking into account user comfort and 

health. It is necessary to solve these physical attributes in the 

implementation of office design as well as environmental and 

psychological factors, the required illumination, heating and 

acoustical problems. 

Business enterprises have started to form offices composed of 

broader and complex spaces with the increase in demand and 

fields of work and a large number of users are employed in these 

offices. Besides these, the development and replacement of 

technologies and the development and differentiation of the 

system carried out with a commercial work volume has been the 

cause for a search for new definitions that would respond to the 

new requirements in the existing office organizations [9].  

The satisfaction and motivation of the employees could be an 

important reference in the classification and definition of the 

daily work forms that pass within an office and in the 

organization of the space. The areas of activity required to be 

set aside for representatives, who provide contact with the 

authorized persons, secretaries, jobholders and other 

employees of the office space, could basically display 

differences from each other. Different statuses could be created 

with the quality and color differences of the materials used in 

interior spaces. Besides these differences, the office interior 

space elements and placement should be suitable for human 

measurements and movement capabilities. An optimum design 

is required of all of the elements and areas of circulation, which 

constitute the working space by taking into account 

anthropometric measurements [9]. 

There is a tendency in office design towards offices that could 

meet the requirements of individuals for raising the satisfaction 

and motivation of employees to the optimum level. The 

intellectual behavior within the organization could shape the 

design or the changes in the working environment. It is such 

that just as there are scientists who feel an interest in a planned 

organizational change in offices, there are also significant 

meanings within businessmen [9]. 

Definition of the problem: Together with the developing 

technology, offices have become spaces that put to the test the 

performances of employees within the scope of health and 

motivation problems stemming from the work environment. 

Offices, with the environmental factors and the equipment 

elements in these spaces, should be designed by taking into 

consideration ergonomic criteria with the purpose of increasing 

the performances and productivities of the users by providing a 

comfortable, healthy and secure working environment.  

According to the designers, the open office systems, which play 

a major role in the contemporary office designs, should be 

suitable for individual work as well as suitable for good 

communications and teamwork. Furthermore, it is necessary to 

design spaces that are suitable for users and that are 

anthropometric and environmentally ergonomic. 

It is observed that work productivity cannot be attained at the 

desired level and that there are physical and psychological 

health problems stemming from a lack of the attributes for 

which a need is felt, due to the fact that the required 

environmental attributes for work satisfaction and motivation 

cannot be provided in the present-day offices. It would be 

beneficial to determine definite standards in this direction by 

analyzing the open office systems within these limitations and 

in the development of suggestions for solutions. The attributes 
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of the equipment elements (measurements, materials, colors, 

textures, etc.) and the environmental attributes (temperature 

of the space, noise level, illumination, etc.) of the space affect 

work productivity and performance of the users. 

Hypothesis of the Research: It is thought that in open office 

systems, the interior space environmental factors occurring, 

such as environmental factors (temperatures, sounds, smells, 

lights, etc.) and the design factors (architectural plans, colors, 

materials, dimensions, etc.) have a positive/ negative effect on 

the motivation and satisfaction of employees. 

In this study, the environmental and design factors of the open 

office spaces taken within the scope of the research were 

examined and it was attempted to determine whether or not 

there were effects of the genders on the employees in the open 

office environment. Accordingly, the open offices located in the 

Ankara Forestry Operations Directorate and the Ankara 

Forestry Regional Directorate buildings were included within 

the scope of the research and the situations of motivation and 

satisfaction of the employees in an open office environment 

were measured with the help of a questionnaire.  

2 Research Methods 

2.1. Research Setting 

In this study, the office buildings of the Ankara Forestry 

Regional Directorate and the Ankara Forestry Operations 

Directorate were treated (Figure 1) and the situations of 

motivation and satisfaction related to the open office spaces of 

the personnel working in the offices and the characteristics of 

the office spaces were determined. 

  
Ankara Forestry Regional Directorate Ankara Forestry Operations Directorate 

Figure 1. Views of the Ankara Forestry Directorate buildings. 
The Ankara Forestry Regional Directorate building is 4 stories 

high and the working environment located on the stories has 

been organized according to the open office system. All of the 

work in both buildings is carried out at desks. A desk type in the 

shape of an  “L”  is used in the open offices. Two “L” shaped  

desks have been organized by bringing together two side-by-

side, that is, in the shape of a “+” (Figure 2). The dimensions and 

attributes of the materials used in the interior equipment 

elements found in the open offices on which the study was 

made have been given in Table 1. 

  
Ankara Forestry Regional Directorate Ankara Forestry Operations Directorate 

Figure 2. Views of the open working offices at the Ankara Forestry Directorate buildings
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Table 1. Materials used in the interior equipment elements and dimensions of the equipment elements 

Attributes of materials Ankara Forestry Operations Directorate Ankara Forestry Regional Directorate 

Floor covering  Laminate parquet Carpet 

Wall covering  Cream-colored paint Cream-colored paint 

Ceiling covering  Plaster panel suspended ceiling Rock wool suspended ceiling 

Desk White birch melamine-coated chipboard White birch melamine-coated chipboard 

Heights of panels 100 cm 140 cm 

Dimensions of file cabinets 80x30x190 – 80x30x120 80x30x120 

2.2. Data Analysis 

The data were obtained from the subjects selected with the 
sampling method from among the personnel working in open 
offices. Two each office buildings were treated as the extent of 
the sampling. The data were obtained in two different manners, 
such as implementing a questionnaire and documenting with 
photographs. 

2.3. Questionnaire Design and Practice 

The questionnaires previously found to be valid and reliable in 
the research studies made by Çelebi (2005)[10], Yıldırım et al. 
(2007)[2], the Ministry of Health (2016)[11] and Yılmaz 
(2016)[12] were utilized in the design of the questionnaire. The 
questionnaire form was categorized in two groups. The first 
part was composed of questions related to the general 
knowledge of the office employees. Whereas, the second part 
was composed of questions for the evaluations of employees 
related to motivation and satisfaction in open office spaces. 

The data of the research were obtained from the employees 
using open offices located at the Ankara Forestry Regional 
Directorate and the Ankara Forestry Operations Directorate 
office buildings. The data of the research was obtained in 2016 
from 71 employees with the help of a questionnaire. The 
questionnaires were implemented at different times of the day 
during the week for a period of one month.   

 

2.4. Statistical Evaluation 

The percentage values of the data obtained in the research were 
calculated and the Chi Square (X2) test was used to determine 
whether or not there were statistically significant relationships 
between the dependent and independent variables (at the level 
of p<0.05). 

3 Results 

In the study, the Ankara Forestry Regional Directorate and the 

Ankara Forestry Operations Directorate office buildings were 

treated and the situations of motivation and satisfaction related 

to the office spaces by the working personnel in the office 

spaces were determined with the help of a detailed 

questionnaire. Furthermore, the characteristic attributes of the 

open office spaces found in these buildings were determined 

and their photographs were taken. The findings obtained in the 

research have been given below in a systematic order. 

Of the employees who participated in the research, 40.8% were 

females, 38% were between 20-35 years of age, 21.2% were 

between 36-45 years of age and 40.8% were 46 years of age and 

older. The results for the evaluations of motivation for the 

employees working in open offices have been given in Table 2.  

Table 2. Evaluations of motivation for the employees working in open offices 

Evaluations of Motivation for the Employees Working in Open 
Offices 

Yes Undecided No Total 
n % n % n % n % 

My opinion is obtained on the arrangements for my working 
environment and conditions. 

Female - - 8 11.3 21 29.6 29 40.8 

Male 6 8.5 17 23.9 19 26.8 42 59.2 

My open office working environment has been arranged in a 
manner in which I can work easily. 

Female 4 5.6 4 5.6 21 29.6 29 40.8 

Male 12 16.9 12 16.9 18 25.4 42 59.2 

I am feeling myself safe/secure in the open office. 
Female 8 11.3 8 11.3 13 18.3 29 40.8 

Male 17 23.9 15 21.1 10 14.1 42 59.2 

Protective security precautionary measures have been taken in 
the open office where I work. 

Female 5 7.0 9 12.7 15 21.1 29 40.8 

Male 13 18.3 16 22.5 13 18.3 42 59.2 

The management gives rewards for the motivation of the 
employees (thank you notes, supplementary payments, extra 
points, etc.). 

Female 3 4.2 3 4.2 23 32.4 29 40.8 

Male 3 4.2 7 9.9 32 45.1 42 59.2 

The management produces solutions together with the 
personnel on the negativities for motivation of the employees. 

Female 5 7.0 4 5.6 20 28.2 29 40.8 

Male 6 8.5 18 25.4 18 25.4 42 59.2 

I can convey easily to the managers the problems with which I 
am confronted. 

Female 7 9.9 13 18.3 9 12.7 29 40.8 

Male 14 19.7 17 23.9 11 15.5 42 59.2 

The management takes into consideration my suggestions on 
the subject of the operations of the section in which I work. 

Female 4 5.6 9 12.7 16 22.5 29 40.8 

Male 8 11.3 20 28.2 14 19.7 42 59.2 
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It can be observed in Table 2 that 56.4% of the females and 
males working in open offices stated that their opinions were 
not applied in the arrangements made for the working 
environment and working conditions, that 55% stated that the 
working environment was not arranged in a manner where it 
would be easy to work, that 32.4% stated that they did not feel 
themselves safe/secure in an open office, that 39.4% stated that 
protective security precautionary measures were not taken in 
the working environment, that 77.5% stated that the reward 
mechanisms for the employees by the management were not 
operating, that 53.6% stated that the management did not 
produce solutions together with the related personnel for the 
negativities on the subject of the motivation of personnel, that 
28.2% stated that they could not convey easily to the managers 
the problems that they confronted and 42.2% stated that their 
suggestions on the subject of the operation of the section in 
which they worked were not taken into account sufficiently. On 
the other hand, the Chi Square test was used to determine 
whether or not there was a statistically significant difference at 
the level of p<0.05 for the evaluations of motivation by the 
females and males working in open offices. Accordingly, the 
following was determined in female and male open office 
employees: 

 
 There was a significant difference in obtaining the views on 

the arrangements made for working environment and 
working conditions (X2: 7.201; df: 2; Sig.: 0.027) and as a 
result, the views of males were taken more compared to 
females;  

 There was a significant difference in the arrangement of the 
working environment in a manner in which they could work 
easily (X2: 6.053; df: 2; Sig.: 0.048) and as a result, the 
working environment was arranged in a manner in which 
males could work more easily compared to females; 

 A significant difference was not found in feeling oneself 
safe/secure in open offices (X2: 3.499; df: 2; Sig.: 0.174) and 

as a result, there was no effect of gender on feeling oneself 
safe/secure in open offices; 

 A significant difference was not found in taking protective 
security precautionary measures in the working 
environment (X2: 3.392; df: 2; Sig.: 0.183) and as a result, 
there was no effect of gender on taking protective security 
precautionary measures in the open office; 

 A significant difference was not found in operating reward 
mechanisms for the employees by the management (X2: 
0.716; df: 2; Sig.: 0.699) and as a result, there was no effect 
of gender on the operating of reward mechanisms for the 
employees; 

 There was a significant difference in the management 
producing solutions together with the personnel for the 
negativities on the subject of the motivation of personnel 
(X2: 6.958; df: 2; Sig.: 0.031) and as a result, males were 
supported more in the cooperation for motivation by the 
management compared to females; 

  A significant difference was not found in being able to 
convey easily the problems confronted to the managers (X2: 
0.710; df: 2; Sig.: 0.701) and as a result, there was no effect 
of gender on being able to convey easily the problems 
confronted; and 

 A significant difference was not found in taking into 
consideration the suggestions on the subject of the 
operation of the section in which the employees worked (X2: 
3.372; df: 2; Sig.: 0.185) and as a result, there was no effect 
of gender on taking into consideration the suggestions on 
the subject of the operation of the section in which the 
employees worked. 

The results related to the evaluations of satisfaction by the 
employees working in open offices made in the study have been 
given in Table 3. 

 

 

 

Table 3. Evaluations of satisfaction by the employees working in open offices 

Evaluations of Satisfaction of the Employees Working in Open 
Offices 

Yes Undecided No Total 

n % n % n % n % 

It makes no difference to me whether I work in an open or 
closed office. 

Female 9 12.7 9 12.7 11 15.5 29 40.8 

Male 20 28.2 11 15.5 11 15.5 42 59.2 

An open office interior arrangement positively affects 
motivation. 

Female 12 16.9 11 15.5 6 8.5 29 40.8 

Male 16 22.5 12 16.9 14 19.7 42 59.2 

I am not satisfied with an open office working environment. 
Female 12 16.9 13 18.3 4 5.6 29 40.8 

Male 16 22.5 16 22.5 10 14.1 42 59.2 

I am not satisfied with the arrangement of the open office 
interior equipment elements. 

Female 15 21.1 9 12.7 5 7.0 29 40.8 

Male 16 22.5 16 22.5 10 14.1 42 59.2 

The open office interior arrangement negatively affects my 
relations with other persons. 

Female 13 18.3 10 14.1 6 8.5 29 40.8 

Male 16 22.5 12 16.9 14 19.7 42 59.2 

When I enter an open office from outside, it positively affects 
my psychological condition. 

Female 10 14.1 9 12.7 10 14.1 29 40.8 

Male 16 22.5 12 16.9 14 19.7 42 59.2 
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It can be observed in Table 3 that of the female and male 
personnel who work in open offices, 40.9% stated that it made 
no difference whether it was an open or closed office 
environment, 28.2% stated that the open office interior space 
arrangement did not affect motivation positively, 39.4% stated 
that they were not satisfied with the open office working 
environment, 43.6% stated that they were not satisfied with the 
arrangements of the open office interior equipment elements, 
40.8% stated that the open office interior arrangement 
negatively affected their relations with other persons and 
36.6% stated that when they entered an open office from 
outside, it positively affected their psychological condition. On 
the other hand, the Chi Square test was used to determine 
whether or not there was a statistically significant difference at 
the level of p<0.05 for the satisfaction evaluations of females 
and males working in open offices. Accordingly, the following 
was determined in female and male open office employees: 

 A significant difference was not found for noticing whether 
or not they were working in an open or closed office 
environment (X2: 2.061; df: 2; Sig.: 0.357) and as a result, 
there was no effect of gender on working in an open or 
closed office environment; 

 A significant difference was not found for motivation by 
being positively affected by an open office interior space 
arrangement (X2: 1.484; df: 2; Sig.: 0.476) and as a result, 
there was no effect of gender on the open office interior 
space arrangement; 

  A significant difference was not found for situations of 
satisfaction from an open office working environment (X2: 
1.110; df: 2; Sig.: 0.574) and as a result, there was no effect 
of gender on satisfaction an open office working 
environment; 

 A significant difference was not found for situations of 
satisfaction from an arrangement of open office interior 
equipment elements (X2: 1.323; df: 2; Sig.: 0.516) and as a 
result, there was no effect of gender on an arrangement of 
open office interior equipment elements;  

 A significant difference was not found for the 
positive/negative relations with other persons by the open 
office interior arrangement (X2: 1.357; df: 2; Sig.: 0.507) and 
as a result, there was no effect of gender on the 
positive/negative relations with other persons by the open 
office interior arrangement; and 

  A significant difference was not found for the psychological 
condition of being positively/negatively affected when 
entering an open office from outside (X2: 0.103; df: 2; Sig.: 
0.957) and as a result, there was no effect of gender on the 
psychological effects formed when entering an open office 
from outside.  

4 Conclusion and Suggestions 

In this research, the Ankara Forestry Regional Directorate and 
the Ankara Forestry Operations Directorate office buildings 
were taken within the scope of the study. The situations of 
motivation and satisfaction for the office spaces of the 
personnel working in open office spaces were determined with 
the help of a detailed questionnaire. In conclusion, the results 
obtained from the findings and the suggestions developed 
according to these conclusions have been treated respectively 
below.  

It was determined that of the females and males working in 
open offices, 56.4% stated that their views were not obtained 
in the arrangements made for the working environment and 
working conditions, 55% stated that their working 

environment was not arranged in a manner in which they could 
work easily, 32.4% stated that they did not feel themselves 
safe/secure in open offices, 39.4% stated that protective 
security precautionary measures were not taken in the 
environment in which they worked, 77.5% stated that the 
reward mechanisms for employees by the management were 
not operating, 53.6% stated that solutions were not produced 
by the management together with the related personnel for the 
negativities on the subject of the motivation of personnel, 
28.2% stated that they could not convey easily to the managers 
the problems that they encountered and 42.2% stated that their 
suggestions on the subject of the operation of the section in 
which they work were not taken into account sufficiently by the 
management. Furthermore, the views of males in the 
arrangements made for the working environment and 
conditions were taken into account more, that the working 
environment was arranged in a manner in which they could 
work easily and that cooperation for motivation by the 
management was supported more compared to females. 
Accordingly, it was observed that there would be a major 
benefit in not making discrimination between genders in the 
arrangement of the open office working environment for 
motivation of the working personnel, in the formation of a 
comfortable and safe/secure environment, in the operations of 
reward mechanisms and in acting within cooperation with the 
management. 

It was determined that of the females and males working in 
open offices, 40.9% stated that they did not have a preference 
for an open or closed office working environment, 28.2% stated 
that the open office interior space arrangement negatively 
affected motivation, 39.4% stated that they were not satisfied 
with the open office working environment, 43.6% stated that 
they were not sufficiently satisfied with the arrangement of the 
open office interior equipment elements, 40.8% stated that the 
open office interior arrangement negatively affected their 
relations with other persons and 36.6% stated that their 
psychological condition was positively affected when entering 
the open office from outside. Accordingly, there would be a 
major benefit in obtaining the views of the employees on the 
subjects of working in an open or closed office environment, on 
the open office working environment and on the arrangement 
of the internal space for the satisfaction of the working 
personnel.  

From the conclusions given above, it understood that the open 
office environments positively/negatively affect the 
motivation, satisfaction and psychological conditions of the 
employees and that connected to this, usually a systemic 
problem emerges that decreases productivity. It is of great 
importance from the aspect of employees to take these data 
into consideration in the design of office environments. 
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Abstract   

Our planet’s environment is changing every day. Human actions and extreme consumerism have led to a destroyed balance in our ecosystems. Natural 
disasters, unusual cooling and warming periods due to climate changing in different places are only few of the problems that human beings have to be 
aware of. Global warming is an irrefutable fact. The environmental issues that we are facing are crucially modifying the planet’s landscapes already. The 
society has to come up with a solution to the environmental problem that has arisen. This dissertation points as a solution of the previously mentioned 
problems the need of using ecomaterials and recycled materials in both interior design and architecture in order to maintain Nature’s balance.  A modular 
system is created and it is applied in constructing various products in interior/exterior design made out of natural materials like metal and wood and also 
recycled plastic materials.  Few ideas connected to transformable furniture are presented, construction details and even temporary architectural 
buildings.  
Keywords: ecodesign, plastic molding, ABS plastic material, modular system, construction, interior design, exterior design 
   

 

1 Introduction 

Nowadays, the need of using recycled materials in construction 
building in both architecture and interior design products is 
growing. Our society has to consider its way of living in order 
to restore Nature’s balance and ensure a good quality of life for 
next generations. 

1.1 Eco design, plastic materials and recycling plastics.  

Eco design is an approach of designing products with special 
consideration for the environmental impacts of the product 
during its lifecycle. Increased population, industrialization and 
green awareness have led to the questioning of our consumer 
values. It is important to find new building solutions that are 
environmentally friendly and could lead to reduction of the 
consumption of materials and energy. This is where 
ecomaterials and recycled ones come along. People do not 
recycle plastics mainly because of the expences that they have 
to meet if doing so. In order to keep their expences low and 
their positions on the market strong, the manufacturers usually 
choose the simplest and the cheapest manufacturing methods. 
The new plastic material costs less than the recycled one purely 
because of the expensive recycling process. According to 
Proctor and Gamble, most of the people expect the materials 
that they use everyday to be recycled but they refuse to pay 
more for them. Nevertheless, there are some companies like 
Ford Motor Company that use recycled coca-cola plastic bottles 
and make windows frames, engine tops and storage covers for 
their newly manufactured automobiles. Since the plastics are 
made of fossil fuels, we could say that they are energy stored in 
a different kind of way. Actually, the plastics give out more 
energy than the petrol or any natural gas, which makes them 
the perfect fuel for manufacturing energy from waste. The 

electric power-stations burn waste and use the result energy 
for producing electricity. This is how they convert the waste 
into electricity. The main question that we should answer is 
should we burn or recycle plastic materials. It is true that the 
energy needed for making a product out of recycled material is 
more than the one used for making the same product from non-
recycled material. It is interesting that in this present moment, 
our society uses plastics more than ever. People cover food with 
plastic films, they stir their coffee with plastic spoons, wear 
clothes with plastic fibres, even they use plastic cards to do 
their shopping. Plastics are everywhere – they replace many 
traditional materials like stone, wood, leather, paper, glass, 
metal, ceramic, horn and bone in their uses. Due to their 
relatively low cost, versatility, imperviousness to water and 
ease of manufacture they are commonly used in human’s life. 
Aleksander Perkins found the plastic material in 1860 but 
massive production of plastics began only nearly few decades 
ago. In the present day, the production of plastics is more than 
80 tons per year.  
 
The main components of the plastics are raw petrol, gas and 
coals. The word “plastic” derives from greek “plastikos” 
meaning “capable of being molded; easily shaped”. A plastic 
material is any material with synthetic or semi-synthetic 
organic compounds in its composition. It could be easily 
molded into solid objects. Plasticity is the main property of all 
plastics. All of them are able to irreversibly deform without 
breaking. Plastic materials could be divided in two main 
groups: thermoplastics and thermosets. The former could be 
softened by heat and are easily molded, the ladder are formed 
by a heat process but once being set they could not change their 
shape by reheating.  
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The plastics are polimers, made in huge vessels with catalysts 
under specific temperatures and pressure. They are formed 
either like a rubber pallete or like powder and are melted and 
molded in the desired shape. The molding is usually done 
through injecting, extrusion or blowing. Next, the material is 
left to cool down and to stabilize its shape. There are numerous 
shape variations that could be made using this method.  

Polystyrene (PS) is a transparent, foamed white, amorphous 
or semi-crystalline thermoplastic. It is mainly used in food 
packaging because of its versatile nature and its relatively low 
cost. It is also commonly used in building construction, for 
example polystyrene resins are used in insolation materials, 
roofing, siding etc. It is not generally not recycled. 
Polypropylene (PP) is a partially crystalline thermoplastic 
and belongs to the group of polyolefins. Polypropylene is 
obtained by polymerization of the monomer propylene with the 
aid of catalysts. It is a versatile product used in automobile 
manufacturing, carpeting, paper and many more everyday 
products.  

Polyethylene (outdated polyethylene, sometimes polyethene) 
is produced by chain polymerization of ethene [CH2 = CH2] 
thermoplastic with the simplified chain structural formula [-
CH2-CH2-]n. Polyethylene is part of the group of polyolefins. 
Known trade names are: Alathon, Dyneema, Hostalen, Lupolen, 
polythene, Spectra, Trolen, Vestolen. Polyethylene is produced 
on the basis of ethylene gas, which can be produced either by 
conventional petrochemical, or ethanol. Is is commonly used in 
the cosmetic industry and food industry.  

Polymethyl methacrylate (PMMA), also commonly known as 
acrylic glass or Plexiglas, is a synthetic, glass-like thermoplastic. 
It is a transparent and rigid plastic and is oftenly used instead 
of glass.  

Polyamide (PA) are linear polymers with regularly repeating 
amide linkages along the main chain. It is a very strong and 
tough material, used in metal coating and construction 
materials. It also has a good chemical resistance to organic 
solvents, but unfortunately could be easily attacked by acids 
and oxidizing chemicals. It is often used in numerous kinds of 
fabrics, making of safety airbags, ropes etc.  

Acrylonitrile-butadiene-styrene copolymer (ABS) is a 
synthetic terpolymer of the three different monomer 
acrylonitrile, 1,3-butadiene and styrene, and is one of the 
amorphous thermoplastic. The proportions can vary from 15-
35% acrylonitrile, 5-30% butadiene and 40-60% styrene. It is 
easily molded and could be recycled many times - this is one of 
the main reasons for choosing this exhact material for the 
creation of modular products in the thesis. ABS is polymerised 
through the process of emulsion. It is used massively because 
of its strong resistance to chemicals and physical impacts. ABS 
is maily used in 3D printing, making electronic equipment cases 
and drainage pipes because of its lightweight and ability to be 
injection molded or extruded. It is the perfect material for 
creating musical instruments, golf club heads, automotive trim 
components, automotive bumper bars, medical devices for 
blood access, enclosures for electrical and electronic 
assemblies, protective headgear, buffer edging for furniture 
and joinery panels, luggage and protective carrying cases, small 
kitchen appliances, and toys. Household and consumer goods 

are the major applications of ABS. Molding ABS at a high 
temperature improves the heat resistance of the product and 
its gloss, but the highest impact resistance and strength are 
achieved by low temperature molding. The original material’s 
color varies from ivory to white but pigments can be added to 
chance the appearance of the ABS. Unfortunately, ABS is 
flammable when it is exposed to high temperatures. It first 
melts then boils, as the vapors would burst into flames. ABS 
could be damaged by sunlight. ABS plastic material is stronger 
than the pure polystyrene, also has a shiny, impervious surface. 
It a srubbery substance, that has the desired toughness even at 
low temperatures.  Modifications are made to improve impact 
resistance, toughness, and heat resistance. The impact 
resistance can be amplified by increasing the proportions of 
polybutadiene in relation to styrene and also acrylonitrile, 
although this causes changes in other properties. Impact 
resistance does not fall off rapidly at lower temperatures. 
Stability under load is excellent with limited loads. Thus, by 
changing the proportions of its components, ABS can be 
prepared in different grades. Two major categories could be 
ABS for extrusion and ABS for injection moulding, Generally 
ABS would have useful characteristics within a temperature 
range from −20 to 80 °C. In this particular project the details 
used in the construction of the furniture are made of ABS. 

Polycarbonate (PC) are plastics made from the group of 
synthetic polymers and the polyester family. Precisely there are 
polymeric esters of carbonic acid with diols (dihydric alcohols). 
They can be prepared by polycondensation of phosgene (a 
derivative of carbonic acid), with diols, or by transesterification 
with carbonic acid diesters of the dangerous place phosgene. 
Polycarbonate is a sustainable and eco-efficient material that is 
used in numerous everyday applications. It also has unique 
combination of properties like durability, high clarity, 
versatility, safety, heat and shatter resistance. It is mainly used 
in producing large sheets for glazing and roofing, optical lenses, 
medical devices and many more.  

Polymer alloys (Polycarbonate Acrylnitril-Butadien-
Styrol) produced by blending of two or more polymers or 
copolymers. These plastics, the so-called Polyblende, are 
characterized by particular heat resistance, stiffness and 
toughness. These properties are achieved in particular by phase 
coupling of block or graft copolymers. Regard there are 
analogies to metal alloys, in which the alloy is also very different 
properties than the individual metal components. PC ABS could 
be used in industrial equipment manufacturing, also 3D 
printing, where that resulst in producing stronger parts and 
also prototypes that have similar properties and appearance to 
the final products.  

The plastics are a light material. When buried in the ground, 
they take around 25% of the dung-hill. Instead of being buried 
to the ground plastic materials can be either recycled or 
burned. These two methods lead us to using most of the plastics 
with little amount of waste. Recycling can be done only with 
thermoplastic materials though. This helps creating new 
materials and using it multiple times. Burning restores 
chemical energy that is used for producing electricity.  
Plastic materials are easily recycled. They should be classified 
and divided into groups before the process of recycling and 
using the new materials for the creation of new products. If they 
are not divided and the mixture of different plastics is recycled, 
the portions of new material will not be homogeneous and each 
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one of them will have different qualities.  
Recycling is a process that allows the usage of the same material 
more than once. For example, when recycling ABS the material 
is first heated and melted, then poured in specific alluminium 
molds.  

1.2. Precedent studies.  

Dave Hakens, a graduate from Design Academy Eindhoven, 
spent two years in creating machines for plastic recycling. His 
project is called “Precious plastic” and the idea behind it is to 
create recycling machines with simple materials and everyday 
objects and to start recycling plastic waste. Hakkens shows how 
to make a plastic shredder, extruder, injection moulder and 
rotation moulder, modifying industrial machines in order to 
make them simpler and easy to use by everybody. He creates 
these machines so that people could start recycling locally and 
use the new materials in their everyday activities and shows the 
variety of objects that could be created and used. He also shares 
the blueprints in his website and encourages people to start 
their own small production line. (fig. 1 and 2)    

 

Figure. 1 Precious plastic machines  

 
Figure. 2 Products made from recycled plastic 

Mindaugas Zilionis, a Lithuanian furniture designer, recently 
presented his idea of creating versatile furniture using 
wooden pieces. This project is called “Spyndi” and presents a 
chair that could be modified in different shapes according to 
customer’s desires and needs. The pieces are made of plywood 
that is oil-coated and the pieces are combined in either long or 
short sections. (fig. 3) 

 
Figure. 3 Spyndi lounge-chair 

 
1.3. Modular system.  

The main idea of the project is to create a modular system that 
could be used for creating versatile products. It could be made 
of wood elements, plastics (ABS) and metal alloys and the 
materials could be painted in any color needed. This system is 
used to construct interior and exterior products (for example 
exterior constructions, benches, louge-chairs, tables, bars etc.) 
The products are constructed by combining elements with 
different length and angles. After collecting plastics and 
recycling them (fig.4) (for example the machines from 
“Precious plastic” project are used they are being molded in the 
specific shape needed. (fig.5) 
 

 
 

Figure. 4 Recycled plastic material  
 

 

http://bage-plastics.com/wp-content/uploads/2012/11/Fotolia_33630176_S.jpg
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Figure. 5 The modular system’s elements 

 
 

If made out of wood material plywood is the best one to choose, 
because is a relatively strong material because of the 
melaminformaldehide resin inside of it.  
The modular system can be used for producing temporary 
architectural buildings. On fig. 6 and 7 it is shown a construction 
of a bar.  

 
Figure. 6 Beach bar (compact construction) 

 
Figure. 7 Beach bar (unfolded construction) 

 
The elements form a long path-like structure that is folded in a 
particular shape and there are added some vertical and 
horizontal metal beams in order to ensure a stable 
construction. Because of the system’s versatility the building’s 
shape and function can be easily changed. The construction 
details have the same dimensions. In addition, after rotating 
every element at 10° the mechanism is constructed to lock 
itself, which means that the building is stable. The dimensions 
of the bar are transformable – after unlocking the mechanism 
the construction can be unfolded and its length could be 
doubled (the roof becomes part of the floor). (fig.7) 
Exterior furniture: 
The versatility of the construction that is achieved by adding 
more elements is one of the key features of the project. Using 
the same elements with different measurements there could be 
created numerous variations of transformable furniture 
constructions. These are the ones used in the beach bar project: 
 
      Bar (fig.8) (L=12000, B=800, H1=900, H2=1100) - its shape 
and design are similar to the temporary building’s design 
presented above. The difference is in the base element. To begin 
with, the elements are smaller (made according to the 
ergonomic standards for this type of a product). Secondly, in 
every element there is a groove used to hold a wood board with 
a thickness of 4mm that ensures the stability of the furniture, 
forms the front surface of the bar and ensures storage room. 
This makes it not only interesting and good-looking but also 
functional. The bar is produced out of white ABS, molded in a 
specific shape with the desired dimensions. 
 
 

  
 

Figure. 8 Bar and shelf 
 
 

Shelf (fig.8) (L=7000, B=600, H1=2500) - its shape and design 
are similar to the temporary building’s design presented above.  
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      Seating furniture (fig.9) (L=1220, B=600, H1=450, 
H2=1000) – it is analogical to the bar. The same modular system 
is used, while the elements are again made out of white ABS. 
The dimensions are based on the human’s body and the 
ergonomic standards. This means that the bench could be 
transformed in to a seating furniture or in to a table as well. 
 
 
 

 
 

Figure. 9 Seating furniture 
 

 
    Table (fig.10 (L=1000, B=600, H=500). 
 
 
 
 

 
 
 

Figure. 10 Table 
 
 
 

       Bench (fig.11) (L=1200, B=600, H1=450, H2=) 
All of the furniture is transformable and could be easily and 
quickly folded after unlocking the mechanism. This means that 
they could be used inside small spaces as well.  

 
Figure. 11 Bench 

The main idea is, that any peace of furniture could be 
transformed into another, for example the table could have the 
form of seating furniture, after unlocking the mechanism and 
rotate the detail. 

2 Conclusion 

Acknowledging of the present ecological problems and 
presenting new ideas for solving these problems are crucial for 
our future. This project is based on plastic recycling and using 
modular construction system to create beautiful and easily 
modified design and is only one of the potential projects that 
could solve our everyday problems. Spreading the idea of 
ecodesign and recycling materials could lead us to a better 
healthier future without catastrophes and natural disasters 
resulting from our society’s lack of interest and knowledge how 
to use the planet’s resources adequately.  
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Abstract   

A wood material has a disadvantage owing to its feature of combustible. In order to surmount this disadvantage, it has been using many chemical 
substances which inhibit burning or fire retardant. When a wood material burns, carbon monoxide (CO) that is one of the harmful gases occurs. Hence, 
this gas may cause to poisoning mostly and sudden death. 
In this research, it was aimed to determine combustion properties of the wood material which were treated Firetex as impregnated material and fire 
retardant that is not detrimental to human health. For this purpose, the combustion experiments prepared by fir wood (Abies nordmanniana subsp. 
bornmuelleriana) were conducted according to ASTM-E 69-02 standards. 
As a result of the combustion experiments, the average amount of CO emission and the weight loss was ascertained to diminish in the wood samples 
impregnated with Firetex. In the case of test samples, the percentages of maximum values of mass reduction were 38.38 and the maximum values of CO 
emission were 99.33 ppm whereas in the control samples, the percentages of maximum values of mass reduction were 94.85 and the maximum values of 
CO emission were 232.33 ppm. The results demonstrated that Firetex could retard the fire and possibly protect the human health against the poisoning 
during the fire. In addition, it was observed that Firetex induced to decrease the fire smoke, and extend the time of wooden building demolition throughout 
the fire. Therefore, the application of Firetex in wood structures is recommended. 
Keywords: Firetex, Fire Retardant, Wood Material, CO Emission, Mass Reduction 

 

FİRETEX İLE EMPRENYE EDİLMİŞ GÖKNAR ODUNUNUN YANMA ÖZELLİKLERİ  
Özet 
Ahşap malzeme yanabilir olmasından dolayı olumsuz bir özelliğe sahiptir. Bu olumsuz özelliğini gidermek için yangın geciktirici veya yanmayı engelleyici 
birçok kimyasal madde kullanılmaktadır. Ahşap malzeme yandığında, zararlı gazlardan biri olan karbon monoksit (CO) açığa çıkar. Bu yüzden 
çoğunlukla zehirlenmeler ve ani ölümler meydana gelebilir. 
Bu çalışmada, insan sağlığına zarar vermeyen, yangın geciktirici özelliğine sahip Firetex ile emprenye edilmiş göknar (Abies nordmanniana subsp. 
bornmuelleriana) odununun yanma özelliklerinin belirlenmesi amaçlanmıştır. Bu amaçla, göknar odunundan hazırlanan deney örnekleri ASTM-E 69-02 
standartlarına uygun olarak yanma deneylerine tabi tutulmuştur. 
Deney sonuçlarına göre, Firetex’li örneklerde ortalama CO salınım miktarı ve ağırlık kayıplarının azaldığı tespit edilmiştir. Test örneklerinde en yüksek 
ağırlık kaybı değeri %38.38 ve en yüksek CO salınım miktarı 99.33 ppm iken, bu değerler kontrol örneklerinde sırasıyla %94.85 ve 232.33 ppm olarak 
belirlenmiştir. Firetex’in yangın esnasında zararlı gaz salınımını azalttığı ve yangını geciktirdiği belirlenirken, bunun sonucunda ise ahşap binaların 
yangında çökme süresinin uzamasında etkili olabileceği, böylece insan sağlığına zarar verecek zehirlenmelere karşı koruyabileceği düşünülmektedir. 
Firetex’in bu özelliklerinden dolayı, ahşap yapılarda uygulanması tavsiye edilmektedir. 
Anahtar Kelimeler: Firetex, Yangın Geciktirici, Ahşap Malzeme, CO Salınımı, Ağırlık Kaybı 

 

1 Introduction 

Having poor thermal conductivity features, wood has been 
preferring to many uses [1]. However, the negative properties 
of it is its combustibility. Once the temperature of the wood 
rises, very few deteriorations happens until about 200˚C. 
Indeed, whole wood begins to destroy at approximately 250˚C.  
Between approximately 300-375 ˚C, most of the carbohydrate 
polymers are destroyed and solely lignin remains [1]. 
In order to develop the resistance of wood against to the fire, 
fire retardants were improved. The usage of them for a wood 
material might be date back to the first century A.D., as the 
Romans treated their ships with vinegar and alum to protect 
them against to the fire [2]. Moreover, in 1895, The U.S. Navy 
stated to start to usage of fire retardants for their ships [3].  
Being impregnated with fire retardant chemical substances of 
wood has been considered necessary in order to increase the 
strength of wood against to the combustion and prevent loss of 
life and property [4].  

Örs et al. has stated in one of their research that they have 
impregnated with different chemicals as using of soaking and 
pressure methods to test samples which were prepared by 
scots pine wood, therefore they have identified that the 
combustion properties of test samples impregnated by soaking 
method were lower than impregnated by pressure method [5].  
It was expressed that a wood material treated impregnation 
and varnish increased the temperature and released gases as a 
result of combustion in the areas where have a risk of burning. 
Additionally, they stated that wood materials which will be 
used in these areas not treating with varnish will be more 
beneficial. Thus, they recommended the using of borax as an 
impregnated material and the using of water-based varnishes 
as a varnish [6]. 
The purpose of this research is to focus on whether Firetex 
applied on wood material as an impregnated substance prevent 
to the CO emission or not, its fire properties and as determining 
the outlet amount of CO that is harmful for human health 
especially in case of fire. 

mailto:hismailkesik@kastamonu.edu.tr
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2 Materials and Methods 

2.1 Wood Species 

In this study, fir woods (Abies nordmanniana subsp. 
bornmuelleriana) were selected randomly from Kastamonu 
Forest Products Companies as a test material due to its wide 
usage in industry. These well-selected specimens were non-
deficient, proper, knot-free, normally grown wood materials 
(without reaction wood and without decay, insect and fungal) 
according to the principles of TS 2470 [7]. 

2.2 Impregnation Material 

In this research, it has been used Firetex provided by Kale 
Naturel company which is nature, and having fire retardant 
feature as an impregnated material. Moreover, according to the 
report of Istanbul University Department of Pharmacology and 
Toxicology [8], Firetex that is natural, not harmful for human 
health and environment; in the test results of Gazi University 
Faculty of Technical Education [9], it is applicable for short 
period, medium period and vacuum impregnated methods; it 
has been also reported in the test results of Balıkesir University 
Basic Sciences Application and Research Center that Firetex, 
which is not including any industrial additive or chemical, but 
minerals such as Mg, Ba and Zn, is acquired transformation to 
water of rocks having the feature of limestone in nature, in 
addition it has been the standard of raw water according to the 
ICP AES analysis [10].  

2.3 Preparation of Test Samples 

Test samples were cut properly shaped bar in 9.5mm x 19mm 
x 1016mm ± 0.8 mm according to ASTM-E 69 [13] standards. 6 
control samples, 6 test samples impregnated with Firetex, 
totally 12 samples were prepared. 
Before the experiment, the test samples were dried until they 
were stable at 20±2◦C, 60±5% relative humidity and 12% 
moisture gradient in climate room. 
The density values of scots pine wood were determined 
properly to the principles of TS 2472 [14]. The oven-dried 
density value was 0.50 g/cm2 and the air-dried density value 
was 0.52 g/cm2 as well were located. 

2.4 Impregnation Process 

In the impregnation process, soaking method with Firetex (pH= 
7.50) was used. The test specimens were placed in the tank and 
they were exposed to impregnation solution for 48 hours. After 
the impregnation process, samples were removed into 
solution, the solution on the wood surface was cleaned, and 
also weighed to determine retentions. The retention values 
for each treatment solution were calculated following 
formula. 
 

R =
G × C

V
× 10 kg/m3 

Where;  
G: absorbed treating solution by the sample (gr),  
C: concentration of treating solution (%),  
V: volume of treated samples (cm3). 
 

2.5 Application of the Combustion Test 

The combustion test was implemented in the laboratory of 
Karabük University according to the principles of the ASTM E-
69 [11]. Throughout the test, the amount of released gas CO 
(ppm: parts per million) and mass reduction (%) were 
determined as measuring in every 30 seconds. At the beginning 

of combustion test, flame source was used for 4 minutes then 
flame source was taken away and it was continued for 6 
minutes. The test lasted totally for 10 min. The appearance of 
test machine and the sample that is burning were shown in 
Figure 1.  
 

 
Figure 3. The appearance of test machine and the sample 

burning [12]. 

2.6 Data Analysis 

It was applied on multi variance analysis at the prepared 
samples with the purpose of determining the impact of CO 
emission, mass reduction and impregnation material to the 
combustion. The effectiveness was determined with “Duncan” 
test in the case of being significant the differences between 
groups. According to the results of multi variance analysis, CO 
emission and mass reduction were compared between each 
other as evaluating their combustion time. 

3 Findings 

The retention value of fir samples impregnated with firetex was 
calculated as 101 kg/m3. 
The multi variance analysis of CO and mass reduction values in 
Table 1, Duncan test regarding CO values in Table 2, diagram 
regarding CO values in terms of combustion time in Figure 2, 
the Duncan test regarding mass reduction values in Table 3, the 
diagram regarding mass reduction values in terms of 
combustion time in Figure 3, were shown. As a result of the 
multi variance analysis given in Table 1, impregnation, 
combustion time and interaction between these sources 
effected mass reduction and CO emission, and these influences 
were found to be statistically significant. 
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Table 1. The multi variance analysis of CO and Mass Reduction 
values  

Source 
Dep. 
Variabl
e 

Sum of 
Square
s 

df 
Mean 
Squar
e 

F 
Si
g. 

Impregnat
ion  

Mass 
Reducti
on 

14602,
6 

1 1460
2,6 

585,
64 

,0
0 
 CO 50225,

2 
1 5022

5,2 
113,
5 

,0
0 

Time 

Mass 
Reducti
on 

51864,
4 

19 
2729,
70 

109,
4 

,0
0 

CO 24325
2,4 

19 1280
2,7 

28,9
4 

,0
0 

Impregnat
ion* Time 

Mass 
Reducti
on 

10479,
0 

19 551,5
27 

22,1
2 

,0
0 

CO 16068
4,6 

19 8457,
08 

19,1
2 

,0
0 

Error 

Mass 
Reducti
on 

1994,6
7 

80 
24,93
3 

  

CO 35382,
6 

80 442,2
83 

  

Total 

Mass 
Reducti
on 

21145
9 

12
0 

   

CO 14345
55 

12    

 
Table 2. The Duncan test regarding CO values (ppm) in terms 

of combustion time (s) in the test and control samples 

Tim
e 

Contr
ol 

H
G 

Firete
x 

H
G 

Tim
e 

Contr
ol 

H
G 

Firete
x 

H
G 

30 12,33 A
B 

0,00 A 330 88,66 F-
H 

91,33 E-
H 60 8,00 A

B 
3,67 B 360 95,66 F-

H 
86,33 E-

H 90 10,66 A
B 

26,66 A-
C 

390 126,0
0 

H 84,00 E-
G 120 25,00 A-

C 
54,66 C-

F 
420 162,0

0 
I 86,33 E-

H 150 36,00 A-
D 

68,33 D-
G 

450 200,0
0 

J-
K 

90,33 F-
H 180 54,00 C-

F 
86,00 E-

H 
480 232,3

3 
K 85,00 E-

H 210 66,66 D-
G 

93,66 E-
H 

510 232,3
3 

K 73,33 D-
G 240 74,00 D-

G 
96,66 F-

H 
540 215,3

3 
J-
K 

60,67 C-
G 270 79,00 E-

G 
99,33 F-

H 
570 199,6

6 
J-
K 

46,67 B-
E 300 83,66 E-

G 
97,00 F-

H 
600 181,3

3 
I-J 35,66 A-

D  
HG: Homogeneous group 
 
Table 2 shows that the releasing CO emission in consequence of 
combustion. In the control samples, CO emission continued to 
increase above 126 ppm in the beginning of 390 seconds until 
the end of the test, and reached to the 232.33 ppm as a 
maximum. White et al., among others, has expressed that 
humans are in danger in terms of their health when exposed to 
the 100 ppm value of CO emission, Thus, these values after 390 
seconds could be threatening for human health [13], [14]. 
 

 
Figure 2. CO values in terms of combustion time in the test and 

control samples  

 
As clearly seen in Figure 2, CO emission in the control samples 
continues to increase gradually until 400 seconds, then 
acceleratingly reached to the value of 232.33 ppm at 480 
seconds, consequently this value decreased to 181.33 ppm. 
Although the CO emission of the impregnated samples was 
similar to the control samples until the 400 seconds, then this 
value slightly decreased until 35.66 ppm at the end of the test. 
In one of the research of Uysal et al., it was stated that the 
amount of CO released as very high, as a consequence of 
combustion of sapelli wood samples impregnated with 
Tanalith-E and varnished with a water-based varnish. 
However, in the samples treated with boric acid and varnished 
with the polyurethane varnish, CO emission value were lower 
[6]. 
 
Table 3. The Duncan test regarding mass reduction (%) values 

in terms of combustion time in the test and control samples  

Tim
e 

Contr
ol 

H
G 

Firete
x 

H
G 

Tim
e 

Contr
ol 

H
G 

Firete
x 

H
G 

30 3,25 A
B 

1,58 A 330 43,17 O
P 

25,26 F-
J 60 5,84 A-

C 
2,79 A

B 
360 49,45 P

R 
26,62 G-

K 
90 7,97 A-

D 
4,07 A

B 
390 53,27 R 29,58 H-

L 
120 11,82 B-

E 
6,46 A-

C 
420 63,89 S 30,91 I-

L 150 14,79 C-
F 

10,36 A-
E 

450 68,67 S-
T 

32,35 J-
L 180 18,11 D-

G 
13,95 C-

G 
480 72,61 T-

U 
33,67 J-

L 210 22,69 F-
I 

16,93 D-
H 

510 80,44 U-
V 

34,72 J-
M 240 25,32 H-

L 
19,86 E-

H 
540 87,59 V-

Y 
36,01 K-

M 
270 32,75 L-

N 
20,58 E-

I 
570 91,28 Y 37,10 L-

M 
300 37,43 N-

O 
22,76 E-

I 
600 94,85 Y 38,38 L-

M HG: Homogeneous group 
 
Table 3 shows the mass reduction amount in consequence of 
combustion. While the mass reduction value in the control 
samples was 80.44%, this value was 34.72% in the test samples 
impregnated with Firetex at 510 seconds.  
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Figure 3. The mass reduction values in terms of combustion 

time in the test and control samples 

 
As seen in Figure 3, both in control and test samples, the mass 
reduction rose similarly to approximately 25% at 240 seconds 
with flame source. After removing the flame source, the 
combustion has continued at the end of experiment, therefore 
the mass reduction dramatically continued to escalate to 
94.85% in the control samples. However, the value of mass 
reduction in the samples with Firetex slightly increased to 
38.38% at 600 seconds. On the other hand, it was found that the 
average amount of mass reduction in the sapelli wood samples 
impregnated with Tanalith-E was 69.71%, the minimum value 
of it was 43.04% in the samples treated with borax [6]. It was 
found that the minimum value of mass reduction in the beech 
wood samples treated with the mixture of aqueous solutions 
sumach leaf, borax and boric acid was 67.9% [15]. 
 

4 Conclusion and Recommendation 

In this research, it was investigated that the combustion 
properties of Turkish fir impregnated with Firetex, which has 
the feature of fire retardant. In accordance with the combustion 
experiment results, the value of mass reduction was 94.85% in 
control samples, whereas this value was 38.38% in test 
samples. In case of the CO emission at the end of the test, the 
value in control samples was 181.33 ppm, while this value in 
test samples was 35.66 ppm. 
In the combustion experiment, it was determined that Turkish 
fir impregnated with Firetex as applying soaking method 
decreased the CO emission and mass reduction values. In the 
literature, the assumption of using of pressure methods with 
Firetex was advocated to be declined them as well [5]. 
Consequently, fire retardant that we used in this study was 
found to be successful so as to decline the mass reduction and 
CO emission. Having a fire risk, protecting by impregnating 
Firetex of wooden structure may be suggested. After finishing, 
determining of performances of a wood material treated with 
Firetex can be the subject of a new research.  
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Abstract   

This study aims to identify the problems encountered in production lines for office furniture manufacturers and gives suggestions to the problems. For 
this response, a questionnaire was designed and conducted with directors or owners of 50 office furniture manufacturers of small, medium and large 
scale size enterprises which were randomly selected from different cities. The questionnaire aims to focus on identifying the fundamental obstacles for 
production, marketing, sales and law. The data from questionnaire was calculated with frequency numbers and percentages for statistical values. In 
respect to the scope of dependent variables for the study, relationships between the independent variables such as the size of the company scale and Chi 
Square Single Analysis of Variance (ANOVA) were determined. According to the results, 52% of customers constitute owners. The biggest obstacle is the 
lack of qualified personnel in office furniture production while 46% of customers complain about pour designs. As a result, the study concludes with 
specific obstacles for logistics (30%), distributions (18%), unpaid bills after delivery (28%), and unconscious of the consumer (24%) in the office 
furniture sector.  
Keywords: Office Furniture, Production, Enterprise 
   

 

OFİS MOBİLYASI ÜRETİMİNDE SORUNLAR VE ÇÖZÜM ÖNERİLERİ 
Özet   

Bu çalışmada, büro mobilyası üretimi yapan işletmelerde üretim sürecinde karşılaşılan sorunların tespit edilmesi ve bu sorunlara yönelik çözüm 
önerilerinin geliştirilmesi amaçlanmıştır. Bu amaca uygun olarak, Türkiye’nin farklı illerinde faaliyet gösteren küçük, orta ve büyük ölçekli işletmeler 
arasından tesadüfi yöntem ile seçilen 50 adet işletmenin sorumlularına anket uygulaması yapılmıştır. Uygulanan anket, işletmelerin mevcut yapısal ve 
hukuki özelliklerini, üretim ve pazarlamaya yönelik sorunlarını belirlemeyi amaçlayan sorulardan oluşmaktadır. Ankete verilen cevapların frekans 
sayıları ve yüzdelik değerleri hesaplanmıştır. Ayrıca, bağımlı değişkenler kapsamında, firmaların ölçek büyüklüğü gibi bağımsız değişkenler arasındaki 
ilişkiler Ki Kare ve Tekli Varyans Analizi (ANOVA) ile test edilmiştir. Elde edilen sonuçlara göre, müşterilerinin %52’isi mülkiyet sahipleri 
oluşturmaktadır. Büro mobilyası üretimindeki en büyük zorluk kalifiye personel yetersizliğidir. Üretimini yapılan ürünler ile ilgili müşterilerin 
%46’sından şikâyet almaktadır. Araştırma kapsamına alınan işletmelerin %30’unun lojistik, %18’inin önceden belirlenen tarihte ürün teslimi 
yapamamak, %24’ünün tüketicinin bilinçsiz olması ve %28’inin ise teslimattan sonra ürün bedelinin tahsilatının yapılamaması gibi sorunlar ile 
karşılaştığı tespit edilmiştir. 
Anahtar Kelimeler: Ofis mobilyası, Üretim, İşletme 

 

1 Introduction 

Office design is an important issue, which needs careful 
considerations. It could be argued that office design could in a 
general way raise or depress morale, and could in some more 
specific way have a major impact on how well the organization 
functions. It is not only a question of decor or facilities, but also 
much more about what has been described as organizational 
ecology–the symbiotic relationship between the social 
organism of the organization and the physical structure of the 
environment within which people breathe and mutate [1]. In 
this context, office design might be argued as an important 
activity, which can present new ways in which people can work 
better in their organizations. Along with it, furniture plays and 
takes a significant part in office design.  After the industrial 
revolution that is accepted as the beginning of technological 
developments in the world history, that makes the production 
unlimited, changes the consumer concept completely, 
reshapes the models in production-consumption relation, 
human and life conditions have changed to a large extent. As a 
result of the developments carried out with the Industrial 
Revolution, many significant inventions have been performed, 

technology has progressed, and also the limits in 
transportation have been removed. In addition to all these 
improvements, conveniences in the production have changed 
consumption habits and allowed a new consumption-focused 
world order to appear [2,3]. 
Although alternative materials such as steel, aluminum, glass 
and plastic are used in furniture making, wooden material is 
able to have its popularity in this point. Wooden material is 
being used in especially for residence equipment such as table, 
wardrobe, bedstead, nightstand, bookcase, and school desks 
and tables [4]. 
In the beginning of 1960s, office furniture sector in Turkey 
became industrialized, and started to develop in 1980s. 
Development in commerce, establishment of new private 
companies, rise of banking sector and construction of luxury 
business centers helped the sector to grow [5]. 
Just like in each sector, there are some problems with design, 
production, marketing, and after sales services in office 
furniture sector, thus many studies in resolution of these 
problems or improvement of current situation, which focus on 
different points, have been performed.  
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The investment opportunities of a company, which is involved 
in making office furniture through mass production, have been 
researched. The questions-respectively, market and demand 
research, technology, capacity and location of establishment, 
product design and projecting, production process, 
determination of quality control policy, performance of in-
plant arrangements, personnel requirement, organization of 
departments, investment analysis, investible factors in terms 
of technique and economy (feasibility) -have been examined, 
the conclusion indicates that the mass production in office 
furniture is possible with technical equipment and 
opportunities, and that economic efficiency criterion makes 
such a company profitable investment for investors and 
country economy [6]. 
In the research on physical conditions of production workshop 
that belong to 99 furniture companies within Siteler area of 
Ankara city, it is concluded that these workshops have no 
sufficient physical equipment, and that workers have no 
sufficient knowledge about infrastructure use, however, these 
deficiencies may be corrected through the trainings of workers 
about occupational safety, productivity and technological 
developments [7]. 
In the research on furniture companies in Istanbul, it is 
concluded that 25,5% of companies has insufficient trained 
personnel; 27,5% has insufficient raw material,  24% has 
insufficient technology and also 13% has problems with 
energy. In order to allow these companies to obtain modern 
production methods, educational levels of personnel in the 
sector must be higher, small and medium-sized companies 
must combine their own production capacities, moreover, 
quality of raw material must be increased, and those must be 
encouraged to use new technologies, in addition, cheaper 
energy must be provided, they must be trained about 
marketing and advertisement, lastly, they must be provided 
with easier credit supports and supportive measures etc. [8]. 
In another research, face to face meetings have been organized 
with the participation of total 608 Turkish companies-33 
large-sized, 39 medium-sized and 536 small-sized, thus they 
have subjected to an inquiry with 45 questions. Research 
indicates that the most important problem in furniture 
industry is the lack of qualified personnel. Respectively, the 
lack of technology and energy keeps up with the main problem. 
Moreover, the lack of genuine design appears as another one 
of problems. As a result, the lack of qualified personnel must 
be resolved through the collaboration between trade 
associations and universities, in addition, the endorsements 
for small and medium-sized companies must be generalized 
with easier ways [9]. 
It can be said that office furniture sector in Turkey started to 
grow after 1940s, so this growth accelerated the development 
in Turkish banking sector. The requirements in office 
furniture, which was commonly provided through importation 
in 1980s, gave producers a ground for their reorganization in 
1990s [10]. By the way of acceleration since 1990s, Turkey's 
office furniture sector have had part in the first five within 
Europe, and the first 7 over the world according to quantity of 
parts manufactured [11]. 
According to data from Office Furniture Industry and 
Businessmen Association (OMSİAD), the size of furniture 
market in Turkey is 9 billion USD, consequently, office 
furniture consists of 20-30% of this market [12]. 
In literature, it is understood that office furniture producers 
and their personnel have no insufficient knowledge in the use 
of infrastructure, and that consumers generally focus on 
materials ad workmanship in the purchase of furniture. In this 

study, it is aimed at determining current situation of 
companies in making office furniture; major issues in 
production process against these companies; the existence of 
different issues by the size of a company; and improving 
solution offers for such issues.  

2 Research Method 

Small, medium and large-sized companies of office furniture 
production from different cities of Turkey were included in 
this study which is aimed at determining the issues in 
production process of office furniture and improving solution 
offers for the problems encountered. In this scope, 50 
administrative managers, production and design managers 
were subjected to an inquiry. In 2014, the inquiry was 
performed by face-to-face meetings with company authorities. 
The response duration of participants to the inquiry took 
about 15-20 minutes. According to classification by Turkish 
Statistical Institute, from the companies, 62% is small-sized, 
10% is medium-sized, 28% is large-sized.  

2.1  Inquiry design 

Closed ended, two-choice and multiple choice questions have 
been used. The reliable and well accepted samples of inquiry, 
which were previously developed by Şenol, (2010), Demirci 
(2005), Yıldırım and et al. (2003) and Eroğlu (2007) [13-16], 
have been used to create a new inquiry form for the aim of 
research. In this inquiry, the questions such as corporate info, 
production, application and marketing have taken place. The 
implementation of this inquiry has been performed with the 
participation of company holders or production managers by 
using face-to-face meetings.  

2.2  Statistical Evaluation 

Frequency numbers and percentages of data obtained have 
been calculated. On the other hand, the relations / differences 
between independent variables such as the size of companies 
have been tested by using Chi-square and Unique Variance 
Analysis (ANOVA).  

3 Findings 

The inquiry data, which was performed in order to determine 
current situation of 50 small, medium and large-sized 
companies in office furniture sector, have been systematically 
analyzed as following. According to a question "In your 
opinion, is the design and production of office furniture a 
profitable field?", 86% of participants believes that design and 
production of office furniture is profitable field.  
The outcomes of Chi-Square, which has been implemented in 
order to determine if there is a significant relation between 
reason of activity in office furniture, playing a role in this field 
and the size of companies, are shown in Table 1. The employer 
individuals or organizations, who assign these companies to 
office furniture works according to their sizes, are shown in 
Table 2. The demands of companies for qualified personnel by 
their sizes are shown in Table 3. 
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Table 1. Chi-Square, results and reasons for performing in 
office furniture sector 

Reasons for 
Performing in 
Office Furniture 
Sector 

Scale of the Company 
Total 

Small Medium Large 

fi % fi % fi % fi % 

Having a profitable 
business 

18 36 2 4 9 18 29 58 

Family Profession  3 6 - - - - 3 6 
The lack of product 
diversity 

2 4 2 4 2 4 6 12 

Government agency 
or state company to 
be a customer  

8 16 1 2 3 6 12 24 

Total 31 62 5 10 14 28 50 100 
Chi-Square 

X2 df P 
6.450 6 0.375 

fi: Number of enterprise, %:Percentage,  X2: Chi-Square,   df: Degree of freedom,    
P: Level of importance 

Table 2. Firms takes office furniture business from 
individuals, institutions or organizations 

Main Customers 
Scale of the Company 

Total 
Small Medium Large 

fi % fi % fi % fi % 
Property owners 19 38 2 4 5 10 26 52 
State Supply 
Office 

5 10 0 0 4 8 9 18 

Municipalities 4 8 0 0 2 4 6 12 

State 
Departments and 
Agencies 

3 6 3 6 3 6 9 18 

Total 31 62 5 10 14 28 50 100 
Chi-Square 

X2 df P 
10.063 6 0.122 

fi: Number of enterprise, %:Percentage,  X2: Chi-Square,   df: Degree of freedom,    
P: Level of importance 

Table 3. The need of qualified workforce in accordance with 
the size scale 

Needed 
Workforce 

Scale of the Company 
Total 

Small Medium Large 
fi % fi % fi % fi % 

Experienced 
Manager 

4 8 1 2 3 6 8 16 

Architect  2 4 0 0 0 0 2 4 
Interior Designer 16 32 2 4 2 4 20 40 
Industrial 
Designer  

1 2 0 0 1 2 2 4 

Technical teacher 4 8 2 4 5 10 11 22 
Technician  4 8 0 0 3 6 7 14 
Total 31 62 5 10 14 28 50 100 

Chi-Square 
X2 df P 

10.049 6 0.436 
fi: Number of enterprise, %:Percentage,  X2: Chi-Square,   df: Degree of freedom,    
P: Level of importance 

According to Table 1, the reasons of why the companies have 
the activities in office furniture sector is shown as following: 
58% of companies in this sector depends on its profits; 6% 
depends on traditional father's occupation; 12% depends on 
less product range; 24% depends on customer range, from 
state and private sectors. According to Chi-square test, there is 
no significant statistical relation between activity reasons of 
companies for office furniture sector and their sizes at the level 
of p<0.05.  

According to outcomes shown in Table 2, the companies are 
assigned to perform office furniture works by following 
employers. 52% is property owners; 18% is State Supply 
Office; 12% is municipalities and 18% is public organizations. 
According to Chi-Square test, there is no significant statistical 
relation between the type of individuals / organizations and 
the size of companies at the level of p<0.05.  
Basic requirements of companies for candidates making a job 
application are shown in Table 4.  

Table 4. Seeking features in application for job candidates 

Seeking features  
Frequency  

(fi) 
Rate 
(%) 

Skills and attitudes of the candidates 31 62 

Work experience and references 19 38 
Total 50 100 

According to outcomes shown in Table 4, 62% of companies 
focuses on skills and attitude of candidates making a job 
application; 38% focuses on business experience and 
references of candidates. The information about the office 
furniture with the most popular design and production of 
companies is given in Table 5.  

Table 5. Most production made for office furniture 

Mostly produced office 
furniture 

Frequency  
(fi) 

Rate 
(%) 

Senior office rooms 24 48 
Junior office rooms  8 16 
Armchairs  4 8 

Paneling, decorative elements, 
such as separator 

14 28 

Total 50 100 

Assessment of issues in production of office furniture by their 
sizes is shown in Table 6.  

Table 6. Difficulties in office furniture production 

Difficulties  
Scale of the Company 

Small Medium Large 
X S X S X S 

Deficiencies in the 
material supply 
(DMS) 

2.93 1.52 3 1.41 2.92 0.82 

Lack of qualified 
workforce (LQW) 

4.35 0.83 3.2 1.48 4.21 0.89 

Incompatibility with 
production design 
(IPD) 

3.45 1.12 3.2 0.83 3.71 0.82 

Patent-registered 
operations (PRO) 

2.90 1.51 3.4 1.81 3.21 1.57 

Insufficiencies in 
machinery and 
equipment (IMQ) 

3.42 1.43 2.6 1.67 3.64 0.92 

Results of the ANOVA 
 DMS LQW IPD PRO IMQ 
F 0.504 1.496 1.202 1.043 0.917 
df 4 
P 0.733 0.219 0.323 0.396 0.463 

X: Average Value, S: standard deviation,  F: F Value,   df: Degree of freedom,   
P: Level of importance Not: (1: least important, 5: most important) 

According to outcomes shown in Table 3, 16% of participants 
in the inquiry needs experienced director; 4% needs architect; 
40% needs interior architect; 4% needs industrial designer; 
22% needs technical teacher and 14% needs technician. In Chi-
Square test performed, there is no significant statistical 
relation between the most needed personnel in companies and 
the size of companies according to p<0.05 level.  
According to Table 5, 48% of companies designs and produces 
offices; 16% designs and produces furniture of staff room; 8% 
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designs and produces chairs; 28% designs and produces 
wainscot, separator and other decoration elements. 
According to Table 6, the most significant issue among the 
difficulties in production of office furniture is lack of qualified 
personnel. ANOVA test indicates that the effect of the size of 
companies on difficulties in production of office furniture has 
no statistical significance according to p< 0.05. 
The most preferable materials for companies in production of 
office furniture are shown in Table 7. 

Table 7. Most preferred materials for office furniture 
manufacture 

Most preferred materials 
Frequency  

(fi) 
Rate 
(%) 

Chipboards  11 22 
MDF 1 2 
Laminated particleboards/MDF  12 24 
Solid Wood 3 6 
Veneered particleboards/MDF 10 20 
Lacquered particleboards/MDF  11 22 
Metal/Glass/Steel 2 4 
Total 50 100 
According to Table 7, 22% of companies prefer to use 
melamine coated chipboard; 2% uses MDF-LAM; 24% uses 
laminated flake board/MDF; 6% uses solid wood; 20% uses 
wood coated flake board/MDF, 22% uses lacquer painted MDF 
and 4% uses metal/glass/steel material. According to a 
question "Do your customers complain about the products that 
you are currently designing and producing?", the companies in 
the scope of this research have responded as following; 54% of 
companies "No", 46% "Yes". The complaints with "Yes" 
answers are shown in Table 8. 

Table 8. Received complaints from customers about design 
and production 

Received complaints 
Frequency  

(fi) 
Rate 
(%) 

Materials and equipment defects 16 32 
Design defects 1 2 
Measurement and manufacturing 
defects 

9 18 

Chi-Square Test results, which has been performed in order to 
determine the marketing methods by the size of companies, 
and the relation between the size and marketing methods of 
companies, are shown in Table 9. 

Table 9. Marketing methods for products 

Marketing 
Methods 

Scale of the Company 
Total 

Small Medium Large 
fi % fi % fi % fi % 

Our own store 17 34 2 4 7 14 26 52 
Through reseller 1 2 1 2 2 4 4 8 
Special order 13 26 2 4 5 10 20 40 

Chi-Square 
X2 df P 

5.702 6 0.457 
fi: Number of enterprise, %:Percentage,  X2: Chi-Square,   df: Degree of freedom,   P: 
Level of importance 

According to Table 8, 32% of complaints from customers 
depends on material and appliance defects; 2% depends on 
design faults and 18% depends on measurement and 
production faults. 
According to Table 9, 52% of companies markets its products 
by means of its own shop; 8% markets by means of a dealer; 
40% markets by means of specific order. Chi-Square test 
indicates that there is no significant statistical relation 

between the size of companies and their marketing methods 
according to p<0.05 level. 
Chi-Square test results, which has been performed in order to 
determine the issues in delivery of products, and the relation 
between the issues in delivery of products and the size of 
companies, are shown in Table 10.  

Table 10. Problems encountered in the delivery of products 

Problems 
encountered in 
the delivery 

Scale of the Company 
Total 

Small Medium Large 
fi % fi % fi % fi % 

Logistics (transport 
to the delivery 
address) problems 

8 16 1 2 6 12 15 30 

To make delivery of 
the product in time 

5 10 2 4 2 4 9 18 

User / consumer to 
be informed 

7 14 2 4 3 6 12 24 

The collection of 
product price 

11 22 0 0 3 6 14 28 

Total 31 62 5 10 14 28 50 100 
Chi-Square 

X2 df P 
5.466 6 0.486 

fi: Number of enterprise, %:Percentage,  X2: Chi-Square,   df: Degree of freedom,   P: 
Level of importance 

According to Table 10, the companies in the scope of this 
research encounter following problems; 30% with logistics; 
18% with failure to deliver the product on designated date; 
24% with unconscious consumer; 28% with difficulties in 
making collections after the delivery of products. Chi-Square 
test indicates that there is no significant statistical relation 
between company's problems in delivery of products and the 
size of companies according to p<0.05. 
The difficulties in design-production-marketing circle by 
frequency are shown in Table 11.  

Table 11. Difficulties in the design, production and marketing 
cycle 

Difficulties  
Scale of the Company 

Small Medium Large 
X S X S X S 

Design (D) 3.09 1.24 2.2 1.09 2.85 0.86 
Production (P)  2.87 1.08 2.4 1.14 2.92 0.82 
Marketing (M) 3 1.09 2.6 1.34 3.07 0.73 
After sales (AS) 2.67 0.97 2.4 1.14 2.78 1.18 

Results of the ANOVA 
 F df P 

D 0.367 4 0.831 
P  4.099 4 0.006 
M 0.321 4 0.862 
AS 0.598 4 0.666 

X: Average Value, S: standard deviation,  F: F Value,   df: Degree of freedom,   P: 
Level of importance 
Not: (1: least important, 5: most important) 

According to results in Table 11, the difficulties in marketing 
phase gain more importance among other difficulties in 
design-production-marketing circle. ANOVA test indicates that 
there is a significant statistical relation at the p< 0.05 level 
between the difficulties in design-production-marketing circle 
and the size of companies for the factor of "problems 
encountered in the phase of production". Accordingly, it is 
understood that small and large-sized companies have more 
importance than medium-size companies.  
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4 Conclusions and Recommendations 

It is understood that 86% of companies considers that making 
office furniture is a profitable field of business; 14% considers 
that designing and making office furniture is not profitable, 
because of the failure to create specific design and of the high 
rates in material costs. This situation indicates that the 
companies carry on with the activities in this field, because of 
the factors such as "traditional father occupation", lack of 
product range and customers from state or private 
organizations, regardless of the fact that such companies 
regard the design and production of office furniture as non-
profitable filed of business.  
The companies are assigned to perform office furniture works 
by following employers. 52% is property owners; 18% is State 
Supply Office; 12% is municipalities and 18% is public 
organizations.  
Regardless of the size of companies, 16% of companies needs 
experienced director; 4% needs architect; 40% needs interior 
architect; 4% needs industrial designer; 22% needs technical 
teacher and 14% needs technician. Regarding to candidates 
who make a job application, 62% of companies focuses on 
skills and attitude of candidates making a job application; 38% 
focuses on business experience and references of candidates. 
Regarding to product range, 48% of companies designs and 
produces offices; 16% designs and produces furniture of staff 
room; 8% designs and produces chairs; 28% designs and 
produces wainscot, separator and other decoration elements. 
As shown in other similar researches in the literature, almost 
all companies engaged in production of abovementioned 
product range need qualified personnel [8,9]. 
A great majority of companies uses such materials as 
laminated flake board/MDF (24%) in the production of office 
furniture. 32% of complaints from customers after delivery of 
products is related to material and appliance defects. This 
situation can be expressed with the problems encountered in 
material and appliance quality.  
The companies in the scope of this research have significant 
issues such as logistics (30%), failure to deliver the products 
on specified date (18%), unconscious consumers (24%) and 
difficulties in making collections after delivery of products 
(28%).  
As a result, following recommendations may be brought 
forward to resolve the issues and problems against the 
companies engaged in making office furniture.  
 
1. In order to create specific designs, the companies must 

employ trained designers for furniture designs; in order to 
follow the improvements in both design and material 
specs, in-service trainings must be organized.  

2. The lack of qualified personnel can be easily resolved with 
the collaboration of educational institutions and industry. 
All over the country, there are many secondary schools and 
occupational high schools that are engaged in furniture 
production, decoration and indoor design. By means of 
collaboration with these schools, the eligible students, who 
are able to meet the requirements of companies, can be 
determined during the internship, thus such students may 
be employed after their graduation.  

3. Regarding to failure to find domestic raw and semi-
finishing material in order to meet the requirements of 
woodworking industry in terms of quantity, time and 
quality, this issue can be resolved by institutionalizing the 
raw and semi-finishing producer organizations by means 
of government promotions, thus raw and semi-finishing 

material with higher production capacity and applicable 
standards can be provided in order to resolve the issues 
arising from the material resources. 

4. Regarding to transportation and delivery of finished 
furniture. The products must be protected from such 
damages as crushing, scratch and fractures during the 
transportation of products to long distances. Specific 
studies in relation to resolution of such problem can be 
carried out.  

5. In order to overcome the difficulties in marketing and 
delivery of products at the shortest time, marketing 
managers should inform the customers/users about specs 
and functions, quality, price, safety, health, warranty and 
technical service of products that meet the demands of 
users.  
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Abstract   

The aim of this study was to investigate the effects of impregnation process on the screw withdrawal strength of some solid wood materials. For this 
purpose, Oriental beech (Fagus orientalis Lipsky), European oak (Quercus petrea Liebl.) and Scotch pine (Pinus sylvestris Lipsky) wood samples were 
impregnated with Boron compounds, Imersol-Aqua and Timbercare-Aqua according to ASTM D 1413, TS 344, TS 345’ and directions of the manufacturer. 
After the impregnation process the tangential screw withdrawal strength (3,5x50 mm and 4x50 mm) was measured according to TS EN 13446. As a result, 
among the wood types, withdrawal strength was found to be the highest in European oak (5,004 N.mm-2) and the lowest in Scotch pine (3,370 N.mm-2). 
As for the screw diameter, the withdrawal strength was obtained the highest in V1 (4,547 N.mm-2) and the lowest in V2 (4.015 N.mm-2). Wood preservatives 
in terms of the highest Ba + Bx (4414 N.mm-2), the lowest in the I-Aqua (4198 N.mm-2). Considering the interaction of wood types, impregnation chemicals 
and screw diameters, the withdrawal strength were obtained in Oriental beech+Bx+V1 (5.824 N.mm-2) whereas the lowest was in C+Ta+V2 (3,740 N.mm-

2). Consequence, it was seen that the impregnation process has not adversely affect the tangential screw withdrawal strength of solid woods. 

Keywords: Tangential screw withdrawal strength, impregnation, solid woods 
   

 

EMPRENYE İŞLEMİNİN MASİF AĞAÇ MALZEMELERDE YÜZEYDEN VİDA 
ÇEKME DİRENCİNE ETKİLERİ 

 
Özet   

Bu çalışma, masif ağaç malzemede emprenye işleminin vida tutma direncine etkisini belirlemek amacıyla yapılmıştır. Bu maksatla 
mobilya endüstrisinde yaygın kullanılan Sarıçam (Pinus sylvestris Lipsky); Sapsız meşe (Quercus petreae Lipsky) ve Doğu kayını (Fagus-
orientalis Lipsky) odunlarından hazırlanan örnekler boraks, borik asit, boraks+borik asit, imersol-aqua ve timbercare-aqua  ile ASTM D 
1413, TS 344 ve TS 345’ esaslarına göre emprenye edilmişlerdir. Emprenye edilmiş örneklerin yüzeyine bağlanan vidalara (3,5x50 mm 
ve 4x50 mm) TS EN 13446’ya göre çekme deneyi uygulanmıştır. Sonuç olarak, vida çekme direnci ağaç türü bakımından en yüksek 
meşede (5,004 N/mm2), en düşük sarıçamda (3,37 N/mm2); empenye maddeleri bakımından en yüksek Ba+Bx’de (4.414 N/mm2), en 
düşük Iau’de (4.198 N/mm2); vida çapı bakımından en yüksek V1’de (4.547N/mm2), en düşük V2’de (4,015 N/mm2). Ağaç türü, emprenye 
maddeleri ve vida çapı etkileşimine göre en yüksek K+Ba+V1’de (5.824 N/mm2), en düşük Ç+Ta +V2’de (3.740 N/mm2) bulunmuştur. 
Buna göre emprenye işlemi vida çekme direncini olumsuz etki göstermemiştir. 
 
Anahtar Kelimeler: Yüzeyden  vida çekme direnci, emprenye, masif ağaç malzeme 
   

1 Introduction 

 Wood material is still important to have in place today because 
of the many uses cutting-edge features. Wood environmental 
conditions (water, sunlight, rain, snow) depending being old, 
compounds are broken down by chemical or biological agents. 
Many mushrooms are refuted by the place of use, service life is 
shortened due to the harmful effects of insects. To extend the 
service life and to eliminate these drawbacks, it is impregnated 
with various chemicals and methods [1, 2, 3]. 

In wood's belongings into a variety of traditional as well as 
more recently to combine practical and mechanical connection 
that allows easy assembly element which screws are used. need 
to determine the resistance of wood impregnated retaining 
screws for various reasons, it is important for both producers 
and consumers [4]. 

Beech, alder and chestnut, screw holding strength in the 
eastern spruce and Scotch pine wood at the highest beech, 
obtained the lowest in the eastern spruce [5]. 
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Screw corner screw diameter in the coupling effects on the 
torque transmission performance of the size and number were 
investigated. 5x60 mm screw types made from 4-way merge 
with the screw group were found to be more successful [6]. 

Increasing the moisture content and pine plywood, edge and 
surface reduced the tensile strength of the screw, edge screw 
withdrawal resistance value was higher than the tensile 
strength of the surface of the screw [7]. 

Beech, Oriental spruce and label chipping in Waferboard: WFB 
fibers are parallel and perpendicular to the screw and nail 
holding strength were determined, the highest tensile strength 
of beech wood in the 20x35 screws in the direction 
perpendicular to the fiber (17 670 N.mm-2) was found [8]. 

Made from beech and pine laminated wood materials (LVL) 
screw 17x17 beech highest tensile strength in connected with 
screws 4 mm (2.32 N.mm-2); 20x45 with scotch pine in the 
lowest 5 mm (6.74 N.mm-2) was found [9]. 

In this study, Oriental beech, European oak and Scotch pine 
woods commonly being used in furniture manufacturing were 
examined with respect to the effect of resistance holding the 
surface of the screw. 

2 Material and Method 

2.1. Materials   

2.1.1. Wood materials    

Oriental beech (Fagus orientalis L.), European oak (Quercus 
petrea Liebl.) and Scotch pine (Pinus sylvestris L.) woods were 
selected as test the materials because of wide usage of industry. 
Special emphasis was given for the selection of wood materials 
which are non-deficient, proper, knotless, normally grown 
according to TS 2476 [10]. 

2.1.2. Impregnation materials   

2.1.2.1. Boron Compounds    

Boric acid and borax are obtained from Etibank - Bandırma 
(Turkey) Borax Factory. Properties of Boric acid is 56.30 ½ % 
B2O3 43.70% H2O with a molecular weight 61.8, density 1.435 
g.cm-3 and melting point 171 0C. Borax (Na2 B4 O7 5H2O) content 
is 21.28 % Na2O 47.80% B2O3, 30.92% H2O with a molecular 
weight 291.3, density 1.82 g.cm-3, melting point 741 0C [11]. 

2.1.2.2. Imersol-Aqua   

Imersol-Aqua was supplied from Hemel Co., Istanbul. It is non-
flammable, fluent, water based, completely soluble in water, no 
corrosive material with a pH value of 7 and a density of 1.03 g 
cm-3. It is available as ready-made solution. It contains 0.5 % 
w/w tebuconazole, 0.5 % w/w propiconazole, 1 % w/w 3-Iodo-
2-propynl-butyl carbonate and 0.5 % w/w cypermethrin. 
Before the application of Imersol-aqua on the wood material, all 
kinds of drilling, cutting, turning and milling operations should 
be completed and the relative humidity should be in 
equilibrium with the test environment. The impregnated wood 
was left for drying at least 24 hours. The wood material can be 
painted, varnished or glued after it is fully dried [12].   

2.1.2.3. Timbercare-Aqua   

Timbercare-Aqua was also supplied from Hemel-Hickson 
Timber Products Ldt., Istanbul. It is non-flammable, odorless, 
fluent, water-based and completely soluble in water, no 
corrosive material with a pH value of 7. It is available as ready-
made solution. After the application of Timbercare-Aqua, 
surface should be painted by a UV resistant coating. Before 
painting, it should be waited for 24 hours and be sure the 
timber is dried. Before the application of Timbercare-Aqua on 
the wood material, all kinds of manufacturing operations 
should be completed and the relative humidity should be in 
equilibrium with the test environment [12]. 

2.1.3. Screws   

Two type screws S1 (3.5x50 mm) and S2 (4x50 mm) were used 
in this study (Figure 1). These screws were selected not only 
they are standard low-cost fasteners that are readily available 
to the woodworking industry, but also they have excellent 
holding strength in wood and wood-based materials [13]. 
Technical properties of screws are given in Table 1.  

 

Figure 1. Wood screw 

Table 1. Technical properties of screws (S1 and S2)  

TYPE OF SCREW S1 S2 

Screw called diameter 3.5 4 

Shank diameter 
D 3.55 4.05 

min. 3.20 3.70 

Root diameter 
D 2.20 2.55 

min. 1.60 2.15 

Head diameter 
A 7.50 8.05 

min. 6.64 7.64 

Head load H 2.00 2.35 

Width of combination drive  M 4.00 4.40 

Screwdriver PH 2.00 2.00 

Torque min. 20.00 30.00 

Drive depth 
Q 2.16 2.51 

min. 1.76 2.50 

Thread step 

P 1.60 1.80 

r 1.80 2.00 

a 2.60 2.80 

Materials C1018-C1022 

Core hardness 240–450 HV 

Surface hardness min. 450 HV 

Surface hardness the thickness 
(depth) 

0.05-0.18 
mm 

0.10-0.23 
mm 

2.2. Method  

2.2.1. Determination of density  

The densities of wood samples were determined according to 
TS 2472 [14]. For gathering the air-dry density, the test samples 
with a dimension of 20x30x30 mm were kept under the 
conditions of 202 0C and 655 % relative humidity until they 
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reached to a constant weight. The weights were measured with 
an analytic scale of ±0.01g sensitivity. Afterwards, the 
dimensions were measured with a digital compass of ±0.01 mm 
sensitivity. The air-dried densities (12) of the samples were 
calculated by the following formula 1: 

   

12

12
12

V

W
  g/cm3   (1)  

Where W12 is the air-dry weight (g) and V12 is the volume (cm3) 
at air-dry conditions. 

The samples were kept at the temperature of 1032 C in the 
drying oven until they reached to a stable weight of oven-dry 
density. Afterwards, oven-dried samples were cooled in the 
desiccators containing Calcium Chloride. Then, they were 
weighted on a scale of ±0.01 g sensitivity balance and their 
dimensions were measured with a digital compass of 0.01 
mm. The volumes of the samples were determined by stereo 
metric method and the densities (o) were calculated by the 
following formula 2: 

Vo

Wo
o   g/cm3                            (2)  

Where Wo is the oven-dry weight (g) and Vo is the oven-dry 
volume (cm3) of the woods.  

2.2.2. Determination of moisture content    

The moisture content of test samples before and after the 
impregnation process was determined according to TS 2471 
[15].  Thus, the samples with a dimension of 20x20x20 mm 
were weighted and then dried at 1032 C in an oven till they 
reach to a constant weight. Then, the samples were cooled in 
desiccator containing Calcium Chloride (CaCl) and weighted 
with an analytic scale of 0.01g sensitivity. The moisture content 
of the samples (h) was calculated by the following formula 3: 

Wo

WoWr
h


 x 100   (3)  

Where Wr is the initial weight of the samples (g) and Wo is the 
final dry weight (oven-dry) of the samples (g). 

2.2.3. Preparation of test samples   

The rough drafts for the preparation test samples were cut from 
the sapwood parts of solid woods and conditioned at a 
temperature of 202C and 653  moisture content for three 
months until reaching an equilibrium in moisture distribution. 
The samples, with a dimension of 50x50x15 mm were cut from 
the drafts having an average moisture of 12 % according to TS 
EN 326-1 [16] and TS EN 13446 [17]. The densities and 
moisture content of all test samples were measured before the 
impregnation process. The test samples were impregnated 
according to ASTM D 1413 [18], TS 344 [19], TS 345 [20] and 
directions of the manufacturer. Accordingly, for boron 
compounds (Borax (Bx), Boric acid (Ba), Bx+Ba (wt:wt 
50:50%)), the samples were exposed to 700 mm/Hg-1 
prevacuum for 60 min. and then they were held in a solution 
under normal atmospheric pressure for 60 min. to allow the 
diffusion of the impregnation chemical. For Imersol-Aqua, the 
samples were dipped in the impregnation pool immersing 1 cm 
below the upper surface for 10 minutes in short-term dipping 
and 5 days for long-term dipping. The specifications of the 
impregnation solution were determined before and after the 

process. For Timbercare-Aqua, the samples were brushed the 
impregnation chemicals with a brush according to the 
producers’ definition. Brushing process was performed twice 
with a period of 3-4 hours [21]. The processes were carried out 
at 202 C. Retention of impregnation chemical (R) was 
calculated by the following formula 4:  

R
G C

V


.
10

3 kg/m3    (G = T2-T1)             (4)  

Where, G is the amount of impregnation solution absorbed by 
the sample, T2 is sample weight after the impregnation, T1 
sample weight before the impregnation, C concentration (%) of 
the impregnation solution and V the volume of the samples.  

Impregnated test samples were kept under a temperature of 
202 C and 653 % moisture content until they reach to a 
stable weight.  

2.2.4. Screw withdrawal strength   

Screw withdrawal strength test was carried out according to 
ASTM D 1037-91 [22] with the testing speed was 15 mm/min. 
All test was carried out on a universal testing machine having 
400 Newton capacity and equipped with jigs to hold the 
samples. 

The loading was continued until separation occurred on the 
surface of the test samples; meanwhile, maximum load (Fmax), 
bonding area (A) and withdrawal strength (k) were calculated 
by the following formula 5: 

k = 
)2(

maxmax

rh

F

A

F




 N/mm2      (5)  

Where, k is screw holding strength, h is depth of screw 
embedded in the face member (mm). 

2.2.5. Performing the test 

TS EN 13446 in the experiments had been complied with. The 
experimental setup is shown in Figure 2. 

 

 

F      

Figure 2. Experimental setup [17] 
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2.2.6. Evaluation of the data 

By using 3 wood type, 6 types of impregnation material and 1 
control samples, 2 screw types, a total of 294 samples 
(3x7x2x7) were prepared with seven samples for each 
parameter. Multiple variance analysis was used to determine 
the effects of impregnation chemicals on the screw withdrawal 
strength of some solid wood materials. Duncan test was applied 
to determine the significant difference between the groups.  

3 Results 

it has been no significant change in pH values of impregnation 
chemicals before and after impregnation. Air dry density (g/ 
cm3) pine 0.54, beech 0.62 and oak 0.70, full dry density of pine 
0.50, beech at 0:57 and oak 0.66, impregnated post air dry 
density value of scotch in 0.56, compared to and oak 0.73, beech 
0.65. Impregnation density showed an increasing effect. 
Examples of density values is consistent with the values 
reported in the literature [23, 24]. Mean retention values 
according to the type of wood impregnation chemicals are 
given in Table 2. 

Table 2. Mean retention values (k/gm3,  %) 

Chemicals 
Scots Pine Oriental Beech European oak 

R % R R % R R % R 
Ba 3.72 19.87 20.23 114.40 2.94 13.68 

Bx 4.22 22.96 19.20 107.47 3.19 15.76 
Ba+Bx 4.32 24.87 19.67 109.89 3.24 15.67 

IaS 53.30 8.93 170.8 28.52 56.11 7.41 

IaL 326.3 52.44 487.5 82.91 383.6 55.01 

Ta 58.19 10.28 160.1 26.54 61.75 8.65 

Ba: Boric acid, Bx: Borax, IaS: Imersol-Aqua + Short term, IaL: Imersol-Aqua + 
Long term, Ta: Timbercare-Aqua 

 
The amount of retention (kg/m3), the highest Oriental beech + 
Imersol Aqua in (487.54), the lowest oak + Ba (2.94) retention 
rate (%), the highest I + Ba in (114.4), the lowest II + Imersol 
Aqua (7.41), respectively. Accordingly, retention rate and 
amount of impregnation material solution concentration as 
well as wooden materials are to be effective in the flow paths. 
Wood type, screw type and screw withdrawal strength of the 
average values obtained by the impregnation material is given 
in Table 3. 

Table 3. Average withdrawal strength due to impregnation 
chemical, wood and screw type 

TYPES OF MATERIAL  STATISTICAL VALUES 

Wood materials x HG* 

Oriental beech         (I) 
European oak         (II) 

Scotch pine             (III) 

4.463 
5.004 

 3.377 

B 
A 
C 

Screws x HG** 

Screw (3.5 mm)       (V1) 
Screw (4 mm)           (V2) 

4.547 
4.015 

A 
B 

Impregnation Chemicals x HG*** 

Control                                  (C) 
Boric acid                              (Ba) 
Borax                                     (Bx) 

Boric acid + Borax               (Ba+Bx) 
Imersol-Aqua + Short term     (IaS) 
Imersol-Aqua + Long term      (IaL) 

Timbercare-Aqua                        (Ta) 

4.148 
4.273 
4.359 
4.414 
4.304 
4.198 

 4.271 

C 
ABC 
AB 
A 

ABC 
BC 

ABC 

*LSD0.5= 0.108, ** LSD0.5 = 0.088, *** LSD0.5 = 0.164, 
 HG = Degree of  Homogeny, x: Mean 

Screw withdrawal strength, wood the highest oak in material 
type (5004 N/mm2), the lowest in pine (3377 N/mm2), 
according to the effect impregnation highest Ba + Bx in (4414 
N/mm2), the lowest Ta (4271 N mm2) highest v1 according to 

the screw diameter (4,547 N/mm2), respectively. Material type 
tree, multivariate analysis of variance results regarding the 
effects of tensile strength of the screw of the screw type and 
impregnation material are given in Table 4. 

Table 4. Wood type, impregnation material and screw types 
effects on the screw withdrawal strength 

 

SOURCE DF 
Sum of 
Squares 

Mean 
Square 

F  
Value 

Prob.  
0.05  

Factor Aa 
Factor Bb 
AB 
Factor Cc 
AC 
BC 
ABC 
Error 
Total 

2 

1 

2 

6 

12 

6 

12 

168 

209 

96.173 

14.885 

0.494 

1.475 

2.634 

1.341 

3.058 

17.586 

137.64 

48.08 

14.88 

0.247 

0.246 

0.219 

0.224 

0.255 

0.105 

459.37 

142.20 

2.3619 

2.3478 

2.0968 

2.1355 

2.4341 

0.0000 

0.0000 

0.0974 

0.0333 

0.0195 

0.0518 

0.0061 

a: Factor A: wood materials (I= Oriantal beech,  II= Oak,  III =  Scots pine), b: 
Factor B: screw types (V1: screw (3.5 mm),  V2: screw (4 mm),), 
c: Factor C: Impregnation materials and control  
 

The effects of variance sources (impregnation chemicals, wood 
species, screw types and their interaction) on the withdrawal 
strength were found to be significant (*P<0.05). The 
comparisons of the mean values of sample groups as the 
Duncan’s multiple range test result is given in Table 5.  
 

Table 5. Duncan test 

PROCESS TYPE X HGa 

I+V1 
I+Bx+V1 
I+Ba+V1 
I+Ba+Bx+V1 
I+I-As+V1 
I+I-Aı+V1 
I+T-A+V1 
I+V2 
I+Bx+V2 
I+Ba+V2 
I+Ba+Bx+V2 
I+I-As+V2 
I+I-Aı+V2 
I+T-A+V2 

II+V1 
II+Bx+V1 
II+Ba+V1 
II+Ba+Bx+V2 
II+I-As+V1 
II+I-Aı+V1 
II+T-A+V1 
II+V2 
II+Bx+V2 
II+Ba+V2  
II+Ba+Bx+V1 
II+I-Aı+ V2 
II+I-As+V2 
II+T-A+V2  
III+V1 
III+Bx+V1 
III+Ba+V1 
III+Ba+Bx+V1 
III+I-As+V1 
III+I-Aı+V1 
III+T-A+V1 
III+V2 
III+Bx+V2 
III+Ba+V2 
III+Ba+Bx+V2 
III+I-As+V2 
III+I-Aı+V2 
III+T-A+V2 

4.544 
4.514 
4.426 
4.624 
5.214 
5.064 
4.778 
4.300 
4.110 
4.260 
4.290 
4.022 
4.008 
4.322 
5.030 
5.366 
5.824 
5.378 
5.420 
5.312 
4.944 
4.476 
4.848 
4.744 
5.012 
4.514 
4.434 

4.756 
3.530 
3.728 
3.592 
3.778 
3.512 
3.270 
3.646 
3.010 
3.074 
3.310 
3.404 
3.142 
3.098 
3.178 

GHIJKL 
HIJKL 
IJKLM 
FGHIJK 
BCDE 
BCDEF 
EFGHIJ 
JKLM 
LMN 
KLM 
JKLM 
MNO 
MNO 
JKLM  
BCDEF 
BC 
A 
BC 
AB 
BCD 
CDEFGH 
HIJKLM 
DEFGHI 
EFGHIJK 
BCDEFG 
HIJKL 
IJKLM 
EFGHIJ  
PQRST 
NOPQ 
OPQRS 
NOP 
PQRST 
QRSTU 
OPQR 
U 
TU 
PQRSTU 
PQRSTU 
STU 
TU 
RSTU 
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a) Different letters in a column refers to significant diferences among 
the different interactions of wood materiala, screws and impregnation 
materials at 0.05 confidence level (LSD0.5:*LSD 0.4040), I=Oriantal 
beech,  II=Oak,  III = Scots pine, V1: Screw (3.5 mm), V2: Screw (4 mm), 
C= Control, Ba: Boric acid, Bx: Borax , Ba+Bx: Boric acid+Borax, I-As: 
Imersol Aqua -short-term, I-Al:Imersol Aqua-long-term, T-
A:Timbercare Aqua 

In the examples, screw withdrawal strength; not impregnated 
the highest II + V1 (5030 N/mm2), the lowest III + V2 (3010 
N/mm2), in the sample impregnated the highest II + Ba + V1 
(5824 N/mm2), the lowest III + Bx + V2 in (3070 N/mm2), 
respectively (Figure 3). 
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Figure 3. Change of screw withdrawal strength according to 

impregnation chemical, wood and screw type 

 

4 Conclusions and Recommendations 

According to the type of wood, screw the highest withdrawal 
strength the oak (5004 N/mm2), the lowest in pine (3377 
N/mm2) were found. Screw withdrawal strength of oak is 
higher than 33% of pine and 11% of beech. This may be due to 
the difference in density of the woods. 

Screw withdrawal strength by the effect of the kinds of 
impregnation chemicals, the highest Bx + Ba (4414 N/mm2), the 
lowest Timber care aqua in (4198 N/mm2), respectively. Screw 
the increased withdrawal strength of impregnation. This may 
be due to density increase. 

According to the screw diameter, the maximum V1, the screw 
withdrawal strength (4547 N/mm2), and the lowest V2 (4015 
(N/mm2), respectively. Screw withdrawal strength of V1 is 
increased in 12% higher than V2. This split in the large wood 
screws can be caused by increaser effect show. 

Wood type, by the impregnation material and the screw 
diameter interaction screw withdrawal strength is determined 
the highest II + Ba + V1 (5824 N/mm2), the lowest III + Bx + V2 
(3070 N/mm2) was obtained. 

Accordingly, the screw is high in tensile strength hardwoods 
can be said that due to the density of woods originated. 
Impregnation increased the withdrawal strength of the screw. 
In this case, the gap in the cell walls of the wood impregnation 
may result from entering the contact show the effects to 
increase the surface area. 

According to these, impregnated surface will be made of wood 
with screw connection Ba for stronger screw connection, the 
screw can provide advantages V1. 
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Abstract   

Kundekari technique has been known for centuries for its unique characteristics. The original [real] kundekari system where pieces of geometric blocks 
and keel bars are interlocked through tenon-mortising and tongue-groove without the use of any nails or glue, makes the whole structure very durable. 
The purpose of this study was to examine properties of original [real] “Kündekari” technique and imitation applications, investigate dimensional and 
functional properties and analyze the system elements. To make imitation “Kündekari” panel is easier than original kündekari panel. There are three 
methods to imitate original technique: relief, gluing-nailing and relief-nailing with different construction properties. Deformation properties of original 
and imitation kundekari panels were investigated and compared with the samples. The results indicated that imitation kundekeri panels generally had 
some fallen decorated keelbars, cracked and split places. So imitation kundekari furniture life is short, due to moisture and hot weather. The furniture 
produced with original kundekari technique proved to be more durable. 
 
Keywords: Deformation, Kundekari, Wood craft, Turkish Wooden Art, Tradition, Durable furniture 

  

DAYANIKLI MOBİLYA ÜRETİMİ İÇİN KÜNDEKARİ TEKNİĞİNİN KULLANIMI    

Özet 
Yüzyıllardır eşsiz kündekari tekniğinin özellikleri bilinmektedir. geometrik bloklar ve kordonlu çitalar herhangi bir çivi veya tutkal kullanılmadan kiniş-
zıvana yoluyla kilitli orijinal [gerçek] kündekari sistemi, tüm yapıyı çok dayanıklı hale getirir. Bu çalışmanın amacı, orijinal [gerçek] "Kündekari" tekniği 
ve taklit kündekari tekniklerinin özelliklerini incelemek, boyutsal ve fonksiyonel özelliklerini inceleyerek uygulanmış olan bazı kündekari elemanlarını 
analiz etmektir. Taklit "Kündekari" paneli yapmak gerçek kündekari panelden daha kolaydır. Taklit kündekari tekniğinin üç farklı yöntemi vardır. 
kabartma, yapıştırma-çakma ve kabartma-çakma. Gerçek ve taklit kündekari panellerinin deformasyon özellikleri araştırılmıştır ve örnekleri ile 
karşılaştırılmıştır. Sonuç olarak genellikle taklit kundekeri panellerindeki bazı kordonlu çıta ve geometric bloklarda düşmeler, çatlaklar, yarılmalar 
meydana gelmiştir. Yani nem ve sıcak havanın etkisiyle taklit kündekari mobilya ömrünün kısadır. Orijinal kündekari tekniği ile üretilen mobilyaların 
daha dayanıklı olduğunu kanıtlanmıştır. 
 
Anahtar kelimeler: Deformasyon, Kündekari, Ahşap oymacılığı, Türk ahşap sanatı, Geleneksel, Uzun ömürlü mobilya 
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1. Introduction and Backround 

In human history, people had used cavity of a tree as a house to 
protect themselves from wild animals and hard weather 
conditions. Moreover, wood is used for basic requirements such 
as shelter and furniture. Thus, architecture and wood art had 
been created and developed till today [1].  
After the wood discovered, its swelling and shrinking 
properties were known. People started to use the wood in 
different places. For example “Kündekari” technique (art) was 
commonly used in the ancient time. “Kündekari” technique is 
very precious in Turkey. Thereby, wood located in human life 
and it has been used for thousands of years. 
‘‘Kündekari’’ technique is very important among the Turkish 
wooden art. However, this technique is obsolete in last decades. 
‘‘Kündekari’’ technique was developed in Anatolia during the 
era of the Seljuk and it had been widely used during the 
Ottomans. It grew into furniture application area, particularly 
on mosque doors, mosque furniture, cupboard doors, windows 
hutters, and trunks. Today, it does not use in furniture industry 
while it was used for centuries in Seljuks and Ottomans. There 
are some examples that still exist from the ancient time and the 
examples have been used successfully. This has proofed that 
the products which are constructed with “Kündekari” 
technique are very durable [2].  
According to a journal, the word “Kündekari”came from the 
Turkish language from the Farsi word “kendekari,” that is 
described plastic arts such as sculpting, engraving, and wood 
carving. “Kendakariye” implies some kind of engraving in 
Ottoman Turkish, while the word ‘‘Kündekari’’emerged again 
from Farsi from “kunde” (log, solid wood). In time, this word 
started to being used for fine carpentry practices like 
woodworking and decorative wood ornamenting. “Kündekari” 
word is used only in Turkey [3].  
 
The “Kündekari” technique, involves fixing small geometric 
pieces together with grooves. No nails or other fixatives are 
used. Thus, the works of art created with this technique have 
survived until today without being damaged by the 
environment. The grains of individual pieces were placed 
crosswise, so moisture or heat would not create deformation. 
As a result, works of “Kündekari” art have maintained their 
good condition and smoothness throughout centuries [4]. 
 
Unique artifacts which extant from Seljuks are arouse interest 
with regard their features. Some of these artifacts reflect liking 
of the era that they produced and also changing from eastern 
culture to western culture. These artifacts are used for interior 
decoration and they have made wealth where they are. The 
number of artifact of the era are very rare, thus they are very 
important and precious. Because, they proof that characteristic 
of Asian Turks begin to chance with effect of Anatolia, Christian 
and Islam cultures. However, these works are also important 
due to create base of Ottoman art style [5].  
Wood have used widely to construct and product the furniture 
of religious places in many nations. In churches, the pulpit, the 
despotic throne, the icon stands etc., in mosques, the pulpit, 
minbar, entrance doors etc. are just some examples of furniture 
in these places. The materials most frequently used in 
decorations are walnut, apple, pear, cedar, ivory and rose [5]. 
The finest examples of this art, which requires patience and 
expertise are found in Anatolia [6].  
 

The materials most frequently used in “Kündekari” are cedar 
(Cedrus), rose (Rosa), pear (Pyrus), walnut (Juglans), ebony 
(Diospyros) and apple (Malus). Anatolia have been wealth for 
this species. “Kündekari” or tongue-and-groove joining is the 
name given to the technique of placing small pieces of wood 
side by side to form a design. This technique was first seen in 
Islamic art in the 12th century. It was employed both by the 
Seljuks and Ottomans, who enriched it with innovative and 
more advanced methods [7]. 
 
Wood material has been used to make any furniture for 
centuries but it is extremely important that keep alive for a long 
time. For this reason the techniques can affect the furniture life. 
Therefore, Original “Kündekari” technique is the best technique 
to produce any furniture long-lived.  
 
In fact there are a few varieties of techniques about “Kündekari” 
art. Fundamentally, these techniques are examined in two 
different groups as original “Kündekari” technique and 
imitation “Kündekari” technique. When furniture made with 
the original “Kündekari” technique, there is no any fixative 
connector, geometric blocks are free to swell and shrink, 
against to harmful effect of moisture or climate in the elements 
of original “Kündekari” panel. Therefore, furniture can be 
durable for centuries without any deformation. However, if any 
furniture made with imitation “Kündekari” technique, it would 
not stay for a long time. Because it does not has any functional 
property to protect against to harmful effect of moisture or 
climate. 
 

2. Materials and Methods 
 

2.1. Original Kundekari Technique 
 
“Kündekari” technique consists of pieces of wood in various 
geometric blocks and decorated keel bars skillfully placed side 
by side. The geometric blocks and keel bars are connected to 
each other with the help of groove–tongue joint technique 
while the keel bars are connected to each other by mortise–
tenon joint technique. The joining of the system without any 
screw, nails, glue or any artificial binder requires a high degree 
of mastery. The way keel bars and geometric blocks are 
connected to each other allow the geometric blocks will not to 
fall out even of the wood dries up and shrinks. 
 
Kundekari consisted of a few different structural elements and 
each element has a different function in the system. Functions 
and properties of these elements should describe. 
 
1- Keel bar  
2- Narlama 
3- Geometric block  
4- Lattice system   
5- Frame 
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2.1.1. Keel bar 

 
The keel bars are the elements of skeleton system. It consists of 
decorative profile, mortise and tenon joints, tongue and groove 
joints and cavities on its own. Approximately, keel bar’s cross 
section length is 20-40mm and height is 25-40mm as it shown 
in Figure1. 

 
a. [7] 

 
b. [8] 

Figure 1. Some view of decorated keel bars 
 
2.1.2. Narlama 
 
“Narlama’’ is one of the most important elements of the panel. 
“Narlama” and keel bars connected to other in original 
“Kündekari” system. Because, it creates the main structural 
element in order to transfer the loads vertical, horizontal or any 
direction. In adition that ‘‘Narlama’’ is manufactured like a keel 
bars and “Narlama’’ is also manufactured like a keel bars. Cross 
section dimentions is between 20-40mm. Dimensions of 
narlama are the same with keel bar. However, the length is 
longer than keel bars. So “Narlama” is the longest part and key 
element of a composition. Moreover, it has a special function 
what makes it different from other keel bars as it shown in 
Figure 2.  
 

 

 
 

Figure 2. Different views of Narlama 
 

It was decorated with profile and there are a few cavities on top 
of the “Narlama”. There are two tongue on both side and three 
mortise located at the bottom of “Narlama”. In addition, there 
are two tenons on the head parts as it is shown in Figure 3. 
 

 
Figure 3.The biggest element of the panel“narlama” 

 
2.1.2. Geometric block (Internal solid wood) 

 
The geometric blocks were used as internal solid wood of the 
panel. Geometrical blocks have groove joint. The grooves have 
formed approximately 5 mm in height and 5 mm in depth and 
the distance between the edge of geometric blocks. Groove was 
7.5 mm. These geometrical blocks have a chamfer of   45º on top 
side which has distance of 1.5 mm between upper side of 
groove and bottom side of chamfer. They were assembled with 
tongue and groove joints to keel bars and frame elements as it 
shown in Figure 4. 

 
Figure 4. Different views of geometric blocks 
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2.1.4. Lattice system 
 
Lattice system is a frame work which consists of narlama and 
decorated keel bars. When narlama and keel bars are 
connecting to each other with the help of mortise-tenon joint 
technique, they create the lattice system. Joining the pieces of 
lattice system without glue, screw or any artificial connectors 
involves quality craftsmanship. Lattice system surrounds each 
geometric block with the help of tongue-groove and establishes 
connection with frame elements to create the whole 
composition as it shown in Figure 5. 

  
Figure 5. Lattice system 

 
 
 
 
2.1.6. Frame 
The frame elements are the outer elements of the panels and it 
uses to complete the panel. All keel bars which have edge to 
combine these elements were jointed with mortise and tenon 
joints and the geometrical blocks which have edge to combine 
were jointed with tongue-groove joints to this element. The 
frame elements were jointed with mortise and tenon to each 
other and locked by crossing dowel pins. The interlocking 
system makes whole structure very durable as it is shown in 
Figure6. 

 
Figure 6. Frame 

 
 
 
 
 
 
 

 
2.1.5. Original  ”Kündekari” Technique and Functions of 
the Elements 
 

 
Figure 7. These gaps are for swelling and shrinking 

 
As a characteristic of the technique, there are approximately 2 
or 3 mm gaps between keel bars and geometrical blocks. This 
function lets wood swell or shrink freely according to weather 
conditions such as heat and humidity as it shown in Figure7. 
The steps assembling geometric blocks and decorated keel bars 
shown in Figure 7-8. 
 

  

  
 

Figure 8. The general assembling procedure of the original 
“Kündekari” panel 

 
Assembled decorated bars are jointed with mortise–tenon 
while geometric blocks are joined by tongue-groove joint 
technique without glue, screw, nail or any artificial connector 
type. The frame is assembled around the composition of panel 
to keep all system together, as it shown in Figure 8.
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Figure 9. The general view of the geometric blocks, narlama 

and keel bars. 
 
There are some polygons like hexagon, star, deltoit, narlama 
and keel bar. These pictures are original “Kündekari” parts and 
visuals were taken in the  workshop environment. 
 

 
Figure. 10. Minbar of Birgi gread mosque 

 
Birgi Great Mosque is one of the choicest examples of 
“Kündekari” which is done in Sultanates age. The mosque had 
been constructed by Aydinoglu Mehmet Bey between the years 
1308 and The mosque’s pulpit is completed in 10 years and it 
was consisted of 300 walnut wood parts. Still it is served in the 
mosque. As it is shown in Figure10 [9]. 
Original “Kündekari” technique significantly reduced the 
dimensional changing of the panel [8]. Grtand Birgi mosque 
minbar constructed in 1322 and it undeformed by original 
“Kündekari” technique as it shown Figure 10. 
The carving method was used by the Seljuks have been replaced 
by dovetail works of the Ottomans. This work was done by 
attaching small geometrical pieces by mortise-tenon joint. 
Since the veins of the pieces come crosswise in this method, 
deviations and deformations do not occur due to humidity and 
heat, and the works preserve their proper appearance over 
centuries [10].  
2.2. Imitation Kundekari Technique  

 
In imitation "Kündekari", a variety of techniques use such as 
relief carving technique (Figure 11), gluing and nailing 
technique and relief and nailing techniques.  

 
2.2.1. Relief “Kündekari” technique 

To make a relief “Kündekari” panel, two or more timber pieces 
are glued to each other from edge to obtain a big wood panel 
and large surface. Then, geometric or plant composition is 
transferred to the large wood surface. After that, surface of the 
wood panel would carve until the geometric blocks and 
decorated keel bars appeared. However, monolithic solid wood 
can deform due to moisture in the air. Because of wood has a 
hygroscopic structure, it swells and shrinks according to the 
equilibrium humidity. So, solid wood can be deforming by the 
time. Big cracks can appear in the middle of the relief 
“Kündekari” panel as a line as it is shown in Figure 11. 
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Figure 11 View of the relief  “Kündekari” technique 
compositions 

 
Constitute a group that requires less skill of imitation 
“Kündekari” technique. In the relief-nailing “Kündekari”, 
appearance of geometric blocks and decorated keel bars 
created by nailing on a wooden platform. However, it can be 
easily understood that the panel manufactured by imitation or 
original “Kündekari” technique. In imitation technique, the 
geometric blocks would be fixed and head of the nail can be 
seen easily on surface as it can be seen in Figure 12. One of the 
disadvantages in this technique, the nailed decorated keel bars 
and geometric blocks on the panel can fall down by the time as 
it shown in Figure 12 [13].  
 
 
 
 
 

 

Figure 12. Some minbar view of Hacı Bayram Veli mosque, made 
with gluing and nailing Kundekari techniques 

2.2.2.  Gluing and nailing “Kündekari” technique  
 
In this technique, desired geometrical composition is drawn 
first on the surface of the panel. Then, prepared wood pieces 
which consist the composition, connected to each other side by 
side with by glue-nailing technique.  
 
2.2.3. Relief and nailing “Kündekari” technique  
 
Another method of Kundekari technique is relief and nailing 
method. In this method designed composition is transferred by 
a drawing to a large panel, then grooves created on the surface 
of the panel for each keel bar. Following, prepared keel bars 
[lath] nailed into these created grooves. Thereby, geometric 
blocks are appeared automatically among the keel bars.  Finally, 
precious carving is made on the surface of the geometric blocks. 
Minbar of Siirt Great Mosque is created by this method (Figure 
13a). 

Slit  
pa
nel 
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Figure 13. Some samples about relief and nailing “Kündekari” 
technique  

 

As a result of deformation of shinkage and swelling of wooden 
panel, big cracks can appear as a line in the middle of glued and 
nailed panel. This line can create some splits on the geometric 
blocks and in the keel bar.  As a result of this, keel bars can fall 
down easily from the surface as it is shown in Figure 13b. This 
is a disadvantage of gluing and nailing “Kündekari” technique. 

3 Conclusions 

The purpose of this study was to investigate differences 
between original [original] “Kündekari” technique and 
imitation “Kündekari” techniques. Identifying their properties, 
and introduce the advantages and disadvantages of the both 
techniques. 
The results proofed that original [original] “Kündekari” 
technique has many advantages over imitation “Kündekari” 
techniques. Wood material has used to make furniture with 
“Kündekari” techniques for hundreds years. Wood has a 
hygroscopic structure, therefore wood swells and shrinks 
according to the air temperature and relative humidity. So, 
moisture is harmful for solid wood materials. When furniture is 
made with original “Kündekari” technique, it is not affected by 
the moisture due to the presence of 2 or 3 mm gap between keel 
bars and the geometric blocks. These gaps let to geometric 
blocks to swell and shrink in safe limits. Although, geometric 
blocks which have swollen and shrunk for many years, they do 
not have any cracks or slits. They are not monolithic; they 
consist from a lots of small geometric pieces. This situation 
reduces the stresses and decreases the deformation of the 
wood. Furthermore, the technique does not use with any fixing 
materials like glue, nails, or screw; therefore, geometric blocks 
are free into the lattice system.  
Therefore, furniture manufactured by using original Kundekari 
technique, would not have disruptive damage from moisture 
and humidity effects. This has proved to manufacture more 
durable furniture with original Kundekari technique. 
 Relief “Kündekari” techniques do not have all those advantages 
of the original version. They construct as monolithic solid wood 
and fixing materials. It causes the deformations, cracks, and 
splits in the wood within a short period of usage time.  
Allthough, imitation “Kündekari” technique simplifies the 
production of the furniture, it cannot serve for a long time.  

Original “Kündekari” technique is a unique art and one of 
Turkish cultural heritage. It has served for more than 700 years 
and should be preserved and enhanced.  
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Abstract   

The aim of this study is to determine the problems in stages from design to production and some solutions are suggested to determined problems with the 
help of questionnaire, interviews are hold with the small and medium scaled companies that works on furniture and decoration in Eskisehir and 
Afyonkarahisar. Both qualitative and quantitive methods are used in the study. In the study, in order to collect data, “Personal Information Form” and 
“Questionnaire About The Problems Of Company’s Activities” are used. In order to improve the questionnaire, an item pool was created by the researcher, 
by the advice of thesis supervisor the experts’ opinions are learnt, model application is done, 38 items are formed.  
Before statistical analysis, demographic variables are grouped then the questionnaire, that was conducted, was marked. Datas that was found by 
descriptive analysis are interpretted. These interpretations are systematized and presented in finding chapter. The datas are analysed with “SPSS for 
Windows ver: 20.0” programme. As a result of the research; it was stated that in furniture sector, managers are also the owners of the companies, most of 
the owners have worked in this sector more over 11 years, most of the companies have been in service more than 1 area , most of the interviewed companies 
are micro and small scaled and any of the companies have had judicial process about trademark and registry. Most of the companies are in service on 
their own real estate and managed by their owners.  
It was determined that the most important problems of furniture industry are capital, high cost, inadequacy of work shop and inadequacy of qualified 
personnel. Besides, inadequacy of unique design reveals another problem.As a result, it is obvious that the problem of inadequacy of qualified personnel 
can be solved by trade assocation and by the cooperation of universities, and it is needed that the support activities for small and medium scaled companies 
should be eased and extended. It is required that the problem of finance should be solved by reinforcement. 
Keywords: Furniture enterprises, Furniture, SME, Desing problems. 
   

 

AFYONKARAHİSAR VE ESKİŞEHİR İLLERİNDEKİ KÜÇÜK VE ORTA ÖLÇEKLİ 
MOBİLYA İŞLETMELERİNDE TASARIMDAN ÜRETİME GEÇİŞ AŞAMASININ 

İNCELENMESİ 
Özet   

Bu araştırmada Türkiye mobilya endüstrisinin tasarımdan üretime geçiş aşamasındaki sorunlarının tespiti amaçlanmış, tespit edilen sorunlara çözümler 
önerilmiştir. Eskişehir ve Afyonkarahisar illerinde bulunan mobilya ve dekorasyon alanında çalışan KOBİ’lerle yüz yüze görüşmeler ve anket uygulaması 
yapılmıştır. Araştırmada hem nicel hem nitel yöntem kullanılmıştır. Araştırmada veri toplamak amacıyla “Demografik Bilgiler” ile “İşletmenin 
Faaliyetlerine İlişkin Soru Anketi” kullanılmıştır. Anketin geliştirilmesinde, araştırmacı tarafından soru değişken havuzu oluşturulmuş, tez danışmanının 
yönlendirmesiyle uzman görüşü alınmış, örnek uygulaması yapılmış ve anket 38 değişkene düşürülmüştür. 
İstatistiksel analize geçmeden önce, demografik değişkenler gruplandırılmış ardından işletme çalışanlarına uygulanan anket puanlaması da SPSS 
programında yapılmıştır. Elde edilen veriler bilgisayarda “SPSS for Windows ver:20.0”  programında çözümlenmiştir. Betimsel analiz yapılarak elde edilen 
veriler yorumlanmıştır. Bu yorumlar sistematize edilerek bulgular bölümünde sunulmuştur. Araştırma sonucunda; mobilya sektöründe yönetici 
pozisyonunda çalışanların aynı zamanda işletmenin sahibi olduğu, önemli bir bölümünün sektörde 11 yıldan daha fazla çalıştığı, işletmelerin çoğunluğu 
birden fazla alanda faaliyet gösterdiği, görüşme yapılan işletmelerin büyük çoğunluğu mikro ve küçük ölçekli olduğu ve marka ve tescille ilgili olarak 
hiçbir firmanın hukuksal süreç yaşamadığı ifade edilmiştir. İşletmenlerin büyük çoğunluğu, kendi mülklerinde faaliyet göstermekte, kurucuları tarafından 
yönetilmektedir.   
Mobilya endüstrisinin en önemli sorunlarının sermaye, yüksek maliyet, atölye yetersizliği ve eğitimli eleman eksikliği olduğu tespit edilmiştir. Ayrıca özgün 
tasarım eksikliği bir başka sorun olarak ortaya çıkmaktadır. Sonuç olarak; eğitimli eleman yetersizliği sorununun meslek odaları ve üniversiteler işbirliği 
ile çözülebileceği, küçük ve orta boy işletmelere sağlanan desteklerin basitleştirilerek yaygınlaştırılmasının gerekliliği ortadadır. Finans sorununun ise 
teşviklerle çözülmesi gerekmektedir. 
Anahtar Kelimeler: Mobilya İşletmeleri, Mobilya, KOBİ, Tasarım problemleri. 
   

 

mailto:aliturantaspinar@gmail.com


 
 
 
 

Mehmet Çolak, Ali Turan Taşpınar, Tahsin Çetin 
IFC 2016 International Furniture Congress 13-15 October 2016 

 
 

174 
 
 

1 Introduction 

It is very important that small firms merging and doing 
professional production when the sector to opening 
international markets. 
Day by day new products come into our life and some of them 
go out. The kinds of products and services in market increase 
each passing day and this means that people use more products 
and services compared to the past (Urper, 2012). According to 
Pasaoglu (2012) firms attach importance to researh and 
development to can be different from their competitors and so 
establish a market presence. However small firms cannot do 
these actions because of research and development expenses. 
Usually big firms budget for these kinds of actions in begining 
of period. By means of research and development firms can 
develop products and hold the market. 
Supervisors and owners of small firms have problems about 
deficiency of finance and finding cheap equity. One of the 
components to reach success is that begining the business with 
adequate equity. But a lot of small firms start business without 
calculating their total equities salubriously. Capital which is 
necessary in establisment phase is calculated only for this 
period and is not calculated costants costs for later periods. 
Because of this there is not current assets in small firms hands 
which implementing investments (Sevim, 2013). So small firms 
have difficulty to design and invest new products. 
In designing a product primarily opinion of product which is 
scanned that there is adequate market or not; if the results of 
research is positive, the product is scheduling is made and the 
product is developed. The scheduling of product and service is 
one of the most difficult and requiring responsibility phase. 
Devoloping a product, which is not adopted by market, causes 
production of services and products, which is not sold always 
in market, although it is sold in small quantities with marketing 
exercises when it is serviced. For the customers don’t buy the 
product again in beging sale periods, sales of products and 
services is not actualised continuingly it is necessary planing a 
product with a strong basis (Eroglu, 2012). One of the 
important contribution of small firms in regional devolopment 
is revealed all of modernist potential of that country. Optimum 
method of extending the new and creative opininons 
development in all society is building the equality of oppinions-
chances in all economic units. Small firms form 99% of all 
economic units which spread all large and small settlements of 
society (Sevim, 2013).  
In the world markets and competitive capacity of countries, the 
most effective status is the importance that given modern 
design. Production of modern design furniture is located in the 
primary reasons of this. Design is strength that answer from the 
personel expectations to social expectations, from national 
expectations to international expectations, from marketer to 
producer and more important environmental expectations, 
also has social, cultural, political activities. Because design has 
the stregth and ability that moving and directing the world. It 
can be said that design’s status and importance is not effective 
in manufacturing industry, Turkey, despite its importance in 
developed countries. However since 2000, it is helped branding 
that using and directing of design by the large – scale firms that 
attended the sector spryly. On the other hand, by all institutions 
and organizations, supported to activities that about 
devoloping of design and remarking the importance of design 
for the sector is very important to reach the point that it 
deserves (Anonymous 1, 2015). 

The firms that is in furniture business have problems about 
design, quality, production, cost, emplayment etc. Furniture 
sector that being in favorite branches of Turkish economy, falls 
within the most mimiary sector and this demages the firms that 
spend big equities to set a model (Inal and Toksari, 2006). 
In design, the most important problem of Turkey, cannot assure 
the unique design conditions forming rivalry. Existence of 
design depends on increasing of rivalry. In Turkish furniture 
sector count of producer that understand the importance of 
design is quite a little lots of firms copy cotalogs of foreign firms, 
investment to design of product is precluded for this reason, it 
is seen that is brought suit, between big firms due to 
resemblance of products. Being cheaper of imitation products, 
compared to their originals, provides the tendency of consumer 
to these products and so producer’s. Incresing of production in 
line with demond shows that imitation production goes on and 
easy production is prefered instead of unique design. Although 
in last years, that the sector becomes self – aware, numbered 
firms which played a part theirselves value registration of 
product. In this direction, branding and unique design come in 
possesion of important concepts involving furniture sector 
lately (Anonymous 2, 2015). 
In our country furniture sector which became issue of research 
comprises of mostly small firms. It undertakes important duties 
about contribution to employment. In this research, it is aimed 
to determinate the problems in stages from design to 
porduction and suggest some solutions about these. 

2 Material and Method 

With this research it is aimed to determinate the problems in 
stges from design to production in Afyonkarahisar and 
Eskisehir and some solutions are suggested problems that 
determinated. SMEs that being in service about furniture and 
decoration in Afyonkarahisar and Eskisehir are taken a poll. 
Population of research is SMEs that being in service about 
furniture sector in Afyonkarahisar and Eskisehir Cities, in total 
120 firms are taken a poll with face to face meeting. However 
30 firms rejected the meeting, 90 firms accepted. For 14 firms 
of 90 firms that taken a poll informed faultily, this research is 
limited 76 firms. 
The poll comprises of two sections. The first contains 
demographic informations that attended the poll (gender, age, 
duty, educational background etc). The second section of poll 
contains the questions to determinate problems of firms, that 
subject of the research, in stages from design to production. To 
evaluate the datas obtained, using SPSS package frequency 
analysis, correlation analysis and chi-squared tests are done.. 

2.1 Values about demographic informations  

In this section of research, descriptive frequency and 
percentage distributions of people’s demographic informations 
who attended the poll and analysis of answers which they gave 
the questions of the poll are done. 
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Table 1. Demographic informations 

Gender  Freguency Percent 

Woman  13 17,1 
Man  63 82,9 
Age    

18-24 age 1 1,3 

25-32 age 26 34,2 

33-40 age 23 30,3 

41-49 age 19 25,0 

Over 50 years of age 7 9,2 

Educational Background   

Primary school/apprenticeship 1 1,3 

Business high school 34 44,7 

University  29 38,2 

Other  12 15,8 

Working department   

Buying  4 5,3 

Pruduction  9 11,8 
Montage 6 7,9 
Marketing  18 23,7 
Other  39 51,3 
Both as dırector as employer   

Director-employer 41 53,9 

Employer  35 46,1 

Service time 

0-3 years 16 21,1 

4-6 years 9 11,8 

7-10 years 9 11,8 

Over 11 years 42 55,3 

Total 76 100,0 
 
As it is seen, people, who attended the poll in the firms that 
formed sample group, are 17.1% woman, 82.9% man in respect 
to their genders; in respect to age 1.3% age of 18-24, 34.2% age 
of 25-32, 30.3% age of 33-40, 25% age of 41-49, 9.2% over 50 
years of age; as of educational background: 1.3% 
apperenticeship, 44.7% business high-school, 38.2% 
university, 15.8% other education; in respect to department: 
5.3% buying, 11.8% production, 7.9% montage, 23.7% 
marketing 51.3% other departments; and the 53.9% of 
participants are both as director as employer. Remaineds 
(46.11%) work on only one business. It is seen lot of 
participants are both as director as employer. In firms, 21.1% 
0-3 years, 11.8% 4-6 years, 11.8% 7-10 years, 55.3% over 11 
years of participants work in the same firm. It is seen essential 
part of majority work for long years in firm. 
 
 

Table 2. Analysis of firms of furniture 

Firm’s activities Freguency
 

Percent 

Seat, couch, sitting group 5 6,6 
Office furniture 2 2,6 
Kitchen decoration 16 21,1 
Teenager group 2 2,6 
More than one activity 51 67,1 
Activity time   
0-3 years 1 1,3 
4-6 years 4 5,3 
Over 11 years 71 93,4 
Count of personnel   
1-9        37 48,7 
10-49   25 32,9 
50-249   14 18,4 
Legal status   
Person 33 43,4 
Limited 23 30,3 
Anonymous 18 23,7 

Collective  2 2,6 
Commandite  0 0 
Form of organization   
Newly established 31 40,8 
Transfer from family 34 44,7 
Divided into shares 11 14,5 
Ownership status   
Self property 50 65,8 
Rented  26 34,2 
Directing   
Owner 73 96,1 
Profesional director 2 2,6 
Other  1 1,3 
Capital   
Less than 50.000 31 40,8 
Between 51-150.000 19 25,0 
Between 151-300.000 10 13,2 
Over 301.000 16 21,0 
New investment   
Yes  27 35,5 
No 49 64,5 
New area invested   

Research-development 3 3,9 

Production-marketing 19 25,0 
New sector 2 2,6 
More than one area 3 3,9 
Not think new investment 49 64,6 
Professional organizations   
Chamber of commerce and 
ındustry 

3 3,9 

Turkısh unıon of chambers and 
commodity exchanges 

1 1,3 

Chamber of furniture shops and 
carpenters 

31 40,8 

Chamber of merchants and 
craftsmen 

5 6,6 

More than one membership 36 47,4 
Benefits of Professional 
organizations 

  

Growing in furniture sector 46 60,5 
Taking financial support 27 35,5 
More procedure 2 2,6 
useless 1 1,3 
Certificate   
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TSE 36 47,4 
ISO 9000 1 1,3 
ISO 14000 2 2,6 
More than one certificate 29 38,2 
Not have one 8 10,5 
Using a bank loan   
Activity of firm 24 31,6 
For investment 8 10,5 
Not used 44 57,9 
Departments used bank loan   
Production-marketing 26 89,6 
New sector 2 6,9 
More than one department 1 3,5 
Membership of professional 
publication 

  

Yes   17 22,4 
No  59 77,6 
Attending professional fairs   
Often  37 48,7 
Sometimes 28 36,8 
Rarely 10 13,2 
Not attended 1 1,3 
Raw meterials   
Wood 4 5,3 
Flakeboard             12 15,8 
Melamine coated - chipboard      33 43,4 
More than one meterial     27 35,5 

Problems about raw meterials   

High cost      25       32,9 
Inadequacy quality of raw meterial      3       3,9 

Difficulty in providing raw 
meterials 

      1        1,4 

High cost –cheapjack raw meterials      3       3,9 

High cost - Difficulty in providing 
raw meterials 

     44      57,9 

Total     76     100,0 

 
As it seen table 2, relating to firms’s activities that forming the 
sample group, it is recieved reply that 6.6% seat, couch, sitting 
group; 2.6% office furniture, 21.1% kitchen decoration 2.6% 
teenager group, 67.1% more than one activity. 
Relating to time of activity, in furniture sector 1.3% 0-3  years , 
5.3% 4-6 years, 93.4% over 11 years of firms work. In 
consideration of this situation majority of firms work for many 
years in this sector. 
Relating to person who work in firms, firms work with 48.7% 
1-9 person, 32.9% 10-49 person, 18.4% 50-249 person. As a 
reason majority of firms are SME. 
Relating to legal status of firms, it is seen that are 43.4% person, 
30.3% limited, 23.7% anonymous, 2.6% collective status of 
firms. Relating to form of organization, it is determinated that 
40.8% of firms are newly – established,  44.7% transfer from 
family, 14.5% divided into shares. About ownership status, it is 
noticed that are 65.8% self property,  34.2% rented. Concerned 
in directing, 96.1% ower, 2.6% professional director, 1.3% 
other directing of firms have got. When this situation viewed, it 
is understand that majority of firms directed by their owners.  
About new investments 35.5% Yes, 64,5% No of firms said. 
3.9% research and development 25% production - marketing, 
2.6% new sector, 3.9% more than one area of firms said about 
area that they think investing. Therewithal 64.6% of firms that 
forming sample group don’t think new investment. 

Relating to Professional organizations that firms enrol it is 
noticed 3.9% Chamber of Commerce and Industry, 1.3% 
Turkish Union of Chambers and Commodity Exchanges 40.8% 
Chamber of Furniture shops and Carpenters, 6.6% Chamber of 
Merchants and Craftsmen and 47.4% enrol more than one of 
firms. About benefits of professional organizations; 1.3% 
useless, 60.5% growing in furniture sector, 35,5% taking 
financial support of firms think. Relating to certificate, 47.4% 
TSE, 1.3% ISO 9000, 2.6% ISO, 14000 38.2% more than one 
certificate of firms have and 10.5% of firms said not having a 
certificate 42.1% of firms receive a bank loan and 57.9% don’t. 
About raw meterial, firms said that it is used 5.3% wood, 15.8%  
flakeboard, 43.4% melamine coated chip board, 35.5% more 
than one raw meterial. Relating to problems in raw meterial, it 
is determinated that 32.9% high cost, 3.9% high cost – 
cheapjack raw meterial. 
 

Table 3. Analysis of design problems in firms 
 

Used computer in firms 
Freguenc
y

 Percent 

Yes  62 81,6 
No    14 18,4 
Aim of used computer   
Accounting  5 8,1 

Research-development 1 1,6 

Production - marketing 1 1,6 

Design  1 1,6 

More than one aim 54 87,1 

Count of persons use computer 

1 – 2 persons  15 24,2 

3 - 4 persons 22 35,5 

5 - 7 persons 11 17,8 

Over 8 persons 14 22,5 

Registered mark, patent, pretty patent 
Yes  30 39,5 
No  37 48,7 
Studies proceeding 9 11,8 

Branding 

Not brand 48 63,2 

Selfbrand  25 32,9 

Customer brand 2 2,6 

Self and customer brand 1 1,3 

Legal process about branding 

Yes 0 0 

No  76 100,0 
Rate of capital for design 
1-9 % 61 80,3 
10-49%  15 19,7 
Over 50% 0 0 
Rate of capital for production 
1-9% 29 38,2 
10-49% 47 61,8 
Over 50% 0 0 
Awareness of novelties 
Production catalogues 1 1,3 
Other coworkers 3 3,9 

Fairs, media 19 25,0 
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More than one source 53 69,7 
Architect, interior architect, designer in firms 
Yes    20 26,3 
No   56 73,7 
Count of personnel in design 
1 - 2 persons 66 86,8 
3 - 4 persons 7 9,2 
5 - 7 persons 1 1,3 
Over 8 persons 2 2,6 
Personnel’s educational background who work in design 
 Primary school / 
apprenticeship  

3 3,9 

 High school 22 28,9 
 Vocational high school 15 19,7 
 Univercity  36 47,4 
Way of design   

Employer 49 64,5 

Design offices 7 9,2 
More than one way 20 26,3 
Order priority 

Quality- functionality-esthetics-
economy 

54 71,1 

Quality- functionality- economy-
esthetics 

5 6,6 

Quality-economy-esthetics-
functionality 

3 3,9 

Quality-economy- functionality-
esthetics 

7 9,2 

Quality -esthetics-functionality-
economy 

7 9,2 

Method of firms in stage from design to production 
By technical manufacturing 
drawings 

4 5,3 

By three dimensional design 
programmes 

50 65,8 

By free hand sketch drawings 20 26,3 
By oral or practical discriptions 2 2,6 
Design programmes 
Autocad 35 46,1 
Other  7 9,2 
More than one programme 11 14,5 
Not used   23 30,3 
Reason of accessing production 
Order 43 56,6 
Ready production 13 17,1 
Order + ready production  17 22,4 
Order + fason firm 1 1,3 
Ready production + fason firm 1 1,3 
Order + ready production + 
fason firm 

1 1,3 

Count of liable personnel from production 
 1-3 persons 19 25,0 
 4-6 persons 13 17,1 
 7-10 persons 11 14,5 
 11 - 49 persons 28 36,8 
 50 - 99 persons 3 3,9 
 Over 100 persons 2 2,6 
CNC machine in firms 
Yes  30 39,5 
No  46 60,5 
Exploitation from today’s technology while producting  
 Yes 

24 
31,
6 

 Partially 
16 

21,
1 

 No  
36 

47,
4 

Reason of not exploitation from today’s technology while 
producting 

High cost 8 
22,
3 

 Inadequate of factory 2 5,5 
 High cost + inadequate of 
factory 

26 
72,
2 

Point of quality control in line of products 
Yes  

43 
56,
6 

 No  
33 

43,
4 

Total 43 100 
 
As it seen in table 3, relating to using computer in firms, they 
said that  81.6% used, 18.4% not used. It is understaad majority 
of firms use computer.Relating to goal of using computer, 8.1% 
accounting 1.6% research and development, 1.6% production – 
marketing  1.6% design, 87.1% more than one area aof firms 
said when this situation thought, majority of firms use 
computer for more than one goal. About the count of people 
who use computer,  22.5% over 8 persons in firms use 
computer. Relating to registered mark, patent, petty patent, 
39.5% of firms said yes, 48.7% said no, 11.8% said studies 
proceeding. About brand condition of registered mark, patent 
and petty patent that blong to the firms it is understood 32.9% 
self brand, 2.6% customer brand, 1.3% self and customer 
brand. None of firms live legal process about design, patent and 
using brand rights. 

 Relating top art of capital that used for design firms said % 80.3 
less than % 10, %19.7  % 10-49. So it is seen that small part at 
capital is used for design. It is seen a important parts of capital 
used for production. Relating to awareness of novelties % 1.3 
of firms are informed by production catalogues, % 3.9 other 
coworkers, % 25 fairs and media, % 67.7 more than one source. 
Relating to question which is “Is there a architect, interior 
architect or designer of industry produsts who work in firms?” 
% 26.3 of firms answered yes, % 73.7 no. For the count of liable 
personel from design; % 86.8. of firms said 1-2 people % 9.2 
said 3-4 people, % 1.3 5-7 people, % 2.6 over 8 people. About 
people’s educational background who work in production, % 
3.9 of firms said apprenticeship primary school, % 47.4 
univercity. About way of design planing, in % 64.5 of firms, it is 
done way. And for order of priority of firms when they planning 
design it is determinated like quality, functionality, esthetics, 
economy. 
Relating to method of firms in stage design to production, % 5.3 
of firms do it by technical manufacturing drawings, % 6.5 8 
there dimensional design programmes, % 26.3 free hand 
sketech drawings % 9.2 other, % 14.5 more than one 
programme, and % 30.3 said not used a programme. For the 
reason of accessing production from design, % 56.6 of firms 
indicated order, % 17.7. doing ready production, % 22.4 + order 
ready production, % 1.3 order+fason firm, % 1.3 ready 
production+fason firm, % 1.3 order +ready production+fason 
firm. Fort he count of liable personnel from production, it is % 
25 1-3 people, % 17.1 4-6 people % 14.5 7-10 pople, % 36.8 11-
49 people, % 3.9 50-99 people, % 2.6 over 100 people. 
Relating to CNC machine in firms, % 39.5 of firms said yes and 
% 60.5 no. About condition of exploitation from today’s 
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technology, while production % 31.6 of firms said yes, % 21.1 
partial, % 47.4 no. Fort he reason of not exploitation from 
today’s techonology while producting % 72.2 cost +inadequate 
of factory. About point of quality control in line of products, % 
56.6 of firms said yes, % 43,4 no and about count of people who 
work in point of quality control it is % 46.5 1-2 person, % 25.5 
3-4 person, % 9.3 5-7 person, % 18.7 over 8 person. 
 

2.2 Values about Chi-Square test 

Table 4. Chi-squared test about relationship between company 
sized and thinking new investment 

Count of personnel Yes  No  Total 
 

sd p 

 

1-9 person 
Count 14 23 37  

 
 
 

3,6 
32 

 
 
 
 

3 

 
 
 
 

,304 

%  37,8% 62,2% 100,0% 
10-49 
person 

Count 7 18 25 
%  28,0% 72,0% 100,0% 

50-99 
person 

Count 2 6 8 
%  25,0% 75,0% 100,0% 

Over 100 
person 

Count 4 2 6 
%  66,7% 33,3% 100,0% 

Total 
Count 27 49 76 

%  100,0% 100,0% 100,0% 

As it seen table 4 chi-square test is practiced to understand, is 
there a differentiation between company size and thinking new 
investment or not. When the result of test is examined, it is 
noticed that company size don’t infulence the decision of 
investmet and there isn’t a significant relationship between 
groups. Count of personnel doesn’t change the condition of 
investment. 
Table 5. Chi-squared test about relationship between company 

sized and using bank loan 

Count of 
personnel 

Working 
capital 

loan 

İnves
tment 
credit 

Not 
used 

Total 
 

sd p 

 

1-9 
person 

Count 9 1 27 37    
%  24,3% 2,7% 73,0% 100,0%    

10-49 
person 

Count 10 3 12 25    
%  40,0% 12,0% 48,0% 100,0%    

50-99 
person 

Count 4 1 3 8 
16,
650 

6 ,01 

%  50,0% 12,5% 37,5% 100,0%    
Over 
100 
person 

Count 1 3 2 6    

%  16,7% 50,0% 33,3% 100,0%    

Total 
Count 24 8 44 76    

%  100,0% 
100,0

% 
100,0

% 
100,0%    

As it seen at table 5 chi square test is practiced to understand is 
there a differentiation between company size and using bank 
loan or not when the result of test is examined, it is seen that 
middle size companies use more credit. And also when 
compared the condition of using bank loan in small companies 
and in big companies, it is seen that there is a significant 
differentiation between groups. This condition shows small 
companies need to more capital it is understood for small 
companies, in terms of design and production capital is a 
problem. 
Table 6. Chi-squared test about relationship between company 

sized and activating a designer 

Count of personnel Yes  No  Total 
 

sd p 

 
1-9 person 

Count 2 35 37    
%  5,4% 94,6% 100,0%    

10-49 person 
Count 13 12 25    

%  52,0% 48,0% 100,0%    

50-99 
person 

Count 4 4 8 
19,4

51 
3 ,000 

%  50,0% 50,0% 100,0%    
Over 100 

person 
Count 1 5 6    

%  16,7% 83,3% 100,0%    

Total 
Count 27 20 56    

%  100,0% 
100,0

% 
100,0% 

   

As it seen at table 6 chi square test is practiced to understand, 
is there a differention between company size and activating a 
designer. When the result of test is examined it is seen that 
small companies activate less designer bigger companies 
activate more designer, and there is a significant diffirention 
between groups. 
Table 7. Chi-squared test about relationship between company 

sized and energy requirement 

Count of personnel Yes  No  Total 
 

sd p 

 

1-9 person 
Count 17 20 37    

%  45,9% 54,1% 100,0%    
10-49 
person 

Count 10 15 25    
%  40,0% 60,0% 100,0%    

50-99 
person 

Count 5 3 8 7,743 3 ,049 
%  62,5% 37,5% 100,0%    

over 100 
person 

Count 6 0 6    
%  100,0% 0,0% 100,0%    

Total 
Count 27 38 38    

%  100,0% 100,0% 100,0%    

As it seen at table 7 chi square test is practiced to notice, is there 
a differentiation between company size and energy 
requirement or not. When the result is examined it is seen that 
small companies need to less energy and big ones need to more 
energy and there is a significant differentiation between groups 
Table 8. Chi-squared test about relationship between company 

sized and branding 

Count of 
personnel 

Yes  No  Studies 
processing 

Total 
 

sd p 

 

1-9 
perso 

Count 8 26 3 37    
%  21,6% 70,3% 8,1% 100,0%    

10-49 
people 

Count 13 7 5 25    
%  52,0% 28,0% 20,0% 100,0%    

50-99 
people 

Count 5 3 0 8 
16,
293 

6 ,01 

%  62,5% 37,5% 0,0% 100,0%    
Over 
100 
people 

Count 4 1 1 6    

%  66,7% 16,7% 16,7% 100,0%    

  Total 
Count 24 30 37 9    

%  
100,0

% 
100,0

% 
100,0% 100,0% 

   

As it seen at table 8 chi squared test is practiced to understand, 
is there a differentiation between company size and branding. 
When the result is examined it is noticed small companies make 
less branding and biggers make more and there is a significant 
differentiation between gnoups 
Table 9. Chi-squared test about relationship between company 

sized and part of capital used for design 

Count f personnel Yes  No  Total  
 

sd p 

 

1-9 
person 

Count 36 1 37     
%  97,3% 2,7% 100,0%     

10-49 
person 

Count 16 9 25     
%  64,0% 36,0% 100,0%     

50-99 
person 

Count 5 3 8  13,245 3 ,004 
%  62,5% 37,5% 100,0%     

Over 100 
person 

Count 4 2 6     
%  66,7% 33,3% 100,0%     

Total 
Count 27 61 15     

%  100,0% 100,0% 100,0%     

2x

2x

2x

2x

2x

2x
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As it seen at table 9 chi squared test is practiced to understand 
is there a differentiation between company size and part of 
capital using for dasing when the results are examined it is seen 
small companies use less part of capital for dasing and there is 
a signification differention between groups 
 

2.3 Values about correlation analysis 

 
Table 10. Correlation Analysis about capital and part of it used 

for design 

 Used for design 

Capitalisation 
r ,590** 
p ,000 
n 76 

As it seen at table 10 pearson correlation analysis is practiced 
to determine the relationship between capital budget and part 
of it using for design. At it is result, it is seen there is a significant 
relationship positively. When capital increases, part of capital 
used for design increases 
Table 11. Correlation Analysis about capital and part of it used 

for production 

 Used for production 

Capitalisation 
r ,678** 
p ,000 
n 76 

As it seen at table 11 ıt is seen, as the result of Pearsons 
Correlation Analyis, that practiced to determine the 
relationship between capital budget and par at it used for 
production, there is a positively relationship. When capital 
increases, part of capital used for production increases. 

3 Results And Discussion 

It is aimed to determine the problems of Turkish furniture 
industry in stage from design to production. When 
demographic information of people who participated in the 
survey in firms that were participant, is examined, majorty of 
interviewees is farmed by men. It is seen majority of 
participants are both as director as owner. A very important 
majority of them (55.3%) work in firm for a long time. Being 
senior personnel who is interviewed provided the informations 
that are picked up, are more healthy.  
Relating to subject of firms activities it is indicated 67.1% of 
firms have more than one activities. To make an analysis about 
design and production, it is aimed to collect information about 
firm activities that participated in the survey. When considered 
this situation it is understood that majority of firms activitate 
more than one area. 93.4% of firms in furniture sector for over 
11 years. This condition show majority of firms activitate in 
furniture sector for a long time. 
One of the important factor for design is utilization from 
technology. So, count of using computer in firms it is noticed in 
81.6% of firms is used, 18.4% not used. So as to design 1.3% of 
firms say using computer: 71.1% of firms say using computer 
for more than one goal. It is seen the firms don’t use computer 
technology adequately. 
For the count of liable personnel from design 86.8% of firms 
said 1-2 persons, 9.2% said 3-4 persons, 1.3% 5-7 persons,  
2.6% over 8 persons. Relating to CNC machine in firms 39.5% 
of firms said yes and 60.5% no. It is noticed that majority of 
firms haven’t got technological machines.  
While producing, explaitation from today’s technology is one of 
the factor provide profitability of a firm. Relating to computer 

usage 31.6% of firms said yes, 21.1% utilise partly, 47.4% no. 
As it seen one half of firms don’t utilise today’s technology. This 
condition is commented as there is technological inadequacy in 
production. Results of Demirci’s research prop this. Demirci 
indicated technology utilization rate as 3.5% in small firms, 
59% in medium scaled, 78.6% in big firms. It is said reason of 
not used technology in firms, high cost and adequate factory are 
the first. 
Relating to reasons of not utilization from today’s technology, 
22.3% of firms said high cost, 5.5% inadequacy of factory,  
72.2% cost + inadequacy of factory. As it seen, firms say today’s 
technology is cost. So this shows there is finance problems. 
It is seen that there is not a significant relationship between 
groups as a result of Chi-Suquare Test that is practiced to 
understand is there a differentiation between groups or not. 
Count of personnel does not change the condition of investment 
about design. It is seen that medium sized firms use more bank 
loan. It is seen when compared small firms and big ones, there 
is a significant differentation about using bank loan. This shows 
small firms need to more credit. It is understood, capital is an 
important problem small firms in terms of design and 
production. In terms of company size and activating designer it 
is seen small firms activate less but big ones more. So there is a 
significant differentiation between groups. 
Offers and discussions about this study is as the following: 
In our country unique furniture design is not valued enough. 
Firms mostly understand the design as copy from cotaloque. 
For providing unique design, quality and world class products 
caused SME’s development, refreshmet branding must be 
valued. Studies must be done about research and development 
providing benefits to sector. 
An industry, that doesn’t from selfbrand and drawing in 
furniture, only produces services to other country’s industry. So 
firms must form units that develop design and model in 
selfstructures. Competitions must be organized the aim of 
incentive to design. Policies must be developed to increase the 
univercity’s deparment that employs the furniture sector.  
For providing the Turkish furniture sector gets a lot of 
information about export and foreign markets, and its 
advertisement in other countries activities must be done. In 
adequacy of foreign advertisements activities influences 
negatively the chance of export especially. Fairs are the most 
important section of advertisement in foreign and domestic. So 
participating these decreases these negtions. 
It is needed to support furniture deparment of univercities. So 
forming union of business and understanding between industry 
and univercities and public bodies. 
As a result it is open that the problem about inadequacy of 
educated personnel can be solved with coolaboration between 
univercities and professional chambers. Providing supports to 
SME’s must be generalised. Finance problem must be solved 
with incentives. Design a new product need cost. There is not 
financial power in majority of firms. 
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Abstract   

The strength and the deformation of a wooden plate become very crucial in the wood and furniture industry since the furniture must be both strong and 
flexible as as well as good looking.  In this study, a wooden plate, can be a book shelf as furniture, is modelled with ANSYS programming tool. The plate 
has a laminated composition, in one case, the plate is a melamine-coated particle board (YLLAM), in the other case, it is modelled as melamine-coated 
medium density fiberboard (MDFLAM). In addition to these, the boards have longitudinal channels in which okume or beech made prismatic sticks are 
inserted. The laminated plate is modelled with shell elements in ANSYS APDL macrofile. Boards are considered to be isotropic. Boards are attached from 
one short edge and two long edges. Both simply supporting and the fixed end supporting cases are taken for the boundary conditions due to the semi-rigid 
nature of these connections in the real life applications. The results are compared with the outcome of an experiment. 
Keywords: Plate analysis, FEM, wooden shells, laminate, 
   

AHŞAP ESASLI LEVHALARIN SABİT YÜK ALTINDA SONLU ELEMANLAR 
ANALİZİ 

Özet   

Mobilyaların, güzel olduğu kadar dayanıklı ve esnek olması gerekmektedir. Ahşap ve mobilya endüstrisinde, ahşap levhaların dayanıklılığı ve deformasyon 
miktarı çok önemlidir. Bu çalışmada orta yoğunluklu lif levha lam (MDFLAM) ve yonga levha lam (YLLAM) levhalar kitaplık rafları olarak hazırlanıp 
ANSYS ile modellenerek yapısal olarak incelenmiştir. Buna ek olarak deney örneklerinde boyuna yönde kanallar açılarak, oküme (Aucoumea klaineana 
pierre) ve kayın (Fagus orientalis L.) çıtalar yerleştirilmiştir. Lamine levhalar shell eleman olarak ANSYS APDL 'de izotropik olarak tanımlanmıştır. Sabit 
ve ankastre mesnetler gerçek uygulamalarda olduğu gibi yarı rijit olarak kabul edilmiş ve analiz sonuçları, deney sonuçları ile karşılaştırılmıştır.  
Anahtar Kelimeler: Levha analizi, FEM, ahşap esaslı levha, laminasyon 
   

1 Introduction 

Furniture design has been a necessity of human being for all 
centuries. However design approaches included strength 
analysis for only a couple of decades. Since mids of 1950’s, 
furniture has been supposed to be a structural system, then the 
design would have been assumed to be done in the light of 
engineering way, but in reality, furniture designs have done 
with only the old experiences and regarding to its nice looking. 
An engineering design of the furniture includes the assessment 
of the strength, ergonomy and the manufacturing processes. To 
reach a high level of usage and manufacturing technique and 
also an outstanding aesthetical view at furniture design, both 
science and technology must be contributed in designing 
procedure rather than traditions [1].  
 
Furniture engineering became very popular nowadays. 
Demands of consumers for reliable, durable products, 
certification and accreditation policies of many countries, an 
increase in demand of feasible raw materials and the extinction 
of furniture making skilled craftsman can be listed as making 
furniture engineering favourable [2]. 
 
Box shaped furniture are used for storage aims and formed 
with panels. These panels deform noticeable after a long period 

of loading on them. Creeping inevitably occurs because of the 
usage of them. Especially, this deformation is observed mainly 
at the book shelves at the offices or libraries. Stored books 
apply proportionally small loads but after a couple of years, a 
sag all over the panel surface becomes distinguishable. If this 
type of deformation exceeds an acceptable limit, then the 
furniture may become useless. An experimental research has 
been recently submitted to make analysis about creeping 
wooden panels under long term loading [3]. In this work, the 
panels are reproduced with channels under them and these 
channels are filled with comparatively tougher materials.  
 
In this study, a numerical model is reconstructed like as in this 
experiment and the panel is exerted with constant loading and 
the instantaneous deformations are investigated. Results from 
numerical results are compared with the experiment’s in tables. 
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2 Materials and Methods 

 
2.1. Modelling Wood Based Panels 
 
A constant pressure of P = 9.8 ∙ 10−4 MPa is applied to the shelf 
surface for all cases. The shelf is made of either YLLAM or 
MDFLAM, whose mechanical properties are given in the table. 
These numerical values are obtained from the hereby 
experiments. In the experiments, the shelf is reshaped with 
channel openings through over its surface. Here in this 
numerical study, both of two and three channels’ geometries 
are considered. The shelf is connected to the side boards with 
minifix or screw connections. Since these type of connections 
are considered to be particularly rigid, the numerical model of 
the problem defined with either fully constrained or simply 
supported boundary conditions. In the fully constrained case, 
supported edges are considered to be clamped. Then the 
displacements and rotations are restrained. In the case of 
simply supported boundary conditioning, edge 1 is 
implemented as free to move in y and all edges are free to rotate 
about their axis. The channels on the plate are filled with 
wooden beams made of either beech or okume. The beams are 
attached to the gaps with glue.  
 

 
Figure 1- Geometric model of the problem. Edges 1,2,3 are the 

supported edges, edge 4 is free. 

 
 
Numerical model of the beam is analyzed at ANSYS. Plate is 
divided into shelf elements and each element has a dimension 
of 3 mm. everywhere on the plate except for the gap regions. 
The gaps have a finer mesh which has a 1 mm. There exist a 
transition from finer mesh to coarser mesh, or vice versa which 
is automatically generated by the programming tool (see 
figure).  
 

 
Figure 2 – Details of meshing. 

 
Table 1– Material properties of the wooden shelf. 

 E(MPa) G(MPa) 𝛎 
YLLAM 2374 913 0.3 
MDFLAM 3684 1417 0.3 
Eastern Beech 12263 4717 0.3 
Okume  7730 2973 0.3 

 
E: Modulus of Elasticity  G: Shear Modulus v: Poisson Ratio 
 

Table 2-Deflections in z direction at point 

Plate type Number of 
channels 

Channel fill 
material 

Experimental(mm) Numerical(mm) 

Connection type Boundary conditions 

minifix screw Fully 
constrained 

Simply 
supported 

YLLAM 0 - 1.186 1.161 0.290 1.449 

2 No fill - - 0.323 1.330 

Beech 1.054 1.474 0.281 1.198 

okume 1.148 1.487 0.284 1.213 

3 No fill - - 0.351 1.381 

Beech 1.088 1.263 0.277 1.180 

okume 1.199 1.337 0.281 1.201 

MDFLAM 0 - 1.437 1.286 0.187 0.934 

2 No fill - - 0.208 0.857 

Beech 0.977 1.265 0.183 0.781 

okume 1.157 1.723 0.184 0.789 

3 No fill - - 0.226 0.890 

Beech 1.464 1.594 0.181 0.773 

okume 1.267 1.545 0.182 0.785 
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3 Conclusion 

Deformation at the reference point becomes very similar for the 
simply supported case when compared with the experiment 
(Table 2). Either minifix or screwing connections do not satisfy 
a fixed boundary condition exactly. Both connection types can 
be taken as simply supported panel case. As theoretically and 
also from the numerical results, beech or okume material filled 
channels makes panel tougher then the deformations become 
less. A detailed APDL code of modelling is given as appendix.   
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APPENDIX- 
Ansys APDL Code for simply supported edged panel 

/title,  
/units,mpa 
/PREP7    ! Preprocessor  
 
  
UIMP,1,EX,EY,EZ,4675,4675,4675 
UIMP,1,GXY,GYZ,GXZ,1798,1798,1798 
UIMP,1,PRXY,PRYZ,PRXZ,0.3,0.3,0.3 
  
UIMP,2,EX,EY,EZ,12263,12263,12263 
UIMP,2,GXY,GYZ,GXZ,4717,4717,4717 
UIMP,2,PRXY,PRYZ,PRXZ,0.3,0.3,0.3 
 
ET,1,SHELL181,,,2 
  
SECTYPE,1,SHELL,,A 
SECDATA,18,1,0,3 
SECOFFSET,BOT 
 
SECTYPE,2,SHELL,,B 
SECDATA,10,2,0,3 
SECDATA,8,1,0,3 
SECOFFSET,BOT 
 
SECTYPE,3,SHELL,,C 
SECDATA,18,1,0,3 
SECOFFSET,BOT 
 
SECTYPE,4,SHELL,,D 
SECDATA,10,2,0,3 
SECDATA,8,1,0,3 
SECOFFSET,BOT 
 
SECTYPE,5,SHELL,,E 
SECDATA,18,1,0,3 
SECOFFSET,BOT 

RECTNG,0,89,0,864 
RECTNG,89,95,0,864 
RECTNG,95,185,0,864 
RECTNG,185,191,0,864 
RECTNG,191,280,0,864 
 
AGLUE,ALL 
 
ESIZE,1 
SECNUM,2 
AMESH,6 
 
ESIZE,1 
SECNUM,4 
AMESH,8 
 
ESIZE,3 
SECNUM,1 
AMESH,1 
 
ESIZE,3 
SECNUM,3 
AMESH,7 
 
ESIZE,3 
SECNUM,5 
AMESH,9 
 
 
FINISH 

/SOLU 
ANTYPE,STATIC 
 
DL,1, ,UX,0                     
DL,21, ,UX,0      
DL,23, ,UX,0                     
DL,25, ,UX,0   
DL,27, ,UX,0                     
DL,3, ,UX,0   
DL,22, ,UX,0      
DL,24, ,UX,0                     
DL,26, ,UX,0   
DL,28, ,UX,0  
DL,18, ,UX,0  
 
DL,18, ,UY,0  
 
DL,1, ,UZ,0                     
DL,21, ,UZ,0      
DL,23, ,UZ,0                     
DL,25, ,UZ,0   
DL,27, ,UZ,0                     
DL,3, ,UZ,0   
DL,22, ,UZ,0      
DL,24, ,UZ,0                     
DL,26, ,UZ,0   
DL,28, ,UZ,0  
DL,18, ,UZ,0  
 
 
SFA,ALL,2,PRESS,9.8E-4          !UNIFORM 
PRESSURE 
 
 
 
SOLVE 
FINISH 
 

/post1 
FINISH     
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Abstract   

As like in all design branches, ecological materials used in furniture design are becoming very important. This is because of the fact that, natural resources 
are limited, whereas human wants are unlimited in our world. For this reason, designs made of ecological materials are becoming very interesting 
nowadays. The common characteristics of these designs comprise the most environment friendly, sustainable, the least distorting effect on environment 
and the most economical usage. The most important characteristics of these ecological materials are that they are renewable, recyclable, free from 
addicted materials, and least distort effect on environment. The application of these materials provides both simplicity and figuration. In addition to these 
using ecological materials gives shapes to the furniture and usage. This paper covers those materials used in furniture design and the applications, 
undertaken by the furniture-producing firms in Turkey. As a research method, firstly I classify various ecological materials used as an input in the 
production process.  Secondly, some researches undertaken in the ecological design field will be analyzed. Lastly, activities of the firms producing furniture 
made of ecological materials. In the conclusion section a general evaluation will be made. 
Keywords: Ecologic Materials, Furniture, Design 
   

 

MOBİLYA TASARIMINDA KULLANILAN EKOLOJİK MALZEMELER 
Özet   

Son yıllarda tüm tasarım dallarında olduğu gibi, mobilya tasarımında kullanılan ekolojik malzemelerle yapılan tasarımlar önem kazanmaktadır. Bunun 
nedeni, dünyamızda ki doğal kaynakların sınırlı, buna karşın insan ihtiyaçlarının sınırsız olmasından kaynaklanmaktadır. Bu nedenle, ekolojik 
malzemeden yapılan tasarımlar günümüzde oldukça ilgi çekmektedir. Bu tasarımların ortak özellikleri arasında çevre dostu, sürdürülebilir, çevre 
üzerinde en az zarar veren etkiye sahip olması ve en ekonomik kullanımlı olmaları vardır. Ekolojik malzemelerin diğer özellikleri ise yenilenebilir, geri 
dönüşümlü, katkı maddesi içermemesi ve çevre üzerinde en az bozucu etkisinin olmamasıdır. Bu malzemelerin kullanılması hem yeni biçimlendirme 
olanaklarını hem de kullanım kolaylığını sağlamamaktadır. Bu makale mobilya tasarımında kullanılan ekolojik malzeme ile Türkiye’de mobilya üreten 
firmaların uygulamalarını kapsamaktadır. Araştırma yöntemi olarak, önce üretim sürecinde kullanılan çeşitli ekolojik malzemeler sınıflandırılmaktadır. 
İkinci olarak, ekolojik tasarım konusunda yapılan araştırmalar analiz edilecektir. Son olarak ise, ekolojik malzemeden mobilya üreten firmaların 
aktiviteleri ele alınmaktadır. Sonuç bölümünde  ise  genel bir değerlendirme yapılacaktır.    
Anahtar Kelimeler: Ekolojik Malzemeler, Mobilya, Tasarım 
   

 

1 Introduction 

In this study, the ecological materials used in furniture will be 
mentioned. For contributing the environmental problems such 
as global warming, lack of resources, energy problem, pollution, 
population; the environmental-friendly design approach has 
occurred. When we search for the solutions for environmental 
problems, it can be seen that they were started considering at 
the beginning of the century, which is being more popular in 
our world. In today’s world, this can be gathered under the title 
of ‘ecological design’ and the materials, which are used for 
designing, can be named as ecological materials. The approach 
of ecological design foresees the use of naturally harmless 
materials’ conscious consumption for human beings and 
environment as well as the improvement of new materials 
instead of using harmful chemicals in furniture production. 
Additionally, today; materials, which encounter the needs of the 
consumption society and easily recycled, are mostly preferred.  
 

Eco-friendly design founded the following related to this topic 
in article about designing philosophy, it has been stated that the 
plan for controlling the source wholly and extensively is more 
complicated and it requires some analyzing in terms of how 
different materials are toxic, their process of production, how 
the materials are obtained and it requires some other topics 
which have different arguments within themselves. Ecological 
design philosophy’s basis is certain: to turn each material of a 
product into a circle or to turn a closed-circle into a 
technological one; the designers should carry out their own 
design from birth to birth [1]. 
 
Related to this topic, it clarified the borders of an ecological 
material in their study named as ‘What Characteristics Define 
Ecological Building Materials’. In that study, firstly ecological 
material has been defined and what characteristics ecological 
materials should be like have been stated. In its conclusion part 
it was stated as: new ideas for ecological materials are 
emerging at a high rate. The topic of this paper was focused on 
one single traditional, local, available, inexpensive, healthy 
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material. But this very old material can be used in new, 
innovative forms [2]. 
 
On the other hand, ecologic furniture design discussed about 
the ecological materials used in furniture design in their 
‘Ecological Design and Material Election for Furniture under the 
Philosophy of Green Manufacturing’, it has been concluded as: 
‘The ecological design for furniture products of green 
manufacturing examine the whole life cycle of the products 
from the view of sustainable development [3].  
 
The basis for furniture green manufacturing, the green 
materials is selected in line with a completely new idea and 
thinking compared to the traditional one. The rebuilt design for 
green-made furniture will help to realize ecology and 
sustainable development, especially for the lowest life-cycle 
cost of furniture material, and an effective method for circular 
economy in the furniture industry. Ecologic design defined the 
strategies of the materials according to ecological design 
philosophy in their study ‘Analysis of Furniture Design Strategy 
Based on Ecological Aesthetics Conception’. In its conclusion 
part, they stated as: Its aim is to enhance the ecological property 
and aesthetic value of furniture. First of all the selection of 
material should meet the original ecological material, as well as 
let viewers and users experience the beauty of nature, respect 
the intrinsic value of nature, and can reflect profoundly; 
secondly, furniture modeling not only is a simple use of natural 
elements, but furniture functionality and appearance make the 
person generate spiritual resonance of ecological protection; 
furthermore furniture cultural function and spiritual function 
while own the basic using function [4]. 
 
Ecologic design has classified how furniture should be like in 
terms of ecological basis as ‘‘simple, functional, stretchy and 
long-lasting’’ in his article named Ecological Buildings and 
Materials. İn the conclusion part, it described it as ‘the aim of 
ecological furniture design is to use sources, materials and 
energy the least, affect the environment from the beginning of 
its production to its end the least, to produce materials which 
need easy and simple care’ [5]. 
 
In the following part of the study, in the second part, the 
methods and the procedure are explained. In the third part, the 
materials that are used in furniture design and ecological 
materials’ description is classified. The companies in other 
countries and in our country that produce ecological materials 
are compared in the forth part. In the conclusion part, the 
study’s general assessment is given place  

1.1 Ecologic Materials 

The term, ‘Ecology’, [BTD] has been described as ‘’a branch of 
science which observes the relations between each other and 
the environment together or separately.’’ 
 
According to another description, it is described as ‘An ecologic 
materials’ is one that has a minimal impact on environment but 
offers maximum performance for required design task. Ecologic 
materials are easily reintroduced into cycles. Ecologic materials 
from the biosphere are recycled by nature and ecologic 
materials from the techno sphere are recycled by nature and 
ecologic materials from the techno sphere are recycled by man-
made processes [6]. 
 
The most notable feature of an ecological material is being 
easily recycled. The expectation of showing good performances 

of the ecological materials is not a possible improvement yet. 
The reason of this is they are just at the stage of improving. 
Another feature of these materials is they can contribute to the 
conscious of consumption, as they are the reporters of the 
designs, which look for new way of shaping. 
 
Ecological design is a new design process in material and design 
field. The roots are based on some wood-like materials which 
was used at the beginning of the century to take the real wood’s 
place as well as the use of recycled plastics and paper that were 
looking for solution in terms of a new way of designing and 
different kind of material usage. At the beginning of 1990’s, it 
continued its growth as a sustainable approach. Because of the 
negative effects of the materials on people and environment, 
the new materials had to be produced. The ecological material 
and improved producing techniques had to be used for the 
solution. In our world, the importance of the ecological design 
has become higher. The ecological materials are mostly the 
ones that produce solution for the environmental problems.  
 
The common features of these materials are being recycling, 
renewed, and produced with a little energy, having additive 
materials the least. The designs, which were made with an idea 
of improved different materials at the beginning of the century 
led to new searches for materials’, producing place and new 
improvements in shaping techniques. The general features of 
ecological materials can be ordered as this subject [7]. 
 
-Harmless for human health and comfort 
-Generated with the least energy 
-Being easily recycled and renewed, 
-Economic, 
-Without radioactive material 
 
Some harmful materials used in furniture design can affect 
human health badly. The most harmful materials are ordered 
below. When these  kind of materials are breathed, they can 
occur some health problems such as asthma, allergy. 
 
-Formalhedit 
-Sotvents 
-Wood preservatives 
-The other additives and radioactive   materials 
 

2 Materials and Methods 

This research concerns about those ecological materials used in 
furniture design. Ecological materials are the common names of 
the recently developed materials. Due to their detrimental 
effect of the traditional materials used in furniture industry on 
the health, and limited amount of natural resources designer 
are seeking for developing new materials, most of which 
ecological. To be an ecological material, it’s main characteristics 
must be recycling. Since, ecological materials are produced 
from mixture of more than one object, their detrimental effect 
on human health need to be reduced as much as possible. 
 
This paper includes those materials that comply with the 
sustainability approach of the furniture design, which are 
becoming very important nowadays. Fora this reason, I give 
some examples of this type of materials that satisfy 
sustainability of the resources. Also, consider those studies 
undertaken by related institutions, trade associations, export 
and import firms dealing with furniture business, both in 
Turkey and member countries of the European Countries. İt 
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also included my observations on the International and 
national fair that I have participated. 
  

2.1. Content of Research and Methods 
 
The content of the research is limited to the ecological materials 
used in furniture design with some examples. İt firstly tries to 
determine the materials used in production of the ecological 
furniture. Secondly, it tries to define the ecological materials 
and those materials complying with the definition. Considering 
the fact that here are too many types of ecological materials, 
and possibility of their usage in many areas, I limit my study to 
cover those materials used mainly in furniture production. İt 
also considered main characteristics of these materials that 
differ from others and the areas in which they are mostly used. 
In addition to these, the reason for the development of this type 
of material used in furniture production is explained and their 
classification with respect to their group is made. The 
formation of ecological materials are explained through some 
examples. Lastly, furniture made from ecological materials are 
also included in my paper. Since furniture design is based on 
ecological materials is a new developing area in Turkey, I 
employed some research findings of related public institutions, 
who collected data on the subject matter. In doing so, written 
and electronic sources are used and observations on domestic 
and international fairs were also considered. 

3 Findings 

3.1. Ecological Materials Used in  Furniture  Design 
 
In the process of furniture production too many types of 
materials such as wood and it’s by products, plastics, glass and 
metals are used. However, in producing these materials those 
substance like melamine, formaldehyde and resin have 
detrimental effects on human health.  Whereas, ecological 
materials can be produced by the less energy consumption, and 
they are easily recyclable and environment friendly that 
satisfies the needs of today’s society. Beside these, the period of 
recycling and renewability of ecological  materials are shorter 
than other materials. However, as to sustainability of 
production of ecological materials are concern, the following 
conditions need to be met [8]. 
 

-A material must be produced as a substance, 
-It should be recyclable, 
-It must be renewable, 

and, ecological materials can be classified as wooden rooted, 
biological, timber fiber and plaque. 
 
3.1.1.   Wooden Materials  
 
a.   Timbers and Boards 
 
Wood is an  important material in furniture design, because of 
it’s natural beauty. Those materials containing varnish hand 
glue have some detrimental effect on human health, and they 
are banned in developed countries especially for the kid 
furniture taking  measures like forbidding some materials, in 
order to protect the public interest, resulted in increasing 
demand for the wooden materials.  
 
In production process of ecological materials bamboo, palm 
tree, and wooden stocks are also preferred. However, these 
materials are subject to some surface improvements. Some 
other wooden materials such as oak, balsa and pine trees are 

also under consideration in producing ecological materials [9]. 
Among them bamboo is the one that can be easily put into 
production process. Ecological materials made of bamboo are 
provided from Far East countries and China. These imported 
materials from the Eastern countries are very suitable to the 
garden furniture. 
 

 
 
 
Figure 1:Furniture Samples  made of wood and board (Milan,Salone de 
Mobile Fair in 2016 ) 

 
b.   Bamboo and Rattan 
 
Bamboo and Rattan are the materials extensively used in the 
production of ecological materials. We can outline the basic 
characteristics of the bamboo as follows; 
 
-production of it is sustainable, 
-it is an environment friendly material, 
-it is the least heaviest material in the nature 

-İt is easily grown,  
-it can be easily decomposed, 
-can be used in many ways, 
-cost of the production is the lowest, 
-it is renewable. 
 

Furniture made of bamboo can be used in interior and exterior 
spaces. It’s long, thin and flexible characteristics enable the 
interior designers to give them many shapes. Another kind of 
bamboo is rattan, which is also preferred to be used as an  
ecological material, owing to it’s easily knitting, flexible, light 
and enduring characteristics [10]. 
 
3.1.2   Fibres  
 
a.   Tapes  
 
There are many types of wooden materials used in the 
production of furniture designs and furniture products. Since 
wooden materials very expensive, the use of tapes in furniture 
production would be very economical. The tapes of the wooden 
timbers are cut in strips, and they are united in curvilinear 
forms. As an substitute to wooden materials these tapes are 
preferred in forming the surfaces of the furniture. 
  

 
 
Figure 2: Furniture Samples  made of tape wood   Materials                                    
( Milan,Salone de Mobile Fair in 2016 ) 

. 
3.1.3   Composite Materials  
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Composite materials are made of the mixture of by products of 
the recycling woods, plastics and metals. The mixture of by 
products of these materials are stirred with resin. The 
composite materials can be easily given preferred shape to the 
furniture. 
 

  
 

Figure 3:Furniture Samples  made of composite wood and with old 
furniture pieces (Milan,Salone de Mobile Fair in 2016 ) 

 
3.1.4.   Recycled Materials  
 
Although the recycling of the paper in nature is very hard, 
however it could be easily recycled in industry. For this reason, 
it  is one of the most important material which is under 
consideration. The blocks of newspapers and cartons are 
mostly used in furniture production as a body of the furniture 
in recent years. Since it’s capacity to carry is very weak, they are 
reinforced through adherence in interlaced form. After 
implementing folding and twisting techniques, they can be 
given desired forms in producing ecological matters.  
 

  
 
Figure 5 :Furniture Samples  made of Recycled Paper (Brighton Royal 

Pavillion Furniture Museum and Salone de Mobile Fair in2016) 

 
3.1.4.  Honeycomb 
 
These materials were used firstly in internal and external 
spaces of the collections of Museum of Momo in New York. 

 
Figure 6 : Todd Macallen and Stephanie Forsyhthe for Molo 2003 

Canada (Barbeo S., Cozzo B.,2012p:92) 

 

3.1.5.   Bio -plants  - Biopolymers 
 
 Biology rooted materials are the recycling ones, that originate 
from herbal fibers, animals and micro organisms. These 
materials are basically biological rooted and they are produced 
in bio composite or bio-polymer forms. Biological materials are 
readily recycling and their examples include protein, cork, 
fiber, bamboo, rattan, hemp, wheat, straw, carrot fibers, 
mycelium, sugarcane, orange peel and latex. Furniture 
materials made of these biopolymers are being widely utilized.  

 
a.Corks 
 
Corks as a furniture material is obtained from the cork trees, 
whose debarked during the summertime. Corks are one of the 
carbon dioxide emission sources of nature. Corks are also 
preferred in furniture design, because they can be given any 
shape and they are renewable.  Corks are very light as 
compared to alternative materials. Beside these, it has 
resistance to the water [11]. With it’s sponge like tissue and 
environment friendly characteristics, they are widely used in 
furniture design. During the production of furniture, all cutting 
and moulding  techniques can be easily applied to corks. On the 
other hand, during the shaping process, corks can be utilized as 
a plastic material and it can be given plaque forms that could 
enable the furniture designers to combine with different 
materials. Beside these, it is the least costly material utilized in 
furniture production.  

 
Figure 7:Furniture Samples  made of  cork  (Milan, Salone de Mobile 

Fair in 2016 ) 

b-Hemps 
 
The term of hemps the coconut tree peels and carrot fibers. 
These materials can be easily mixed with polymers to get an 
ecological material. Since hemps absorb the environmental 
pollution, the are also used in industry. Hemps also reduces the 
carbon dioxide emissions. In the beginning of 20th century, 
these ecological materials were used in making the panels of car 
doors. To produce hemps, peels of coconuts and carrot fibers 
are soaked in water, and then they are separated from their 
peels. Since, their fibers are too long, they are mostly used in 
industry. 
 

 
Figure 8: a furniture sample of  Hemps material 

(http://inhabitat.com/tag/hemp-furniture/retrieved 
from12.07.2016) 

 

c-Starch  
 
Made with the foam extracted from potato starch, not only is 
the chair completely bio-gradable but also, in theory, edible. As 
it solidifies, the string of starch create a rigid sculpture that can 
withstand considerable weight. Rolling, overlapping and 
refolding the material creates an organic, linear form, 
producing furniture pieces that are at once eccentric and sully 
sustainable [13]. 
 

http://inhabitat.com/tag/hemp-furniture/recieved
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Figure 9: Furniture Samples  made of  starch (Barbeo S., Cozzo            

B.,2012p:95) 

 
3.1.6. Other Materials  
 
3.1.6.1. Wire Mesh Nets 
 
With its semi-transparent appearance and it’ lightness 
characteristics, this type of materials are suitable for outdoor 
usage.  The sinous forms created by bending sheets of reticular 
steel ensure its sturdiness, which sets off the ethereal lightness 
of its design. The points of conjunction and contact with the 
floor are reinforced to ensure stability. .through the use of a 
single material, the design is both modern and sustainable.  

 
Figure 10 : Tomek Rygalik and Benjamin Hombuk for Moroso , Milan 
İnternational furniture Salon de Mobile Fair, 2008 
 

4 The Usage of Ecologic Materials Turkish 
Furniture Industrial Firms 

 
As in developed countries, some measures are being taken to 
use the environment friendly materials in Turkey. These 
measures are twofold; to establish a new selling policy and to 
contribute to the approach of environment friendly design. For 
instance, Nurus firm takes a series of measures to use materials 
that are environmentally friendly designs [12]. However, 
number of the studies in this field is very limited. 
 
In furniture industry in Turkey, wooden materials and their by 
products glass and plastics are mainly used in furniture 
production. A detailed information about the firms utilizing 
these materials are given in a publication titled “Discover 
Turkish Furniture” by Association of Turkish Furniture 
Producers in 2016. According to this publication natural 
materials are mostly used rather than the ecological materials. 
The following table  show the usage of ecological materials in 
the member states of European Union.  

 

Table 1:EU Countries and Turkish Republic Furniture 
Production 

(retrivedfrom:TheEuropeanCommissionbyICLEI,http://ec.eur
opa.eu/environment/gpp/pdf/toolkit/furniture_GPP_backgro

und_report.pdf,) 

 

 
 

5 Conclusions 

This article concerns about the ecological materials to be used 
in furniture design. Although, it is hard to define the ecological 
materials, however I tried to classify the them. Utilization of 
these materials are compared to the traditional materials in 
order to explore the better production areas in Turkey. 
Although, the use of ecological  materials in furniture design is 
not a new phenomenon, however examples of the ecological 
materials can bee seen in some designers designs in 1950s and 
1960s. Effects of heavy increase in population and the energy 
crisis in 1970s and 1990s have been reflected to the furniture 
design and furniture production. For this reason, need for 
sustainable design approach  must be promoted in line with the 
principles of ecological design and eco-friendly design.  
 
No matter how it is thought that it is a new understanding, 
furniture designers  thought about the importance of 
environment friendly materials before. Designers of the 
furniture thought that environment friendly materials 
improves the quality of life and result in least exploitation of 
natural resources, since they are produced economically. They 
also thought that, sustainability of materials calls for recyclable 
and renewable characteristics. The aim of the furniture 
designers is to use more environment friendly materials that 
will not be harmful to the nature 
 
To be functional and having aesthetic characteristics are the 
most important features of the furniture design. These features 
of furniture design call for producing materials to be produced 
at less production cost, to be sustainable and renewable. On the 
other hand, the interrelatedness of art, industry, and 
technology needs to be taken under considerations. In line with 
this developments, I support the idea of using environment 
friendly ecological materials to be used in Turkey.  
 
I conclude that environment friendly materials serve the better 
use of limited natural resources and satisfy the need of 
consumer society of today. For this reason, this type of 
ecological materials need to be developed and their usage must 
be encouraged. It is unfortunate that, ecological materials or 
not widely used in Turkey  as compared to Western developed 
countries. Fora this reason, some research institutions in this 
field should be established and furniture designers must be 
supported to develop new production techniques in ecological 
materials.  

29%

19%

13%

11%

10%

8%

3%2%2%2%1%

wood,veneer,panels,mdf
component
metal

http://ec.europa.eu/environment/gpp/pdf/toolkit/furniture_GPP_background_report.pdf
http://ec.europa.eu/environment/gpp/pdf/toolkit/furniture_GPP_background_report.pdf
http://ec.europa.eu/environment/gpp/pdf/toolkit/furniture_GPP_background_report.pdf


 
 
 
 

Emine YUKSEL 
IFC 2016 International Furniture Congress 13-15 October 2016 

 

189 
 

   
No matter how it is thought as a new perspective, designers 
before have considered environment friendly material design. 
Therefore, in terms of eco- friendly; making the features better 
and using the sources economical had a great impact. The 
designs that are created by original works or unusual ways 
have supported our environment positively so; using recyclable 
materials will give us more positive results. In environment 
friendly designs, the aim is obvious. Using less energy, less 
material and less harmful to environment are the main targets. 
Compared to furniture design history, it’s meaning for today 
and past are hard to express. However, the designers had the 
sense about this issue and they created samples. For design 
history, classical things that are valid for every era, alternatives, 
and unusual, primitive or attractive designs have all 
contributed to environment friendly design[14]. 
 
In furniture design, being functional and aesthetic were worthy. 
In fact, it was a synonym for utility, high quality and available 
cost. In today’s world, mostly individual designs are noticeable. 
For this reason, art, industry and technology are integrated and 
ideas have stepped forward. In the recent years, environment 
friendly design gained significance. This study supports the 
environment friendly approach that is made with industrial 
waste, unusual forms, ready-made and recyclable designs. In 
our country where environment friendly destruction happens, 
we can come to this conclusion: our designers need to take the 
precautions for using environment friendly materials and they 
need to be encouraged.  
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Abstract 

This study researched the effect of the different lamination conditions on the quality properties of the laminate parquets manufactured from HDF 

(high density fiberboard). For this purpose, the laminate parquet boards were manufactured with lamination operation at two different pressing 

temperatures (subpress platen temperature:198 ºC, top press platen temperature: 211 ºC, subpress platen temperature: 203 ºC, top press platen 

temperature: 216 ºC) with the different lamination materials (decorative urea melamine impregnated paper, overlay and balance films). According 

to the test results, the overlay usage, together with the increase in paper weight and pressing temperature, had positive effect on the surface 

soundness, surface scratch and surface abrasion values being among the technological properties of the boards.  

Keywords: Laminate parquet, HDF, decorative paper, overlay, balance film, pres temperature. 
 

   

LAMİNASYON ŞARTLARININ HDF LAMİNAT PARKELERİN 
TEKNOLOJİK ÖZELLİKLERİ ÜZERİNE ETKİSİ 

 
   

Özet  

Bu çalışmada; farklı laminasyon şartlarının HDF (yüksek yoğunlukta lif levha) den üretilen laminat parkelerin kalite özellikleri üzerine etkileri 

araştırılmıştır. Bu amaçla, farklı laminasyon malzemeleri (dekoratif üre melaminli kağıt, overlay ve balans films) ile iki farklı pres sıcaklık (Alt:198 

ºC-Üst:211 ºC / Alt:203 ºC - Üst:216 ºC ) değerlerinde laminasyon işlemi yapılarak laminat parke levhaları üretilmiştir. Test sonuçlarına göre, 

overlay kullanımı kağıt gramajı ve pres sıcaklığının arttırılması ile levhaların teknolojik özelliklerinden yüzey sağlamlık, yüzey çizilme ve yüzey 

aşınma değerleri üzerinde olumlu etki yaratmıştır.  

 
Anahtar Kelimeler: Laminate parquet, HDF, decorative paper, overlay, balance film, pres temperature. 

 

 
   

1 Introduction 

The laminate parquets are created by coating the upper 
surfaces of the high density fiberboards (HDF) with 
impregnated decor paper of different color and pattern and 
with overlay paper providing a high protection layer; and by 

coating their lower surfaces with cellulosic based balance paper 
providing stabilization. Generally used for flooring in closed 
areas such as offices and residences, the laminate parquet is an 
alternative product group to other products because they are 
easy to apply, they have natural and decorative appearance, 

mailto:erdal.kara@sfc.com.tr
mailto:ayhanozcifci@aksaray.edu.tr
mailto:nemli@ktu.edu.tr
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they can be easily cleaned, they are hygienic, and they are 
affordable.  
 
The surfaces of the wood-based boards are coated with liquid 
and solid surface coating materials of various properties. 
Laminated boards are known as polyester films, phenolic kraft 
papers, polyvinyl acetate+urea based decorative papers, 
polyvinyl chloride based papers, various resin impregnated 
papers, ammonium sulphamate impregnated papers, tissue 
papers, foils, heat transfer films and wood coating boards [1], 
[3]. The effect of decorative surface coatings on some quality 
properties was researched and according to the results 
obtained, it was indicated that the lacquer type and the resin 
combination significantly effected the surfaces’ strength to 
scratch, abrasion and cigarette burn, and that the coating type 
used for surface coating and the resin combination and type 
used for impregnation of decor papers were also important [2]. 
In another study, the board properties were determined by 
coating the particle board surfaces with various surface coating 
materials by using symmetrical and asymmetrical lamination 
techniques. As a result, it was stated that lamination improved 
the strength properties to scratch, abrasion and chemicals for 
wood-based boards [3]. 

 

 

It was stated that as a result of the board surface coating, the 
mechanical properties were improved, the dimensional 
stability and the bending strength  

were increased and the formaldehyde emission was decreased 
[4]. It was indicated that after surface coating of wood-based 
boards, the mechanical properties of the boards were improved 
[5] and it was also stated that as a result of surface coating of 
wood-based boards, the dimensional stability of the board was 
increased and that their water adsorption and swelling were 
decreased [6], [7]. The most important factors having effect on 
adsorption strength of coating materials are properties of 
materials to be coated and of surfaces, convenience and 
properties of coating material, binders to be used for coating, 
and coating conditions [8], [9]. The effect of different coating 
conditions on the surface properties of the particle boards was 
researched. For this purpose, the surfaces of the particle boards 
having different densities were coated with high gloss decor 
papers and the surface scratch, gloss, acid test (curing level) 
and surface soundness, being among the technological 
properties, were determined. As a result, it was observed that 
when the board density increased, the surface breaking 
strength also increased and that the coatings bonded better to 
the surface. On the other hand, it was determined that the 
increase in the pressing time had negative effect on the bonding 
of the coating to the surface. In addition, it was observed that, 
the low pressing temperature and the long pressing time had 
positive effect on the surface gloss [10]. 

 

The coating papers impregnated with the urea formaldehyde 
(UF), melamine formaldehyde (MF) and urea and melamine 
formaldehyde (UF+MF) resins were laminated on the particle 
board surfaces with hydraulic press. As a result, it was 
determined that the particle boards coated with MF 
impregnated papers showed a better  

 

performance in terms of mechanical and physical properties 
(abrasion, effect of cigarette burn, impact and scratch) when 
compared to those of coated with UF, UF+MF impregnated 

papers; and that their breaking and vapor properties did not 
change [11]. The impregnated decor papers are manufactured 
from alpha cellulose, processed with pattern print, ink print, 
print and impregnation respectively, and made ready to be 
coated on board surfaces [12], [13]. 

 

Created by making the HDF boards subject to lamination 
operations and being also called transporter material, the 
laminate parquets are required to have advance technological 
properties. For this reason, it is required to determine the 
coating materials, suitable for the lamination operations as a 
second process, and the pressing conditions after HDF board 
manufacturing because the board surface quality may vary 
depending on the pressing conditions for the manufacture 
factors of the papers to be laminated.  

 

This study researched the effect of the usage of different 
lamination materials and of the pressing conditions on the 
surface quality of the laminate parquets. For this reason, the 
study compared the technological properties of the test boards 
obtained from the lamination operations made on the lower 
and the upper surfaces of the boards at two different pressing 
temperatures. And by this means, it was aimed to have products 
with higher surface quality by determining the laminate 
materials and pressing operation parameters suitable for the 
laminate parquet criteria.  

 

2 Materials and Methods 

 

2.1. Manufacture of Test Boards 

 

In this study, the woods of pinus nigra and fagus orientalis used 
as raw materials were obtained from Kastamonu Inebolu and 
Bozkurt areas. From these woods’ fibers of 50% of YA and 50% 
of IYA, HDF (870 kg/m3) parquet test boards were 
manufactured in Kastamonu plants of SFC Entegre Orman 
Urunleri San. ve Tic. A.S. company. They thermo mechanically 
made fibrous in disc refiner for 2,5 minutes at the pre-fire 
temperature of 180 °C and the vapor pressure of 9,5 bars. The 
melamine urea formaldehyde (MUF) adhesive of 60% was used 
as adhesive as 11% in proportion to the full dry fiber weight. As 
water-repellent, 1% of paraffin was used; and as hardener, 
1,5% of ammonium chloride (NH4Cl ) of 20% was used in 
proportion to the adhesive liter.  Dried in the drying tube so as 
to have a moisture of 6-6,5%, the fibers were pressed at a 
pressing temperature of 200±20 oC and a pressure of 3,5-4 
N/mm² so as to have a board gross thickness of 8,2-8,3 mm. 

 

The temperature of HDF boards, having thickness of 8,3 mm 
and obtained from pressing, was decreased from 105 oC to 35 
oC, and the boards were made subject to a conditioning 
operation in the semi-finished products storehouse under 65±5 
% and at a temperature of 20±2 °C for about 7-15 days 
depending on the season. Then, they were sanded on the 
sanding machine of Steinemann brand on sanding belts number 
50, 60, 80 and 120 so as their gross thickness to be 7,3mm ±0,1. 
Having a good surface quality after sanding operation, the HDF 
boards were laminated at the same pressure (340 N/cm²) and 
the same pressing periods (15 seconds) at two different 
temperatures (sub:198 oC - top:211 oC  and sub:203 oC - top:216 
oC); and the test boards of different product types were 
obtained.  
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Table 1. Production combinations of HDF laminate parquet test boards by different pressing pressure and laminate materials 

HDF 
Upper Surface Lower Surface 

Press  Press Pres  

Board 
Lamination Type Lamination Type 

Temperature oC Time Pressure 

Product 
Type 

Upper Lower Upper Lower sec N/cm² 

A1 Single Impregnated Paper + Single Overlay  Single Balance Paper 198 211 15 340 

A2 Single Impregnated Paper + Single Overlay  Double Balance Paper 198 211 15 340 

A3 Single Impregnated Paper + Double Overlay  Single Balance Paper 198 211 15 340 

A4 Single Impregnated Paper + Double Overlay  Double Balance Paper 198 211 15 340 

B1 Single Impregnated Paper + Single Overlay  Single Balance Paper 203 216 15 340 

B2 Single Impregnated Paper + Single Overlay  Double Balance Paper 203 216 15 340 

B3 Single Impregnated Paper + Double Overlay  Single Balance Paper 203 216 15 340 

B4 Single Impregnated Paper + Double Overlay  Double Balance Paper 203 216 15 340 

 

2.2. Properties of Laminate Coating Materials 

 

The high stabilization balance paper, impregnated with 
melamine resin manufactured as 60 gr/m² at moisture of 6,7% 
which balanced the form of the board and protected the 
product against moisture and damp coming from floor, was 
used on the lower surface of the HDF parquet boards. And on 
the upper surface, there were the layers with different 
decorative tree patterns print and giving a natural wood feeling 
to the laminate parquet product, and they were the paper 
impregnated with urea melamine (50% of urea + 50% of 
melamine) resin of 50 ±2 gr/m² and with damp of 5,8%. And on 
the top of them, the overlay paper of 28 gr/m² and with damp 
of 7,1% was placed. Figure 1 shows the layers of the laminate 
parquet.  

 

Being very thin and having a fiber structure of a very high 
cellulose percentage, the overlay paper obtains its hardness 
and strength to abrasion from the aluminum oxide particles in 
it. The laminate parquet is protected, against the mechanical 
impacts to be seen in its usage area, by the  

transparent film layer having a sheathing role and protecting 
the parquet surface against scratch and abrasion. It is cellulose 
based and it is the part having aluminum oxide particles (sand) 
in it. During the impregnation of melamine resin, a film layer is 
created by spraying aluminum oxide particles on the part of the 
overlay paper to touch the impregnated pattern paper surface. 
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Overlay – Decor Layer – HDF - Balance 

 

Figure 1. Layers of laminate parquet [19]. 

 

2.3. Determination of Technological Properties 

 

In this study, the technical properties of the high density (HDF) 
boards manufactured were determined in accordance with TS 
EN 325 standards by taking 10 different test samples. The 
surface soundness (breaking) test was conducted with Imal IB 
600 testing device according to TS EN 13329 S > 1 N/mm² 
standard. The surfaces of the samples, cut as it was indicated in 
the standards, are scratched or sanded, and the apparatus is 
adhered to the board surface with the suitable adhesive in 
order to provide sufficient adhesion. After the adhesive gets dry 
and hard, the test board is placed on the testing machine and a 
force of constant speed is applied for a certain period of time in 
order to cause a perpendicular breaking. The obtained force is 
multiplied by the surface of the apparatus and the surface 
breaking value is determined in N/mm². Figure 2 shows the 
performance of the surface soundness test.  

 

 
 

Figure 2: Surface soundness (breaking) tests 

 

The surface scratch resistance test for the melamine coated 
boards was performed with Universal Scratch Tester 413 
testing device in accordance with TS EN 14323 min. 4 Newton 
standards. It is test performed with a special diamond scratcher 
(and measured in Newton). It is known as the point scratch 
resistance value of the surface. The surface scratch for the 
melamine  

 

paper coated boards is 3-4 N and it is 3,5-6 N for the laminate 
parquets. Figure 3 shows the performance of the surface 
abrasion and scratch test. 

 

 

 
  

  
 

Figure 3: Surface scratch and abrasion tests 

 
The surface abrasion test measurements were performed in 
accordance with TS EN 438 AD > 2500 Revolution standard for 
AC3 class for residences. The device with which the abrasion 
test was performed has two wheels and weights on its edges. 
While the device is operating at the fixed revolution, the 
electronic part recording the tour shows the number of tours. 
There are 3 different values in abrasion test. IP is the first part 
where abrasion is observed. The measurements on laminate 
surfaces are performed with taber device. Each tour of taber 
device is recorded and the first abrasion time is a quality 
criterion continuing until the floor (surface of board), rather 
than abrasion, appears on at least three point places. 
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3 Findings And Evaluation 

 

Related to the technological properties of the laminate parquet 
test boards created under different lamination coating 

conditions, the average values were determined and included 
on Table 2.  

 

 

Table 2. Average values of the technological properties of the test boards manufactured at different lamination operations  

 

HDF Surface Surface Surface 

Board Soundness Scratch Abrasion 

Product Type N/mm² N Rpm 

A1 1,70 4,20 2633,33 

A2 1,67 4,00 2933,33 

A3 1,91 4,80 4333,33 

A4 1,75 4,70 4400,00 

B1 1,61 4,40 2733,33 

B2 1,31 4,50 2533,33 

B3 2,15 4,80 4266,67 

B4 1,78 4,80 3666,67 

The data obtained in this study was evaluated by using SPSS 
statistical analysis program. The effect of the lamination 
method and of the melamine pressing temperature on some 
technological properties of the boards was determined with the

 multiple MANOVA analysis; and the differences between the 
factors were determined with DUNCAN and T tests by 
determining whether they were statistically significant with 
confidence of 0,95.  

 

Table 3. MANOVA Test for the effect of the lamination method and of the melamine pressing temperature on mechanical strengths of 
the boards 

 

Properties Source df Mean Square F Sig. 

Surface Soundness 

Corrected Model 4 ,393 22,234 ,000 

Intercept 1 120,409 6804,746 ,000 

Temperature 1 ,019 1,094 ,303 

Lamination 3 ,518 29,280 ,000 

Error 35 ,018    

Total 40     

Corrected Total 39       

Surface Abrasion 

Corrected Model 4 5126250,000 31,628 ,000 

Intercept 1 440232250,000 2716,166 ,000 

Temperature 1 2756250,000 17,006 ,000 

Lamination 3 5916250,000 36,502 ,000 

Error 35 162078,571    

Total 40     

Corrected Total 39       

Surface Scratch 

Corrected Model 4 ,594 3,694 ,013 

Intercept 1 810,000 5040,000 ,000 

Temperature 1 ,225 1,400 ,245 

Lamination 3 ,717 4,459 ,009 

Error 35 ,161    

Total 40     

Corrected Total 39       
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As it is seen on Table 3 and according to the comparative 
MANOVA test results where the technological properties of the 
laminate parquet test boards obtained at different lamination 
and pressing temperatures were determined; it was 
determined that there were statistically significant differences. 
Accordingly, it was observed that only the lamination method 
had effect on the best surface soundness and surface scratch 
values, and that both the temperature and the lamination 
method had effect on the surface abrasion values. 

 

Table 4. DUNCAN Test for the effect of the lamination method 
on the technological properties of the laminate parquet. 

 

Properties 
Lamination 
Groups 

Mean 
Homogenous 
Subsets 

Surface 
Soundness 

50-28-60 1,655 b 

50-28-60+60 1,489 a 

50-28+28-60 2,031 c 

50-28+28-
60+60 

1,765 b 

 

Surface 
Abrasion 

50-28-60 2690 a 

50-28-60+60 2720 a 

50-28+28-60 4300 c 

50-28+28-
60+60 

3560 b 

Surface 
Scratch 

50-28-60 4,30 ab 

50-28-60+60 4,25 a 

50-28+28-60 4,80 c 

50-28+28-
60+60 

4,65 bc 

 

As it is seen on Table 4 and according to the results of DUNCAN 
test; it was determined that the different lamination methods 
had effect on the technological properties of the laminate 
parquets with a statistically mistake probability of α=0,05. 
Accordingly, the best values were observed on the laminate 
parquets where double overlay was used on the upper surface.  

 

Table 5. T Test for the effect of the lamination method on the 
technological properties of the laminate parquet. 

 

Properties 
Temperature    
Groups 

Mean 
Homogenous 
Subsets 

Surface 
Soundness 

198-211 1,757 a 

203-216 1,713 a 

Surface 
Abrasion 

198-211 3580 a 

203-216 3055 b 

Surface 
Scratch 

198-211 4,425 a 

203-216 4,575 a 

 

As it is seen on Table 5 and according to the results of T test 
where the effect of the surface coating method on the 
technological properties of the laminate parquets was 
determined; it was determined that it had effect only on the 

surface abrasion values and that there had not been any 
statistically significant effect on the surface soundness and the 
surface scratch values.  

 

4 Conclusion And Suggestions 

 

According to the results obtained from the tests performed, it 
was observed that the high pressing pressure and particularly 
the low pressing time with capacity purpose had a significant 
effect on the board surface quality and the mechanical strength 
properties. In addition, it was determined that the increase in 
the weight of the lamination material had a significant effect on 
the surface soundness (breaking) values. Accordingly, the 
highest surface soundness values were determined on B3 test 
board with 2,15 N/mm², where the laminate parquets were 
pressed at high temperature by using double overlay on the lam 
paper on the upper surface and by using only single balance 
paper on the lower surface. The lowest values were determined 
on B2 test board with 1,31 N/mm², where the laminate 
parquets were pressed at high temperature by using single 
overlay on lam paper on the upper surface and by  

 

using double balance paper on the lower surface. The reason of 
this is that the pressing coefficient at the same pressures was 
increased and so that the bonding between the coating and the 
board surface was increased as a result of the increase in the 
board surface densities due to the coating on the board with the 
coating thickness and properties [9], [11]. 

 

It was observed that the different coating materials and the 
temperature had a significant effect on the surface scratch 
values of the coated boards. The highest surface scratch values 
were determined on A3 and B3 test boards with 4,80 N where 
double overlay and lam paper were used together, while the 
lowest values were determined as 4,0 N on A2 laminate 
parquets coated with single overlay and lam paper. The reason 
of this is the property of the overlay paper because when the 
weight of the overlay paper is increased, the cellulose 
percentage and the aluminum oxide particles in it will also 
increase, the bonding quality with the lam paper will increase 
with suitable temperature during the pressing phase, and the 
mechanical strength applied on the surface as well as the 
strength to friction will also increase [10], [11]. 

 

According to the average values of the surface abrasion test 
results, it was observed that the different coating materials and 
the temperature had significant effect. The highest surface 
scratch values were determined as 4400 rev in A4 where 
double overlay and lam paper were used together while the 
lowest values were observed as 2500 rev in B2 laminate 
parquets coated with single overlay and lam paper. The reason 
of this is the property of overlay paper because when the 
weight of the overlay paper is increased, the cellulose 
percentage and the aluminum oxide particles in it will also 
increase, the bonding quality with the lam paper will increase 
during the pressing phase, and  

 

the mechanical strength applied on the surface will also 
increase [10], [11]. 
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Furthermore, as the laminate parquet has a pressing sheet 
structure (wood pattern grooved and channeled), the overlay 
paper will make contribution to the bonding of the impregnated 
paper and of both of them on the board surface and also to the 
surface soundness; and it can be explained that this shows 
better results compared to the scratch values of the parquet 
surfaces having lamination process with other sheets under the 
same pressure. On the other hand, under high pressures and 
during long lamination operations, it causes excess brunt of the 
paper in board surface acid tests and this is not a favorable 
situation.  

 

In conclusion, in the laminate parquet industry, the high surface 
quality is a property that may vary depending on the properties 
of the parquet surface coating (lamination) materials and the 
pressing factors as well as the manufacturing conditions of HDF 
boards. For this reason, it very important to follow the board 
manufacturing conditions very well and to make a right choice 
for the pressing conditions of lamination work such as 
temperature, pressure, time and pressing sheet and for the 
properties of melamine impregnated lam paper, overlay and 
balance paper used for coating.  
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Abstract 

This study researched the effect of the different storage times (1 hour, 1 day, 1 week, 1 month, 3 months), under same ambient conditions, on some 

mechanical and physical properties of the commercially manufactured coated MDFs (medium density fiberboard). For this purpose, MDF boards were 

manufactured after being coated with melamine resin decor paper of 90 gr/m² under the same pressing conditions. According to the test results, the 

increase in storage time had positive effect on surface perpendicular tension strength, bending strength and elasticity modules being among the 

mechanical properties of the boards; and on thickness swelling, water absorption and free formaldehyde values being among the physical properties of 

the boards. 

Keywords: MDF, mechanical and physical properties, storage time, coating, decor paper, 
 

   

MELAMİN KAPLI MDF’LERİN BAZI MEKANİK VE FİZİKSEL ÖZELLİKLERİ 
ÜZERİNE DEPOLAMA SÜRELERİNİN ETKİSİ  

 
   
Özet  
Bu çalışmada; aynı ortam şartlarında farklı depolama sürelerinin (1 saat, 1 gün, 1 hafta, 1 ay, 3 ay) ticari olarak üretimi yapılan kaplanmış MDF (orta 

yoğunlukta lif levha) lerin bazı mekanik ve fiziksel değerleri üzerine etkileri araştırılmıştır. Bu amaçla, aynı presleme şartlarında 90 gr/m² melamin 

reçineli dekor kağıtları ile kaplanarak MDF lam levhaları üretilmiştir. Test sonuçlarına göre, depolama sürelerinin artması levhaların mekanik 

özelliklerinden yüzeye dik yönde çekme direnci, eğilme direnci ve elastikiyet modülü, fiziksel özelliklerden kalınlığına şişme, su emme ve serbest 

formaldehit değerleri üzerinde olumlu etki yaratmıştır.  

 
Anahtar Kelimeler: MDF, mekanik ve fiziksel özellikler, depolama süreleri, kaplama, dekor kağıt,  

 

 
 

  

1 Introduction 

Being a medium fiberboard, MDF is a homogenous board 
created by thermodynamically drying the fibers obtained from 
wood or other lignocellulosic raw materials, then combining 
them with adhesive being hot-hardened at about 9-11%, and 

finally pressing them under temperature and pressure. The 
thickness of MDF varies from 1.80 to 60 mm while its density 
generally varies from 0.70 to 0.76 g/cm3 and it is mostly 0.70-
0.80 g/ cm3. Among the wood-based board products, although 
MDF manufacture started industrially in 1965 around the 
world, it made fast progress. The fact that MDF can be 
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manufactured from lower quality woods than plywood and 
particle board, and that its physical and mechanical properties 
are close to those of solid wood materials provide opportunity 
to use it as an alternative to solid wood material in many places 
of use [1]. 

In our country, the history of wood-based board industry dates 
back to 1950s. In 1984, the first fiberboard plant was 
established and the number of plants has increased since 90s. 
While the manufacturing capacity of fiberboard was 62.000 
m³/year 28 years before, 18 fiberboard plants have a total 
capacity of 4.933.500 m³/year as of January 2013 [2]. Our 
industry has reached the top level in the European and the 
world market. Turkey is the 4th biggest board manufacturer of 
the world. China is followed by the USA and then by Germany 
and Turkey. And in Europe, Germany and Turkey are together 
in the forefront. Turkey provided about 25% of the total 
fiberboard manufacturing capacity of Europe in 2011 [3]. 

The surfaces of the wood-based boards are coated with liquid 
and solid surface coating materials of various properties. 
Laminated boards are known as polyester films, phenolic kraft 
papers, polyvinyl acetate+urea based decorative papers, 
polyvinyl chloride based papers, various resin impregnated 
papers, ammonium sulphamate impregnated papers, tissue 
papers, foils, heat transfer films and wood coating boards [4], 
[5]. 

 And today, manufacturing of high gloss surface quality boards 
has come to the forefront also in the surface coating operation. 
The most important factors having effect on adsorption 
strength of coating materials are properties of materials to be 
coated and of surfaces, convenience and properties of coating 
material, binders to be used for coating, and coating conditions. 
Related to wood-based boards, board density as well as 
smoothness values of board surface affect not only surface 
properties but also mechanical properties of boards [6], [7]. 

Being principal materials of today’s furniture industry, boards 
(particle board, fiberboard, plywood, etc.) are coated with resin 
film, wood coating board and laminates in order to improve 
both the aesthetical and strength properties and to increase 
their economic value. Coated boards are used together with 
various wood-based materials for furniture manufacture and 
decoration works [8]. The effect of decorative surface coatings 
on some quality properties was researched and according to 
the results obtained, it was indicated that the lacquer type and 
the resin combination significantly effected the surfaces’ 
strength to scratch, abrasion and cigarette burn, and that the 
coating type used for surface coating and the resin combination 
and type used for impregnation of decor papers were also 
important [9]. In another study, the board properties were 
determined by coating the particle board surfaces with various 
surface coating materials by using symmetrical and 
asymmetrical lamination techniques. It was stated that 
lamination improved the strength properties to scratch, 
abrasion and chemicals for wood-based boards [10]. 

It was observed that the strength to wear, abrasion, scratches 
and to the effects of heat, light and chemical materials was 
increased with surface coating operations and that they did not 
have bacteria. It was stated that as a result of the board surface 
coating, the mechanical properties were improved, the 
dimensional stability was increased, the bending strength was 
increased and the formaldehyde emission was decreased [11]. 
It was indicated that after surface coating of wood-based 
boards, the mechanical properties were improved [12] and it 

was also stated that as a result of surface coating of wood-based 
boards, the dimensional stability of the board was increased 
and that their water adsorption and swelling were decreased 
[13] - [15]. 

Another study researched the effect of decor paper and resin 
type on the surface quality of the particle boards coated with 
decor papers impregnated with different resin types. For this 
purpose, the decor papers selected as model were impregnated 
with resins of urea formaldehyde (UF), melamine 
formaldehyde (MF), urea and melamine formaldehyde 
(UF+MF). The impregnated coating papers were laminated on 
the particle board surfaces with hydraulic press. As a result, it 
was determined that the particle boards coated with MF 
impregnated papers showed a better performance in terms of 
mechanical and physical properties (abrasion, cigarette burn, 
impact and scratch) when compared to those coated with UF 
and UF+MF impregnated papers [17]. The impregnated decor 
papers are manufactured from alpha cellulose, processed with 
pattern print, ink print, print and impregnation respectively, 
and made ready to be coated on board surfaces [18,19]. It was 
stated that the primary usage areas of the coated fiberboard 
were decorations works (ceiling covering, paneling, panels, 
partitions, acoustic applications), furniture manufacture (back 
of wardrobes, inside of drawers, bottom and back of pullout 
sofas) and automotive industry (inside of doors, ceiling and 
side coatings of vehicles such as buses) [20]. 

MDF plants may sometimes keep raw or melamine coated MDF 
boards, ready for sale, in plant storehouse for a long time for 
various reasons and this effects the physical and mechanical 
properties of boards. If the change in quality properties of 
boards, depending on the waiting time in plant storehouse, can 
be determined; MDF plants will be able to have information 
about the optimum board storage time without decreasing the 
board quality and by this means, they will be able to use this 
information to determine their manufacture stocks.  

In recent years, expedient composite boards (HDF, MDF, 
particle board, plywood, blockboard, etc.) have been 
manufactured with different manufacturing technologies in 
fiberboard industry. The surfaces of these boards 
manufactured have been coated with coating materials of 
different color, pattern, weight and thickness, and it has been 
tried to increase the number of their usage areas by improving 
their technological properties because the surface quality of 
board may also depend on lamination conditions and 
properties of coating materials. The technological differences 
between the coated wooden materials have also become clearer 
thanks to these operations.  

Depending on the waiting time in plant storehouse, the change 
in quality properties of coated or uncoated fiberboards has not 
been extensively determined yet in our country. In this study, 
the melamine paper coated and uncoated MDF test boards of 
18mm thickness were brought to the plant storehouse; were 
kept for a period of 1 hour, 1 day, 1 week, 1 month and 3 
months; and the changes in their mechanical and physical 
properties were comparatively determined.  
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2 Material and Method 

 

2.1. Manufacture of Test Boards 

 

In this study, the woods of pinus nigra and fagus orientalis used 
as raw materials were obtained from Kastamonu Inebolu and 
Sinop Ayancik areas. From the fibers of these woods, MDF 
boards were commercially manufactured in the plant of SFC 
Entegre Orman Urunleri San. Ve Tic. A.S. company.  

According to Asplund Defibrator Method, the wooden particles 
of combination with 45% of pinus nigra and 55% of fagus 
orientalis were mechanically made fibrous in disc refiner for 
2,5 minutes at the temperature of 180 °C and the vapor 
pressure of 9,5 bars. Before drying operation, 10% of UF 
adhesive, 1% kg/lt of ammonium chloride as hardening agent 
of 25% and 3% kg/lt of paraffin of 40% were respectively 
added in proportion to the full dry fiber weight. The fibers were 
dried so as their moisture to be 5,5% in drying tubes, and then 
the test boards were obtained by pressing the fibers for 3 
minutes at a pressure of 3.5 N/mm² and the pressing 
temperature of 220 ± 20 oC.  

The boards obtained were kept in semi-finished products 
storehouse for about 7-14 days depending on the season and 
then they were sanded on 4 sanding machines of Steinemann 
brand with sanding belts number 50, 80, 100 and 150 so as 
their gross thickness to be 18 mm ±0,1. Having a good surface 
quality after sanding operation, the surfaces of MDF boards 
were coated with high gloss decor papers of 90 gr/m², 
impregnated with urea melamine, for a pressing period of 35 
seconds and at the pressure of 27 kg/m² and the temperature 
of 190-195 oC. There were 2 types of test boards as uncoated 
boards taken from manufacture and the boards coated with 
high gloss decor papers on melamine press. Both types of 
boards were taken to the plant storehouse immediately after 
manufacturing and kept until reaching a stable mass for 1 hour, 
1 day, 1 week, 1 month and 3 months in an environment with 
the temperature of 20±2 °C and the relative humidity of 65±5%. 

 

2.1. Determination of Mechanical and Physical Properties 

In this study, the mechanical and physical test values of the 
medium density (MDF) boards manufactured were taken in 
accordance with ISO 4287 standard. For this purpose, the 
physical and mechanical strength tests were conducted in 
accordance with TS EN 325 standard by taking 10 different test 
samples and the lengths and the widths were measured with a 
caliper gage having a sensitivity of 0,01 mm. The board surface 
perpendicular tension test was conducted in accordance with 
TS EN 319, bending and elasticity modulus to TS EN 310, 
thickness swelling and water absorption to TS EN 317; and the 
thickness swelling value for each test board was calculated in 
percentage. The mechanical test measurements were 
conducted with Imal IB 600 testing device and the free 
formaldehyde values were taken in accordance with TS 4894 
EN 120 E1: ≤ 8,0 standard.  

 

 

  
 

 

 
Figure-2: Surface perpendicular tension, free formaldehyde, 

bending and elasticity tests 

3 Findings and Evaluation 

 

Table 1 shows the determined average values of the mechanical 
and physical tests of the test boards 

obtained during the different storage periods and under the 
same coating conditions. 
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Table 1. Average values of the mechanical and physical tests of the test boards

MDF 
Board 

MDF Board MDF  Internal Bending Elasticity         Swelling  Water  Free 

Product Covering Test Bonding Strength Modulus   Thickness Absorption Formaldehyde 

 Type Shape Period N/mm²  N/mm²  N/mm²  24 h (%)    24 h (%) mg/100 gr 
         

A1 Uncoated board  1 hour 0,42 28,41 3008,00 7,57 30,20 8,61 
A2 Uncoated board  1 day 0,40 29,65 3118,00 6,86 26,28 8,70 
A3 Uncoated board  1 week 0,44 28,38 3042,00 7,08 22,14 6,48 
A4 Uncoated board  1 month 0,47 29,41 3260,00 5,94 23,58 4,62 
A5 Uncoated board  3 months 0,46 27,47 3182,72 6,56 23,17 5,82 
B1 Coated board 1 hour 0,42 19,51 3441,00 2,35 15,96 8,59 
B2 Coated board  1 day 0,40 23,85 3535,00 2,93 16,49 8,26 
B3 Coated board  1 week 0,39 25,53 3678,00 5,25 14,89 7,26 
B4 Coated board  1 month 0,45 25,85 3818,00 7,83 23,40 5,55 
B5 Coated board  3 months 0,44 23,46 3631,69 6,47 17,29 5,39 

 

The data obtained in this study was evaluated by using SPSS 
statistical analysis program. The effect of the surface coating 
method and of the storage periods on the mechanical values of 
the boards was determined with the multiple MANOVA 

analysis; and the differences between the factors were 
determined with DUNCAN and T tests by determining whether 
they were statistically significant with confidence of 0,95.  

 

Table 2. MANOVA Test for the effect of the surface coating method and of the storage period on the mechanical strengths of the 
boards 

Properties Source df Mean Square F Sig. 

Internal Bonding 
Strength 

Corrected     Model 5 ,008 3,816 ,005 

Intercept 1 11,154 5152,240 ,000 

Storage Period  4 ,008 3,854 ,008 

Laminating 1 ,008 3,665 ,061 

Error 54 ,002    

Total 60     

Corrected Total 59       

Bending Strength 

Corrected     Model 5 96,043 15,087 ,000 

Intercept 1 41038,765 6446,526 ,000 

Storage Period  4 25,426 3,994 ,007 

Laminating 1 378,508 59,458 ,000 

Error 54 6,366    

Total 60     

Corrected Total 59     

Elasticity Modulus  

Corrected     Model 5 872926,697 42,508 ,000 

Intercept 1 681987020,41 33209,847 ,000 

Storage Period  4 159025,667 7,744 ,000 

Laminating 1 3728530,817 181,563 ,000 

Error 54 20535,687    

Total 60     

Corrected Total 59       
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As it is seen on Table 2, according to the results of two 
comparative MANOVA tests conducted; it was determined that 
the surface coating method and the storage periods made 
significant statistical differences on the mechanical strength 
properties.  
Accordingly, the best tensile strength values were observed on 
the boards of which storage period was 1 month and of which 
mechanical strength values were affected only by the storage 
period. In addition, it was observed that when the storage 
period increased, the mechanical strength of the boards 
showed also a statistical increase. 

Table 3. DUNCAN Test for the effect of the storage period on 
the mechanical strengths 

Properties 
Storage Period 
Groups 

Mean 
Homogeno
s Subsets 

Internal 
Bonding 
Strength 

1 hour 0,4225 ab 
1 day 0,4008 a 
1 week 0,4150 a 
1 month 0,4600 b 
3 months 0,4575 b 

Bending 
Strength 

1 hour 23,9583 a 
1 day 26,7500 b 
1 week 26,9583 b 
1 month 27,6308 b 
3 months 25,4675 ab 

Elasticity 
Modulus  

1 hour 3224,67 a 
1 day 3326,25 ab 
1 week 3360,17 b 
1 month 3538,83 c 
3 months 3407,17 b 

As it is seen on Table 3, according to the results of DUNCAN test 
conducted among the storage period data; it was observed that 
the storage periods had a significant effect on the mechanical 
strength values with a statistically mistake probability of 
α=0,05. Accordingly, the best mechanical strength was 
observed in the board with a storage period was 1 month. In 
addition, it was observed that when the storage period 
increased, the mechanical strength of the boards showed also a 
statistical increase. 

Table 4. T Test for the effect of the surface coating method on 
the mechanical strengths 

Properties 
Laminating 

Mean 
Homogenous 

Subsets Groups 

Internal 
Bonding 
Strength 

Coated Board 0,4427 a 

Uncoated Board 0,4197 a 

Bending 
Strength 

Coated Board 28,6647 a 

Uncoated Board 23,6413 b 

Elasticity 
Modulus 

Coated Board 3122,1 a 

Uncoated Board 3620,7 b 

 

As it is seen on Table 4, according to the results of T test during 
which the effect of the surface coating method on the 
mechanical strengths of the boards was determined; it was 
determined that there was not a statistically significant 
difference on the tensile strength having the statistical effect of 

the coating method on the bending strength and the elasticity 
modulus. In addition, while the bending strength of the coated 
boards decreased compared to the uncoated boards without 
depending on the storage periods, an increase was observed in 
their elasticity modulus.  

 

4 Conclusion and Suggestions 

 

It was determined that the melamine paper coating did not 
have a significant effect on the surface perpendicular tensile 
strength being one of the mechanical strength properties of the 
test boards and that only the increase in the storage periods had 
a significant effect. The highest tensile strength values were 
observed in the test boards with a storage period of 1 month 
with A4 uncoated board at 0,47 N/mm², while the lowest values 
were observed in the test boards with a storage period of 1 
week with B3 coated boards at 0,39 N/mm². The reason of this 
is that the bonding, which was not fully formed between fibers 
of which reaction was not completed between the medium and 
the surface layers, completed this during the long storage 
periods. And in terms of the surface coating, the reason is that 
the boards were processed at high pressure and temperature 
and for a long period during a second pressing step, and that 
the bonding capability of the board profile was decreased by 
the low-density medium layers and the high-density surface 
layers between the transition points.  

It was observed that both the surface coating method and the 
storage periods had effect on the bending strength and the 
elasticity modulus values. Accordingly, the highest bending 
strength was observed in the test boards with a storage period 
of 1 day with A2 uncoated board at 29,65 N/mm², while the 
lowest strength was observed in the test boards with a storage 
period of 1 hour with B1 coated boards at 19,51 N/mm². In 
terms of elasticity modulus values, contrary to the bending 
strength, the highest elasticity modulus values were observed 
in the test boards with a storage period of 1 month with B4 
coated board at 3814 N/mm², while the lowest values were 
observed in the test boards with a storage period of 1 hour with 
A1 uncoated board at 3008 N/mm². The reason of this is that 
the boards had a long pressing period applied during a second 
pressing operation at the high gloss coating step, that this 
ruined the bonding between the medium layer transitions due 
to high pressure and temperature, and so that the bending 
strengths were decreased; but on the other hand that 
particularly the bottom and top surface layers obtained a more 
plastic structure and this caused increase in their elasticity 
properties.  

 

The differences were observed between the coated and 
uncoated boards in terms of thickness swelling and water 
absorption values being among the physical properties of the 
test boards. Accordingly, in terms of swelling values and among 
the uncoated boards, the lowest values were observed as 5,94% 
in A4 test boards with a storage period of 1 month, while the 
highest values were observed as 7,57% in A1 test boards with 
a storage period of 1 hour. And among the coated boards, the 
lowest values were observed as 2,35% in B1 boards with a 
storage period of 1 hour and the highest values were observed 
as 7,83% in B4 boards with a storage period of 1 month. In 
terms of water absorption values, the lowest values were 
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determined as 22,4% in A3 uncoated boards with a storage 
period of 1 week and the highest values were determined as 
30,23% in A1 uncoated boards with a storage period of 1 hour. 
For the coated boards, the lowest values were observed as 
2,35% in B1 boards with a storage period of 1 hour and the 
highest values were observed as 7,83% in B4 boards with a 
storage period of 1 month. The reason of this is that the surface 
of the coated boards were naturally coated compared to the 
uncoated boards and that when the storage period increased, 
the decrease in the water absorption and thickness swelling 
values of the coated and uncoated boards was directly 
proportional to the completion of the formation of the boards.  

Considering the free formaldehyde average values, the lowest 
values were determined as 4,62%mg/100gr in A4 boards with 
a storage period of 1 month and the highest values were 
determined as 8,70%mg/100gr in A2 boards with a storage 
period of 1 day. In addition, a significant decrease was observed 
in the free formaldehyde values when the storage period 
increased in coated and uncoated boards. The reason of this is 
that as the board completes, or will continue completing, its 
formation during the storage periods; and this will cause a 
decrease in the free formaldehyde values.  
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Abstract   

Furniture, its surface and participation in filling the usable space, has a significant influence on the interior acoustics. The objective of 
this study was to determine the relationship between the type of construction materials and form of cabinet furniture for the 
Reverberation Time and Speech Transmission Index in the office space. The geometry of the interior was transferred to a computer model 
to simulate the acoustic parameters. Calculations were performed using the geometric method in the CATT-Acoustic. Analyses show that 
the highest acoustic comfort in a modelled office facility was obtained using an open construction made of perforated board. 
 
Keywords: acoustic, furniture, wood materials, Reverberation Time, Speech Transmission Index 
   

 
 
 
 
 

1 Introduction 

The basic objective of shaping internal acoustics is to secure 
comfort for its utilisation by acquiring appropriate 
reverberation time and speech transmission as well as to 
eliminate possible acoustic defects. Values of the above-
mentioned acoustic parameters of a given office space depend 
on its measurements as well as functions it is designed for and 
can be found in appropriate standards and literature on the 
subject (Cavanaugh et al., Kulowski, Sadowski).  
Continuous increase of sound intensity justifies the need for 
design innovations aimed at changes in interior acoustics 
endeavouring to assess what impact on the planned office space 
destination is exerted by its equipment.    
Until recently, various sound-absorbing materials such as floor 
linings, suspended ceilings, wall panelling or office screens 
were employed in order to improve acoustic absorption. 
Recommendations regarding design of acoustic parameters of 
office spaces employing appropriate utilisation of the above-
mentioned solutions are presented in an article by Bradley and 
Wang. 
Furniture, its surface and proportion in the interior filling 
exerts a significant impact on the shaping of interior acoustics. 
Application of materials characterised by high sound 
absorption coefficients as furniture construction elements can 
exert a significant influence on the improvement of interior 
acoustic absorption and, hence, shorten the reverberation time. 
By doing so, furniture elements can create a separate and 
independent acoustic modification. 

Experiments conducted by Eda et al. demonstrated that 
acoustic properties of an office space can be influenced, 
particularly strongly, by furniture with open spaces for storage 
(e.g. cabinet-type shelves). It was also observed that acoustic 
properties of an office space can be improved by increasing the 
number of elements of its equipment. 
Speech comprehension in office spaces is very important for 
their users. In their article, Tang and Chan draw attention to the 
negative influence of noise level increase on office work quality. 
It is evident from studies conducted by Kim and Dear on 42000 
employees working in over 300 differently equipped offices 
that the most serious cause of frustration of the 60% of clerks 
working in large office spaces was the fact that they had no 
influence on sounds reaching them as well as on who would 
hear what they themselves said. Also articles published by 
Berglund et al., Urlich et al., Joseph and Ulrich deal with the 
influence of noise on workers’ efficiency levels. 
The goal of the performed experiments was to indicate the most 
favourable construction solutions and to suggest 
recommendations regarding furniture forms acoustically 
active. 
 

2 Material and methods 

The performed analyses concerned evaluation of changes in 
time reverberations and the speech transmission index 
depending on furniture construction used to fill the office space 
and the type of material used to manufacture it. 
Acoustic calculations were carried out on the basis of a model 
office space measuring 14.8 m x 5.3 m x 3 m, which was 
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prepared in a CATT-Acoustic (Computer Aided Theatre 
Technique). The authors also performed numerical analyses of 
the reverberation time T and speech transmission index (STI). 
No acoustic modifications were made in the office space. 
Surfaces of walls, ceiling, floor and door were defined ascribing 
to them definite values of reverberation absorption coefficients 
for the following materials: gypsum, concrete and glass, 
respectively. 
Interior acoustic environment was determined introducing 
constant values of basic parameters: temperature – 20oC, 
relative air humidity – 50% and density – 1.2 kg/m3. 
For further numerical calculations, a model of an office space 
with a constant share of cabinet furniture was adopted. 
Furniture elements measuring 880 mm x 1920 mm x 470 mm 
were arranged in modules characterised by the following three 
types of construction: open, closed and mixed. 
In the next step, positions of: a loud-speaker (designated by the 
symbol A0 in the Figure) and seven microphones (designated 
by symbols 01 - 06 in the Figure) were defined. The 
characteristic of the sound source was identical in all 
directions. The level of acoustic pressure from the sound source 
was measured from the distance of 1 m along the main 
propagation axis. In addition, the sound spectrum was weighed 
by a correction curve A – characteristics of the hearing system. 
Specific noise was programmed – pink noise – measuring 70 dB 
applied in measurements of the reverberation time. 
Each solid block was ascribed acoustic properties valuating 
reverberation coefficients of sound absorption for the 
frequencies of: 125, 250, 500, 1000, 2000 and 4000 Hz of two 
material variants. The first material constituted laminated 
particleboard most frequently employed to manufacture office 
furniture. The second material used to manufacture office 
furniture was perforated HDF with designed improved 
absorption capacity. Values of sound absorption reverberation 
coefficients for the material used for analyses are presented in 
Table 1.  
 

Table 1. Reverberant absorption coefficients. 

 
The office space equipped in open construction furniture ready 
for numerical calculations is presented in Figure 1. 

 
Figure 1. Model of an office facility equipped in furniture with 

open construction. 
 

 

3 Results and discussion 

3.1. Acoustic properties of a reference office space 
 
The initial stage of analyses consisted in the determination of 
acoustic parameters of the empty facility without taking into 
consideration any acoustic adaptation. It can be seen from the 
performed numerical calculations that the highest values of 
reverberation time were recorded in the empty office space 
where T500-1 kHz= 4.47 s (Fig. 2). 
 
 

Figure 2. Reverberation time in the empty facility. 

Figure 3 illustrates results of the speech transmission index 
(STI) calculations, which – for this variant – amounted to 0.38 

Frequency 
[Hz] 

125 250 500 1000 2000 4000 

laminated 
particleboard 

0,08 0,11 0,11 0,19 0,24 0,24 

perforated 
HDF  

0,04 0,22 0,42 0,58 0,69 0,92 

125 250 500 1k 2k 4k 8k 16k Hz 0,0 

1,0 

2,0 

3,0 

4,0 

5,0 

6,0 

s T-30 statistics for selected sources and receivers 

3,78 5,98 4,50 4,43 3,43 2,05 1,00 0,39 

Sabine 
Eyring 
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Figure 3. Speech transmission index in the empty facility. 

 
It is evident from the above that this office space was 
characterised by a very long reverberation time and a very poor 
reverberant absorption coefficient. Therefore, it requires 
application of solutions improving interior acoustic 
parameters. 
Below, the authors present calculation results of acoustic 
parameters of the office space equipped in furniture. 
 
3.2. Acoustic properties of the office space equipped in 
closed structure furniture 
 
The first calculation variant applied to improve acoustic 
conditions in the examined facility involved equipping the 
facility in furniture with closed construction (Figs. 4 – 7). 
The application of laminated particleboards on relatively large 
fronts of shelves made it possible to reduce the reverberation 
time T500-1 kHz from 4.47 s to 3.27 s.  

 

Figure 4. Reverberation time in a facility equipped in closed 
construction furniture manufactured from laminated 

particleboards. 
 
It is possible to observe STI improvement from 0.38 to 0.44 
(Fig.5). 

 
Figure 5. Speech transmission index in a facility equipped in 
closed construction furniture manufactured from laminated 

particleboards. 
In the consecutive analysis of the same variant, furniture 
manufactured from perforated HDF was applied. 
In this case, the effect was more conspicuous because the 
reverberation time T500-1 kHz declined to below 2 seconds and 
amounted to 1.95 s (Fig.6). 

 
Figure 6. Reverberation time in a facility equipped in closed 
construction furniture manufactured from perforated HDF. 

 
In this case, the speech comprehension index amounted to 0.53 
(Fig. 7). 

 

Figure 7. Speech transmission index in a facility equipped in 
closed construction furniture manufactured from perforated 

HDF. 
It is evident from the analysed example that in the case of so 
large sound-absorbing elements, only the application of 
materials characterised by high acoustic absorption directly 

Histogram 

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 - 0 

10 

20 

30 

40 

% STI IEC Ed3 male, masking on,  [49360 rays (adapt), 9621 ms] 
0,38 

125 250 500 1k 2k 4k 8k 16k Hz 0,0 

1,0 

2,0 

3,0 

4,0 

s T-30 statistics for selected sources and receivers 

3,22 4,35 3,55 2,99 2,32 1,60 0,88 0,37 

Sabine 
Eyring 
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Eyring 
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exposed to the action of sound allowed absorption of greater 
quantities of energy and affected significantly improvement of 
acoustic parameters of the examined office space. 
 

3.3. Acoustic properties of the office space equipped in 
furniture of mixed structure 
 
In the second variant of analyses, the authors employed mixed 
structure furniture, where the top part consisted of shelves and 
the bottom one – of doors. 
In comparison with the empty facility, the reverberation time 
declined from 4.47 s to 2.77 s. However, comparing the 
construction change of the furniture body using the same 
material, i.e. laminated board, the reverberation time was 
shortened by 0.5 s (Fig.8). 

 

Figure 8. Reverberation time in a facility equipped in furniture 
of mixed construction manufactured from laminated 

particleboards. 
 

The application of mixed construction furniture increased the 
speech transmission index from 0.38 to 0.46 (Fig.9). 
In comparison with the completely closed construction 
modelled from the same material, the increase reached 0.02 
and amounted to 0.46. 

 

Figure 9. Speech transmission index in a facility equipped in 
mixed construction furniture manufactured from laminated 

particleboards. 
 

The mixed construction modelled from perforated HDF 
material allowed further significant decrease of the 
reverberation time to the value of 1.79 s (Fig. 10) as well as 
increase of the STI to 0.55 (Fig. 11). 

The T500-1 kHz value, in comparison with the empty office space, 
dropped by 2.7 s and, in comparison with the identical material 
employed in the closed construction, by nearly 1.5 s. 

 

Figure 10. Reverberation time in a facility equipped in 
furniture of mixed construction manufactured from perforated 

HDF. 

 

Figure 11. Speech transmission index in a facility equipped in 
mixed construction furniture manufactured from perforated 

HDF. 
 
3.4. Acoustic properties of the office space equipped in 
closed structure furniture 
 
The third stage of the acoustic analyses of the examined office 
facility involved the application of a completely open 
construction in the form of shelves (Figs. 12-15). 
Furniture modelling from laminated particleboards made it 
possible to obtain the reverberation time of 2.4 s (Fig.12). The 
basic acoustic evaluation parameter of the office space, in 
comparison with the result of the reference measurement, was 
reduced by over 2 s. The obtained STI value of 0.49 was the 
highest result among the construction variants recorded for the 
laminated particleboards (Fig. 13). 
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Figure 12. Reverberation time in a facility equipped in 
furniture of open construction manufactured from laminated 

particleboards. 

 

Figure 13. Speech transmission index in a facility equipped in 
open construction furniture manufactured from laminated 

particleboards. 
 
The best acoustic results were obtained in the case of the office 
space variant equipped in furniture with a completely open 
construction and manufactured from perforated HDF. In this 
variant, the T500-1 kHz value reached 1.64 s (Fig. 14). This result 
was by 3 seconds shorter in comparison with the empty facility. 
 

 
Figure 14. Reverberation time in a facility equipped in 

furniture of open construction manufactured from perforated 
HDF. 

 

Furthermore, this solution turned out to be the most effective 
also with respect to the improvement of the speech 
transmission index (Fig. 15). Its value was improved by nearly 

0.2, in comparison with the reference measurement, and 
secured most effectively proper acoustic conditions in the 
investigated office facility.  

 
 
Figure 15. Speech transmission index in a facility equipped in 

open construction furniture manufactured from perforated 
HDF. 

 
The performed analyses of acoustic parameters revealed that 
the application of perforated HD fibreboards was most effective 
in ensuring appropriate acoustic conditions in the examined 
office space. Introduction of furniture into the modelled 
interior made it possible – to a varying degree – to reduce 
reverberation time and increase speech transmission index 
irrespective of the applied furniture construction (Tab. 2). 

4 Conclusions 

The application of perforated materials allowed obtaining 
better acoustic results in comparison with the use of classical 
laminated particleboards. In office spaces characterised by long 
reverberation time, using furniture manufactured from 
materials characterised by high acoustic absorption exerted a 
significant influence on basic interior acoustic parameters. 
Further improvement of these parameters may be achieved by 
proper furniture construction. It is evident from the performed 
analyses that the best acoustic comfort in the modelled facility 
was archived using open construction furniture manufactured 
from perforated HDF. Therefore, it can be concluded that 
significant factors, which exert influence on the effectiveness of 
sound absorption by furniture include: sound absorption 
coefficient of the construction material and the number of 
elements with controlled acoustic parameters.   
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Frequency [Hz]  125 250 500 1000 2000 4000 

  Reverberation time [s] 

 empty room 3,78 5,98 4,50 4,43 3,43 2,05 

laminated 
particleboard 

closed construction 3,22 4,35 3,55 2,99 2,32 1,60 
mixed construction 2,91 3,58 3,04 2,49 2,00 1,44 
open construction 2,63 3,05 2,66 2,13 1,78 1,33 

perforated HDF 
closed construction 3,47 3,37 2,17 1,78 1,45 1,02 
mixed construction 3,13 2,69 1,96 1,61 1,33 0,99 
open construction 2,56 2,19 1,75 1,53 1,34 0,97 

Table 2. Collation of mean values of reverberation time for different furniture constructions 
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Abstract   

In this article a comparison between the specific work of cutting (A) with classical cutting instruments and specific energy of laser cutting (Ec) of wood – 
main parameters that are characterizing this process - is made. Both, empirically and theoretically the specific energy of laser cutting of different 
coniferous and deciduous tree species is defined. Using the methods of infrared (IR) spectroscopy and raster electron microscopy (REM) the modifications 
to the chemical composition and the microstructure of the wood in the area of the groove performed by a CO2 laser beam have been studied.   

Keywords: CO2 laser, timber, laser cutting, specific energy, chemical destruction, microstructural changes 
   

 
 
 
 
 

1 Introduction 

The first researchers of the cutting processes with wood chip 
formation found that the cutting work (A) is proportional to the 
volume of wood that is converted into chips, i.e. [3] 

K.QA                                                  (1) 

The value K is called specific work of cutting, i.e. the work 
needed to convert 1 m3 of wood into chips, having the following 
dimension J/m3. 

  
Q

A
K                                                     (2) 

Where Q is the volume of wood that is turned into chips, m3. 
The laser cutting of wood is a process, wherein the 
electromagnetic energy of the laser beam is transformed into 
heat, resulting into the creation of new surfaces without the 
formation of chips. 
Similarly to formula (2) the following formula for laser cutting 
of wood could be derived [6].  

𝐸с =
𝑃

𝜌.𝑈.ℎ.𝑠
                (3) 

Where 𝐸с is the energy of the laser beam, needed for the 
removal of a unit of mass of the wood material, J/kg; 
P – output of the laser beam, W; 
ρ – the density of the wood, kg/m3; 
U – feed rate of the laser beam, m/s; 
h – the depth of the slot, m; 
s – the width of the slot, m. 
Comparing the two equations - (2) and (3) we can see that 𝐸с is 
actually specific work of laser cutting of wood. More accurately, 
𝐸с should be called specific energy of laser cutting.  Furthermore, 
equation (3) is used to define the formula needed for the 
empirical calculation of 𝐸с [6]. For this purpose, an equivalent 
formula to the equation (3) is used, expressed by the weight of 
the material that is evaporated from the laser beam (Δm) 

  ∆𝑚 =
𝐸𝑑

𝐸𝑐
 .   (4) 

Where  ∆𝑚 = 𝑚1 − 𝑚2 – the weight of the material that is 
evaporated from the laser beam, kg; 
m1 -  the weight of the material prior to its treatment with a 
laser beam, kg; 
m2 - the weight of the material after its treatment with a laser 
beam, kg. 
Ed – the total amount of energy that is transmitted by the laser 
beam to a specific surface area of the wood for time t, J. 
Equation (4) could also be presented as follows 

𝐸𝑐 =
𝐸𝑑

∆𝑚
= 𝑐𝑜𝑛𝑠𝑡    (5) 

This equation allows for a mathematical calculation of the 
specific energy of laser cutting for different tree species. It is 
used to define the formula needed for the empirical calculation 
of 𝐸с 

𝐸с =
𝑃.𝑙

𝑈.∆𝑚
     (6) 

Where l is the length of the slot, m; 
The process of laser cutting of wood could be very well 
described by this formula. What is more, it allows the 
examination of the kinetics of formation of the slot and avoids 
many difficulties.  
The purpose of this research is to present empirical results in 
regards to the specific energy of laser cutting of different three 
species, to compare them with the theoretical driven results 
and to explore the modifications that occur in the wood - 
microstructural changes and chemical destruction, along with 
the analysis of the related processes. 

2 Metodology 

The empirical studies were conducted using a CO2 laser, model 
„Hebar 1“ (Bulgaria), using the following values for the different 
parameters: 

 operation mode - continues; 
 wavelength (λ) – 10,6 μm; 
 output of the laser (P) – 125; 150 и 175 W;  
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 feed rate of the laser beam (U) – 0,4; 0,8; 1,2 m/min; 
 ZnSe focusing lens with a  focusing distance (F) – 127 

mm; 
 focus position relative to the surface of the material 

being processed (ΔF) – +6; 0; -6 mm; 
 auxiliary gas - compressed air; 
 gas pressure – 0,25 MPa; 
 diameter of the nozzle opening – 1,5 mm. 

The values of these parameters are selected so that the 
condition of incomplete cutting of the wood samples is fulfilled.  
For the purposes of the experiment the following coniferous 
and deciduous wood species have been used: 

 pine (Pinus sylvetris L.) – density (ρ) – 446 kg/m3; 
moisture (W) – 6%; 

 spruce (Picea abies Karst.) – 𝜌 = 440 kg/m3; 𝑊 =
8%; 

 abies alba (Abies alba Mill.) – 𝜌 = 386 kg/m3; 𝑊 =
6%; 

 larix decidua (Larix decidua Mill.) – 𝜌 = 532 kg/m3; 
𝑊 = 7%; 

 beech (Fagus sylvatica L.) – 𝜌 = 617 kg/m3; 𝑊 = 7%; 
 summer oak (Quercus robur L.) – 𝜌 = 675 kg/m3; 

𝑊 = 9%; 
 mountain ash (Fraxinus excelsior L.)  – 𝜌 = 760 

kg/m3; 𝑊 = 9%; 
 aspen (Populus tremula L.) – 𝜌 = 361 kg/m3; 𝑊 =

7%. 

2.1 2.1. Determining the specific energy of the laser 
cutting 

30 samples, out of every different tree species have been made 
with the following dimensions -150/20/20 mm. The samples 
are weighed with an electronic scales „Sartorius 610D“ 
(Germany) with an accuracy of 0,001 g, prior to their treatment 
with a laser beam. They are grouped on the working area of the 
laser system with a distance of 20 mm between them. The laser 
beam starts its movement 30 mm before the first sample and 
ends its movement 30 mm after the last one. The movement is 
perpendicular. 10 passes on each sample - at a constant power 
of the laser beam, feed rate and focus position - have been 
conducted in radial and tangential direction. Fig. 1 shows the 
laser head and the focus position above, on and below the 
surface of the material being processed. Fig. 2 shows the 
general appearance of the experiment provided that the focus 
of the optical system is above the surface of the timber and a 
sample of the material after it has been processed. 
After the experiment, each of the samples is weighed and the 
value of the lost weight is recorded. 
The following variation statistical indicators have been 
calculated for each tree species that has been a part of the series 
of experiments: �̅� – mean value; 𝑆 – mean square error; 𝑉 – 
variation; 𝑆𝑟 – standard deviation; 𝑃 – indicator of accuracy. 
The values of 𝐸𝑐 obtained through the empirical experiments 
are calculated using formula (6). 
 

  

А 

  

B 

Figure: 1 А – laser head; B – focus position above, on and 
below the surface of the material being processed 

 

А 

 

B 

Figure: 2 А – general appearance of the experiment: 1 – laser 
beam, 2 – nozzle, 3 – material, 4 – groove; Б – processed 

material 
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Furthermore, having equation (5), which shows the linear 
relationship between ∆𝑚 and 𝐸𝑑, the connection between them 
and  Ec can be represented as a linear equation of the  following 
type 

𝑦(𝑥) = 𝑏0 + 𝑏1. 𝑥      (7) 

This equation makes it possible to determine the values of ∆𝑚 
and 𝐸𝑑 and at the same time allows those of 𝐸𝑐  for each of the 
studied species to be calculated. In order to solve it - a double 
linear regression analysis has been used 5]. Thus, we can 
compare the experimentally observed and theoretically 
calculated results of the specific energy of the laser cutting.  
 

2.2 Examination of the changes in the chemical 
composition of the components of the timber as a 
result of the thermal effect of the laser beam. 

 
The levels of the changes that occur in the chemical components 
of the timber after cutting with a laser beam are studied by the 
methods of infrared (IR) spectroscopy. 

Similarly to Arai et al. the zones of thermal impact are divided 
into three parts - first or final pyrolysis zone, which is in direct 
contact with the laser beam, second or intermediate pyrolysis 
zone, third or initial pyrolysis zone and zone that is unaffected 
by laser radiation [1]. For this purpose, using a scalpel, a part of 
the surface that has been in direct contact with the laser beam 
has been craped of, with the purpose of obtaining a test 
material of each of the zones. The finely grinded material from 
each zone is mixed with the powder of potassium bromide 
(KBr) at a ratio of 1.5: 250 mg, then, the well homogenized 
mixture is pressed at a pressure of 10 MPa into the shape of 
tablets. At high pressure KBr grains become flexible and form a 
transparent matrix within which the powder of the material 
that is under investigation is spread. The IR spectrums were 
photographed using a "Bruker Equinox 55" spectrometer 
(Germany) with a range of 25 000 to 400 cm-1 (0,2 ÷ 25 μm). 

Due to the voluminous nature of the research and the large 
number of tree species, only specimens of white pine and beech 
have been tested. The specimens are cut using the technological 
parameters of the laser beam referred to in paragraph 2.3. 

2.3 Electronic - microscopic examination of the 
morphological changes of the surface and the 
volume of the wood, treated with a laser beam 

Modifications to the anatomical features of the timber in the 
area of the groove were examined with the methods of the 
raster-electron microscopy (REM). Four types of wood were 
examined: pine (Pinus sylvetris L.); abies alba (Abies alba Mill.); 
beech (Fagus sylvatica L.) and summer oak (Quercus robur L.). 
For this examination, a scanning-electron microscope „Philips 
SEM 515“ (Netherlands) was used. The empirical studies have 
been conducted using the following technological values: 

 power of the laser beam (P) – 200 W; 
 feed rate of the laser beam (U) – 1,0 m/min; 
 ZnSe focusing lens with a focal length (F) – 127 mm; 
 focus position relative to the surface of the material 

being processed (ΔF) – -6 mm; 
 auxiliary gas - compressed air; 
 gas pressure – 0,25 MPa; 

3 Results 

3.1 Specific energy of laser cutting  

The results of the theoretical and empirical calculations of the 
specific energy of laser cutting (Ec) of the tested species are 

presented in Table 1. It is evident that both the empirically 
obtained and the statistically calculated values of Ec of the 
different tree species are in proximity. The difference is in the 
range of 0.3% for beech to 5.4% for spruce. 

It is known that the different tree species are characterized by 
a certain average values of mechanical properties, the 
magnitude of which has a significant influence on the resistance 
of cutting [7]. The practical experience when it comes to the 
conventional cutting process shows that the timber of the hard 
wood species, with high mechanical properties is more difficult 
to process compared to the soft wood species, which have 
lower mechanical properties. 

This is also confirmed when it comes to the processes of laser 
cutting of timber. If we compare the results in Table 1, it is 
evident that with the increase of the density of the tree species 
the specific energy of laser cutting is also increased. For the 
Aspen that has the lowest density (𝜌 = 361 kg/m3) - 𝐸𝑐 =
2,48. 106 J/kg, and for the Mountain Ash that has the highest 
density (𝜌 = 760 kg/m3) - 𝐸𝑐 = 3,79. 106 J/kg. These are 
respectively the lowest and highest values of the specific energy 
of laser cutting for the studied species. The greater the density 
and the mechanical strength of the timber, the higher amounts 
of energy for cutting the material will be required. 

Table 1: Specific energy of laser cutting – empirically and 
theoretically obtained results 

№ Tree 
species 

Specific energy of laser cutting (Ec) 

Empirica
l results 

Theoretically calculated results 

Ec, J/kg Ec, J/kg Equation (7) R 

1. 
Pine  

2,83.106 
2,90.10

6 

∆𝑚
= 2,97. 10−4

+ 2,30. 10−7𝐸𝑑 

0,9
0 

2. 
Spruce 

2,58.106 
2,72.10

6 

∆𝑚
= 4,42. 10−4

+ 1,94. 10−7𝐸𝑑 

0,9
0 

3. 
Albies 
alba 2,50.106 

2,60.10
6 

∆𝑚
= 3,62. 10−4

+ 2,38. 10−7𝐸𝑑 

0,9
3 

4. 
Larix 

decidua 2,74.106 
2,79.10

6 

∆𝑚
= 3,19. 10−4

+ 2,40. 10−7𝐸𝑑 

0,9
1 

5. 
Beech  

3,07.106 
3,06.10

6 

∆𝑚
= 1,46. 10−4

+ 2,71. 10−7𝐸𝑑 

0,9
5 

6. 
Summer 

oak  3,41.106 
3,31.10

6 

∆𝑚
= 2,38. 10−4

+ 2,93. 10−7𝐸𝑑 

0,9
6 

7. 
Mountai

n ash  3,89.106 
3,79.10

6 

∆𝑚
= 2,37. 10−5

+ 2,87. 10−7𝐸𝑑 

0,9
9 

8. 
Aspen  

2,48.106 
2,57.10

6 

∆𝑚
= 2,29. 10−4

+ 3,01. 10−7𝐸𝑑 

0,9
8 

 

As the humidity of the wood is in the range of room dryness - it 
does not affect the alteration of the specific energy of laser 
cutting. 

Based on the empirical studies and statistical calculations the 
specific energy of the laser cutting for a particular wood species 
could be regarded as a constant value that could be used in a 
model describing the kinetics of the formation of the groove.
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3.2 Modifications in the chemical structure of the wood 

Around 88% of the electromagnetic energy of the CO2 laser 
beam is absorbed by the timber [4].  This energy is transformed 
into heat. As a result of that - the high-molecular compounds 
constituting the timber in the vicinity of the laser beam are 
degraded, leading to a partial change in the quality of the 
timber.  

Figure 3 shows the IR spectrum of the firs or the final pyrolysis 
zone. It is in close proximity to the laser beam and consists of a 
small carbonized dust with black colour. The nature of the 
changes of the spectrum in this zone is the same for both pine 
and beech. The IR - spectrum is very unclear. It represents a 
slightly broken line, with indistinct peaks. This suggests a very 
intense overall absorption and complete destruction of the 
wood. 

Figure: 3 IR - spectrum of the final (first) pyrolysis zone 

Figures 4 and 5 show the IR - spectra of pine and beech wood. 
The nature of the modification of the IR - spectrum in both 
wood species is similar. In the intermediate zone (1), the 

spectrum is closer to the unaffected by the laser radiation area 
(3), and in the initial pyrolysis zone (2) the material is hardly 
affected and its spectrum is closer to the unaffected area (3). 

The high-molecular compounds composing the wood are 
polysaccharides (cellulose and hemicellulose) and aromatic 
substances (lignin). 

In all spectra for the given wood (fig. 4 and 5) a broad intense 
strip of absorption exists in the area 3380 - 3450 cm-1 due to 
valence vibrations of hydroxyl groups (OH) featured in 
hydrogen bonds with different energies. 

The relative intensity of this strip decreases while there is an 
increase in the destruction of the wood, i.e., from the unaffected 
by the laser beam area to the initial and intermediate pyrolysis 
zone.  

The intensive strip which can serve as a reliable evaluation of 
the degree of thermal destruction of the wood is the one with 
the absorption maximum which is at 1740 cm-1. This is due to 
the valence vibrations of the carbonyl (C = O) to the carboxyl 
(COOH) group. It could be assumed that by increasing the 
temperature the uronic branched side chains in the 
hemicellulose molecules - mainly pentoses xylan - get 
destructed.  

 

Figure: 4 IR - spectra of pine wood: 1 - intermediate pyrolysis 
zone; 2 - initial pyrolysis zone; 3 - area unaffected by laser 

radiation 
 

The absorbent strip that has three peaks within the range 2800 
- 3050 cm-1 is due to the valence vibrations of the methylene 
(CH2), methyl (CH3) and methine (CH) groups. Its intensity 
decreases in the areas that are closer to the direct impact of the 
laser beam, as the peak at 2850 cm-1 in the intermediate 
pyrolysis zone gradually disappears. 

The strip of absorption at 1635 cm-1 characterizes the 
fluctuations of the molecules of absorbent bound water. 

The lignin is very well identified by the strip C = C – the 
oscillations of benzene rings with an absorption maximum at 
about 1500 cm-1 and the strip of CH - deformation vibrations 
around 1460 cm-1. Consequently, the thermal destruction 
absorption maximum of C = C moves to higher frequencies 
(1500 - 1520 cm-1) from the intermediate pyrolysis zone to the 
unaffected by the laser beam area, while the deformation strip 
CH2 slightly shifts towards lower frequencies of vibrations 
(1460 - 1450 cm-1). The valence fluctuations of the bonds C-O 
and C-C lie in an area with frequencies of 900 up to 1100 cm-1. 

The IR - spectra of fig. 4 and 5 show that with the advancement 
of thermal destruction from the non-affected to the initial and 
intermediate pyrolysis zone, the before mentioned stripes 
change their shape and become unclear. The type of the 
spectrum changes and becomes more diffuse, i.e., the structural 
orderliness of macromolecules is changed. This is more 
pronounced in the cases where we have pine wood, which has 
a lower density and mechanical strength compared to the one 
of beech. In addition, point 3.1 shows that pine has a smaller 
specific energy of laser cutting compared to the one of beech. 

3.3 Modifications in the microstructure of the timber 

Figure 5 shows pictures (of the studied wood species) of REM 
- electron-diffraction of the vertical incision made by the laser 

beam 

From the pictures in fig. 6 we can observe a typical relief, which 
is a result of both the different susceptibility to high 
temperatures of the layers of the cellular wall and the 
deposition of the products of the thermal degradation of the 
timber. An amorphous, glassy or carbonized mass (CM), which 
completely fills the cell gaps in the late timber of albies alba and 
pine and partly in the early wood is observed. In the summer 
oak timber, this carbonized mass covers whole sections, 
constructed mainly of wood fibres. Often, cracks, as parts of this 
mass, could be observed (C), which have a fragmentary 
character. 
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Figure: 6 REM – electron-diffraction of the vertical incision 
made by the laser beam: А – pine (x590); B – albies alba 

(x430); C – beech (x1120); D – summer oak (x300); EW – early 
wood; LW – late timber; CM – carbonized mass; ML – middle 

plate; CF – cellulose skeleton; C – crack 

From the pictures in fig. 6 we can observe a typical relief, which 
is a result of both the different susceptibility to high 
temperatures of the layers of the cellular wall and the 
deposition of the products of the thermal degradation of the 
timber. An amorphous, glassy or carbonized mass (CM), which 
completely fills the cell gaps in the late timber of albies alba and 
pine and partly in the early wood is observed. In the summer 
oak timber, this carbonized mass covers whole sections, 
constructed mainly of wood fibres. Often, cracks, as parts of this 
mass, could be observed (C), which have a fragmentary 
character.  

The surface of the rounded edges of the cells that have been cut 
is not entirely smooth. Irregularities in the shape of grains are 
observed in all tested surfaces. The areas with higher lignin 
levels are the most vulnerable ones when a thermal 
decomposition of the timber is observed. The lignin goes into 
state of plasticity at relatively low temperatures - in the range 
of 1300÷1700 C. The cellulous goes into state of plasticity at 
2300 C and when it reaches 4500 C it completely melts down [2, 
8]. The lignin mainly builds the middle plate (over 70%). The 
lignin is an amorphous polymer material, with a main 
structural unit being phenylpropanoids of the aromatic group. 
Glassines and softening are a typical phenomenon for such 
substances. The temperature of softening of the lignin could be 
practically considered as the temperature of glass transition.  It 
has been found that this amorphous, glassy mass consists 
mainly of lignin and hemicellulose. Since the lignin is the first to 
reach a state of plasticity, it remains at a temperature higher 
than its melting point for the longest amount of time, and 
therefore it incurs the greatest losses. It is noteworthy to 

mention that the loss in the area of the middle plate is more 
strongly pronounced, highlighted by the sinking in, when we 
are comparing the beech wood to the ones of abies alba and 
pine. It is known that the timber of coniferous tree species 
contains more lignin - 24 ÷ 33%, while these values are 
relatively lower with deciduous tree species - 16 ÷ 27%. In the 
summer oak timber, the sinking in is not so pronounced and the 
areas compounded of wood fibers appear almost completely 
covered with a glassy mass.  

The cellulose backbone (CF) breaks unevenly under the 
influence of the high temperature. In the cases when it is not 
completely melted, residues as well as projecting fragments 
could be observed over the carbonated surface, especially in the 
cases of deciduous wood.  

It should also be noted that the incision made by the laser beam 
is blown by compressed air. The aim is to discard the resulting 
liquid slag and at the same time reduce the temperature of the 
side walls of the incision. During this instant cooling, the 
cellulose is the first to go below the melting point, while, the still 
liquid lignin continues to flow and thus "exposes" a part of the 
already cooled and harden cellulose backbone, as evident with 
the beech wood. Part of the glossy mass fills the gaps of 
individual cells in the late pine and summer oak wood – 
characterized by small cellular gaps. Clogging of the individual 
cells of the abies alba wood could have a random character or 
that could be longitudinal parenchyma cells that are scattered 
throughout the annual ring. 

4 Conclusion 

The following conclusions could be drawn from the conducted 
experiments and the analysis of the results: 

1. The specific energy (Ec), similarly to the specific work of 
cutting (K), is a fundamental parameter which can be used to 
describe the process of laser cutting of the timber. 

2. The experimental studies and the statistical calculations 
show that the specific energy of the laser cutting can be 
regarded as a constant value for some particular wood species. 
When we are using a laser for cutting wood with higher density 
and mechanical strength, higher amounts of energy will be 
required, i.e. the specific energy will have higher values.  

3. The experiments conducted by the methods of IR - 
spectroscopy showed that the spectrum of the section in direct 
contact with the laser beam is very vague, blurred with 
indistinct peaks, which suggests a very intense absorption and 
complete destruction of the timber. 

4. The relative intensity of the strip of absorption - resulting 
from the valence vibrations of hydroxyl groups (OH) -  in the 
area 3380 - 3450 cm-1 decreases with increasing the 
destruction of the timber, i.e., from the unaffected by the laser 
beam area to the initial and intermediate pyrolysis zone. The 
lignin, as the most thermally vulnerable component of the 
wood, is identified along the strip C = C - oscillations of the 
benzene rings with an absorption maximum at about 1500 cm-

1 and the strip of CH - deformation vibrations around 1460 cm-

1. The intensive strip, which can serve as a reliable evaluation 
of the degree of thermal destruction of the wood, is the one with 
the absorption maximum at 1740 cm-1 and it is a result of the 
valence vibrations of the carbonyl (C = O) to the carboxyl 
(COOH) group. 

5. REM – the electron-diffraction patterns of the studied 
coniferous and deciduous species show that when we are 
considering the thermal decomposition of the timber, as a 
result of CO2 laser radiation, the most vulnerable areas are the 
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ones with a higher content of lignin – such as the middle plate. 
It separates as an amorphous glassy (carbonated) mass, which 
depending on the three species, fully or partially fills the cells’ 
gaps in the late early wood. The cellulose backbone, which has 
a greater thermal resistance, breaks unevenly, partly and in the 
cases when it is not completely melted - residues as well as 
projecting fragments could be observed over the carbonated 
surface.  
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Abstract   

A mechanical - mathematical model of wood shaper and its spindle, developed by the authors, is presented in this work. The model provides the opportunity 
to explore the free damped spatial vibrations of this type of machinery. It takes into account the characteristics in the construction of wood shapers. In 
this model the wood shaper and its spindle are regarded as rigid bodies, which are connected by elastic and damping elements with each other and with 
the motionless floor. The model takes into account the necessary mass, inertia, elastic and damping properties of the elements of the considered system. It 
includes all needed geometric parameters of this system. A necessary system of matrix differential equations is compiled and analytical solutions are 
presented. Numerical solutions can be obtained with their help by using the parameters of a specific machine.  
Keywords: Wood shapers, Damped vibrations  
   

 
 

1 Introduction 

Wood shapers are among woodworking machines with high 
levels of vibration and noise. Proposing and implementing of 
founded measures to reduce the level of generated vibrations 
and noise in these machines is necessary [1], [2], [3]. This can 
be done on the base of concrete studies in which the machine is 
considered as a mechanical vibrating system with known 
characteristics [4] - [8]. The results of these investigations 
make it possible to formulate recommendations applicable to 
the design, manufacture and operation of wood shapers. 
The operation of wood shapers often leads to falling into 
transitional regimes. Analysis of these regimes requires careful 
examination of damped vibrations. These vibrations are the 
subject of this work. 
Placement of suitable vibration isolators between the machine 
and the floor is essential for wood shapers. The aim of this is to 
reduce distribution of the vibrations of the machine to the 
environment. Unified elastic units with known dynamic 
characteristics are used commonly. Conducting a preliminary 
study of the vibration behavior of the machine, with assess the 
influence of the coefficients of elasticity and damping of the 
vibration isolators, is useful for choosing of vibration isolators 
with suitable properties. 
Variable loads arise during the operation of the wood shaper on 
its working tool. They are transmitted to the spindle and by its 
two bearing units reach to the machine’s body. On the other 
hand, vibrations, generated by other elements of the machine, 
reach the spindle and the cutter back through the bearing units. 
It is clear that the characteristics of the bearing units (stiffness, 
damping properties, etc.) are important for the interaction 
between the spindle with the cutter and the machine’s body, 
and consequently for the work of the whole machine. 

The idea that the wood shaper and its spindle are regarded as 
rigid bodies, which are connected by elastic and damping 
elements with each other and with the motionless floor, derives 
from the written above. These elastic and damping elements 
are four vibration isolators between the machine and the floor, 
and both bearing units of the spindle. 
The aim of this study is to build a mechanic - mathematical 
model of a wood shaper and its spindle, which gives the 
opportunity for exploration the free damped space vibrations 
of this type of machinery. The model refers to wood shapers 
with lower placement of the spindle. The model renders in 
account the construction’s characteristics of this class of wood 
shapers. The developed model allows making numerical 
investigations by using parameters of specific machines. 
The kind of wood shapers with lower placement of the spindle 
that is commonly used in the practice of the forestry industry 
[9], [10] is examined in the proposed study. Analysis of their 
construction shows the strong influence of the work of spindle 
on the functioning of the whole machine. Fig. 1 shows the 
general view, and Fig. 2 – the spindle with its bearing units and 
fitted cutter. 
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Figure 4. Wood shaper – general view. 

 

 
Figure 2. Spindle with bearing units and with cutter. 

2 Mechanic - Mathematıcal Model 

In the following discussions, the wood shaper and its spindle 
are regarded as rigid bodies, which are connected by elastic and 
damping elements with each other and with the motionless 
floor. These elastic and damping elements are four vibration 
isolators between the machine and the floor, and the two 
bearing units of the spindle. 
A mechanic - mathematical model of wood shapers with lower 
spindle is built for studying its free damped spatial vibrations. 
The model is shown in Fig. 3. 

 
Fig. 3. Mechanic-mathematical model of the wood shaper and 

its spindle 
The following symbols are used: 

m1, m2 – mass of the wood shaper and its spindle; 
I1, I2 – inertia moment tensors of the wood shaper and its 
spindle; 
cx1i, cy1i, cz1i , i = 1, 2, 3, 4 – elastic coefficients of the 
vibroisolators between the machine and the floor; 
bx1i, by1i, bz1i , i = 1, 2, 3, 4– damping coefficients of the 
vibroisolators between the machine and the floor; 
cx2i, cy2i, cz2i , i = 5, 6– elastic coefficients between the machine 
and the spindle; 
bx2i, by2i, bz2i , i = 1, 2, 3, 4– damping coefficients between the 
machine and the spindle. 
 

The vector of the generalized coordinates is (Fig. 3) 
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The matrixes of the transition in small vibrations between the 
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where  T
Cir CzCyCx lll  is the vector of the position of the 

center of mass in the local coordinate system. 
The vector of absolute linear velocity of the center of mass of 
the respective body is calculated as follows 
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The vector of absolute angular velocity of the respective body, 
projected in the local coordinate system, has the form 
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The deduction of the kinetic energy and potential energy of the 
system is convenient to be made with a symbolic method and 
modern software (Mathematica, MATLAB). 
The kinetic energy of the mechanical system is determined with 
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Potential energy is defined by 
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The differential equations which describe the free damped 
spatial vibrations are deduced by using the Lagrange’s method. 
This method provides the best opportunities 
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where EK and EP are respectively the kinetic and the potential 
energy of the systems, and Fb is the energy dissipation or 
dissipative function. 
The obtained system of differential equations, which describes 
the small free damped vibrations of the mechanical system, is 

0...  qCqBqM 
 (9) 

The matrix in these equations which characterizes the mass-
inertial properties of the mechanical system is М, and the 

elastic properties – С. )(qB   is the matrix that characterizes the 

damping properties of this system. 
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The matrix  n,mbB  is obtained by substituting the elements 

of the matrix C – cm,n,  with bm,n. 
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Solutions of the system of the differential equations (9) are 
searched as 

pte.q V  (13) 

After differentiation of equations (13) and substituting in (9) it 
is obtained 
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where 
M, B, C are the matrices of equation(9), 
V is the matrix of natural vectors (modal matrix). 
The matrix of natural vectors (modal matrix) has the form 
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where   12,...,2,1i,vri rv  is the natural mode vector on the 

generalized coordinate for r-th natural frequency. 

The vibrations are defined by their natural values pr and their 
natural vectors ur, which in their general type are complex 
conjugate numbers 
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r - damping coefficient, 

r - frequency of free damping vibrations, 

rw - the imaginary part of the natural vector caused by the 

damping of the system, 
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The damping coefficients are 
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By using the matrix K is formed the matrix 
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The matrix W of the imaginary part of the natural vectors of the 
damped system is determined by the formulas 
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where  ikdD  is matrix (20); 

              rkvV  – matrix (15). 

The general solutions of the system of natural values pr and 
natural vectors ur, are derived from the initial conditions of 
motion. 
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3 Conclusion 

This study presents an original mechanic - mathematical model 
of wood shaper and its spindle, developed by the authors. The 
model is designed for investigation of the free damped spatial 
vibrations of this type of machinery. It takes into account the 
characteristics in the construction of wood shapers. In this 
model the wood shaper and its spindle are regarded as rigid 
bodies, which are connected by elastic and damping elements 
with each other and with the motionless floor. The model takes 
into account the necessary mass, inertia, elastic and damping 
properties of the elements of the considered system. It includes 
all needed geometric parameters of this system. A necessary 
system of matrix differential equations is compiled and 
analytical solutions are presented. Numerical investigations are 
carried out with them by using the parameters of a real 
machine. These investigations are presented in the next part of 
this study. 
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Abstract   

This paper presents the results of the numerical investigations of the free damped spatial vibrations of a wood shaper and its spindle. The study is based 
on a specific mechanic - mathematical model, developed by the authors, which allows the study of vibrations of this type of machinery. In this model a 
wood shaper and its spindle are regarded as rigid bodies, which are connected by elastic and damping elements with each other and with the motionless 
floor. This study renders an account the mass, inertia, elastic and damping properties and geometric parameters of the machine. The results of the 
numerical investigations are presented. They are obtained with modern software and by using parameters of a real machine. 
Keywords: Wood shapers, Damped vibrations  
   

 
 
 
 
 
 
 

1 Introduction 

The work of wood shapers often involves passing through 
transient regimes. It turns out that the study of the 
characteristics of these regimes is particularly important to 
ensure the correct operation of the machine [1] - [4]. In this 
connection, a careful study of damped vibrations in the machine 
is necessary [5]. This study is done numerically with the 
parameters of a real machine. It is based on the earlier 
developed mechanic – mathematical model of this machine. 
The kind of wood shapers with lower placement of the spindle 
that is commonly used in the practice of the forestry industry 
[6], [7] is examined in the proposed study. Analysis of their 
construction shows the strong influence of the work of spindle 
on the functioning of the whole machine. 
The aim of this work is to conduct numerical investigation of 
free damped spatial vibrations of the wood shaper with lower 
placement of the spindle. The obtained results are illustrated 
graphically in order to analyze them more easily. The research 
are done on the basis of the developed by the authors a concrete 
mechanic - mathematical model for the study of free damped 
spatial vibrations of these types of wood shapers. The model is 
presented in the previous part of this work. The model renders 
in account the construction’s characteristics of this class of 
wood shapers. The wood shaper and its spindle are regarded as 
rigid bodies, which are connected by elastic and damping 
elements with each other and with the motionless floor. These 
elastic and damping elements are four vibration isolators 
between the machine and the floor, and the two bearing units 

of the spindle. The calculations use the parameters of a real 
wood shaper. 

The developed model is shown in Fig. 1. 

 
Fig. 1. Mechanic-mathematical model of the wood shaper and 

its spindle 
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The following symbols are used: 
m1, m2 – mass of the wood shaper and its spindle; 
I1, I2 – inertia moment tensors of the wood shaper and its 
spindle; 
cx1i, cy1i, cz1i , i = 1, 2, 3, 4– elastic coefficients of the 
vibroisolators between the machine and the floor; 
bx1i, by1i, bz1i , i = 1, 2, 3, 4– damping coefficients of the 
vibroisolators between the machine and the floor; 
cx2i, cy2i, cz2i , i = 5, 6– elastic coefficients between the machine 
and the spindle; 
bx2i, by2i, bz2i , i = 1, 2, 3, 4– damping coefficients between the 
machine and the spindle . 
 
The vector of the generalized coordinates is (Fig. 1) 

 Tq
222 zyx2221z1y1x111 zyxzyx 

 
(1) 

The first part of this work presents a built-up system matrix 
differential equations and appropriate analytical solutions. The 
numerical solutions which are obtained on their base are 
submitted in this part of the work. Parameters, used in the 
study, are of the used in practice machine FD-3 produced in 
ZDM – Plovdiv, Bulgaria. These parameters are presented 
below. 

2 Results 

The two bodies and the whole machine are modelled with 
software Solid Works in this part of the study. These models are 
shown respectively in Fig. 2, Fig. 3 and Fig. 4. The mass centre 
of the body 1 coincides with the centre of the local coordinate 
system of the body 1 and the centre of the reference coordinate 
system. The mass centre of the body 2 coincides with the centre 
of the local coordinate system of the body 2. 

 
Fig. 2 – Body 1 

 

 
Fig. 3 – Body 2 

 

 
Fig. 4 – Wood shaper 
The presented data below is used for the calculations. They are 
of the real machine FD-3 which is often used in practice. 
Mass of the body 1 – m1 = 303,43 kg; the body mass 2 – m2 = 
11,12 kg. Tensor of mass inertia moments of the body 1 relative 
to the local coordinate system of the body 1, kg.m2 
M1=303.43; 
M2=11.12; 

























8599,341915,00566,0

1915,06641,381064,0

0566,01064,02215,37

1I

 
Tensor of mass inertia moments of the body 2 relative to the 
local coordinate system of the body 2, kg.m2 



















0052,000

02937,00

002937,0

2I

 
J1xx=37.2215; 
J1yy=38.6641; 
J1zz=34.8599; 
J1xy=0.1064; 
J1xz=0.0566; 
J1yz=0.1915; 
J2xx=0.2937; 
J2yy=0.2937; 
J2zz=0.0052; 
J2xy=J2xz=J2yz=0; 
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Coordinates of the pivot points of the body 1 to the centre of the 
coordinate system of the body 1, m: 

579,0z579,0z579,0z579,0z

311,0y279,0y311,0y279,0y

303,0x303,0x287,0x287,0x

4.3.2.1.







тттт

 
Coordinates of the pivot points of the body 2 to the centre of the 
coordinate system of the body 1, m: 

151,0z160,0z

066,0y066,0y

008,0x008,0x

6.5.







тт

 
Coordinates of the pivot points of the body 2 to the centre of the 
coordinate system of the body 2, m: 

096,0z214,0z

0y0y

0x0x

6.5.







тт

 
Elasticity coefficients, N/m 
cx011=cx012=cx013=cx014=350000; 
cy011=cy012=cy013=cy014=350000; 
cz011=cz012=cz013=cz014=800000; 
cx125=cx126=1500000; 
cy125=cy126=2250000; 
cz125=4500000; 
cz126=0; 
Damping coefficients, (N.s)/m 
bx011=bx012=bx013=bx014=980; 
by011=by012=by013=by014=670; 
bz011=bz012=bz013=bz014=470; 
bx125=bx126=980; 
by125=by126=670; 
bz125=470; 
bz126=0; 
The calculations are performed by using a software product 
Mathematica (www.mathematica.com). The amplitudes of the 
free damped vibrations are calculated for the above-mentioned 
wood shaper. Fig. 5 graphically shows the results of the 
numerical solutions of the free damped vibrations. 
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Fig. 5 Free damped vibrations 

3 Discussion 

The resulting graphs of damped vibrations indicate that at 
these damping coefficients all vibrations in mechanical system 
subside within 0,5 s. There are not vibrations at zero natural 
frequency as it is clear. The zero natural frequency occurs 
because the upper bearing is radial bearing and is released in 
the axial direction by constructional considerations. The 
coefficients of elasticity and damping on axis О2z2 are zero. The 
last generalized coordinate - free rotation of the shaft relative 
to its axis, there are no vibrations. 
The developed mechanical - mathematical model allows 
investigating of the change in the vibration behaviour of the 
machine when the elastic and damping elements are replaced 
with other elements with different parameters. This is useful 
for optimizing the design and operation of the machine. 

4 Conclusion 

The presented study investigates and illustrates the free 
damped spatial vibrations of a wood shaper and its spindle. The 
study is made numerically by using a modern software product. 
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The calculations are performed on the base of a specific 
mechanical - mathematical model, which allows the study of 
vibrations of this type of machinery. The advantages of the 
model are in the consideration of the characteristics in the 
construction of these kinds of wood shapers and in the ability 
to analyze the vibration behaviour of the investigated system. 
The results of the conducted investigations allow analyzing the 
influence of parameters of elastic and damping elements of the 
construction on its behaviour. Increase the reliability of the 
machine, raising the accuracy and quality of processing 
products is the final goal, which is meant.
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Abstract   

This study aims to determine the effects of turn color and varnish processing on wood material  is the collapse time on the combustion. Fort his purpose, 
samples prepared from wood of European oak (Quercus petrea Liebl.) according to ASTM D 358, were covered with waterbased, synthetic, polyurethane 
and acrylic varnishes after bleaching with 18 % solution of sodium hydroxide (NaOH), hydrogen peroxide (H2O2), calcium hydroxide (Ca(OH)2) and sodium 
silicate (NaSiO3). The collapse time on combustion of repared samples were determined according to ASTM E 160-50. According to the result of reseach, 
collapse time according to varnish types was gained the highest time acrylic (1129 sn), the lowest time synthetic (651.1 sn), according to bleacher types 
was gained the highest time  R3 (1114 sn), the lowest time R2 (438 sn). According to interaction of bleacher and varnish types was gained the highest time 
Sb+R5 (1460 sn), the lowest time Sn+R3 (840 sn). If needed a late collapse in the burning area it can be expected to consider these cases. 

Keywords: Combustion properties, Bleaching, varnishes, oak wood materials 
   

 

MEŞE ODUNUNDA RENK AÇMA VE VERNİKLEME İŞLEMLERİNİN YANMADA 
YIKILMA SÜRELERİNE ETKİLERİ 

Özet   
Bu çalışma, ağaç malzemede renk açma ve vernikleme işleminin yanmada yıkılma sürelerine etkilerini belirlemek amacıyla yapılmıştır. Bu maksatla; 
Meşe (Quercus) odunundan ASTM D 358’e göre hazırlanan örnekler sodyum hidroksit (NaOH), Hidrojen peroksit (H2O2), kalsiyum hidroksit (Ca(OH)2) ve 
sodyum silikat (NaSiO3)’ ın %18’lik çözeltisi ile renk açma işlemi yapıldıktan sonra ASTM D 3023 esaslarına göre su bazlı (Sb), sentetik (Sn), poliüretan 
ve akrilik vernikler ile kaplanmıştır. Hazırlanan örneklerin yanmada yıkılma süreleri ASTM E 160-50’ye göre belirlenmiştir. Sonuç olarak; yıkılma süresi 
(sn) vernik düzeyinde en yüksek akrilikte (1129 sn), en düşük sentetikte (651,1 sn), renk açma maddesi olarak en yüksek R3 (1114 sn) de, en düşük R2 (438 
sn) de bulunmuştur. Renk açma çözeltisi ve vernik etkileşimine göre en yüksek Sb+R5 (1460 sn), en düşük Sn+R3 (840 sn) bulunmuştur. Buna göre yanmada 
yıkılmanın geç olması beklenen alanlarda bu durum dikkate alınabilir. 
Anahtar Kelimeler: Yanma özellikleri, renk açma, vernikler, meşe ağaç malzeme 
   

1 Introduction 

 
Today, architects are needed because of the sensitivity of 
security against fire, designers, building materials, furniture 
and wooden factories stresses a focus on the most effective way 
to ensure the fire resistance of wood. The impregnated wood is 
applied next to the burning properties of known, varnishing, 
painting and so on. Determination of the effect on the fire 
resistance of various processes is of paramount importance. 
The smell of tree species, taste, physical characteristics such as 
different colors and patterns. Wood discoloration injuries in 
live wood, dead knot formation, disease, and so on. cause 
oxidation or heartwood of some of the chemicals in the wood in 
old age or as a result of the formation of the tannic contact with 
metals and wood consisting discolorations occur next [1]. Also, 
the annual growth rings of trees due to the difference in density 
of the material (summer wood, spring wood) color differences 
may occur. 

The color of the furniture, shape, size, form and balance is so 
important. Carpet used in interior decoration, curtains, etc.. 
textile wall, ceiling and floor coverings are required to be 
compliant. While most of the color of the wood in its natural 
state can not always meet the needs of this kind. Therefore, the 
bleaching process in the desired surface before surface 
treatment may be provided for color matching [2]. 

Uysal and colleagues at work, beech, oak, pine and ash wood 
were varnished after the bleaching process. NaOH + H2O2, 
NaOH + Ca(OH)2 + H2O2 solution of a strong, and HCl solution of 
HCIO have reported poor decolorizing [3]. 

Uysal and colleagues at work, NaOH + H2O2, NaOH + Ca(OH)2 + 
H2O2, HCIO and HCI with bleached ash, pine, the beech and oak 
wood has examined the changes occurring in the static bending 
strength. The test results; The more acidic the reduction in 
bending resistance has determined that the cause of the 
characters HCIO and HCl solution [4]. 
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Scots pine and beech examples of experiments that prepare the 
wood sodium sulfate, sodium tetraborate, copper sulfate, 
potassium nitrate, immersion and pressure with zinc sulfate 
has impregnated with the methods applied, lower the 
combustion of the samples impregnated by immersion method 
properties, stated that he had more positive results of those 
impregnated by pressure method [ 5]. 

Ozcifci of C2O4H2, NaOH, H2O2, using NH3 and HCl solution, 
investigated the burning properties of sessile oak wood that 
lightens. The results of this study, most weight loss NaOH, the 
maximum increase in temperature and the amount of CO2 
C2O4H2, while the maximum amount of ash is generated in 
NaOH solution [6]. 

In this study, European oak (Quercus petrea Liebl.) of bleaching 
and varnishing process, flame-welded, not welded and while 
the effects of the collapse in flame burning ember state were 
investigated. 

2 Materials and Methods 

2.1. Wood Materials 
Research in our country pine furniture and widely used in the decoration 
industry European oak (Quercus petrea Liebl.)was chosen as 
experimental material wood. The woods used in the experiments were 
obtained randomly from the market. 
 
2.1.1. Preparation of test samples 

Examples 1st class wood material, straight grained, knot-free, 
crack-free, color and density without charge, so that it is 
perpendicular to the growth rings on the surface and the 
sapwood part of ASTM D 358 and prepared in accordance with 
TS 53 principles [7 and 8]. Test specimens were 20 0C and 65% 
relative humidity conditions until they reached 12% moisture 
content [9]. Air dry the moisture in samples 13 x 13 x 76 mm 
(radial x tangential x length) were prepared in size. In the study, 
2wood species, 4 varnish varieties +1 control, 5 bleaching 
solution +1 control, 3 groups and including 24 units in each 
group for each parameter (2 x 3 x 4 x 3 x 24) of experiment 
samples total 1728 pieces were used. 

2.2. Bleaching 

2.2.1. Decolorizing chemical substances 

Groups with 18% solution given in the table prepared test 
samples are subjected to bleaching process. As decolorizing, 5 
solution with 7 differentgroups were established (Table 1). 

Table 1.Solution groups used in the bleaching 

CHEMICALS NEUTRALIZATION 

NaOH+H2O2 (R1) 

Distilled Water 
Acetic acid  
(CH3COOH) 

NaOH+Ca(OH)2+H2O2 (R2) 

NaSiO3+H2O2 (R3) 

Na2S2O5 +H2C2O4(R4) 

KMnO4+Na2S2O5+H2O2(R5) 

 
Chemicals to be used in bleaching process, according to the 
characteristics and weight (mg) or by volume (VML) 18% was 
prepared. For this purpose, for which the solid state; 

𝑀𝑔 =
𝑀ç . 𝑀/𝑀% 

𝑆%
 

 

𝑀𝑔  =  Amount of solution (g) 

𝑀ç   =  Preparing the required amount of solution (g) 

𝑀/𝑀%  =Weight percent solution of the desired 
S%  =  Substance impurity rate (%)  
 

To liquid form;𝑉𝑚𝑙 =
𝑉ç .𝑉/𝑉%

𝑆.𝑑%
 

 
Vml = Amount of solution (ml) 
Vç = Amount of preparation required solution (ml) 
V/V% = Volume percentage of the desired solution 
d = Density of solution (g/cm3) were used equation [2] 
 
Prapering solutions, sponge powder later to assay samples 
taken parallel to the first fibers and other fibers in the direction 
parallel to the fiber again, at 100±10ml/m2 was applied. 
Forming the solution ingredients are separately driven, the 
second solution after waiting 1-3 minutes to increase the effect 
of the proposed agent was applied first. 7 decolorizing used in 
these experiments as measured by pH paper chemicals, the pH 
is given in Table 2. 
 

Table 2. Decolorizing pH of the chemical 
 

DEPIGMENTING CHEMICALS Ph (25 °C) 

NaOH 14 

H2O2 4 

Na2S2O5 5 

Ca(OH)2 10 

H2C2O4 2 

NaSiO3 12 

KMnO4 12 
 
To increase the penetration depth after bleaching is completed 
after standing for 2 days at room temperature, neutralization 
was carried out with acetic acid and water. After this operation, 
air drying of the samples (12%) are provided to reach the 
moisture. The surfaces before varnishing took lightly sanded. 
 
After applying the process of opening the sample color surface 
treatment to be made available temperature of 20°C and 
relative humidity is until they reached the equilibrium within 
65% in a conditioning cabinet. ASTM D 3023 were conducted 
according to the example of varnishing. According to this 
process lightly sanded to eliminate swelling of fiber surfaces 
will be in operation after the dust varnishing the manufacturer 
has complied with the recommendation. The amount of 
varnish, the manufacturer recommends observing the amount 
of varnish to be applied is determined by weighing the 
analytical precision of 0.01. 
 
Water-based varnish application; the manufacturer in 
accordance with the proposals, filling without floor and left to 
dry for 10% water mixed with high-pressure spray gun with for 
9% moisture applied as three cross-fold 20 ± 2 °C temperature, 
65% ± 3 relative humidity in three weeks. 
Synthetic varnish, for example, the firm, has been 3 times as 
long bristled brush. The first floor of the wood pores with 
synthetic lacquer thinner to penetrate well was applied after 
diluting 15-20%. If the application to other floors, synthetic 
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thinner by granting a period of 24 hours between coats 10-15% 
thinned done sanding with 220 sandpaper roughness was 
adopted after the dust. 
 
Acrylic and polyurethane varnish application is made the same. 
pollination in the direction parallel to the fibers in the form of 
sanding sealer is applied to the sample. Then the normal (cross 
fold) samples varnishing the embodiment is allowed to dry for 
24 hours. The dried samples, 220 and 320. using an equal 
amount of water, sand is sand on a flat surface and sand wedge. 
weight after the dust of ± 0.01 g precision weighed on the 
analytical balance and was allowed to dry topcoat applied to the 
1st floor. water surface with No. 400 1st floor sanding after 
application to vary the layer thickness on lightly sandpapered 
evenly 2nd floor topcoat was applied [10]. 

2.4. Test Methods 

2.4.1. Combustion test 

For combustion tests, ASTM E 160-50 [11] principles are 
adhered to. 24 samples in the experiment were burned and 
sequenced 12 times in the top of the prism-shaped upper frame 
(Figure 4.4). The bottom outlet of the flame height maker type 
device empty 25 ±1.3cm, the gas pressure in the manometer 0.5 
kg/cm² to be kept constant. A thermocouple mounted at the 
shaft portion of the gas burnt, so that a temperature of 315 ±8 
°C is continuously checked. Measurements induced combustion 
flame is carried out in three stages, namely in case of 
spontaneous combustion and coal burning. Flame-induced 
burning time, as external lights covers the period of the test 
sample the first 3 minutes. Self-burning time, while he 
continued to test samples after closing the flame until the flame 
burning, until the dissolution of the flaming combustion time; It 
is defined as a glow combustion. 

 

Figure 1. Combustion tester 

Mica glass, b. Sled end, c. Begin guide, d. Sledge, e. Potentiometers or 
millivoltmeters input, f. Wood samples, g. Wireframe, 8. Begin (maker 
type) A. 270 mm. B. 430 mm. C. 295 mm. D. 305 mm. E. 38 mm. 

 

 

 

 

2.5. Data Analysis  

In statistical evaluation, self-induced, was used as a data 
duration of the self-destruction and combustion embers state 
parameters. data, statistical evaluation program in MSTAT-C, 
multiple analysis of variance (ANOVA) is applied and significant 
difference between the groups came out, the difference 
between the mean values were compared with Duncan test. 
Thus, the success of ranking and between the factors taken into 
trial, least significant difference (LSD) is determined by the 
homogeneity of the group divided by the critical value. 

 

3 Results & Discussion 

3.1. Collapse Time (sec) 

The average values for the collapse time in Table 3, tree species, 
bleaching solution and variance analysis results regarding the 
effects of the collapse of varnish kind of time is given in Table 4. 

Table 3. The average values for the collapse time (s) 

BLEACHING SOLUTION TYPE X HG** 

Control (Kç) 
NaOH+H2O2 (R1) 
NaOH+Ca(OH)2+H2O2 (R2) 
NaSiO3+H2O2 (R3) 

NaHSO3+H2C2O4 (R4) 

KMnO4+NaHSO3+H2O2 (R5) 

1137.0 
686.0 
438.0 

1114.0 
910.0 
994.7 

A 
D 
E 
A 
C 
B 

VARNISHES X HG*** 

Control (Kv) 
Water-based varnish (Sb) 
Synthetic varnish (St) 
Polyurethane varnish (Pü) 
Acrylic varnish (Av) 

917.2 
725.0 
651.1 
976.7 

1129.0 

C 
D 
E 
B 
A 

*LSD= 21.14, ** LSD= 19.30  

Collapse time; bleaching materials at the level of the highest R3 
(1114 seconds), the lowest R2 (438 seconds), the highest level 
in varnish acrylic varnish (1129 seconds), the lowest synthetic 
varnish (651.1 sec) was found. With all of the bleaching solution 
showed mitigation of water-based varnish with synthetic 
varnish period. 

Table 4. Bleaching solution and variance analysis results 
regarding the effects of the collapse process of burning varnish 
varieties 

Source DF 
Sum of 

Squares 
Mean 

Square 
F 

Value 
P<0,05 

SIG. 
Factor A 
Factor B 
AB 
Error 
Total 

4 
5 
20 
60 
89 

2688615.5 
5515232.2 
15242984 
402266.66 
23849098 

672153.88
1103046.4
762149.22 
6704.444 

100.255 
164.524 
113.678 

0.0000 
0.0000 
0.0000 

Bleaching solution and its effect on the duration of the fall of the 
varnish varieties were significant in statistical terms (α = 0.05). 
DUNCAN test results are conducted to determine that 
significant differences between groups which are given in Table 
5. 
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Table 5. Duncan test results for the collapse time 

ProcessT
ype 

X HG* Process 
Type 

X  HG* 

Sb 
R5+Sb 
R3+Sb  
Av 
R5+Pü 
R1+Av 
R4+Pü 
R3 
R3+Pü 
R2 
R4+Av 
R1+Pü 
R5+St 
R4 
R4+St 

1470 
1460 
1420 
1373 
1330 
1280 
1210 
1200 
1190 
1180 
1180 
1170 
1170 
1130 
1030 

A  
A   
AB  
AB  
ABC  
BCD  
CD  
CD  
CD  
CDE  
CDE  
DE  
DE  
DEF  
EFG 

R5+Av 
K 
II+Av 
R1 
Pü 
R3+Av 
St 
R3+St 
R1+Sb 
R2+Sb 
R4+Sb 
R5 
R2+Pü 
R1+St 
R2+St 

1013. 
1013. 
1010. 
980.0 
960.0 
920.0 
866.7 
840.0 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

FGH   
FGH   
FGH   
FGHI  
GHI  
GHI  
HI  
I  
J 
J 
J 
J 
J 
J 
J 

*LSD = 47.27 
 

Collapse time of bleaching solution and the highest R5 + Sb in 
terms of interaction varnish (1460 sec), the lowest R3 + St (840 
sec) was obtained. 0.000 fall in the samples having values in the 
table has occurred. The corresponding graph is shown in Figure 
4. 
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Figure 2. According to the time of the collapse process in the 
wood types  

 

4 Conclusion 

Collapse time in oak wood; according to the bleaching agents 
the longest R3 (1114.sn), the lowest R2 (438.0sn) were found. 
Bleaching process and substance showed an increasing effect 
on the time in oak the collapse. According to the control sample, 
R140%, R261.5%, R31.8%,R4 20% and R5 showed 12.5% 
reduces the period the collapse. This is due to differences in the 
pH of the solution ars. It also said that the chemical structure of 
the effective here. The fall time of sodium silicate used as the 
impregnation substance Indeed it was found that less effective. 

It has been foundin the longest acrylic lacquer varnish 
according to the kind (1129 seconds),as soon synthetich 
varnish (651.1 sec.). It have affected the process of varnishing 
and lacquer kind of the collapse in the burning timeand 
reducing the effects of the synthetic water-based varnish. it has 

been in the direction of increasing the acrylic and polyurethane 
varnish. According to the control, for example, water-based 
varnish 21%, reducing by 29% synthetic varnish, polyurethane 
varnish showed the effect of increasing the duration the 
collapse of 6% and acrylic varnish19%. 

Bleaching + varnish ware kind of collapse time based on the 
interaction; longest R5 + Sb (1460 sec), the lowest R3 + St from 
(840 sec) was obtained. On them; and synthetic water-based 
varnishes R1 and R2 is understood to be more suitable for 
saonuç. In fact, it determined the concentrations of these 
substances in samples the collapse. R5 extend the period alone, 
but the elimination of this feature with the varnish solution can 
be said to be lost. As a result; in areas where the risk of fire and 
the collapse is important to be considered in this case. 
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Abstract   

Wood construction industry renews itself due to development of technology. Currently, many types of material and techniques are used in the wooden 
structure productions, laminated beam is one of them. The most important element of laminated beam is the glue because of it has a role of determination 
using purpose and lifetime.  This study present effect of adhesive factor on mechanical properties of glued laminated timber. For this purpose, glued 
laminated timbers were produced with 3 type of glue, polyurethane (PU), melamine and D4, a kind of wood that is spruce (picea abies). adhesive types 
and wood specie were selected according to they are most used in the industry. Finger joint which has 16mm teeth length, 4mm teeth step and 0,5mm 
teeth tip, was applied to lamellas. Test specimens for shear strength, tension strength in parallel to grain, compression strength and bending strength 
were prepared from solid and laminated beams. In addition to this, test specimens in real size were prepared to determine Modulus of Rapture (MOR) and 
Modulus of Elasticity (MOE) for glued laminated timber. Tests were carried out according to the TS 11971, EN 392, TS 2595, EN 302-1, TS 2474, TS 2478 
and EN 408. The results comprising effect of glue on mechanical properties of glued laminated timber which were produced different glue combinations. 
Overall, it is understood from the results that selection of production technique and glue type has significant effect on mechanical properties of laminated 
timber. 
Keywords: Laminated timber, Melamine adhesive, Polyurethan, D4, Wooden structure, Mechanical properties 
   

LAMİNE YAPI KERESTELERİNDE MELAMİN, POLÜRETAN VE D4 
YAPIŞTIRICILARININ  MEKANİK ÖZELLİKLER ÜZERİNE ETKİSİ 

Özet   
Değişen teknolojiye bağlı olarak ahşap yapı sektörü de kendini yenilemektedir. Günümüzde birçok yapı tekniği ve malzeme türü ahşap yapı üretiminde 
kullanılmaktadır. Ahşap yapı üretiminde kullanılan lamine keresteler de bunlardan bir tanesidir. Lamine kerestelerin kullanım yeri ve ömrünü belirleyen 
ana etmenlerin başında üretimde kullanılan yapıştırıcıların türü gelmektedir. Çalışmada, Lamine malzemeden 4 tip olmak üzere birleştirmesiz, yan 
birleştirmeli, uç birleştirmeli ve büyük boyutlu örnekler hazırlanmıştır. Birleştirmelerde 3 tür tutkal kullanılmış olup yanal birleştirmelerde melamin 
tutkalı ve poliüretan tutkalı uç birleştirmelerde ise melamin tutkalı ve D4 tutkalı kullanılmıştır. Hazırlanan lamine örnekler üzerinde birleştirmeli ve 
birleştirmesiz olmak üzere Çekme-Makaslama (Yapışma), liflere paralel çekme, makaslama, basınç dirençleri ölçülmüştür. Eğilme direnci ve elastikiyet 
modülü değerlerinde ise hem büyük (yapısal) boyutta hem de standart kusursuz küçük boyuta örnekler hazırlanarak testleri yapılmıştır. Yapılan testler 
sonucunda yanal birleştirmede poliüretan ve melamin tutkalının standartları sağladığı uç birleştirmede ise D4 tutkalının melamin tutkalına göre daha 
iyi sonuçlar verdiği görülmüştür. Sonuç olarak yapılan bu çalışmada lamine kerestelerde farklı yapılardaki yapıştırıcı kullanımlarına bağlı mekanik 
özelliklerdeki değişimler belirlenerek yapıştırıcı etkisi ortaya konmuştur. Yapısal maksatlı taşıyıcı kolon ve kirişlerde kullanılacak lamine kerestelerin 
üretim tekniği, kullanılan yapıştırıcı ve yapışma kalitesinin standartların gerektirdiği direnç değerlerini karşılamada önemli rol oynadığı görülmüştür. 
Anahtar Kelimeler: Lamine, Melamin, Poliüretan, D4, Ahşap Yapı, Mekanik Özellikler 
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1 Introduction 

Laminating can be described as the joining together of 
relatively thin pieces of material with a suitable adhesive to 
form a larger member. It has many applications in many 
industries which cover a very wide field [1]. 

Structural glued-laminated timber (glulam) is one of the oldest 
glued engineered wood products. Glulam is an engineered, 
stress-rated product that consists of two or more layers of 
lumber that are glued together with the grain of all layers, 
which are referred to as laminations, parallel to the length. 
Glulam is defined as a material that is made from suitably 
selected and prepared pieces of wood either in a straight or 
curved form, with the grain of all pieces essentially parallel to 
the longitudinal axis of the member. The maximum lamination 
thickness permitted is 50 mm (2 in.), and the laminations are 
typically made of standard 25- or 50-mm- (nominal 1- or 2-in.-
) thick lumber [2]. 

Compared with sawn timbers as well as other structural 
materials, glulam has several distinct advantages. These in-
clude size capability, architectural effects, seasoning, variation 
of cross sections, grades, and effect on the environment [2]. 

Structural elements can be designed with varying cross 
sections along their length as determined by strength and 
stiffness requirements. Similarly, arches often have varying 
cross sections as determined by design requirements [2]. 

Glulam, that simulates the appearance of solid sawn wood. The 
glulam can be utilized as both a structural and aesthetic 
element for glass doors and windows as well as other structural 
applications where appearance might be a consideration. It can 
also be utilized in furniture making and wood working 
applications where thick solid furniture-grade exotic hardwood 
can be utilized and can be difficult to obtain. The lams are 
stacked along the length of the glulam providing a solid wood 
outer surface as the widest surface of the glulam [3].  

Existing lamination and beam test results were analytically 
reviewed to quantify the laminating effect for European and 
North American glued-laminated (glulam) timber. The 
laminating effect is defined as the increase in strength of 
lumber laminations when bonded in a glulam beam compared 
with their strength when tested by standard test procedures. 
Fundamental concepts are presented to define the laminating 
effect, estimates are made of its magnitude, and relationships 
are presented to describe its character. The review of 
experimental data indicated that the laminating effect ranged 
from 1.06 to 1.59 for European glulam and from 0.95 to 2.51 for 
North American glulam[4]. 

Basically the main factors which effect glued laminate timber 
are adhesive type, joint technique and bonding quality. The aim 
of this study is to investigate effect of adhesive type on some 
mechanical properties of glued laminated timber. 

 

2 Material and Experimental Procedure 

 
Spruce (Picea abies) was used as wood material in the study. 
The material density was 0,358 g/cm3 at 0% moisture content 
(MC) and 0,392 g/cm3 at air-dry MC. Real size glued laminated 

timber specimens were prepared as 3 layer (lamellas) that 
consist 40 mm thickness.  
In lamination process, lamellas were add to each other by finger 
joint in length and glued face to face between layers. Melamine 
and polyurethan adhesive were used for between layers and 
melamine and D4 were used for glue to finger joint. Finger joint 
had 16 mm in teeth length, 4 mm in tooth step and 0,5 mm in 
tooth tip thickness. Produced glued laminated timbers were 
conditioned at %12 MC. Following tests (Table 1) were carried 
out according to related standards. 
 

Table 1. Conducted tests 

 

Test Standard 

2.1 Shear strength EN 392 [5] 

Compression strength in parallel to 
grain 

TS 2595 [6] 

Tensile strength in parallel to grain TS 11971 [7] 

2.2 Tensile shear strength EN 302-1 [8] 

Bending strength TS 2474 [9] 

Modulus of Elasticity TS 2478 [10] 

Bending strength and modulus of 
elasticity in structural timber 

TS 5497, EN 408 [11] 

 
All test specimens were prepared with jointed (finger joint, glue 
line etc.) and control (unbonded) except shear test specimens. 
Test specimens that has finger joint in the middle were 
prepared for tension, compression, bending and modulus of 
elasticity tests.  
Shear test specimens has bonded face to face and bonding 
strength of the glue line were tested. According to standard, 
specimens were seperated to five groups and each group were 
processed with different pretreatments. The applied 
pretreatments were given in Table 2. 
 
Table 2. Type and duration of treatment prior to tensile shear 

testing 

 
Designation Treatment 

A1 
No treatment other than conditioning in 
standard atmosphere [20/65]*  for 7 days 

A2 4 days soaking in cold water at 20±5°C 

A3 
4 days soaking in cold water at 20±5°C 
Recondition in standard atmosphere 
[20/65]* to original mass ** 

A4 
6 h in boiling water 
2 h soaking in cold water at 20±5°C  
Samples tested in the wet state 

A5 

6 h in boiling water 
2 h soaking in cold water at 20±5°C  
 Recondition in standard atmosphere 
[20/65]* to original mass ** 
Samples tested in the dry state 

*   The standard atmosphere [20/65] is defined as a 
temperature of (20±5)°C and a relative air humidity of 
(65±5) %. 
** Tolerance of the original mass within +2 % ve -1 %. 
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3 Results and Discussion 

Mean values of study were calculated and given as section by 
section at following. Results of shear strength were shown in 
Table 3. 
 

Table 3. Results of shear strength 

 

Adhesive type 
Bonded 

(N/mm2) 
Control 

(N/mm2) 
Coverage 
ratio (%) 

Melamine 4,020 
4,038 

99,5 

Polyurethan  3,820 94,6 

 
As it can be seen in Table 3, samples that bonded with melamine 
adhesive were given highest value than bonded with 
polyurethan. Samples bonded with melamine adhesive 
provided tensile shear strength of 99,5 % and polyurethan 
samples 94,6 % when compare with control (nonbonded) 
samples. Generally, fractures were occured on massive material 
and in fibrous from. This result proof the bonding suffiency.  
Results of compression strength were given in Table 4. 
 

Table 4. Results of compression strength 

 

Adhesive 
Type 

Finger jointed 
(N/mm2) 

Control 
(N/mm2) 

Coverage 
ratio (%) 

Melamine  15,958 
42,275 

37,7 

D4 20,000 47,3 

According to table 4, finger jointed samples that bonded with 
melamine adhesive were provided compression strength of 
37,5% while samples bonded with D4 adhesive provided of 
47,3 % as compared to control samples. The result shows that 
comperisson strength is decreased in finger jointed structures 
when compared to the unjoined.  
Results of tensile strength in parallel to grain were given in 
Table 5. 
 

Table 5. Result of tensile strength in parallel to grain 

Tutkal Türü 
Finger Jointed 

(N/mm2) 
Control 

(N/mm2) 
Coverage 
ratio (%) 

Melamine 17,908 
40,414 

44,3 

D4 17,785 44 

 
It can be seen from the table that samples glued with melamine 
and D4 adhesive gave almost same values. Melamine glued 
samples provide tensile strength in parallel to grain of 44,3% 
and D4 provide 44% as compare to control samples. It has been 
defined in TS 11971 [7] that finger jointed samples should 
provide minimum 70% of unjoined samples. In this manner, It 
can be clearly said that it could not obtained sufficent results 
from both groups.  
The results of tensile shear strength that performed to 
determine bonding strength were shown in Table 6. 
 

 

 

Table 6. Results of tensile shear strength   

Designation 

Melamine  
Adhesive 

Polyurethan 
Adhesive 

Breaking 
load (N) 

Bonding 
Strength 
(N/mm2) 

Breaking 
load (N) 

Bonding 
Strength 
(N/mm2) 

A1 865,93 4,187 975,76 4,799 

A2 667,83 3,092 731,58 3,499 

A3 908,1 4,369 877,7 4,329 

A4 493,27 2,315 634,49 3,052 

A5 957,13 4,639 935,55 4,649 

 
The table shows that tensile shear strength of A1 group which 
the samples bonded with melamine adhesive, was found as 
4,178 N/mm2, however A2 group which 4 days soaked in water 
performed as 3,092 N/mm2 that resulted approximately 36% 
decreasing. A3 group which 4 days soaked in cold water and 
reconditioned in standard atmosphere were give 4,369 N/mm2 

value while from A4 group, 4 h boiled in the water and 2h 
soaked in cold water, were obtained 2,315 N/mm2 that means 
decrease approximately 47% as compare with result of A3 
group. Tensile shear strength of A5 group was performed as  
4,639 N/mm2 

On the other hand, when investigate the samples which bonded 
with polyurethan adhesive, A1 group was given the highest 
value with 4,799 N/mm2. The obtained tensile shear strength of 
A2 group was 3,499 N/mm2 that is approximately 12% lower 
than the same group of melamine bonded. The strength of A3 
group were performed as 4,329 N/mm2, A4 group 3,052 
N/mm2 and A5 group 4,649 N/mm2.  
Overall, the results obtained from polyurethan adhesive are 
higher than melamine adhesive and it can be said that 
polyurethan adhesive is more durable in wet and dry condition. 
Result of bending strength and modulus of elasticity (MOE) 
were given Table 7. and Table 8. respectively. In this test, load 
was applied at center point of finger joint for jointed samples.  
 

Table 7. Results of bending strength 

Adhesive 
Type 

Finger Jointed 
(N/mm2) 

Control 
(N/mm2) 

Coverage 
ratio (%) 

Melamine 36,784 
57,389 

64,1 

D4 22,523 39,25 

 
According to the table, samples bonded with melamine 
adhesive were given highest value than D4 with 36,784 N/mm2 

and 22,523 N/mm2 respectively. When compare the results 
with control, it can be seen that both results realized under 
expectation by coverage ratio of 64,1 % on melamine and 39,25 
% on D4 adhesive.  
 

Table 8. Results of elasticity module  

Adhesive 
Type 

Finger Jointed 
(N/mm2) 

Control 
(N/mm2) 

Coverage 
ratio (%) 

Melamine 7598,632 
8198,327 

92,69 

D4 5880,379 71,73 
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It can be seen from the table that the closest result to control 
samples obtained from melamine adhesive with 7598,6 N/mm2 

and 92,7 % coverage ratio. On the other hand, D4 adhesive meet 
expectation of 71,8% coverage ratio as compare to control 
samples. Results show that melamine adhesive increase the 
elasticity module. 
 
Results of bending strength and elasticity module of real size 
samples were given in Table 9. 
 

Table 9. Results of bending strength and elasticity module of 
real size samples 

 
Bending Strength 

(N/mm²) 
Elasticity Module 

(N/mm²) 

Adhesive 
Type 

Finger joint 
that bonded 

with 
melamine 
adhesive 

Finger joint 
that bonded 

with D4 
adhesive 

Finger joint 
that bonded 

with 
melamine 
adhesive 

Finger joint 
that bonded 

with D4 
adhesive 

Face joint 
that bonded 

with 
melamine 
adhesive 

64,972 89,764 6060 6194 

Face joint 
that bonded 

with 
polyurethan 

adhesive 

61,965 83,370 5880 6134 

 
According to table, the samples which of finger joints that 
bonded with D4 adhesive gave the higher values than melamine 
adhesive in both bending strength and modulus of elasticity. On 
the other hand, samples bonded with melamine adhesive from 
the face, has better performance as compared to polyurethan 
adhesive. 

4 Conclusions 

According to the results, this study can be concluded as 
following; 
Result of shear strength test showed that both melamine and 
polyurethan adhesive has performed satisfactorally as 
compared to the control samples by coverage ratio of 99,5% in 
melamine adhesive and 94,6% in polyurethan adhesive. 
Another proof of this result is almost all raptures of samples 
were realized from the fibres of the wood not from glue line.  
In tensile shear strength, most of breakings were realilzed from 
the fibres. This has proof that both melamine and polyurethan 
adhesive are correct choices for wet and dry conditions since 
resistance to humidity and a good load carrying capacity is very 
important and an expected property for structural wooden 
members.  
When investigate results of bending strength and modulus of 
elasticity of real size samples, it has been realized that breaks 
were occured on finger joints that bonded with melamine 
adhesive while most of samples have finger joints that bonded 
with D4 adhesive breaked from fibres.  
Overall, according to the results, melamine and polyurethan 
adhesives had sufficent performance in face bonded joints and 
in bonding of finger joints D4 adhesive had better performance 
than melamine adhesive. 

As a results of the study,  it can be said that production 
technique, adhesive and bonding quality has significant effect 
on structural glued laminated timber. 
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Abstract   

This study was designed to develop durable natural colorants+liquid glass for surface of wood products and determine their color stability against to UV-
accelerated weathering.  Licorice (Glycyrrhiza glabra L.) was chosen as natural pigment and extraction of the pigment was mixed with liquid glass and 
three kinds of mordants namely; vinegar, ferric sulfate and aluminium sulfate.  Then, the obtained coating material was applied to the Scotch pine (Pinus 
sylvestris L.), chesnut (Castanea sativa Mill.) and mahogany (Khaya Ivorensis) wood samples by immersion method.  Coated wood samples were tested to 
evaluate the protection degree of liquid glass+natural stains against to discoloration.  After treatment with the coating material, wood samples were 
exposed to UV light irradiation for periods of 50, 100 and 150 hours.  Results showed that licorice extract with or without liquid glass as a coating material 
for wood provided some stability to color change after UV irradiation.  Furthermore, it was found that treatments with liquid glass resulted in much more 
the color stability compared to licorice treatments without liquid glass. 
Keywords: Color stability,Lliquid glass(SIO2), Natural colorant, UV- accelerated weathering 
   

 

DOĞAL BOYALAR VE SIVICAM İLE RENKLENDİRİLMİŞ BAZI AĞAÇ TÜRLERİ 
ÜZERİNDE HIZLI YAŞLANDIRMANIN RENK STABİLİTESİNE ETKİSİ  

 
Özet   

Bu çalışma, ahşap ürünler için doğal renklendirici + sıvıcam karışımı ile  dayanıklı üst yüzey  malzemesi geliştirmek ve hızlı yaşlandırmaya karşı renk 
stabilitesini ölçmek için tasarlanmıştır.. Doğal pigment olarak seçilmiş olan Meyan (Glycyrrhiza glabra L.), sıvı cam ve üç çeşit mordan( Sirke, Demir 
Sülfat, Alüminyum Sülfat) ile karıştırılmıştır. Elde edilen renklendiriciler, sarıçam (Pinus sylvestris L.) kestane (Castanea sativa Mill.) ve maun (Khaya 
Ivorensis) odun örneklerine daldırma yöntemiyle uygulanmıştır. Renklendirilen ahşap örnekler, sıvıcamın yaşlandırmaya karşı koruyuculuğu 
değerlendirmek için test edilmek amacıyla 50, 100 ve 150 saat süreyle hızlı yaşlandırma sürecine maruz bırakılmıştır. Sonuçlara bakıldığında meyan 
kökü ile yapılan karışımlarda renk kararlılıkları gözlenmiştir. Bununla birlikte sıvıcamlı karışımlar, sıvıcamsız karışımlara kıyasla hızlı yaşlandırma 
etkinine karşı çok daha fazla renk kararlılığı göstermiştir.  
Anahtar kelimeler: Renk kararlılığı, Sıvıcam (SIO2), Doğal renklendiriciler, Hızlı yaşlandırma 
   

 

1 Introduction 

Wood is a natural and basic building materials in indoor and 
outdoor environments where people are used extensively. 
Besides the advantages of wood, to be destroyed by biotic and 
abiotic pests, there are some disadvantages such as 
discoloration and deterioration undergo formal. Many 
preservatives and coloring materials have been developed to 

overcome these disadvantages. However, these preservatives 
and coloring agents are volatile organic compounds emitted 
emerged drawbacks in terms of human and environmental 
health. As a result, an increased interest in natural 
preservatives and colorants, and has begun to generate a 
demand in this field. [1]. Nowadays environmentally-friendly 
natural poisonous plant extracts, stains derived from natural 
dye plants, water-based wood preservatives and boron 
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compounds are being developed against wood damaging biotic 
and abiotic factors. Unfortunately, natural colorants and 
preservatives can be bleached and discolored by the exposure 
to outer weather conditions [2],[3]. Therefore, introducing 
natural and durable colorant and preservatives which are 
neither carcinogenic nor hazardous to environment is a 
problem that needs to be solved. For solving the problem, this 
project will be an original study in the literature on protection 
degree of liquid glass+natural dye coated on wood against to 
hazardous factors. 
The theory of this study is, liquid glass can be used as a coating 
material for its high protective capacity, and with a mixing of 
natural dye staff, and it can be developed durable natural and 
protective wood stain.  For natural pigment; Licorice 
(Glycyrrhiza glabra L.)  has been chosen and extraction of it  
mixed with liquid glass and applied to yellow pine (Pinus 
sylvestris L.), chesnut (Castanea sativa Mill.)) and mahogany 
(Khaya Ivorensis)  wood test samples by immersion method.  
Coated wood samples have been tested to evaluate the 
protection degree of liquid glass+natural stains against to 
discoloration. 
Liquid glass, a German company, "Institute for New Materials in 
Saarbrücken" within the scope of the patents developed by the 
scientific research and has been put on the market under the 
trade name Nanopool® [4] The liquid glass molecules of silicon 
dioxide (SiO2), is formed from chemical reactions with pure 
silica quartz mineral which is abundant in natural 
surroundings. This process, quartz sand extracted from the 
silicon dioxide molecules and the molecules (depending on the 
site of use) be performed as the addition of water and ethanol 
molecules. Establish bonding with each of these molecules, 
nano or not the use of any part of the adhesives is only provided 
by quantum forces [6] Liquid glass, a variety of organizations, 
for the purpose of protection, plants, historical buildings and 
artifacts from the excavations, plastic and metal industries, 
food production and protection companies, plants and health 
sectors (hospitals, hotels and medical devices) buses are used 
in subway and trainIn the literature, the natural dyes derived 
from plants with a mixture of liquid glass, and after the use of 
the wood surface, has not been demonstrated in a study that 
determined their resistance to accelerated weathering. 
In this study, natural wood dye used for coloring, in a mixture 
with dye liquid glass to increase the resistance against the 
degrading effects on the wood it was administered. In this 
context, harmless to the environment and human health when 
applied on surfaces capable of making a very thin layer, 
invisible to the naked eye and the glass liquid is an important 
invention of recent years, the availability of such a protective 
effect against biotic and abiotic harmful wood materials were 
investigated. 
 

2 Materıals and methods 

 
2.1 . Wood materials 
As wood material, Scots pine (Pinus sylvestris), chestnut 
(Castanea sativa Mill.) and mahogany (Khaya Ivorensis)  woods 
commonly used in furniture and decoration industries in 
Turkey were chosen. The samples were prepared from first-
class wooden materials, which are smooth fiber, knotless, 
crack-free, without color and density difference, with annual 
rings perpendicular to the surfaces, and from parts of sapwood, 
in accordance with TS 2470 standards. 
 

For UV- accelerated weathering test, the samples were 
prepared with dimensions of 150x75x5 mm and were kept 
under suitable temperature (20 ± 2°C) and suitable moisture 
(moisture of ±12% and relative humidity of ±65%) conditions 
until they became air-dried, in order to achieve the moisture 
value in furniture used under interior area conditions in 
accordance with TS 2471, 2005 standard.  
 
2.2.Plant material and mordant agents 
For natural pigments; Licorice (Glycyrrhiza glabra L.), has been 
chosen and extraction of it mixed with liquid glass and mordant 

agents. Mordant agents ferrous sulfate   (Fe2(SO4)37H2O), 
aluminum sulfate (Al2(SO4)318H2O) were provided from 
Kimetsan Co. and vinegar was purchased from Fersan Co. The 
synthetic dye used for comparison; woodtex – wood colorant 
was supplied from Kayalar kimya Co. 
 
2.3. Preparation of dye extracts 
Dye plants were dried in the shade and finely chopped after in 
distilled water in such proportions as indicated in Table 2.1 
within the boiler have been kept for 180 minutes at 45 ° C bath 
temperature. From the process, solid components are filtered 
with filter paper to obtain colored water separated dyes. The 
extraction of the dye are shown in table 1. where made in which 
conditions.  

 
Table 1. Extraction conditions of dye stuff 

Dye 
Stuff 

Water / 
Plant 

(g)/(g) 

Tempreture 
(°C) 

Time 
(min) 

Source 

Dye 
Plant 

20/1 45 180 
Kamel, 
2007 

 
Mixing the mordans and dyes 
Mordan material has been obtained from a chemical company 
engaged in the business and trade of this plant is mixed with the 
extracts of the specified rate (Table 2.) 
 

Table 2. Rates of dyes and mordant mix 

Extract Mordan 
Mixture 

(%) 
Source 

Plant Extract 

Control 0  

Ferrous 
Sulfate 

3 
Yeniocak, 

2013 

Aluminum 
Sulfate 

5 
Yeniocak, 

2013 

Vinegar 10 
Yeniocak, 

2013 

Synthetic Dye - - - 

 
2.4. Application of the liquid glass and natural dye extracts 
to wood samples  
The air-dried wood samples were placed into dye bath 
container according to their intended treatments. Treatment 
procedures are given in table 3. In the treatment immersion of 
dyeing was used. Any extra solution left on the specimens was 
removed with a clean cloth. Samples were then left to dry at 
20±3 °C in a vertical position. 
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Table 3. Treatment Procedures 

Dye staff 
Treatment 

Method 
 

Temperature 
(°C) 

Source 

Plant 
Extract 
+Liquid 
Glass Immersion 45 60 

Sönmez, 
2004 

Synthetic 
Dye 

 
 
2.5. UV- accelerated weathering test 
For accelerated weathering test used "Accelerated weathering 
tester (QUV / SPRAY)" device. Operation conditions of 
accelerated aging device consist of two periods; the first is the 
condensation period. At this stage; Made simulation of outdoor 
conditions and the temperature of the atmosphere at certain 
times, cold and moisture content is changed and samples are 
sprayed with hot steam to allow expansion of the samples. The 
second period is the UV period. Accelerated weathering 
process; 4 hours condensation cycle, and the cycle were 
implemented 8 hours UV cycle. Test specimens were 50, 100 
and 150 hours period were subjected to accelerated 
weathering test. Examples; after every 50 hours of aging by 
taking from the device, color measurements were made and 
placed in the device. 
 
2.6. Color measurements 
In order to determine the color change after cold check tests, 
the colors of the coated parts were identified prior to exposure 
by using Konica Minolta CR–10, a portable color reader device. 
Color measurements were performed on each sample due to 
the non-homogenous color structure of the wooden material in 
four measures. The identified color values were classified 
according to the coordinates Commission International de 
I’Eclaireage-CIELAB 1976 set in ISO 2470 standards (Figure 1). 
The obtained colors were indicated with numerical values of L, 
a, and b. Here, L indicates lightness from 0% (black) and 100% 
(white), a from green (-a) to red (+a), and b from blue (-b) to 
yellow (+b). 
 
2.6.1. Determination of color change values  
Color changes due to accelerated weathering were calculated 
with the following formulas in accordance with ISO 2470 
standards.  
 

ΔL*=L*
f – L*

i    (1) 

Δa*= a*f – a*i    (2) 

Δb*= b*f – b*i                          (3) 

ΔE* =   (4) 

Here; ∆L*, ∆a* and ∆b* are the changes occurring between the 
initial state (i) and final state (f) of the colors. ∆E*, indicates 
total changes of the colors occurring in L, a, and b. Here, the 

highest value shows the highest color change. 

 

Figure 1. CIELAB–76 color system [8] 
 

3 Results and discussion 

 
Chestnut wood test specimens, colored with licorice, mordants, 
liquid glass mixtures of 50, 100, after 150 hours of accelerated 
aging process of a minimum color change in the control and 
aluminum sulfate (26.96), a maximum color change observed 
in the mixture ofcontrol and ferrous sulfate (66.55). Looking at 
the overall experience of the chestnut wood samples, the 
samples except the mixture of control and iron sulphate(66,55) 
has been observed less color change compared to synthetic 
dyes(61,56).  
After the accelerated aging process, at least color change in the 
test sample pine wood in the control and aluminum sulfate 
mixture (33.62), the maximum color change was observed in 
the control dye (67.86). Pine wood specimens, samples outside 
the control dye showed more resistance to discoloration due to 
aging by synthetic dyes. 
Mahogany wood test samples after accelerated aging process at 
least color change control + aluminum sulfate mixture (17, 48), 
the maximum change control + ferrous sulfate mixture (47, 14) 
were observed. Mahogany wood specimens, samples outside 
the mixture of control + iron sulfate showed more resistance to 
change color due to aging than synthetic dyes. 
Colored with licorice, mordants and liquid glass mix chestnut, 
pine and mahogany wood samples of 50, 100, 150 hours of UV 
accelerated aging tests on the color changes in value are given 
in tables 4, 5, and 6. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

2*2*2* baL 
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Tables 4.,5.,6. Color changing of wood samples stained with Licorice (Glycyrrhiza glabra L.), extracts according to 50, 100, 150 hours 
of UV accelerated aging cycle 

 

CHESTNUT WOOD 

 
Before stain After stain 

Time (hour) 

50 100 150 

L* a* b* ∆L* ∆a* ∆b* ∆E* ∆L* ∆a* ∆b* ∆E* ∆L* ∆a* ∆b* ∆E* ∆L* ∆a* ∆b* ∆E* 

A 69,96 7,89 20,14 48,99 7,73 -49,87 70,33 38,10 14,20 -39,69 56,82 37,04 14,60 -38,22 55,19 35,77 15,40 -39,41 55,41 

B 65,16 8,57 20,43 56,12 6,71 16,90 58,99 52,09 10,87 25,90 59,18 50,98 12,45 26,06 58,59 51,57 13,33 27,08 59,75 

C 
67,86 7,99 20,00 -41,69 -8,39 -22,04 47,90 -40,56 -7,05 -17,29 44,65 -40,12 -8,01 -16,37 44,07 -39,32 -7,74 -15,59 43,00 

D 71,41 7,11 18,97 4,52 -0,33 -73,79 73,93 6,95 1,57 -68,40 68,77 8,92 1,65 -66,64 67,25 9,85 1,78 -65,79 66,55 

E 69,96 7,34 19,53 66,72 5,62 -3,17 67,03 56,27 14,01 6,55 58,36 53,61 13,84 6,02 55,69 51,90 15,58 4,13 54,35 

F 71,44 7,73 19,61 -5,53 -5,53 2,88 8,33 -17,05 7,17 13,78 23,07 -20,03 9,10 13,86 26,00 -21,11 9,85 13,57 26,96 

G 69,35 7,74 20,06 43,96 7,04 -47,81 65,33 33,96 14,33 -36,26 51,71 31,76 15,06 -35,98 50,30 28,96 28,96 16,19 44,04 

H 67,02 7,72 19,76 63,65 6,88 20,45 67,21 -17,05 7,17 13,78 23,07 30,20 15,00 -31,43 46,10 28,72 28,72 15,93 43,63 

I 67,16 8,54 21,38 51,76 19,45 32,04 63,91 49,30 21,55 31,98 62,59 47,66 21,44 30,59 60,55 48,12 22,14 31,37 61,56 

SCOTCH PİNE WOOD 

 
Before stain After stain 

Time (hour) 

50 100 150 

L* a* b* ∆L* ∆a* ∆b* ∆E* ∆L* ∆a* ∆b* ∆E* ∆L* ∆a* ∆b* ∆E* ∆L* ∆a* ∆b* ∆E* 

A 83,06 5,00 24,37 47,34 7,67 -52,70 71,25 38,15 14,16 -41,04 57,79 35,36 15,99 -39,19 55,15 31,78 17,60 -40,82 54,64 

B 81,78 5,42 26,21 71,48 6,81 26,45 76,52 61,37 16,26 36,59 73,28 58,75 18,89 38,43 72,70 55,64 18,32 34,25 67,86 

C 83,74 4,44 24,10 -26,86 -0,06 -3,13 27,04 -41,62 3,93 -5,37 42,15 -46,07 1,33 -8,27 46,83 -48,18 1,15 -9,95 49,21 

D 80,97 5,82 27,53 27,19 8,29 -53,73 60,79 12,10 10,36 -59,23 61,33 8,74 8,80 -62,03 63,26 7,08 9,62 -63,48 64,59 

E 81,09 6,11 26,33 50,83 10,38 -21,27 56,07 38,16 20,26 -14,74 45,65 34,53 20,19 -16,41 43,23 32,65 20,63 -18,28 42,73 

F 82,15 5,46 26,25 -6,98 -6,98 5,96 11,53 -19,98 13,70 14,11 28,04 -23,77 16,63 14,31 32,35 -26,35 16,91 12,26 33,62 

G 82,22 5,52 25,55 52,80 6,91 -54,10 75,91 41,78 16,12 -44,26 62,96 38,82 17,05 -44,68 61,60 35,89 35,89 18,52 54,03 

H 82,62 5,16 24,69 76,28 5,71 28,08 81,48 -19,98 13,70 14,11 28,04 32,76 18,19 -35,44 51,58 29,36 29,36 19,90 46,04 

I 82,38 5,40 26,08 51,97 26,05 35,85 68,30 49,39 26,75 35,71 66,56 47,81 26,34 35,24 64,44 48,25 26,74 34,41 65,02 

MAHOGANY WOOD 
 

 
Before stain After stain 

Time (hour) 

50 100 150 

L* a* b* ∆L* ∆a* ∆b* ∆E* ∆L* ∆a* ∆b* ∆E* ∆L* ∆a* ∆b* ∆E* ∆L* ∆a* ∆b* ∆E* 

A 49,04 15,54 19,11 25,27 15,97 -32,23 43,96 16,42 18,26 -32,47 40,71 15,23 18,52 -33,05 40,83 15,30 17,61 -33,84 41,10 

B 50,96 15,42 18,77 49,65 14,68 18,76 55,07 38,76 18,48 19,47 47,15 37,66 20,43 19,39 47,03 38,10 19,46 18,22 46,50 

C 46,34 16,00 19,59 -16,87 -13,16 -12,78 24,92 -19,22 -12,89 -13,92 27,01 -20,40 -13,62 -14,90 28,70 -20,33 -13,28 -14,67 28,36 

D 50,46 16,03 20,06 8,63 2,02 -45,65 46,50 5,64 2,87 -46,61 47,04 4,97 2,84 -47,13 47,48 4,95 3,56 -46,74 47,14 

E 50,59 16,11 20,25 41,10 13,47 -7,64 43,92 30,53 19,19 -7,54 36,84 28,59 17,90 -9,40 35,02 28,40 17,12 -11,80 35,20 

F 51,70 15,40 19,41 -3,09 -3,09 0,82 4,45 -14,73 1,31 -1,60 14,87 -16,53 2,80 -1,93 16,88 -17,03 2,60 -2,95 17,48 

G 50,71 15,66 19,70 28,04 15,08 -25,71 40,92 18,18 18,95 -24,81 36,13 17,63 17,59 -26,20 36,15 17,71 17,71 16,57 30,03 

H 49,09 16,04 19,42 47,09 15,64 19,36 53,26 -14,73 1,31 -1,60 14,87 16,39 16,61 -28,26 36,65 16,61 16,61 17,17 29,10 

I 51,85 15,64 19,68 39,59 18,51 21,33 48,63 36,26 19,33 19,02 45,28 35,73 17,95 17,71 43,73 35,98 18,24 17,97 44,16 
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A.Control+Liquid Glass B.Control C.Control+ Ferrous Sulfate + Liquid Glass D. Control+Demir E. Control+ Aluminum Sulfate + Liquid 
Glass F. Control + Aluminum Sulfate G. Control+Vinegar+ Liquid Glass H. Control+ Vinegar I. Synthetic Dye

Of licorice paint by mixing with the mordant and liquid glass 
obtained different shades. The obtained dye, then the 
application of the wood species, 50, 100, 150 hours of 
discoloration of wood species in accelerated aging results have 
shown differences. The reason for this is thought to be caused 
by differences in chemical structures of wood species. Several 
factors, such as anatomical differences, growing characteristics, 
machining properties, pre-treatments (e.g. steaming, drying, 
etc.), can affect the color stability [7], [8] . Also, the treatments 
parameters as treatment time, percentage of dyer materials, 
application temperature and percentage of mordant may affect 
the color stability. All wood specimens exposed to UV 
accelerated aging, showed negative values of ΔL*. This means 
that all wood samples color partially turned to gray. Generally 
the highest negative values (ΔL*) observed on samples that 
were treated with ferrous sulfate mordant. Because in the same 
group, the mean value ΔL* for control samples that were 
untreated by mordant was not high. This result is compatible 
with literature studies about color changing [9] on natural dyes. 
Ferrous sulfate mordant was a big reason for total color 
changing (∆E⃰) values too. These changes may be explained with 
interaction of ferrous sulfate ions and wood components. Metal 
mordant have been pointed out as the reason for color stability. 
Because metal ions, promotes free radical formation [10],[11] 
of wood components even when they are exposed to light. The 
stabilization of lignin by ferrous was reported to occur through 
the formation of complex [12]. 
Accordingly, three tree species were observed in the 
control+aluminum sulfate mixture gave the lowest color 
change value. Control+ ferrous sulfate dye has been applied to 
the chestnut and mahogany test samples showed the highest 
values change. Control + ferrous sulfate paint samples of pine 
and mahogany stain and control dye of all applications except 
pine samples were observed to perform better than synthetic 
dyes. Furthermore, all mixtures with liquid glass was measured 
suffers less discoloration compared to the synthetic dyes. 

4 Conclusions and recommendations 

Accelerated aging aging tests of liquid glass mixture used in the 
test, it was determined that less color change than synthetic 
dyes. These results, in any environment as possible, trees 
should be provided with materials to be shared with 
stakeholders engaged in the production and encouraging the 
use of natural dyes instead of synthetic dyes. 
Sometimes fast color change in the painting made for 
decoration purposes is a desirable feature. Accelerated aging 
tests in the study, discoloration mostly high in ferrous sulfates 
mordanted dye occurred. Therefore in an environment where 
the desired color stability, should be avoided to use ferrous 
sulfate mordant. 
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Abstract   

The aim of this study to develop an eco-friendly wood stain and to determine the adsorption and desorption on surfaces. Some problems have emerged, 
during the preservation and coloring of the wood material by chemicals in terms of environmental health in recent years. For this reason, the importance 
of the protection wood material by natural sources is gaining importance day by day. Increase awareness of health risk and overall quality of indoor air 
has led to a demand for finishes and paints with lower VOC content. Plant dyestuff was extracted from the red beetroot by using ultrasonic assisted method 
and applied to wood blocks of Turkish oriental beech, Scots pine, oak, and walnut with immersion (classic) and immersion + ultrasonic assisted methods. 
For mordants, ferrous sulfate, aluminum sulfate, copper sulfate, and vinegar were chosen. In the study, the effect of such parameters as the medium pH 
(3, 7 and 9), temperature (22 oC and 40 oC), velocity of agitation (10 and 30 rpm) was investigated. As a result of experiments, red beetroot extracts 
performed good desorption, vinegar and copper sulfate were reduced the best desorption on surfaces. It was concluded that red beetroot can be used for 
wood surface stain and they can be alternative to chemical dyes. 
 
Keywords: Natural dyes, Red Beetroot, Adsorption, Desorption 
   

 

KIRMIZI PANCARDAN (Beta Vulgaris)  ELDE EDİLEN EKSTRAKTLAR İLE 
RENKLENDİRİLEN AHŞAP YÜZEYLERİN ADSORPSİYONU VE 

DESORPSİYONUNUN İNCELENMESİ 
Özet   

Bu çalışmanın amacı ahşap malzeme için doğa dostu ekolojik renklendiriciler geliştirmek ve ahşap yüzeyindeki desorpsiyon ve adsorpsiyon 
performanslarının incelenmesidir. Son yıllarda ahşap malzemenin kimyasallarla korunması ve renklendirilmesi esnasında birçok çevre ve sağlık 
problemleri ile karşılaşılmaktadır. Bu sebeple; ahşap malzemenin doğal kaynaklarla korunması günden güne önem kazanmaktadır. Farkındalık bilincinin 
artmasıyla, sağlık riski ve kapalı ortamlardaki düşük hava kalitesi, düşük VOC içerikli koruyucular ve boyalara olan talebi beraberinde getirmiştir. 
Ultrasonik yöntem kullanılarak kırmızı pancar bitkisinden elde edilen boyarmadde, kayın, sarıçam, meşe ve ceviz örneklerine klasik ve ultrasonik 
yöntemleri kullanılarak uygulanmıştır. Mordan olarak; demir sülfat, alüminyum sülfat, bakır sülfat ve üzüm sirkesi seçilmiştir. Çalışmada boyanan 
örnekeler; pH: 3, 7 ve 11, sıcaklık; 22 oC and 40 oC ve çalkalama hızı 10 rpm ve 30 rpm parametrelerinde yıkama teslerine tabi tutularak incelenmiştir. 
Deney sonuçlarına göre kırmızı pancar ekstraktlarının sirke ve bakır sülfatlı karışımları ahşap yüzeylerde en iyi desorpsiyonu göstermiştir. Sonuç olarak 
kırmızı pancardan elde edilen boyar maddelerin ahşap yüzeylerde kullanılabileceği ve kimyasallara alternatif olabileceği sonucuna varılmıştır. 
 
Anahtar Kelimeler: Doğal boyalar, Kırmızı Pancar, Adsorpsiyon, Desorpsiyon 
   

 

1 Introduction 

Wood materials need to preservation and coloring by chemicals 
in terms of environmental health in recent years. Recently 
international awareness of environment, ecology and pollution 
control created an upsurge on the interest of people to use more 
environmentally products. Natural dyes derived from flora and 
fauna are believed to be safe because of their non-toxic, non-
carcinogenic and biodegradable nature [1]. For this reason, the 
importance of the protection of wood material by natural 
sources is gaining importance day by day. Recent studies 
present that natural colorants extracted from plants could use 
to color and protect the wood material against harmful threats 
[2], [3], [4].  
Red beetroot (Beta vulgaris), a native of the coasts of 
Mediterranean, is extensively cultivated in Europe, America 
and many parts of India [5], [6]. Betanin, obtained from the 
roots, is used industrially as red food colorants, e.g. to improve 

the color and flavor of tomato paste, sauces, desserts, jams and 
jellies, ice cream, sweets, and breakfast cereals [7].  Beetroot 
dye may also be used in ink. Within older bulbs of beetroot, the 
color is a deep crimson, and the flesh is much softer.  
Nowadays red beetroot were mentioned as a natural dye 
source in various scientific researches. Goncalves et al. [8] 
investigated the beetroot extract as a colorant for cream cheese, 
they reported that beetroot extracts might be a potential 
alternative dye for food. Sivakumar et al. [9], has been studied 
on the use of power ultrasonic to improve the extraction of 
beetroot dye and application to the substrates such as leather 
and they reported that the beetroot is suitable for dying leather.  
Yeniocak et al. [10] studied the beetroot as a natural colorant 
source for wood surfaces; they reported beetroot extracts may 
be used alternative to synthetic dyes as an upper surface 
dyestuff for indoor application and toys.  
In this study we have focused on the coloring wood material by 
red beetroot extract and mordant mixes to determine their 

mailto:cmehmet@mu.edu.tr
mailto:mehmetu@mu.edu.tr
http://en.wikipedia.org/wiki/Betanin
http://en.wikipedia.org/wiki/Food_coloring
http://en.wikipedia.org/wiki/Tomato_paste
http://en.wikipedia.org/wiki/Jam
http://en.wikipedia.org/wiki/Ice_cream
http://en.wikipedia.org/wiki/Breakfast_cereal
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leaching performance. Another aim is to utilize the potential of 
natural sources as a substitute colorant for synthetic dyes. 

2 Materials and Methods 

2.1 Wood materials 

As wood material, Scots pine (Pinus sylvestris), oriental beech 
(Fagus orientalis), oak (Quercus petraea) and walnut (Juglans 
regia) woods were chosen. The samples prepared for leaching 
tests with 19×19×19 mm and were kept under suitable 
temperature (20 ± 2°C) and suitable moisture (moisture of 
±12% and relative humidity of ±65%) conditions until they 
became air-dried.  

2.2 Plant material and Mordant agents 

Red beetroot was gathered from the Muğla area (Turkey). 
Mordant agents ferrous sulphate (Fe2(SO4)37.H2O), aluminum 
sulphate (Al2(SO4)318.H2O) and copper sulphate (CuSO25.H2O) 
were provided from Kimetsan Co. and vinegar was purchased 
from Fersan Co. The synthetic dye used for comparison; 
woodtex – wood colorant was supplied from Kayalar kimya Co. 

2.3 Preparation of dyestuff 

A weighed amount of dry plant material was extracted with 
distilled water in a ultrasonic bath (Elmasonic X-tra 150 H). In 
the standard procedure the mass ratio of plant material to the 
volume of liquid was 1:20; extraction was performed for 
approximately. 180 min. at 45 °C and 180 W sonic power in a 
stainless ultrasonic bath. Due to the rather high liquor ratio 
some manual stirring was sufficient to distribute the plant 
material in the liquid during the extraction period.  
Aqueous solutions were mordanted by adding ferrous sulphate 
(Fe2(SO4)37.H2O) 3%, aluminum sulphate (KAl2(SO4)318.H2O) 
5%, copper sulphate (CuSO25.H2O) 5%,  and grape vinegar 10% 
in order to stabilize the color of extracted dyes, to ensure it to 
hang on to the applied material (to increase retention amount), 
and to create color options.  

2.4 Dyeing test samples  

The air-dried wood specimens were placed into ultrasonic bath 
container according to their intended treatments. Treatment 
procedures are given in table 1. In the treatment two different 
methods (immersion and ultrasonic-assisted immersion) of 
dyeing were used. Any extra solution left on the specimens was 
removed with a clean cloth. Specimens were then left to dry at 
20±3 °C in a vertical position. 

Table 1. Treatment Procedures 

Dye 
Treatment 
Method 

Sonic 
Power 
(W) 

  
Temperature 
(°C) 

Time 
(min) 

Natural 

Control 
(immersion)  

--- 45 60 

Ultrasonic-
assisted 
immersion 

300 45 60 

Synthetic 

Control 
(immersion)  

--- 45 60 

Ultrasonic-
assisted 
immersion 

300 45 60 

2.5 Leaching Tests 

Maximum wave length determined of each solution in UV 
spectrophotometer for to use as reference point for 
absorbance. Two samples from each group were placed into 
Erlenmeyer flask in 250 ml distilled water. Erlenmeyer flasks 
placed into rinsing bath shaken during 120 minutes. In 5, 15, 

30, 45, 60, 75, 90, 120 minutes some water was taken to get 
absorbance inside, in reference of maximum wave length of 
each colorant. Leach water was held at different temperature 
(22°C, 40°C), pH (3, 5, 7) an velocity of agitation (10 rpm and 30 
rpm) to compare effect on leaching rate. 

3 Results 

UV spectrophotometer was used to determine maximum 
wavelength of red beetroot (Beta vulgaris) extract and 
mordanting concentrations (Table 2). 

Table 2. Maximum wavelength of dye 

Type of dye Max. Wavelength (nm) 

Control  (%100 Beta vulgaris) 362 

Red beetroot + Ferrous sulfate 380 

Red beetroot + Aluminum sülfat 364 

Red beetroot + Copper sülfat 810 

Red beetroot + Vinegar 492 

3.1 Leaching data at pH:3  

Results of leaching test under conditions pH:3, 22 °C 
temperature  and 10 rpm velocity of agitation given at Table 3. 

According to leaching test results; Scotch pine samples dyed 
with ferrous sulfate mixes have shown similar leaching in both 
classical and ultrasonic methods. Scotch pine samples dyed 
with beetroot (without mordant), copper sulfate and aluminum 
sulfate mixes have shown more leaching which stained by 
ultrasonic method. Otherwise Scotch pine samples dyed with 
vinegar mixes have shown more leaching performance applied 
by classical method. The minimum leaching was observed for 
Scotch pine test sample dyed with vinegar mixture at classical 
method (0,014abs). The maximum leaching was observed for 
Scotch pine test sample dyed with control (without mordant) 
mixture at classical method (0,059abs). 

Oriental beech samples dyed with vinegar and aluminum 
sulfate have shown more leaching by ultrasonic method. 
Samples dyed with beetroot (without mordant), copper sulfate 
and ferrous sulfate mixes have shown much more change by 
classical than ultrasonic method. The minimum leaching was 
observed for oriental beech test sample dyed with copper 
sulfate mixture at classical method (0,016abs). The maximum 
leaching was observed for oriental beech test sample dyed with 
aluminum sulfate mixture at ultrasonic method (0,061abs). 

According to leaching test results of walnut samples dyed with 
beetroot (without mordant), aluminum sulfate and ferrous 
sulfate have shown more leaching by ultrasonic method than 
classical method. Walnut samples dyed with vinegar, copper 
sulfate have shown more leaching by classical method. The 
minimum leaching was observed for walnut test sample dyed 
with vinegar mixture at classical method (0,009abs). The 
maximum leaching was observed for walnut test sample dyed 
with aluminum sulfate mixture at classical method (0,110abs). 

Oak samples dyed with vinegar, beetroot (without mordant), 
aluminum sulfate has shown more leaching by ultrasonic 
method. Oak samples dyed with copper sulfate and ferrous 
sulfate has shown more leaching by classical method. The 
minimum leaching was observed for oak test samples dyed 
with copper sulfate mixture at classical method (0,015abs). The 
maximum leaching was observed for oak test sample dyed with 
control (without mordant) mixture at classical method 
(0,086abs). 
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Table 3. Leaching data of beetroot (Beta vulgaris) at pH: 3 
(abs) 

W
o

o
d

 t
y

p
e

 

L
e

a
ch

in
g

 
T

im
e

 
(m

in
) 

Control 
Ferrous 
Sulfate 

Alum 
Copper 
sulfate 

Vinegar 

U C U C U C U C U C 

S
co

ts
 P

in
e

 
  

5 0,012      0,018 0,025 0,022 0,018 0,015 0,007 0,003 0,003 0,005 

15 0,022 0,031 0,03 0,03 0,021 0,017 0,011 0,007 0,007 0,006 

30 0,028 0,037 0,041 0,037 0,024 0,021 0,01 0,008 0,01 0,007 

60 0,031 0,042 0,054 0,059 0,029 0,027 0,011 0,01 0,011 0,009 

75 0,034 0,047 0,063 0,063 0,034 0,031 0,014 0,013 0,014 0,01 

90 0,039 0,052 0,072 0,065 0,038 0,038 0,014 0,018 0,016 0,012 

120 0,056 0,059 0,08 0,08 0,044 0,041 0,015 0,024 0,018 0,014 

B
e

e
ch

 

5 0,014 0,009 0,023 0,025 0,011 0,024 0,007 0,006 0,003 0,005 

15 0,016 0,013 0,027 0,032 0,023 0,026 0,013 0,008 0,005 0,006 

30 0,018 0,019 0,047 0,037 0,026 0,029 0,015 0,009 0,007 0,008 

60 0,023 0,021 0,049 0,04 0,028 0,032 0,017 0,01 0,009 0,01 

75 0,025 0,027 0,055 0,047 0,033 0,038 0,021 0,012 0,01 0,014 

90 0,03 0,03 0,058 0,053 0,035 0,043 0,027 0,013 0,013 0,018 

120 0,036 0,034 0,061 0,055 0,039 0,049 0,034 0,016 0,018 0,022 

W
a

ln
u

t 

5 0,027 0,032 0,026 0,023 0,031 0,026 0,009 0,004 0,003 0,005 

15 0,023 0,039 0,032 0,034 0,028 0,041 0,012 0,006 0,003 0,007 

30 0,035 0,046 0,037 0,037 0,036 0,055 0,013 0,011 0,009 0,006 

60 0,051 0,062 0,049 0,057 0,052 0,074 0,014 0,01 0,007 0,006 

75 0,05 0,071 0,052 0,062 0,058 0,083 0,017 0,014 0,009 0,008 

90 0,06 0,076 0,063 0,061 0,059 0,091 0,016 0,01 0,006 0,008 

120 0,075 0,088 0,061 0,071 0,068 0,110 0,017 0,011 0,010 0,009 

O
a

k
 

5 0,02 0,033 0,019 0,013 0,014 0,026 0,007 0,007 0,003 0,007 

15 0,039 0,043 0,025 0,015 0,019 0,034 0,008 0,009 0,005 0,009 

30 0,048 0,051 0,034 0,019 0,022 0,037 0,01 0,01 0,007 0,011 

60 0,052 0,068 0,048 0,02 0,025 0,038 0,012 0,011 0,009 0,017 

75 0,054 0,071 0,049 0,026 0,03 0,041 0,019 0,012 0,011 0,019 

90 0,059 0,081 0,051 0,031 0,032 0,042 0,022 0,013 0,013 0,021 

120 0,081 0,086 0,071 0,036 0,035 0,052 0,027 0,015 0,017 0,024 

U: Ultrasonic method, C: Classic method 

3.2 Leaching data at pH:7  

Results of leaching test under condition pH:7, 22 °C 
temperature  and 10 rpm velocity of agitation given at Table 4. 

According to leaching test results; scotch pine samples dyed 
with ferrous sulfate, vinegar and aluminum sulfate applied by 
classical method have shown more leaching. Scotch pine 
samples dyed with control (without mortant) and copper 
sulfate have shown more leaching performance at ultrasonic 
method compare to classic method. The minimum leaching was 
observed 0,011abs for scotch pine test sample dyed with 
vinegar mixture applied by ultrasound method. The maximim 
leaching was observed 0,049abs for scotch pine test sample 
dyed with ferrous sulfate mixture stained by classical method. 

Oriental beech samples dyed with control (without mordant), 
aluminum sulfate and vinegar applied by classical method have 
shown more leaching. On the contrary oriental beech samples 
dyed with ferrous sulfate and copper sulfate applied by 
ultrasonic method have shown more leaching performance. 
The minimum leaching was observed 0,014abs for oriental 
beech test sample dyed with vinegar mixture by ultrasonic 
method. The maximim leaching was observed 0,047abs for 
oriental beech test sample dyed with ferrous sulfate mixture by 
ultrasonic method. 

Walnut samples dyed with control (without mordant) have 
shown more leaching applied by classical method. Walnut 
samples dyed with vinegar, copper sulfate have shown similar 
leaching performance applied by classical and ultrasonic 
method. Walnut samples dyed with aluminum sulfate and 
ferrous sulfate groups have shown more leaching when treated 
with ultrasonic method. The minimum leaching was observed 
0,018abs for walnut test sample dyed with copper sulfate 
mixture when classical and ultrasonic method treated. The 
maximim leaching was observed 0,071 abs for walnut test 
sample dyed with control (without mordant) mixture by 
classical method. 

Oak samples dyed with vinegar, control (without mordant), 
copper sulfate, ferrous sulfate and aluminum sulfate have 
shown more leaching performance by classical method. The 
minimum leaching was observed 0,015abs for oak test sample 
dyed with vinegar mixture by ultrasonic method. The maximim 
leaching was observed 0,071abs for oak test samples dyed with 
control (without mordant) mixture by classical method. 
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Table 4. Leaching data of red beetroot (Beta vulgaris) at pH: 7 
(abs) 

W
o

o
d

 t
y

p
e

 

L
e

a
ch

in
g

 
T

im
e

 (
m

in
) 

Control 
Ferrous 
Sulfate 

Alum 
Copper 
sulfate 

Vinegar 

U C U C U C U C U C 

S
co

ts
 P

in
e

 
  

5 0,017 0,014 0,026 0,024 0,007 0,011 0,006 0,004 0,002 0,002 

15 0,019 0,016 0,028 0,03 0,01 0,014 0,01 0,006 0,003 0,003 

30 0,02 0,018 0,03 0,036 0,012 0,016 0,011 0,008 0,004 0,004 

60 0,025 0,021 0,034 0,041 0,015 0,019 0,014 0,009 0,007 0,006 

75 0,029 0,024 0,037 0,044 0,018 0,021 0,016 0,01 0,008 0,008 

90 0,032 0,027 0,039 0,047 0,02 0,024 0,017 0,011 0,009 0,009 

120 0,036 0,031 0,041 0,049 0,024 0,029 0,019 0,013 0,011 0,012 

B
e

e
ch

 

5 0,008 0,011 0,02 0,022 0,002 0,005 0,006 0,005 0,002 0,002 

15 0,012 0,016 0,028 0,027 0,005 0,007 0,008 0,008 0,003 0,004 

30 0,014 0,018 0,034 0,032 0,008 0,009 0,01 0,01 0,005 0,006 

60 0,019 0,023 0,04 0,038 0,011 0,012 0,014 0,013 0,007 0,009 

75 0,022 0,025 0,043 0,039 0,013 0,014 0,017 0,015 0,009 0,011 

90 0,024 0,026 0,045 0,04 0,015 0,015 0,019 0,017 0,011 0,013 

120 0,026 0,029 0,047 0,042 0,017 0,018 0,021 0,019 0,014 0,015 

W
a

ln
u

t 

5 0,016 0,028 0,015 0,009 0,006 0,006 0,006 0,005 0,001 0,001 

15 0,021 0,034 0,018 0,015 0,016 0,012 0,008 0,007 0,004 0,004 

30 0,026 0,041 0,025 0,02 0,02 0,02 0,012 0,008 0,007 0,008 

60 0,031 0,049 0,029 0,024 0,026 0,024 0,014 0,011 0,011 0,012 

75 0,037 0,055 0,033 0,028 0,029 0,028 0,015 0,013 0,014 0,015 

90 0,042 0,062 0,037 0,034 0,032 0,031 0,016 0,015 0,017 0,018 

120 0,048 0,071 0,041 0,039 0,038 0,036 0,018 0,018 0,022 0,022 

O
a

k
 

5 0,018 0,023 0,021 0,016 0,011 0,007 0,006 0,006 0,001 0,004 

15 0,026 0,031 0,024 0,019 0,013 0,012 0,007 0,009 0,003 0,006 

30 0,031 0,039 0,025 0,023 0,014 0,017 0,009 0,011 0,006 0,009 

60 0,038 0,047 0,027 0,027 0,016 0,021 0,011 0,013 0,009 0,013 

75 0,044 0,053 0,029 0,029 0,018 0,024 0,013 0,015 0,011 0,016 

90 0,051 0,059 0,03 0,031 0,021 0,027 0,014 0,017 0,013 0,018 

120 0,064 0,071 0,032 0,033 0,025 0,03 0,017 0,02 0,015 0,021 

U: Ultrasonic method, C: Classic method 

3.3 Leaching data at pH:9  

Results of leaching test under condition pH:9, 22 °C 
temperature  and 10 rpm velocity of agitation given at Table 5. 

According to leaching test results; scotch pine samples dyed 
with ferrous sulfate, control (without mordant), aluminum 
sulfate, copper sulfate applied by classical method have shown 
more leaching performance. On the other hand scotch pine 
samples dyed with vinegar have shown more leaching which 
applied by ultrasonic method. The minimum leaching data  was 
observed 0,030 abs for scotch pine (as given at table 5) test 
sample dyed with copper sulfate mixture by ultrasonic method. 
The maximum leaching data was observed 0,076 abs for scotch 
pine test samples dyed with ferrous sulfate mixture by classical 
method. 

In regard to table 5, oriental beech samples dyed with control 
(without mordant), ferrous sulfate, aluminum sulfate and 
vinegar have shown more leaching by classical method. 
Oriental beech samples dyed with copper sulfate have shown 
more leaching by ultrasonic method. Minimum leaching data 
was observed 0,015 abs for oriental beech test sample dyed 
with vinegar mixture applied by ultrasonic method. The 
maximum leaching performance was observed 0,084 abs for 
oriental beech test sample dyed with ferrous sulfate mixture by 
classical method. 

Walnut samples dyed with control (without mordant), 
aluminum sulfate, ferrous sulfate and vinegar have shown more 
leaching by classical method. Walnut samples dyed with copper 
sulfate have shown more leaching performance by ultrasonic 
method. The minimum leaching data was observed 0,016 abs 
for walnut test sample dyed with vinegar mixture by ultrasonic 
method. The maximum leaching data founded 0,108 abs for 
walnut test sample dyed with ferrous sulfate mixture by 
classical method. 

Oak samples dyed with control (without mordant), ferrous 
sulfate, have shown more leaching performance by classical 
method. Oak samples dyed with aluminum sulfate, copper 
sulfate, vinegar have shown more leaching by ultrasonic 
method. The minimum leaching data founded 0,011 abs for oak 
test sample dyed with vinegar mixture with classical method. 
The maximum leaching performance was observed 0,093 abs 
for oak test sample dyed with ferrous sulfate mixture by 
classical method. 
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Table 5. Leaching data of red beetroot (Beta vulgaris) at pH: 9 
(abs) 

W
o

o
d

 t
y

p
e

 

L
e

a
ch

in
g

 
T

im
e

 (
m

in
) 

Control 
Ferrous 
Sulfate 

Alum 
Copper 
sulfate 

Vinegar 

U C U C U C U C U C 

S
co

ts
 P

in
e

 
  

5 0,023 0,025 0,028 0,034 0,017 0,023 0,007 0,006 0,002 0,002 

15 0,029 0,029 0,032 0,042 0,027 0,033 0,01 0,01 0,004 0,006 

30 0,027 0,033 0,034 0,051 0,03 0,041 0,018 0,017 0,008 0,008 

60 0,031 0,038 0,036 0,057 0,037 0,049 0,021 0,022 0,01 0,012 

75 0,033 0,042 0,041 0,063 0,042 0,051 0,024 0,026 0,016 0,021 

90 0,035 0,047 0,048 0,071 0,045 0,057 0,027 0,033 0,022 0,029 

120 0,047 0,052 0,054 0,076 0,049 0,061 0,030 0,039 0,035 0,034 

B
e

e
ch

 

5 0,014 0,031 0,041 0,048 0,012 0,021 0,005 0,006 0,003 0,003 

15 0,016 0,033 0,045 0,053 0,019 0,029 0,008 0,008 0,004 0,006 

30 0,019 0,039 0,053 0,056 0,02 0,035 0,01 0,01 0,005 0,008 

60 0,024 0,042 0,064 0,066 0,023 0,041 0,012 0,012 0,007 0,01 

75 0,026 0,045 0,068 0,075 0,025 0,049 0,014 0,014 0,009 0,013 

90 0,032 0,049 0,073 0,079 0,028 0,055 0,017 0,016 0,011 0,015 

120 0,043 0,057 0,081 0,084 0,033 0,062 0,020 0,019 0,015 0,019 

W
a

ln
u

t 

5 0,016 0,027 0,042 0,028 0,02 0,03 0,011 0,006 0,001 0,002 

15 0,026 0,04 0,044 0,036 0,033 0,036 0,012 0,009 0,003 0,004 

30 0,032 0,06 0,054 0,052 0,048 0,043 0,015 0,01 0,004 0,006 

60 0,048 0,064 0,062 0,077 0,056 0,059 0,018 0,013 0,008 0,008 

75 0,055 0,077 0,076 0,081 0,06 0,064 0,022 0,017 0,01 0,01 

90 0,058 0,082 0,079 0,092 0,065 0,073 0,027 0,021 0,011 0,011 

120 0,07 0,099 0,082 0,108 0,072 0,078 0,038 0,033 0,016 0,018 

O
a

k
 

5 0,038 0,046 0,052 0,051 0,028 0,023 0,007 0,006 0,003 0,002 

15 0,041 0,052 0,065 0,063 0,032 0,025 0,008 0,008 0,005 0,003 

30 0,052 0,055 0,068 0,065 0,038 0,028 0,01 0,009 0,007 0,005 

60 0,055 0,059 0,071 0,068 0,041 0,034 0,012 0,01 0,009 0,006 

75 0,062 0,067 0,079 0,076 0,044 0,038 0,013 0,011 0,01 0,008 

90 0,067 0,075 0,081 0,087 0,051 0,042 0,014 0,012 0,012 0,009 

120 0,072 0,079 0,087 0,093 0,057 0,048 0,017 0,015 0,015 0,011 
U: Ultrasonic method, C: Classic method 

3.4 Leaching data at 40°C temperature  

Results of leaching test under condition pH:7, 40 °C 
temperature  and 10 rpm velocity of agitation given at Table 6. 

According to leaching test results of scotch pine samples dyed 
with vinegar, control (without mordant) have shown more 
leaching performance by classical method. Scotch pine samples 
dyed with ferrous sulfate and copper sulfate have shown more 
leaching by ultrasonic method. On the other hand scotch pine 
samples dyed with aluminum sulfate have shown similar 
leaching performance in both classical and ultrasonic method. 
The minimum leaching was observed 0,021 abs for scotch pine 
test sample dyed with vinegar mixture by ultrasonic method. 
The maximum leaching founded 0,097 abs for scotch pine test 
sample dyed with ferrous sulfate mixture applied by ultrasonic 
method. 

Oriental beech samples dyed with aluminum sulfate and 
vinegar have shown more leaching by classical method. 
Oriental beech samples dyed with control (without mordant), 
copper sulfate, and ferrous sulfate have shown more leaching 
performance applied by ultrasonic method. The minimum 
leaching was observed 0,024 abs for oriental beech test sample 
dyed with vinegar mixture by ultrasonic method. The maximum 
leaching was observed 0,074 abs for oriental beech test sample 
dyed with control (without mordant) mixture by ultrasonic 
method. 

Walnut samples dyed with control (without mordant), 
aluminum sulfate, copper sulfate have shown more leaching 
applied by classical method. Walnut samples dyed with vinegar 
and ferrous sulfate has shown more leaching performance 
applied by ultrasonic method. The minimum leaching founded 
0,023 abs for walnut test sample dyed with vinegar mixture 
which applied by classical method. The maximum leaching data 
was observed 0,145 abs for walnut test sample dyed with 
control (without mordant) mixture by classical method. 

Oak samples dyed with control (without mordant), aluminum 
sulfate, copper sulfate, have shown more leaching by classical 
method. Oak samples dyed with ferrous sulfate, vinegar have 
shown more leaching performance by ultrasonic method. The 
minimum leaching was observed 0,029 abs for oak test sample 
dyed with vinegar mixture by classical method. The maximum 
leaching was observed 0,130 abs for oak test samples dyed with 
control (without mordant) mixture by classical method. 
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Table 6. Leaching data of red beetroot (Beta vulgaris) at 40°C 
temperature 

W
o

o
d
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p
e
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T

im
e

 (
m
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Control 
Ferrous 
Sulfate 

Alum 
Copper 
sulfate 

Vinegar 

U C U C U C U C U C 

S
co

ts
 P

in
e

 
  

5 0,016 0,015 0,049 0,038 0,017 0,016 0,008 0,009 0,007 0,003 

15 0,025 0,028 0,055 0,046 0,025 0,034 0,014 0,016 0,006 0,008 

30 0,028 0,039 0,066 0,048 0,029 0,032 0,018 0,019 0,008 0,013 

60 0,033 0,046 0,078 0,052 0,035 0,039 0,021 0,022 0,011 0,015 

75 0,038 0,058 0,082 0,058 0,039 0,043 0,025 0,025 0,014 0,017 

90 0,048 0,079 0,088 0,062 0,042 0,052 0,029 0,028 0,019 0,019 

120 0,055 0,087 0,097 0,069 0,059 0,059 0,035 0,031 0,021 0,022 

B
e

e
ch

 

5 0,032 0,015 0,028 0,022 0,017 0,016 0,009 0,007 0,008 0,009 

15 0,039 0,018 0,032 0,026 0,02 0,023 0,014 0,009 0,01 0,011 

30 0,044 0,027 0,034 0,032 0,023 0,032 0,017 0,011 0,013 0,013 

60 0,054 0,031 0,039 0,036 0,029 0,035 0,021 0,014 0,015 0,017 

75 0,059 0,041 0,046 0,042 0,031 0,039 0,024 0,017 0,017 0,019 

90 0,068 0,044 0,049 0,047 0,036 0,046 0,027 0,019 0,019 0,021 

120 0,074 0,047 0,053 0,052 0,042 0,049 0,032 0,025 0,024 0,025 

W
a

ln
u

t 

5 0,023 0,043 0,018 0,033 0,032 0,028 0,008 0,009 0,005 0,008 

15 0,043 0,048 0,026 0,036 0,033 0,039 0,009 0,011 0,008 0,009 

30 0,047 0,07 0,042 0,039 0,047 0,044 0,011 0,013 0,011 0,011 

60 0,068 0,1 0,047 0,045 0,056 0,062 0,013 0,017 0,014 0,016 

75 0,083 0,109 0,057 0,056 0,065 0,078 0,016 0,019 0,018 0,014 

90 0,11 0,121 0,068 0,067 0,072 0,08 0,019 0,023 0,021 0,018 

120 0,141 0,145 0,080 0,075 0,086 0,097 0,025 0,029 0,028 0,023 

O
a

k
 

5 0,028 0,058 0,025 0,018 0,03 0,024 0,009 0,008 0,006 0,005 

15 0,04 0,061 0,021 0,025 0,035 0,038 0,011 0,012 0,009 0,008 

30 0,051 0,068 0,039 0,028 0,038 0,041 0,014 0,018 0,011 0,012 

60 0,065 0,092 0,045 0,034 0,041 0,044 0,016 0,021 0,015 0,015 

75 0,067 0,104 0,049 0,042 0,045 0,054 0,021 0,024 0,019 0,019 

90 0,072 0,121 0,051 0,047 0,052 0,057 0,025 0,032 0,022 0,024 

120 0,094 0,130 0,064 0,056 0,058 0,062 0,034 0,039 0,031 0,029 

U: Ultrasonic method, C: Classic method 

3.5 Leaching data of velocity of agitation at 30 rpm 

Results of leaching test under condition pH: 7, 22 °C 
temperature and 30 rpm velocity of agitation given at Table 7. 

According to leaching test results, scotch pine samples dyed 
with vinegar, control (without mordant) have shown more 
leaching performance by classical method. Scotch pine samples 
dyed with aluminum sulfate, ferrous sulfate and copper sulfate 
have shown more leaching by ultrasonic method. The minimum 
leaching was observed 0,018 abs for scotch pine test sample 
dyed with vinegar mixture by classical method. The maximum 
leaching founded 0,084 abs for scotch pine test sample dyed 
with ferrous sulfate mixture by ultrasonic method. 

Oriental beech samples dyed with control (without mordant), 
copper sulfate, aluminum sulfate and vinegar have shown more 
leaching performance by classical method. Oriental beech 
samples dyed with ferrous sulfate have shown more leaching 
by ultrasonic method. The minimum leaching was observed 
0,024 abs for oriental beech test sample dyed with vinegar 
mixture and applied by ultrasonic method. The maximum 
leaching data was observed 0,062 abs for oriental beech test 
sample dyed with ferrous sulfate mixture by ultrasonic method. 

Walnut samples dyed with control (without mordant), 
aluminum sulfate, ferrous sulfate have shown more leaching by 
classical method. Walnut samples dyed with vinegar and 
copper sulfate has shown more leaching applied by ultrasonic 
method. The minimum leaching data was observed 0,019 abs 
for walnut test sample dyed with vinegar mixture by classical 
method. The maximum leaching data was observed 0,112 abs 
for walnut test sample dyed with aluminum sulfate mixture by 
classical method. 

Oak samples dyed with control (without mordant) have shown 
similar leaching performance in both classical and ultrasonic 
method. Oak samples dyed with aluminum sulfate, vinegar have 
shown more leaching by classical method. Oak samples dyed 
with ferrous sulfate, copper sulfate have shown more leaching 
performance applied by ultrasonic method. The minimum 
leaching data was observed 0,018 abs for oak test sample dyed 
with vinegar mixture by ultrasonic method. The maximum 
leaching data was observed 0,080 abs for oak test sample dyed 
with control (without mordant) mixture applied by ultrasonic 
method. 
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Table 7. Leaching data of velocity of agitation at 30 rpm 

W
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Control 
Ferrous 
Sulfate 

Alum 
Copper 
sulfate 

Vinegar 

U C U C U C U C U C 

S
co

ts
 P

in
e

 
  

5 0,014 0,019 0,025 0,024 0,019 0,016 0,009 0,004 0,005 0,006 

15 0,024 0,030 0,032 0,035 0,022 0,019 0,010 0,009 0,009 0,008 

30 0,029 0,035 0,040 0,039 0,025 0,022 0,012 0,011 0,011 0,010 

60 0,032 0,041 0,052 0,057 0,030 0,029 0,014 0,014 0,013 0,012 

75 0,036 0,048 0,061 0,060 0,033 0,033 0,016 0,016 0,016 0,014 

90 0,038 0,051 0,070 0,071 0,039 0,035 0,017 0,019 0,018 0,015 

120 0,054 0,057 0,084 0,082 0,041 0,040 0,019 0,022 0,020 0,018 

B
e

e
ch

 

5 0,015 0,010 0,022 0,027 0,013 0,027 0,009 0,009 0,005 0,006 

15 0,017 0,013 0,025 0,033 0,025 0,029 0,014 0,011 0,008 0,009 

30 0,019 0,018 0,044 0,037 0,028 0,031 0,016 0,015 0,009 0,011 

60 0,024 0,020 0,049 0,042 0,029 0,035 0,019 0,018 0,010 0,013 

75 0,028 0,025 0,053 0,045 0,033 0,039 0,022 0,021 0,013 0,016 

90 0,031 0,033 0,059 0,052 0,037 0,044 0,029 0,027 0,018 0,020 

120 0,036 0,037 0,062 0,059 0,042 0,049 0,033 0,035 0,024 0,029 

W
a

ln
u

t 

5 0,027 0,031 0,029 0,027 0,032 0,029 0,010 0,005 0,006 0,008 

15 0,028 0,039 0,031 0,035 0,029 0,034 0,013 0,008 0,009 0,009 

30 0,035 0,045 0,038 0,039 0,039 0,051 0,015 0,011 0,011 0,011 

60 0,050 0,062 0,047 0,055 0,052 0,070 0,016 0,014 0,016 0,012 

75 0,054 0,073 0,053 0,066 0,059 0,082 0,019 0,016 0,019 0,014 

90 0,065 0,078 0,060 0,069 0,061 0,093 0,021 0,019 0,022 0,016 

120 0,073 0,089 0,064 0,072 0,069 0,112 0,026 0,021 0,026 0,019 

O
a

k
 

5 0,031 0,032 0,021 0,014 0,015 0,028 0,009 0,009 0,005 0,008 

15 0,038 0,040 0,025 0,017 0,019 0,034 0,010 0,011 0,007 0,009 

30 0,046 0,050 0,033 0,021 0,022 0,039 0,013 0,013 0,009 0,011 

60 0,051 0,062 0,047 0,025 0,025 0,042 0,015 0,016 0,010 0,017 

75 0,052 0,070 0,049 0,029 0,032 0,045 0,021 0,019 0,013 0,019 

90 0,059 0,080 0,052 0,033 0,035 0,047 0,023 0,021 0,015 0,022 

120 0,080 0,080 0,073 0,037 0,039 0,052 0,027 0,024 0,018 0,025 

U: Ultrasonic method, C: Classic method 

4 Conclusion 

The effect of such parameters as the medium pH (3, 7 and 9), 
temperature (22 °C and 40 °C), and velocity of agitation (10 and 
30 rpm) was investigated. As a result of experiments, red 
beetroot extracts performed good desorption, vinegar and 
copper sulfate were reduced the best desorption on surfaces. It 
was concluded that red beetroot can be used for wood surface 
stain and they can be alternative to chemical dyes. 
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Abstract   

In this study the combustion properties of the fire retardant treated laminated veneer lumber produced combination of pine (Pinus sylvestris L.) and 
poplar (Populus tremula L.) veneers was investigated. The veneers were treated with borax (BX), boric acid (BA), borax+boric acid (BX+BA), and di-
ammonium phosphate (DAP) using vacuum – pressure method.  Experimental LVLs were made from these veneer sheets using urea formaldehyde (UF), 
melamine-urea-formaldehyde (MUF) and phenol formaldehyde (PF). For this purpose, pine was used as the surface layer and poplar was used for the core 
layer in LVLs. The combustion test was performed according to the procedure defined in the ASTM–E 69 standards. Results showed that the lowest mass 
reduction (81.23%), the lowest reduction of O2 concentration value (19.97 %) and the lowest temperature variation (184.33 °C) were observed in the LVL 
samples impregnated with DAP and bonded with MUF adhesive. The lowest increase in CO concentration was observed in UF adhesive LVL treated with 
DAP (334 ppm). Consequently, it is possible to advise the use of LVL produced from a combination of pine and poplar veneers with MUF adhesive with DAP 
as a fire retardant building material where required. 
Keywords: Fire retardants, Laminated veneer lumber, Pine, Poplar. 
   

SARIÇAM (PINUS SYLVESTRIS L.) VE KAVAK (POPULUS TREMULA L.) 
ODUNLARININ BİLEŞİMİNDEN ÜRETİLMİŞ YANGIN GECİKTİRİCİLİ LAMİNE 

KAPLAMA KERESTENİN (LVL) YANMA ÖZELLİKLERİ 
Özet   

Bu çalışmada çam (Pinus Sylvestris L.) ve kavak (Populus tremula L.) odunlarının bileşiminden üretilmiş yangın geciktiricili lamine kaplama kerestenin 
yanma özellikleri araştırılmıştır. Kaplamalar vakum-basınç yöntemi kullanılarak boraks (BX), borik asit (BA), boraks+borik asit (BX+BA) ve di-amonyum 
fosfat (DAP) ile muamele edilmiştir. LVL üretiminde üre formaldehit (UF), melamin-üre-formaldehit (MUF) ve fenol formaldehit (PF) tutkalları 
kullanılmıştır. Bu amaçla, çam LVL’lerin yüzey katmanı olarak kullanılırken, kavak iç katman olarak kullanılmıştır. Yanma testleri ASTM–E 69 
standardında belirtilen esaslara göre gerçekleştirilmiştir. Sonuç olarak, en az kütle kaybı (%81.23), en az O2 konsantrasyonu kaybı (%19.97) ve en az 
sıcaklık değeri (184.33 °C) DAP ile emprenye edilmiş ve MUF tutkalı ile yapıştırılmış LVL örneklerinde tespit edilmiştir. En az CO konsantrasyon artışı UF 
tutkalı ve DAP (334 ppm) kullanılarak üretilmiş LVL örneklerinde tespit edilmiştir. Elde edilen sonuçlara göre çam ve kavak odunları bileşiminden MUF 
tutkalı ve DAP kullanılarak üretilmiş LVL kullanımı, yangın geciktirici inşaat malzemesine ihtiyaç duyulan alanlarda tavsiye edilebilir. 
Anahtar Kelimeler: Yangın geciktirici, Lamine kaplama kereste, Çam, Kavak. 
   

 

1 Introduction 

Laminated veneer lumber (LVL) is a well-known engineered 
wood product that has been commercially producing since 
1980’s in many areas including in North America, Europa and 
the Far East. LVL is made in large billets from veneer sheets that 
are bonded together with an adhesive system. One of the most 
significant technical advantages of LVL is that specific 
performance characteristics can be incorporated into its 
design. By strategically placing selected veneer sheets within 
the composite, it is possible to manufacture a wood-based 
product that has well-controlled physical and mechanical 
properties [1]. 
Recently, there is an attempt to find balance utilization between 
high and low-density wood species produced by forests. Low- 
density wood species such as poplar have not been used a 
structural material. But, any wood species can be used as long 

as its physical and mechanical properties are acceptable for the 
LVLs manufacturing, which enlarges their use for structural 
and non-structural applications. This could be done with the 
incorporation of low-density wood species as core layer and 
high-density wood species as surface layers, where a superior 
end product can be produced [2].  
LVL has gained rapid acceptance as a structural panel and 
virtually used in both residential and non-residential building 
construction [3]. With greater use of LVL in building 
construction there is a greater need for the development of 
effective fire-retardant treatments for this product.  
Fire retardant treated (FRT) wood products such as solid wood, 
plywood, and LVL provide a viable alternative to traditional 
noncombustible materials where a higher level of fire safety is 
desirable [4]. Considerable research has been carried out to 
evaluate fire performance of wood and wood-based products 
treated with fire retardants. Fire-retardant formulations for 
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wood products are generally prepared using compounds such 
as organo-phosphorus and aluminum and magnesium 
hydrates. The fire-retardant chemicals most used for wood 
products are the inorganic salts, such as di-ammonium 
phosphate (DAP), mono-ammonium phosphate (MAP), zinc 
chloride, and ammonium sulfate (AS); and boron compounds, 
such as borax (BX) and boric acid (BA) [4], [5]. Boron 
compounds are considered to be effective flame retardants that 
exert less impact on mechanical properties compared with 
some other flame retardant chemicals [3], [6]. Boron 
compounds are also wood preservatives acting as both effective 
insecticide and fungicide with low toxicity [7]. 
It is well known that there are possibilities to improve 
significantly the fire performance of wood by chemical 
treatment and to widen its application options. In general, the 
amount of flame retardant uptake to wood is directly 
proportional to the improvement of reaction to fire 
characteristics [8]. Important reaction to fire parameters in the 
full-scale fire is heat release rate and time of flashover [9]. 
Keskin et al. [10] showed that impregnation with boron 
compounds and ımersol-aqua of the laminated wood materials, 
produced the combination of beech and poplar veneers, bonded 
with Desmodur-VTKA, provides security for the usage of having 
a high risk of fire. 
Keskin [11] investigated the effect of impregnation chemicals 
on the combustion properties of LVL, produced the 
combination of European oak and Lombardy poplar veneers, 
and bonded with Desmodur- VTKA and declared that 
impregnated with borax and Imersol-Aqua could be 
recommended as a flame retardant construction material 
where required. 
Uysal [12] declared that di-ammonium phosphate was the most 
effective fire-retardant chemical in laminated veneer lumber 
(LVL), with phenol formaldehyde (PF) and poly(vinylacetate) 
(PVAc) adhesives. Because it diminishes combustion the most, 
LVL made of Scotch pine with PF or PVAc adhesives by using 
pressure vacuum method and impregnated with di-ammonium 
phosphate can be recommended as a fire-resistant construction 
material where required.  
Kurt and Uysal [13] have studied the effect of impregnation 
materials on combustion properties of 3 plies laminated veneer 
lumbers produced from walnut using phenol-formaldehyde 
(PF), poly(vinyl acetate). Zinc chloride was found to be the most 
successful fire-retardant chemical in LVL at PF. 
Özçifçi and Okçu [14] have studied the effects of zinc chloride 
and borax on combustion properties of laminated veneer 
lumbers produced from white oak and chestnut woods and 
borax was found to be an effective fire retardant chemical in 
LVL. 
Kurt and Uysal [15] have been investigated that the effects of 
the impregnation materials- di-ammonium phosphate, 
aluminum sulphate, potassium carbonate, calcium chloride, 
and zinc chloride- on combustion properties of 3-ply LVL 
produced from oak (Quercus robur L.) bounded by PF, or 
poly(vinyl acetate) (PVAc). According to the test results, zinc 
chloride was found to be the most successful fire retardant 
chemical in LVL with PF adhesive. Since zinc chloride 
diminishes combustion, it is possible to recommend the use of 
LVL produced from oak [13]. 
Terzi et al. [16] have studied fire performance of solid and 
plywood treated with quaternary ammonia compounds and 
common fire retardants. The results showed that MAP, DAP, 
and AS showed better fire performance as fire retardants, 
however, didecyl ammonium tetrafluoroborate and didecyl 
dimethyl ammonium chloride chemicals showed fire properties 

similar or slightly poorer than untreated wood based on both 
ASTM E -69 and ASTM 1354 standard tests. 
The selection of the most suitable adhesive for manufacturing 
LVL depends on the end use, exposure conditions, 
manufacturing conditions, treatment and design requirements. 
Usually, phenolic adhesives such as phenol formaldehyde (PF) 
are used for LVLs that are being considered for structural 
applications in exterior conditions. However, urea 
formaldehyde (UF) adhesives are used for semi-structural and 
non-structural applications in interior conditions. The MUF 
adhesive is the main candidate to meet water and moisture 
resistance requirements in interior conditions. The 
incorporation of melamine (MUF) may be used to increase the 
resistance of UF adhesives against humidity, water, and 
weather due to three main reasons: quasiaromatic ring 
structure of the melamine leads to stabilization of the C-N 
bonding between the amide group of the melamine and the 
methylol group; and buffer capacity of melamine causes slower 
decrease of the pH in the bond line [17]. 
In the present study is a continuation of the subsequent studies 
about the impacts of impregnation with boron compounds BX, 
BA, BX+BA and DAP on combustion characteristics of the LVLs 
produced the combination of some wood species. The authors 
previously evaluated the combustion properties of fire 
retardant treated LVLs produced from the combination of oak 
and poplar veneers [18]. In this study, fire retardant treated 
LVLs which produced from the combination of pine and poplar 
were investigated and experimental findings were discussed.  

2 Materials and Methods 

2.1 Materials 

Wood Materials 

Scotch pine (Pinus sylvestris L.) and poplar (Populus tremula L.) 
wood species were selected as test materials because of their 
wide usage in industry. The sample trees used for the present 
study were harvested in the Karabük Forest Enterprises, north 
western part of Turkey. The veneers (520 mm long by 55 mm 
wide by 3 mm thickness), were cut radially from the sapwood 
region of the planks. The veneers were almost defect-free. The 
sheets were kept in a conditioning chamber with temperature 
20±2 °C and relative humidity (RH) of 65±3% until they were 
equilibrated at 12% MC.  

Adhesives 

The UF, MUF and PF adhesives were used. The adhesives were 
supplied by GENTAS, producer firm in Turkey, and their 
characteristics were given in Table 1. 
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Table 2. Characteristics of adhesives used. 

Adhesives Density 
(20 °C) 
(g/cm3) 

pH 
(20 °C) 

Viscosity 
(20 °C) 
(cPs ) 

Solid (2 h, 120 °C) 
(%) 

UF 
MUF 

PF 

1.290 
1.282 
1.120 

8.5 
8.2 
8.4 

400-600 
600 
600 

65 
65 
48 

Chemicals 

Three different fire-retardant chemicals were used in 
treatments of the veneer: borax (BX) (Na2B4O7.5H2O); boric 
acid (BA) (H3BO3); a mixture of BX+BA (1:1 by weight); and di-
ammonium phosphate [(NH4)2HPO4]. In this study 
impregnation chemicals at 5% concentration were used. 
Characteristics of the solutions used in the impregnation 
process were given in Table 2. 

Table 2. Characteristics of treatment chemicals. 

Treatment 
Chemicals 

Temp. 
(°C) 

Solvent pH Density (g/ml) 

B.I. A.I. B.I. A.I. 

Borax 20 Pure water 9.19 9.21 1.04 1.043 

Boric acid 20 Pure water 5.20 5.20 1.03 1.035 

BX+BA 20 Pure water 7.72 7.74 1.30 1.033 

DAP 20 Pure water 7.01 7.02 1.07 1.096 

B.I.: Before Impregnation; A.I.: After Impregnation 

2.2 Methods 

Impregnation process 

Prior to LVL manufacture, the veneers were impregnated with 
the fire retardant chemicals using a vacuum-pressure method. 
For that reason, a vacuum chamber, 31 cm diameter and 55 cm 
depth, was used. Before the impregnation process, the average 
moisture content of the samples was about 12%. The samples 
were weighed before impregnation and placed in a vacuum 
chamber. After the vacuum period (710 mm-Hg, 30 min), the 
vacuum chamber was filled with the impregnating solution 
containing BA, BX, BX+BA, or DAP until the samples were 
covered. The pressure was increased to 3 bar and maintained 
for 1 h. After the internal pressure was decreased to 
atmospheric pressure, the impregnation solution was unloaded 
and the final vacuum, 710 mm-Hg was applied for 10 min. Then, 
the samples were removed and re-weighed. The net uptake of 
impregnation chemicals was calculated from the difference 
between the last weight and initial weight. The amount of 
retention (R, kg/m3) was calculated as follows: 

10
V

GxC
R       (1) 

Where: G= M2-M1, M2 is sample mass after impregnation [g], M1 
is sample mass before impregnation [g], V is volume of sample 
[cm3], and C is concentration of solution [%].  
The proportion of impregnation chemicals were given in Table 
3. 

Table 3. Retention amounts of veneers (kg/m3). 

 
Wood 

species 

 Treatment chemicals 

 Borax 
Boric 
acid 

Bx+Ba DAP 

Pine  9.68 10.62 12.00 12.31 
Poplar  22.84 20.04 31.51 28.07 

LVL manufacture 

Following the impregnation, the treated veneer sheets were 
stored in a climate-controlled room at temperature 20 °C and 

45% relative humidity (RH) until they reached about 7% 
moisture content.  
3-ply, 9-mm-thick, experimental LVL panels were produced 
from pine and poplar veneers, which were used in the middle 
layer of the lamination forms. The adhesives were spread at the 
rate of about 180–200 g/m2 on a single bonding surface of the 
veneers as recommended by the manufacturer. Glues were 
spread uniformly on the veneers by manually hand brushing. 
After the gluing process, three veneers were pressed, with the 
grain directions of all veneers being the same. By considering 
the general curing temperatures recommended by their 
manufacturers, the press pressure, temperature, and duration 
were applied as 70 bar, 140 °C, and 12 min for UF and 70 bar, 
130 °C, and 6 min for MUF, and 70 bar, 130 °C, and 10 min for 
PF, respectively. Finally, the resulting LVL panels were allowed 
to cool for 48 hours in the climate room having 20 ± 2 °C and 65 
± 3% RH before they cut into test samples. The combustion test 
samples were cut to the dimensions of 9x19x1016 mm3 
according to the procedure of ASTM E -69 [19]. Thus, five 
samples for each test group were prepared for further testing. 

Determination of density 

The air-dry densities of LVL samples were determined 
according to TS EN 323 [20]. For gathering the air-dry density, 
the test samples were kept under the conditions of 20±2 °C and 
65±5% relative humidity until they reached to a constant 
weight. The weights were measured with an analytical balance 
of ±0.01g sensitivity. Afterward, the dimensions were 
measured with a digital compass of ±0.01 mm sensitivity. The 
air-dried densities (12) of the samples were calculated as 
follow: 

12

12

12
V

W


     (2) 

Where: W12 is the air-dry weight (g) and V12 is the volume (cm3) 
under air-dry conditions. 

Combustion testing procedure 

The combustion test was carried out according to the principles 
of the ASTM E –69 [19]; but some changes were made in the 
stand of the combustion. For this purpose, a digital balance with 
0.01 g sensitivity was used for determination of the mass 
reduction of materials when they are burnt. Butane gas was 
used to make an ignition flame. According to the gas flow 
standard where the height of the flame is 25 cm, the 
temperature must be 1000 °C. The distance between the 
bottom of the test samples, which were inside of the fire tube 
and the top of the gas pipe, must be adjusted to be 2.54 cm. 
During the test, mass reduction, temperature and released gas 
(CO, O2) were determined in every 30 seconds. The test was 
made under a chimney where the flow of air blown was drawn 
with natural draft. At the beginning of the combustion test 
flame source was maintained for 4 minutes, and then the flame 
source was taken away and it was continued for 6 minutes. The 
test lasted a total of 10 minutes.   
Testo 300M and XL flue gas analyzer were used for measuring 
the concentration of the released gasses (CO, O2), and 
temperature variation. The probe was inserted into the first 
hole from the top of the fire tube. Technical data of Testo 300M 
and XL flue gas analyzer were as follows. 
Temperature measurement 
Measuring range  −40 to +1200 °C 
Accuracy   ±0.5 °C (0 to +99.9 °C) 
   ±0.5% of m.v. (from +100 °C) 
Resolution   0.1/1°C (from +1000 °C) 
Sensor    Thermocouple, Type K (NiCr-Ni) 
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CO measurement 
Measuring range  0–8000 ppm 
Accuracy    ±20 ppm (to 400 ppm) 
   ±5% of m.v. (to 2000 ppm) 
   ±10% of m.v. ( to 8000 ppm) 
Measuring procedure  Electrochemical measuring cell 
Response time, t 90  <30s 
O2 measurement 
Measuring range  0–21 vol% 
Accuracy   ±0.2 vol% absolute 
Resolution   0.1 vol% 
Measuring procedure  Electrochemical measuring cell 
Response time, t 90  <20s 
After conducting the combustion test, the mass reduction value 
of each sample has been given as the final value after the 
completion of the experiment which lasted 10 minutes. 
Temperature, O2 and CO values of each sample have been 
measured in every 30 seconds and the average value of each 
sample has been determined based upon the results of these 20 
measurements. 

3 Results and Discussion 

3.1 Air Dry Density 

Table 4 shows the average air-dry densities of LVL samples 
manufactured from the untreated and treated veneers. It can be 
said that the treatment chemicals increased the density of LVLs. 

Table 4. Air -dry densities of LVL samples (g/cm3). 

Treatment 
chemical 

Density 
(with UF) 

Density 
(with MUF) 

Density 
(with PF) 

Untreated 0.557 0.584 0.565 

Borax 0.638 0.613 0.585 

Boric acid 0.644 0.619 0.620 

BA+BX 0.645 0.631 0.642 

DAP 0.643 0.619 0.642 

3.2 Combustion Properties 

Based on the findings of the average combustion values of LVLs 
concerning the treatment chemicals shown in Table 5, the 
treatment chemicals improved the combustion properties of 
LVLs compared to untreated control samples.  
Similar results were obtained by Keskin et al. [10] and Özkaya 
et al. [21]. Keskin et al. [10] stated that impregnation with 
boron compounds showed a decreasing impact on combustion 
properties of the laminated wood materials, produced the 
combination of beech and poplar veneers, bonded with DV. 
Özkaya et al. [21]; noted that borax are the most suitable 
substances for improving the burning characteristics of the OSB 
due to the fact that they have the longest ignition time and that 
they have the shortest periods of burning with flames and as 
embers after the flame is turned off [10], [21]. 
The multi variance analysis applied on the data obtained from 
the combustion test was given in Table 6. Statistical analysis 
showed that the effects of adhesive type on mass reduction and 
temperature were significant while the released gas (O2 and 
CO) was not significant.  The effect of treatment chemical type 
on combustion properties was significant. Duncan’s multiple 
comparison tests were used to determine the differences 
between the treatment groups and test results were shown in 
Table 7 as letters.

Table 5. Average combustion values of treatment groups. 

Adhesive 
Treatment 
Chemical 

Mass Reduction 
(%) 

Temperature 
(°C) 

CO 
(ppm) 

O2 
(%) 

UF 

Untreated 95.267 295.00 2096.67 15.800 

BX 92.000 211.33 379.67 19.800 

BA 91.867 277.33 3126.67 15.900 

BX+BA 90.167 249.00 1182.33 17.267 

DAP 90.133 218.00 334.00 18.700 

MUF 

Untreated 93.867 270.67 2943.67 15.867 

BX 90.600 241.00 2559.67 16.333 

BA 84.800 248.67 1568.33 16.800 

BX+BA 83.167 228.33 2341.00 17.200 

DAP 81.233 184.33 1126.00 19.967 

PF 

Untreated 92.933 236.33 1097.33 16.233 

BX 85.633 236.67 2095.00 17.800 

BA 90.200 284.67 1379.00 16.267 

BX+BA 88.000 250.00 1239.00 16.867 

DAP 90.467 210.00 497.67 17.800 
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Table 6. Multiple variance analysis for the effect of adhesive type and treatment chemical type on the combustion properties of LVLs. 

Source 
Dependent 

Variable 
Sum of 

Squares 
df Mean Square F Sig. 

Adhesive 

Mass reduction 398.726 2 199.363 16.675 0.000 

Temperature 1.210E7 2 6049728.533 8.316 0.001 

CO 3.752 2 1.876 1.655 0.198 

O2 3.752 2 1.876 1.655 0.198 

Chemical 

Mass reduction 563.320 4 140.830 11.779 0.000 

Temperature 54419.289 4 13604.822 14.053 0.000 

CO 2.309E7 4 5773693.289 7.936 0.000 

O2 99.505 4 24.876 21.946 0.000 

Adhesive * Chemical 

Mass reduction 399.163 8 49.895 4.173 0.000 

Temperature 19710.844 8 2463.856 2.545 0.016 

CO 3.223E7 8 4028385.922 5.537 0.000 

O2 50.466 8 6.308 5.565 0.000 

Table 7. Duncan test results of LVLs (p≤ 0.05)* 

GRUP 
Mass reduction  Temperature  O2  CO 

Mean H.G.  Mean H.G.  Mean H.G.  Mean H.G. 

MUF-DAP 81.233 a  184.33 a  19.967 e  1126.00 abc 

MUF-BX+BA 83.167 ab  228.33 b  17.200 abc  2341.00 def 

MUF-BA 84.800 abc  248.67 bcd  16.800 abc  1568.33 bcde 

PF-BX 85.633 bc  236.67 bc  17.800 cd  2095.00 cdef 

PF-BX+BA 88.000 cd  250.00 bcd  16.867 abc  1239.00 abcd 

UF-DAP 90.133 de  218.00 ab  18.700 de  334.00 a 

UF-BX+BA 90.167 de  249.00 bcd  17.267 bc  1182.33 abc 

PF-BA 90.200 de  254.67 cd  16.267 ab  1379.00 abcd 

PF-DAP 90.467 de  210.00 ab  17.800 cd  497.67 ab 

MUF-BX 90.600 de  241.00 bc  16.333 ab  2559.67 ef 

UF-BA 91.867 def  277.33 cde  15.900 ab  3126.67 f 

UF-BX 92.000 def  211.33 ab  19.800 e  379.67 a 

PF-Untreated 92.933 ef  236.33 bc  16.233 ab  1097.33 abc 

MUF-Untreated 93.867 ef  270.67 cde  15.867 ab  2943.67 f 

UF-Untreated 95.267 f  295.00 e  15.800 a  2096.67 cdef 

*Groups with same letters in column indicate that there was no statistical difference between the samples according to the 
Duncan’s multiply range test. 

The results showed MUF resin has better fire resistance than 
UF. This is related to melamine content in the UF resin. When 
melamine is exposed to heat and flames it decomposes, 
absorbing heat and creating a cooling effect. The time to 
ignition is delayed significantly as nitrogen, liberated by 
melamine during its decomposition, dilutes the oxygen which, 
in turn, inhibits the spread of flames and the generation of 
smoke. As melamine also acts as a blowing agent a stable, 
insulating charred foam layer is formed. One of the effective fire 
retardant chemicals in wood products is melamine phosphate 
[22].  
Statistical analysis showed some noticeable differences (p≤ 
0.05) between mass reduction mean-values of the LVLs. LVL 
samples with BX, BA, BX+BA and DAP-treated veneers showed 
statistically differences in mass reduction when compared to 
untreated control samples. The mass reduction values of all 
treated samples were significantly decreased as compared to 
untreated ones (Table 7). MUF adhesive LVLs treated with DAP 
had the lowest mass reduction values of 81.2%,  while the 
greatest mass reduction values of 95.3 % were found for UF 
adhesive LVLs untreated samples. 

A similar test result was reported in early study [18] as 
approximately 30% decrease for MUF adhesive LVL samples 
with DAP. Inorganic materials act as heat the sink, lowering the 
efficiency of combustion.  Also, inorganic materials favor the 
formation of char. Di-ammonium phosphate ranked first in 
reducing the flame spread, followed by mono-ammonium 
phosphate, ammonium chloride, ammonium sulphate, borax, 
and zinc chloride [23]. 
The lowest temperature variation was observed in the 
experiment with MUF adhesive LVL treated with DAP (184.33 
°C), and the highest in UF adhesive LVL untreated samples (295 
°C). It was reported in the literature that the temperature must 
be increased up to 275 °C for the wood burning itself. So, it is 
necessary for the wood material to be impregnated with 
chemical materials in order to increase the resistance of wood 
against fire [5]. 
Based on the results presented in the combustion test, the 
highest average reduction in O2- concentration (15.8%) was 
measured in UF adhesive LVL untreated samples, and the 
lowest reduction of O2-concentration in the combustion of 
LVLs with MUF adhesive LVL treated with DAP (19.97%). These 
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results were in agreement with a study performed by Kurt and 
Uysal [13] on fire-retardant treatments for LVL bonded with 
PVAc and PF adhesives. They found the lowest change of O2- 
concentration in the combustion of PF adhesive LVL 
impregnated with DAP. The proportion of oxygen is 21% in air 
normally. So the treated samples have reacted very slowly with 
oxygen and burned poorly [13].  
The highest increase in CO concentration was observed in the 
experiment of LVL samples with UF adhesive and impregnation 
with BA (3126.67 ppm) and the lowest increase in CO 
concentration was observed in UF adhesive LVL treated with 
DAP (334 ppm). The reason with relating to variations in the CO 
concentration is the difference in melting behavior of the 
chemicals used in the present study. The melting point of DAP 
is lower than borax. The difference in melting behavior results 
in that amount of combustible gases which release from the 
surface of the panels treated with DAP differ compared to those 
of the LVLs treated with borax and boric acid. DAP also provides 
an earlier charring reaction than borax and boric acid. Previous 
studies carried out by Sahin Kol et al. [18], Myers and Holmes 
[24], Ayrilmis [3] and Ayrilmis [25] found out similar results.  
In this study, DAP showed the best fire resistance as compared 
to the other chemicals. The reason is due to the fact that the FRT 
chemicals have different chemical composition and mechanism. 
Phosphate is the most effective in both reducing a number of 
volatile products and also reducing the temperature where 
these products are formed. Ammonium phosphate almost 
eliminates the glowing exotherm [26]. 

4 Conclusions 

In this study, the effects of fire retardant chemical and adhesive 
type on the combustion properties of LVL panels made from 
pine and poplar veneers were determined. As a result; the 
treatment chemicals showed a decreasing impact on 
combustion properties of laminated wood materials. 
Considering the adhesive type and impregnation materials, LVL 
samples bonded with MUF adhesive and impregnated with DAP 
have the best results on combustion tests. As a result, LVL 
produced from a combination of pine and poplar by using MUF 
adhesive and impregnated DAP can be recommended to be 
used as a fire resistant building material, where required. 
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Abstract   

The world and in Turkey, the production of paper and cardboard in areas parallel to the increase of diversity shows a continuous increase. It was stated 
25 years ago that the paper consumption would reduce due to the development of computers. Correspondences would be exchanged through computers 
and this would reduce the consumption of papers. However, this did not happen. This increase depends on the increase of areas of use. Today, the main 
raw material wood is used in the furniture industry. In addition to metal and plastic materials with paper and cardboard is used. We can examine two 
classroom use of paper and cardboard. First of all, help in the creation of furniture or supporting materials are paper and cardboard used as. The other 
one is used for shipping cartons are. Papers, which are created with the combination of kraft or test liner papers by using special techniques, have been 
used in furniture, door and automotive industries in recent years as a new raw material. Impregnated decor paper, kraft paper and overlay paper have 
been used quite a lot in the production of laminate sheet. In addition, the use of impregnated paper and cardboard is also very much. In this study, both 
places in which they are used, the paper of the group properties and significance are discussed. 
 
Keywords: Paper and paperboards, impregnated decor paper, overlay paper 
   

MOBİLYA ENDÜSTRİSİNDE KULLANILAN KÂĞIT VE KARTONLAR  
Özet   

Dünyada ve Türkiye’de Kâğıt ve karton üretimi, kullanım alanlarında çeşitliliğin artışına parallel olarak sürekli bir artış göstermektedir. Yaklaşık 25 yıl 
once elektronik yazışmaların artmasının kâğıt kullanımını azaltacağı ifade edilmesine rağmen tam tersi olmuş artmıştır. Bu artış kullanım alanlarının 
artmasına bağlıdır. Bugün mobilya sektöründe de ana hammadde ahşabın yanısıra metal ve plastic malzemeye ek olarak kâğıt ve karton da 
kullanılmaktadır. Kâğıt ve karton kullanımını iki sınıfta inceleyebiliriz. Birincisi mobilya oluşturulmasında yardımcı veya destekleyici malzeme olarak 
kullanılan kâğıt ve kartonlar, diğeri ise nakliyede kullanılan kartonlardır. Emprenyeli dekorkâğıtları, kraft kâğıtlar ve overlaykâğıtlar laminat levhaların 
üretiminde oldukça fazla kullanılmaktadır. Ayrıca emprenye edilmemiş kâğıt ve kartonların kullanımı da oldukça fazladır. Bu çalışmada her iki guruptaki 
kâğıtların kullanıldıkları yerler, özellikleri ve önemi ele alınmıştır. Bu çalışma, oluklu mukavva kutu direnç özelliklerinin ambalaj tasarımına bağlı olarak 
nasıldeğiştiğinigöstermektedir. 
 
Anahtar Kelimeler:Kâğıt ve Kartonlar, emprenyeli dekor kağıtları, overlay kağıtlar 
   

 

1 Introduction 

In the rapidly changing furniture industry of our country, 
furnitures go through many phases before they become the 
final product. Meanwhile, paper and cardboard, which have 
been used in every sphere of our daily lives for a while, have 
also started to be frequently used in furniture production. 
Different materials like wood and wood products, composite 
materials and plastic are used in furniture production. While 
beds, sitting sets, kitchen and office furnitures are made of 
wood and wood materials, most of the garden furnitures are 
made of plastic materials. 
Paper based products used in furniture production can be 
categorized into three sections; 
1. Papers or cardboards used as ancillary or supportive 
materials in furniture construction 
2. Papers or cardboards used in shipping 
3. Promotion papers (labels) 
Papers and cardboards used as supportive material in furniture 
production can be categorized as; 
1. Overlay paper 
2. Decor paper 

3. Kraft paper 
4. Cardboard 
5. Honeycomb cardboards 
Papers used in shipping are; 
1. Corrugated board 
2. Paper honeycomb pallets 
3. Anti-slip papers 
4. Wrapping paper 
5. Gusset 
6. Separators made of corrugated board 
Papers used as labels are sub classified as; 
Bleached or unbleached kraft papers 

2 General Situation of Furniture Industry 

In rapidly developing furniture production, the use of paper-
covered panel surfaces (laminated boards) has increased. In 
addition to large companies like Kastamonu Entegre, Yıldız 
Entegre and Çamsan, small scale companies are also in a good 
state.  Additionally, Schott Dekor is supporting these companies 
in terms of decor paper for laminant papers. While decor paper 
is supplied from our country, other papers like overlay paper 
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are imported. Other papers used in packaging are mostly 
supplied from domestic market. 
When we look at the world rankings about furniture 
production, we can see that Turkey does not take place in the 
lists. However, according to CSIL (Centre For Industrial 
Studies), Turkey is in a good position in terms of office 
furnitures and bed parts. Some large groups in Turkey are very 
active in Europe due to their own retailer chains. 
Furnitures can be categorized as follows; 

- Kitchen furnitures, 
- Fabric covered furnitures 
- Office furnitures 
- Beds  
- Other furnitures (mostly bedroom, diningroom and 

living room furnitures, armchair, outdoor furnitures 
and bathroom furniture) 

For the spherical distribution of these furnitures, see the figure 
1. 

 
Figure1: Spherical distribution of furniture [1]. 

Usage areas of paper based products used in all these furniture 
types; 

- Laminate floors  
- Store (shop) filler 
- Kitchen and bathroom filler 
- Countertop 
- House and Office furnitures 
- Door and wall panels 
- Building facing and apartment blocks in 

industrial areas 
- Balcony, columns and baseboards 
- Urban furniture and playground 

equipments 

3 Papers and Cardboards Used as Ancillary or 
Supportive Material in Furniture Construction 

Paper based products used in furniture production can be seen 
in laminate boards. Thanks to these coatings applied on the 
surface of particle board or fibreboard, strong boards with 
decorative surface can be obtained. Layers forming a laminate 
board can be seen in Figure 2. 

 

Figure 2: A Laminet Boards and Layers [2]. 

Usage areas and rate of papers with decorative surface can be 
seen in Table 1. 

Table 1: High Density Laminate Papers [3]. 

Decor 
Paper 

Characteristics 

A good dimensional 
stability and opacity. 
Suitability for heavy lift 
and impregnation. 
Smooth surface for a 
decent printability. 
Weight: 70 -150 g/m2  

Usage 
Furniture surfaces, 
laminates, vehicles, iner 
filling of buildings 

Overlay 
Paper 

Characteristics 

Very strong. Long fiber 
content. Low stock 
content in production; 
0.01% - 0.08%. Multi-
layered structure with 
corundum  content. 
Weight: 20-50 g/m2 

Usage 
In delible surfaces etch. 
Laminated floors. 

Base 
Paper 

Characteristics 

 

Lightness and 
opaqueness. Weight: 
100-150 g/m2.  

Usage As a supportive paper. 

Absorbing 
Kraft 

Characteristics 
Porous structure and 
absorptance. Weight: 
80-120 g/m2 . 

Usage Under the decore paper. 

3.1 Overlay Paper 

These protective-layer papers are made of alpha cellulose. 
Although they weight 20-50 g/ m2, their resin-impregnated 
weight is between 40-200g/m2. They are commercially used in 
glass display cabinets and shelf cabinets, storage fixtures, built-
in wardrope systems, ready-assembled home office furnitures, 
profile coating and display cabinets (POP). Resin is 
impregnated by between 20% - 500% of the paper’s weight. 
These papers are classified as not-resin-impregnated, pre-
impregnated and post-impregnated. Overlay Papers are very 
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strong and absorbent to withstand different levels of wear 
abrasion. 
In addition to resin impregnation, overlay papers are also 
special papers to which corundum particles are applied.  
Corundum, whose Formula is Al2O3(Aluminium oxide), contain 
iron, magnesium, silica etc. in small quantities. It is found in 
New York, Greece and Anatolia. It is the second most rigid 
material after diamond and is used in abrasion and polishing 
processes. Corundum particles increase resistance to heat, 
abrasion and scratching. 
Nemli, Aydın and Öztürk concluded that there are 13 types of 
production in decorative covering and covering of wood based 
materials [4]. 
Laminate types changing according to production type were 
also mentioned. However, the most common laminate covering 
method is 2-7 kraft papers impregated with phenol 
formaldehyde to increase resistance to water and moisture and 
pressing one decor paper which is impregnated with melamine 
to increase resistance to abrasion. Overlay is used as the top 
layer in order to strengthen surface resistance. In other words, 
as the rate of melamine resin increases, surface resistance to 
abrasion, heat, aging and chemical substance increase, too. 

 
Figure 3: Image of overlay paper on the laminate board [5]. 

 

According to Bilir; After overlay paper is impregnated with 
melamine, color stability increases with resistance to scratching 
but fragility emerges. Resistance to aging increases when 
polyester resin is used. Cost can be reduced by adding urea 
formaldehyde into melamine and polyester resins. But this is a 
problem in terms of health. 
The features overlay paper provides for board when used on 
decor paper; 

- - It increases resistance to abrasion. 

- - It makes the material long-lasting by protecting it. 

- - It is hygienic as it does not show dirt. 

- - It prevents material from scratching and decor paper from 

deterioration. 

- - It increases resistance to light. 

- - It increases resistance to heat. 

- - It increases resistance to chemical substances. 

- - It reduces surface slip. 

3.2 Decor Paper 

About 100 years ago, in 1907 first product(first patent) 
obtained by the Belgian Chemist, Baekeland.This first 
product(patent) called Bakelite. The original Decor paper was 
a mixture of wood flour or fiber and phenolic resins that could 
be pressed into metallic molds and hardened at the same time 
by heating. 
“A technique that can be compared with modern-day 
laminating existed as early as the Ottaman Empire. The 
Ottomans impregnated paper with vegetable-based or animal 
fats in order to preserve the paper” [6]. 
Decor paper is a special paper which is used in the surface of 
wood materials and is the most significant laminate paper. 
Because it gives laminate its appearance. Decor papers are the 
most commonly used papers due to increasing usage. In terms 
of appearance and usage, decor papers should meet high 
standarts like optimal compressibility, a good formation, 
surface smoothness and dimensional stability. [8]. 
In these papers, decor printing – a special type of photogravure 
printing – is used. Print pase which are highly resistant to light 
are transferred into paper with the help of printing rollers and 
rotation – photogravure method. As a result of this, printed 
decor paper is used in visual surface design in wood material 
industry that processes the product. 
Photos of natural trees are printed to special papers with 
photogravuremethod. Later, it is impregnated with melamine 
resin.  

3.3 Base (balance) paper 

They are produced from papers made of wood fibers of trees 
with high stabilization like eucalyptus. It is impregnated with 
melamine resin. It is resistant to moisture and stabilizes 
parquet plate and protects them from moisture and distortion. 

3.4 Kraft Paper 

It is a strong paper type which is usually derived from 
coniferous softwood trees. Kraft paper are Bleached or non-
bleached strong papers.They are produced with kraft process 
and chemical method. Weight of used kraft paper for laminant 
sheet generally are 70-150 g/m2 and they are resistant to 
moisture. In addition it can be used as wrapping paper during 
the transportion for furniture. Production weight of wrapping 
paper is usually 70 -180 g / m2. 

3.5 Paper Honeycomb Panels 

Honeycomb paper is a new type of sandwich structure material 
made according to the honeycomb found in nature.Other 
names of honeycomb paperboard are "support honeycomb" 
and "support groove". Honeycomb paperboard is a pliable 
mechanical support unit which is made of kraft paper of 
cardboard that is obtained by the recycle of waste papers. 
Honeycomb paperboard is a secret equipment which is used by 
many significant producers. It is used in many areas from 
window frames to door frames and worktops in order to save 
on wood material. This product which can be used with wood 
or other materials can be highly durable in case of a 
deformation due to its folding and flection ability [7]. 
At first, honeycomb paperboards used at the midway of 
American type door. Today they use as bracket or filling 
material at the some furniture. In Last year, designers and 
manufacturers are to attach importance friendly products. 
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Consequently this new material is attracting attention. A lot of 
Furniture Company used technology of honeycomb 
paperboard. For example, IKEA explained that the paper 
furniture used a honeycomb structure, which gave great 
support on both sides of the board.  
Paper honeycomb for furniture; 

 high pressure resistance 

 lightweight 

 high shock absorption 

 good shape adaptation by deformation 

 easy processing and cut-to-size 

 robust, solid looking 

 cheaper transportation costs 

 excellent load bearing capacity 

 100% recyclable material 

 energy saving 
 

 
Figure 4: Usage part of paper honeycomb in the some 

furniture [9]. 

 
In addition some designs That Can be Produced From 
Honeycomb Paperboard. For example, "Raw material-saving 
table" design was developed by Sinan Aşkın.  
 

 
Figure 5: Raw material-saving table [10]. 

 
Figure 6: It is a solid table design with honeycomb filling 

which is suitable for daily use [10]. 

 

4 Papers And Cardboards Used In Shipping 

Packages wraps and keeps the products placed in it, and make 
them ready to be sold. Additionally, it makes it easier to 
transport, store, distribute, promote and market the products 
by holding them together.  
From the factory they are produced to retail sale place, all 
furnitures are transported by being packaged. Packages used 
in shipping are made of wood, plastic or wood materials.  
Wrapping paper, cardboard packages and corrugated 
cardboard boxes are paper and paper bases package types 
used in the shipping and transport of furnitures. 

4.1 Wrapping Paper 

The main raw material of paper based packaging materials is 
paper. Papers used in packaging paper and wrapping paper are 
mostly lightweight and wide-ranging. Their main purpose is to 
prevent the material from scratches and dirt during impacts 
and handling. 

4.2 Corrugated Cardboard 

Corrugated cardboard is the material most often used to create 
transport packaging and other products such as billboards, 
toys, furniture [11]. 
According to DIN 55405, corrugated cardboard is “a cardboard 
made up of one or more layers of corrugated paper, which is 
glued to one layer or between several layers of paper or 
cardboard.” In a way, it is a multi-layered cardboard. A linear 
(cover) paper is glued into bottom, top or both sides of 
corrugated and sinusoidal interlayer in corrugator. So, the 
basic corruated cardboard is obtained. While corrugated 
cardboards are classified according to the number of 
corrugated layers, they are named according to their 
corrugation type and height. 
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4.3 Types 

There are four types of corrugated cardboard box. 

 
Figure 7: Types of corrugated cardboard[12]. 

Corrugated board consists of one or two outer plies, the flutes 
and, in multi-ply types of corrugated board, of one or more 
intermediate plies. Corrugated board is classified as follows 
according to the number of outer/intermediate plies and flutes 
[13]. 
Single-sided corrugated cardboard: This material is used for 
wapping, pressing or cushioning. 

 
Figure 8: Single face corrugated board consists of one ply of 

fluted paper, onto which paper or cardboard is glued. 

Single-wall corrugated cardboard: Corrugated cardboard 
consisting of three papers as inner, outer and corrugated layers. 
 
 

 

Figure 9: Single wall (double face) corrugated board consists 
of one ply of fluted paper which is glued between two plies of 

paper or cardboard. 

Double-wall corrugated cardboard (doppel): They are 
produced with binary combinations such as A+B, A+C, B+E 
B+C. They can carry huge loads as they are strong. They are 
suitable for succesive stowing. 

 
Figure 10: Double wall corrugated board consists of two plies 

of fluted paper which are glued together by one ply of unfluted 
paper or cardboard and the exposed outer surfaces of which 

are each covered with one ply of paper or cardboard. 

 
Triple-wall corrugated cardboard (triplex): They are 
produced with combinations like A+B+E, B+A+C. They are 
used in shipping bulky and heavy products. 

 
Figure 11: Tri-wall corrugated board consists of three plies of 
fluted paper which are glued together by two plies of paper or 
cardboard and the outer surfaces of which are likewise each 

covered with one ply of paper or cardboard. 

4.4 Angles 

Damages during shipment or transportation are always a risk 
for producers and distributors. Hence, various products in 
terms of packaging have been developed, and cardboard angle 
guard (cardboard angles) systems has gained a place among 
these product groups. It helps products and packages be 
protected in sectors like white goods, food, furniture, 
automotive, ceramics, paper and metal industry. Cardboard 
angles can be produced in specific width and wall thickness, 
and pressure can be applied to them. 
Cardboard angle guards (angle cardboards) protect product 
package against impacts from corners, overloads that reduce 
vertical resistance and breaks. 
The most significant purpose is to protect packaged product 
from external factors until it reaches to consumer. 
- It protects the product against damages and crush during 

the hooping of package. 
- It is practical and easy to use. 
- It saves on work power and material.  
- It is 100% recyclable and environment-

friendly. It does not pollute the environment. 
- It protects the product from damages by 

preserving it. 
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5 Conclusion 

Today, in the furniture industry woody materials with paper 
and cardboard is used. Papers, which are created with the 
combination of kraft or test liner papers by using special 
techniques, have been used in furniture, door and automative 
industries in recent years as a new rawmaterial. Paper and 
paperboards are important as reusable and recyclable raw 
material and innovative product in furniture product. 

6 References 

[1] Research on global market reports 2015 
[2] http://www.formica.com.br/ingles/pro_comparativo.htm 
[3] Hannu Paula puro., Paper and Board Grades, Special Paper, 

TAPPI Press, 2000 
[4] Gökay Nemli., Aytaç Aydın., İbrahim Öztürk., Kafkas 

Üniversitesi, Artvin Orman Fakültesi Dergisi 2004 Cilt 5, 
Sayı1, Syf. 96-101, ISSN:2146-1880 e-ISSN:2146-698X 

[5] http://www.mbpapers.com/products/laminate-industry-
overlay/ 

[6] Marleaux Peter., Laminate-from start to finish, Twogether, 

Paper Technology Journal, Special Issue Special Papers, 

December 2008 p 21-23, Voith PaperGmbH&Co. KG. 

[7] Özden, Ö. and Bildik A., E,.Paper Honeycomb Panels and 

Sustainability. IUFRO (International Union of Forest 

Research Organizations) 2014 World Congree, Sustaining 

Forests, Sustaining People The Role Of Research. Salt Lake 

City, Utah, USA October 05 - October 11, 2014 

[8] Marleaux, Peter., Decor Paper, Twogether, Special Issue, 

Voith, 2008 

[9] www.honeycombpaperboard.com 

[10] Aşkın, S., Balpeteği Kartonların Üretimi veKullanım Alanı, 

İ.Ü. LisanTezi, 2012 

[11] D. Babic., B. Lajic., D. Jurecic. And S. PasanecPreprotic., The 

Constructıon of Corrugated Boxes as a Key Parameter of 

Their Strength, International Design Conference - Design 

2010 Dubrovnik - Croatia, May 17 - 20, 2010. 

[12] https://design2015level2.wordpress.com/2015/03/12/r

eused-corrugated-cardboard/ 

[13] http://www.tis-

gdv.de/tis_e/verpack/papier/wp_arten/wp_arten.htm 



 
 

 

258 
 

 

COMPARING THE TECHNOLOGICAL PROPERTIES OF MDF’S COATED WITH PVC 
FOLIOS USING WRAPPING AND MEMBRANE PRESS METHODS  

Songul KAYIS1, Ibrahim BEKTAS1, Aysenur KILIC AK1* 

1Faculty of Forest, Kahramanmaras Sutcu Imam University/Institute of Science, 46100, K.maras, Turkey 
songul_oe@hotmail.com, ibtas@ksu.edu.tr, akilic@ksu.edu.tr* 

 
*Corresponding author  

 
Abstract   

In this study, some technological properties of panels that were obtained by coating medium-density fiberboards (MDF), which is one of the 
most important raw material in furniture sector, with Hg (bright) and Matt PVC folios using Wrapping and Membrane Press methods, were 
compared. For this purpose, adhesion strength, bending strength, elastic modulus of bending, water absorption and thickness swelling tests 
were carried out in order to reveal the PVC folio difference and effects of its coating techniques. By evaluating the results, it was determined 
that panels which were adhered with wrapping method and covered with Hg PVC in adhesion strength, processed with membrane press 
method and covered with Hg PVC in bending strength, Membrane Press technique applied and covered with Matt PVC folios in elastic 
modulus of bending showed higher values. Within the physical properties, the lowest value in water absorption percentage was Hg PVC’s 
that was covered with membrane press method and the lowest value in thickness swelling was matt PVC’s covered with membrane press 
method.  
Evaluating the data as a whole, it was understood that the panels covered with membrane press technique possessed better values than the 
panels processed according to the wrapping method.  
Keywords: Coating methods, water absorption, thickness swelling, bending strength, elastic modulus of bending, surface tests 
   

WRAPPING VE MEMBRAN METODLARI KULLANILARAK PVC FOLYOLARLA 
KAPLANMIŞ MDF’LERİN TEKNOLOJİK ÖZELLİKLERİNİN KARŞILAŞTIRILMASI 

Özet   

Bu çalışmada, mobilya sektörünün önemli hammaddelerinden biri olan orta yoğunlukta lif levha (MDF)’ların, Hg (parlak) ve Mat PVC 
folyolarla Wrapping ve Membran metodları kullanılarak kaplanması sonucu elde edilen panellerin bazı teknolojik özellikleri 
karşılaştırılmıştır. Bu amaçla, PVC folyo farklılığının ve kaplama tekniklerinin etkilerini ortaya koymak için yapışma direnci, eğilme direnci, 
eğilmede elastikiyet modülü, su alma ve kalınlığına şişme testleri yapılmıştır. Sonuçların değerlendirilmesi ile yapışma direncinde; wrapping 
methodu ile yapıştırılan Hg PVC ile kaplanmış, eğilme direncinde membrane metodu ile işlem görmüş Hg PVC ile kaplanmış, eğilmede 
elastikiyet modülünde Membran tekniği uygulanmış Mat PVC'lerle kaplanmış panellerin daha yüksek değerler gösterdiği belirlenmiştir. 
Fiziksel özelliklerden, su alma yüzdesinin tayininde en düşük değer membran metodu ile kaplanan Hg PVC’lerde, kalınlığına şişme 
miktarlarında ise en düşük değerler yine membran metodu ile kaplanmış mat PVC lerde ölçülmüştür. 
Verilerin bir bütün olarak değerlendirilmesi halinde, membran tekniği ile kaplanmış panellerin, wrapping medhoduna göre işlem 
görenlerden daha iyi değerlere sahip olduğu anlaşılmıştır.  
Anahtar Kelimeler: Kaplama metodları, su alma, kalınlığına şişme, eğilme direnci, eğilmede elastikiyet modülü, yüzey testleri 
   

1 Introduction 

Wood is a precious material that has numerous usage area. 
However, natural reformation of trees cannot satisfy the 
growing demand. For this reason, it has plunged into a quest to 
new materials. Structural and non-structural engineered wood 
composites such as particleboard, oriented strand-board 
(OSB), plywood, medium density fiberboard (MDF) and 
laminated veneer lumber (LVL), and are now widely used in 
industry [11]. While solid wood is generally preferred for most 
applications, a variety of composite panels have emerged to 
allow for production of larger dimension materials from a 
variety of lignocellulosic materials [1], [2], [3], [4].  
MDF has a lot of advantages compared to lumber and chipboard 
[5]. The main advantage is that it has extensive and flat surface. 
Uses of MDF used in the furniture, decoration and door 
moldings have multiple usage area. Moreover, it is a good 
insulator against sound and heat. Also, MDF can be fit with 

cylindrical dowels, screws, and adhesion may be done with 
natural or synthetic adhesive [6]. 
The physical and mechanical properties of fiberboard are 
strongly affected by manufacturing variables, such as board 
density, binder content, duration and temperature of heat 
treatment, type of additive, and sizing agents [7]. Many 
researchers have investigated the correlation between these 
factors [8],[9],[10]. Thus, many properties of the material could 
be improved in the view of such information. The main 
materials in the furniture industry, especially composite boards 
(chipboard, MDF, plywood, etc.) surface coating is important to 
increase the aesthetic value and strength properties. 
The general objective of this study was to compare physical and 
mechanical properties of MDF (medium density fiberboard) 
coated with different techniques (wrapping and membrane 
press methods) and different PVC folios (thickness, structure). 
The specific objective was to approach usage area of these 
materials. 
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2 Material and Method 

2.1 Material 

The samples tested in this study were prepared from 18 mm 
thick MDF coated with high gloss (Hg) PVC and matt PVC using 
wrapping and membrane press methods according to related 
standards. Tests were performed in KSU, Forestry Faculty’s 
laboratories and facilities of KAES in Gebze/Turkey.  

2.2 Method 

Methodology of the tests performed in this study is explained 
below: 

 Water absorption and thickness swelling 

Water absorption and thickness swelling tests were performed 
according to TS EN 317 standards [12]. The thickness of test 
samples was measured (0.01precision) junction of diagonals as 
shown in Figure 1 according to TS EN 325 [13].  
 
 
 
 
 
 
 
 
Figure 1. Dimensions of water absorption and thickness 
swelling samples 
Samples was placed vertically in the water tank so as not touch 
bottom and edges of the tank as well as each other. After, they 
were immersed in 25±5 mm below the water (pH: 7±1, Temp: 
20±1°C) surface during 24 hours. Then, water absorption and 
thickness swelling was calculated by Equations (1,2) are given 
below. 

WA (%)= 
Wl−Wf

Wf
 ×100 (1) 

Where, WA: Water absorption (%), Wf: First weight of sample 
(g), Wl: Last weight of sample (g). 

TS (%)= 
tl−tf

tf
 ×100 (2) 

Where, TS: Thickness swelling (%), tf: First thickness of sample 
(mm), tl: Last thickness of sample (mm). 

Adhesion Strength 

Adhesion strength tests was performed with samples 
dimension of 50 × 50 mm and covered with PVC folios using 
wrapping and membrane methods. It was slotted a depth of 0.3 
mm and internal diameter of 35.7 mm ±0.2 mm on sample 
surface covered with PVC. Then, steel cushions were adhered 
with a hot melt adhesive, which has 150°C melting point, to 
slotted surface. Adhesive strength was performed constant 
speed in Zwick/Roell Z010 test machine during 60±30 seconds 
to occur rupture (Fig.2.).  
 

 
Figure 2. Adhesive strength test mechanism. 

Later, surface stability (SS) of samples was calculated by 
Equations (3) is given below. 

SS= 
𝐹

𝐴
 (N/mm2) (3) 

  
Where;  F: Maximum force (N), A: The surface area adhered 
steel cushion (1000 mm²) . 

Static Bending Strength and Elastic Modulus of Bending 

Static bending and modulus of elasticity strength were 
measured on samples which covered membrane and press 
methods according to TS EN 310 [14] and prepared in 
accordance with TS EN 326-1 [15]. Accordingly, it was taken to 
be the width of the sample was 50 ± 1 mm and the lenght of the 
sample was 20 times±50 mm the nominal thickness of the test 
piece. Static bending (σSB) and modulus of elasticity strength 
were calculated by Equations (4-5) respectively. 

σSB= 
3 Pmax.L

2bt2  (N/mm2) (4) 

  
Where: Pmax: Maximum load at break point (N); L: Length of 
span (t×20; mm); b: Width of specimen (mm); t: Thickness of 
specimen (mm). 

EM=
L3(F2−F1)

4bt3(a2−a1)
 (N/mm2) (5) 

  
Where; F2-F1: Load increase in proportional region of load - 
deformation diagram (N);  F1: %10 of max. force approximately 
(N); F2: % 40 of max. force; a2-a1: ( F2-F1 ): Due to increased 
forces occurring deformation in the middle of the test sample 
length (mm). 

Surface Tests 

2.2.1.1 Gloss 

Gloss optical property of a surface, characterized by its ability 
to reflect light into a secular direction. Examples of degrees of 
gloss are high gloss (HG), gloss, silk gloss, semi gloss, satin, matt, 
and dead matt. In this paper, gloss and matt classes are 
evaluated. Tests (HG-Matt) were performed according to TS EN 
ISO 2813/2014 [16] and DIN 67350 [17]. Test samples were 
taken beginning, middle and end parts of PVS foil roll width. 
According to reflection principle, giving light onto the surface 
at an angle 20°, 60° and 85°, reflected light was measured 
through photoelectric. Glossmeter and measuring angles were 
seen in Fig.3. 

50±1 (mm) 

50±1 (mm) 
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Figure 3. Glossmeter (a), measuring angles (b) 

2.2.1.2 Scratch Resistance  

Scratch resistance of samples prepared 100×100 mm 
dimensions and coated with PVC by using wrapping and 
membrane methods was determined according to TS EN 438-2 
[18]. Universal test machine (Erichsen 413) with 90° diamond 
bit was used in these tests. After setting the weight of power, it 
was began to scratch process and increasing the force until the 
resulting continuous scratch and it was continued circularly. 
Circle obtained after test results was examined in the light 
cabinet poured with coal dust. Force that occurred continuous 
scratch in the material was taken as scratch resistance.  

2.2.1.3 Dry Heat Resistance 

This test was performed according to DIN 68861/7 [19] and EN 
12722:09 (100 ° C) the testing method. Aluminum block, 
dimensions given in associated standards (Fig. 4) heated the 
temperature reach up to prescribed in the standard (100°C), 
then these block was allowed to cool for 20 minutes on the 
sample surface. After this time, surface was cleaned with soft 
tissue and samples were kept room temperature at least 16 
hours. 

 
Figure 4. Aluminum block 

2.2.1.4 Chemical Resistance  

Experiments were performed according to the DIN 68861/1 
(DIN EN 12720) [20] testing method. 5 kinds of food and 3 
kinds of chemical materials were applied on the sample 
surfaces then they were kept closed with a watch glass over a 
specific period. End of this process, distortion shapes occurred 
on the surfaces were evaluated according to criteria's given in 
the standards. The application area of chemical resistance are 
given Table 1. Food items and chemicals which subjected to 
chemical resistance were selected easy to come materials and 
especially commonly used at home. 

Table 1. The materials used in chemical resistance.  

Chemical 
resistance 

Equipment 
Control 
period 

Result 

Food Products 

Olive oil, 
tea, coffee, 
ketchup, 
vinegar 

16 hours 
Class 5-

E 

Cleaning Products 
Dishwashin

g liquid, 
bleach 

16 hours 
Class 5-

E 

3 Results and Discussion 

Obtained data are presented below in the tables and discussed. 

3.1 Physical Properties 

The analyses results of raw MDF, coated MDFs with Hg PVC and 
matt PVC for water absorption values are given in Table 2.  

Table 2. The water absorption measurements for 24 h. 

Water 
absorption 

(24h) 

Raw 
MDF 

Wrapping 
method 

Membrane 
method 

Hg 
PVC 

Matt 
PVC 

Hg 
PVC 

Matt 
PVC 

Number of 
samples 

30 30 30 30 30 

Average (%) 19.1 11.0 13.2 9.8 12.1 
Standard 
deviation 

2.51 2.67 1.1 2.46 0.89 

Coefficient 
of variation 

18.43 23.13 8.34 22.75 7.21 

Range  7.8 5.8 2.0 5.7 2.3 
As can be seen from Table 2, water absorption values for 24 h 
varies between 9.8% and 13.2% for coated MDF by PVC. 
Amounts of water absorption obtained coated MDF for both 
methods were measured to be less than the raw MDF. At the 
same time, MDF coated with membrane method both Hg PVC 
and matt PVC less water holding than those coated with 
wrapping method. These mean that the MDFs coated with Hg 
PVC using membrane method have least water absorption. 
Besides the differences of the coating material, it can be said 
that the glues used in the coating process also effected on this 
result. As is known, in the coating of boards, two-component 
polyurethane-based holt-melt glue is used in wrapping method, 
while the single-component polyurethane-based adhesive is 
used in membrane method. 
The results in Table 2 show that the measured values of water 
absorption are even below 40% of the maximum value given TS 
EN 317.  
The test analyses results for soaking time 24 h for thickness 
swelling amounts of raw and coated MDFs are presented in 
Table 3. 
It is obvious from the Table 3 that the mean thickness swelling 
percents of all the types of coated MDFs are much smaller than 
raw MDF’s values for soaking time from 24 h. Similarly, MDFs 
coated by PVC using membrane method has undergone less 
change in size compared to those using wrapping method. 

Table 3. The values of thickness swelling. 

Thickness 
swelling 

(24 h) 

Raw 
MDF 

Wrapping 
method 

Membrane 
method 

Hg 
PVC 

Matt 
PVC 

Hg 
PVC 

Matt 
PVC 

Number of 
samples 

30 30 30 30 30 

Average (%) 3.3 0.9 1.0 0.8 0.7 
Standard 
deviation 

0.28 0.12 0.10 0.15 0.10 

Coefficient 
of variation 

10.98 10.00 6.67 16.86 11.52 

Range  3.2 0.3 0.6 0.3 0.3 
Moreover, except raw MDFs, minimum thickness swelling value 
(0.7%) in coated MDF with matt PVC using membrane method 
and the highest thickness swelling value (1.0%) in coated MDF 
by Hg PVC processing the wrapping method were measured. As 
with water absorption values, thickness swelling values are 
also provided the requested limit in standard (TS EN 317). In 

a b 
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general sense, it can be said that these assessments are 
compatible with the results obtained from some studies [21], 
[22],[23]. 

3.2 Mechanical Properties 

The adhesion strengths values of coated MDF by Hg and matt 
PVC using wrapping and membrane methods are listed in Table 
4. 

Table 4. The analysis results of adhesion strengths tests. 

Adhesion 
strength 

Wrapping 
method 

Membrane 
method 

Hg PVC 
Matt 
PVC 

Hg PVC 
Matt 
PVC 

Number of 
samples 

30 30 30 30 

Average 
(N/mm2) 

2.1 1.2 1.8 1.0 

Standard 
deviation 

0.16 0.07 0.13 0.10 

Coefficient of 
variation 

7.67 6.31 7.07 10.06 

Range  0.4 0.2 0.4 0.3 
When examining Table 4, though those covered with wrapping 
method is very few high, it is easily seen that adhesion strength 
values of MDF by Hg PVC (2.1 and 1.8 N/mm2) and matt PVC 
(1.2 and 1.0 N/mm2) coated with different methods is very 
close each other. Occurring of minor differences also can be 
considered to result from the difference of the adhesives and 
coating materials [25]. Consequently, all data located in Table 4 
provided the required lower value (≥ 1 N/mm2) in TS EN 311. 
The comparison results of static bending strength of raw and 
coated MDFs with various PVCs using wrapping and membrane 
press methods shown in Table 5. 

Table 5. The values of static bending strength. 

Static 
bending 
strength 

Raw 
MDF 

Wrapping 
method 

Membrane 
method 

Hg 
PVC 

Matt 
PVC 

Hg 
PVC 

Matt 
PVC 

Number of 
samples 

30 30 30 30 30 

Average 
(N/mm2) 

31.5 35.0 38.6 47.2 38.3 

Standard 
deviation 

0.75 1.22 1.67 0.07 0.51 

Coefficient of 
variation 

2.24 3.24 4.03 0.15 1.44 

Range 1.5 2.7 3.6 0.2 2.5 
The values of static bending strength test listed in Table5 shows 
that remarkable differences exist among the values of raw MDF 
and coated MDFs. Bending strength values of the material 
coated with Hg PVC which vary according to the applied 
method can be seen again from the same table. Having higher 
bending strength of the coated MDF with Hg PVC applied 
membrane method can be explained by the difference in 
thickness of used PVC. Because the thicknesses of Hg PVC in 
wrapping method and membrane method are 0.20 mm and 
0.30 mm, respectively. While the static bending strength values 
of MDF covered with matt PVC using the technique of wrapping 
are higher than those coated with Hg PVC, there is a reverse 
situation in membrane method. As the most important reasons 
for this situation, it can be showed the matt PVCs was covered 
both sides of MDF in wrapping method as well as the 
differences among the thicknesses of the used PVCs. On the 

other hand, all of the bending strength values calculated in tests 
have fulfilled the required criteria (≥20 N/mm2) of TS EN 310. 
Table 6 shows the analysis results of the elastic modulus of 
bending of raw and coated MDF materials according to press 
method. 

Table 6. The analysis results of elastic modulus of bending. 

Elastic 
modulus of 

bending 

Raw 
MDF 

Wrapping 
method 

Membrane 
method 

Hg 
PVC 

Matt 
PVC 

Hg 
PVC 

Matt 
PVC 

Number of 
samples 

30 30 30 30 30 

Average 
(N/mm2) 

3518 3537 3899 4064 4346 

Standard 
deviation 

55.69 95.13 38.76 18.83 28.13 

Coefficient 
of variation 

1.58 2.66 0.98 0.47 0.65 

Range 156 257 100 53 63 
As shown in Table 6, the all values calculated in coated 
materials are higher than raw material for elastic modulus. 
MDFs coated with membrane method have reached much 
higher modulus of elasticity values in proportion to those of 
treated with the method of wrapping. Likewise, the measured 
values of elastic modulus in the test materials coated with Hg 
are realized lower level than those of coated with a matt PVC. It 
can be said that these differences could be related to the type of 
glue, coating method and properties of the coating material [8], 
[9], [10]. 
Finally, all of the values given in Table 6 exceeded abundantly 
the lower limit value (≥ 2200 N/mm2) specified in TS EN 310. 

3.3 Surface Tests 

The surface tests already carried out in the furniture sector in 
Turkey are performed to the MDF lam, laminate, wood veneer 
or painted varnish surfaces. The works toward to PVC or acrylic 
surfaces have been started according to especially German 
standards in recent years. The evaluation results obtained from 
the surface tests those are gloss, scratch resistance, dry heat 
resistance and chemical resistance applied to wood based 
panels are shown in Table 7. 
The simple statistical analysis results of the data obtained from 
the surface tests are demonstrated that gloss, scratch 
resistance, dry heat resistance and chemical resistance values 
of materials coated by Hg and matt PVCs produced using 
wrapping and membrane methods provided the requested 
limits in the relevant standards are listed in Table 7. 

Table 7. The Evaluation results of the surface tests. 

Properties 

Wrapping 
method 

Membrane 
method Standard 

value Hg 
PVC 

Matt 
PVC 

Hg 
PVC 

Matt 
PVC 

Gloss (Hg) 92.3 - 90 - 90±3 
Scratch  
resistance 
(N) 

6 5 4 5 1.5 

Dry heat  
resistance 
(class)(*) 

E E E E E 

Chemical  
resistance 
(class) (**) 

E E E E E 

(*)Class E: No change, (**) Class E: No visible change. 
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In a study conducted by Muğla (2010), it was compared to the 
surface properties with MDFs coated by PVC and laminated as 
well as lake applied MDFs [24]. Results were revealed that the 
surfaces coated by PVC have a better surface properties 
compared to laminated and lake applied MDFs. 

4 Conclusion 

In this study, it was investigated some physical and mechanical 
properties of coated with Hg and matt PVC materials using 
wrapping and membrane methods on wood based panels 
products which have important usage area in forest product 
industry  especially furniture industry.  
The results of physical tests, coated MDF has lower water 
absorption and thickness swelling values than control samples. 
Material coated with membrane method has better results in 
both tests. In adhesion strength test, MDFs coated with Hg PVC 
using wrapping method have higher bonding strength than 
others. Treated materials have higher values compared to 
control samples in bending strength and modulus of elasticity 
tests. In addition, MDFs applied membrane method have higher 
values than applied wrapping method. Data obtained gloss, 
scratch resistance, dry heat and chemical resistance surface 
tests are provided the requested limits in the relevant 
standards for materials coated with Hg and matt PVC using 
wrapping and membrane methods. 
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Abstract   

In this study, the samples obtained from Red Pine ( Pinusbrutia Ten) wood has been subject to sanding with a caliber sanding machine (with no: 60, 80 
and 100 sands). After the specimens were processed in the machines in radial and tangential manner, firstly their surface roughness values (Ra, Ry, Rz) 
have been determined in accordance with the ISO 4288 standards. According to the statistical results, the lowest roughness values have been achieved 
with the sanding machine (withno: 100). Similarly, the roughness values of tangentially cut surfaces have been found to be lower than the radially cut 
surfaces.  
Keywords:Surface roughness; Red Pine ( Pinusbrutia Ten); Sanding machine; Cutting directions 
   

 

KIZILÇAM( Pinusbrutia Ten)’IN YÜZEY PÜRÜZLÜLÜĞÜNE ZIMPARA TANECİK 
BÜYÜKLÜĞÜNÜN ETKİSİ 

Özet   

Bu çalışmada, Kızılçamdan ( Pinusbrutia Ten)  elde edilen numunelere kalibre zımpara makinesinde zımparalama (60, 80 ve 100 numara zımpara) 
işlemlerine tabi tutulmuşlardır. Örnekler radyal ve teğet olacak şekilde makinelerde işlendikten sonra öncelikle yüzey pürüzlülük değerleri (Ra, Ry, Rz) 
ISO 4288 standardına göre tespit edilmiştir. İstatistiki sonuçlara göre en düşük yüzey pürüzlülük değerleri zımpara makinasında (100 numara) elde 
edilmiştir. Yine benzer şekilde teğet kesilmiş yüzeylerin pürüzlülük değerleri radyal kesilmiş yüzeylere göre daha düşük bulunmuştur.  
Anahtar Kelimeler: Yüzey pürüzlüğü, Kızılçam, Zımpara Makinası, Kesim yönleri 
   

 

1 Introduction 

The application of various surface treatment processes 
successfully with the purpose of protecting, beautifying and 
increasing the economical value of furniture depends on the 
quality of the surface of the wood [1]. 
In the production of solid furniture and woodwork, the surface 
of the tree material used needs to be leveled before the 
surfacing processes. Therefore, processes such as planing and 
sanding are carried out. When a sufficient and homogenous 
surface smoothness cannot be achieved, the surface 
imperfections which become even more apparent after surface 
processes negatively affect the product quality and price [2]. 
Studies on surface roughness have been initiated after metal 
industry. These studies have been conducted by Marian and 
Suchsland (1956) in the USA, Kollman and Ehlers (1958) in 
Germany and Patlitszch (1961) in Poland (Elmendorf and 
Vaughan, 1958). In the study titled “Analysis of wood surfaces 
through a topographic quantitative method”, the traditionally 
known surface classification in the forestry products industry 
has been defined quantitatively. In the study, the changes in the 
surface have been continuously recorded, a profile was created 
and this has been evaluated statistically. However, the 
conclusion that this method does not comply with the tree 
processing industry has been reached. The machines and 
methods which are used in measuring surface roughness have 
advanced and they have been developed with the development 
of technology. It has been determined that the irc method 

among the methods applied so far would be more advantageous 
in comparison to the other methods [3]. 
It has been stated that the surface roughness of the sanded and 
planed wood affects the varnish applied on the surface in 
various manners and that varnish spreading rate and surface 
roughness are interconnected [1]. 
The surface roughness of the NordmannFir has been 
determined throughirc method. As a result, it has been stated 
that a 12% humidity and tangential cutting direction provides 
smoother surfaces in comparison to 30% humidity and radial 
cutting [4]. 
The surface roughness of eucalyptus has been researched. As a 
result, it has been stated that the smoothest surfaces have a 
12% humidity rate, have been cut tangentially, processed with 
a thicknesser machine with 3 blades which operates with 5 
m/min. feed rate, whereas the roughest surfaces have been 
achieved in samples which have a 30% humidity rate, have 
been cut radially and processed with sandpaper no: 60 [5]. 
Kılıç, Hızıroğlu and Burdurlu (2006) have studied the surface 
roughness parameters of materials obtained through radial and 
tangential cutting directions of beech and poplar after these 
have been processed with planing, sawing and sanding 
machines [6]. As a result of the study, it has been stated that the 
stylus method can be used successfully to evaluate the 
roughness variations in the radial and tangential surfaces after 
planing and sanding and that the data can be used as a control 
tool for adhesion and surface processes. 
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In the recent years, roughness measurements carried out with 
the ultrasonic, video camera and scanning electron microscope 
methods have been given importance to among other methods. 
Since the dimensions of the samples used in the scanning 
electron microscope method among these methods are very 
small, it has been stated that they are insufficient for roughness 
evaluations [7], [8], [9]. 
In this study, the surface roughness values of samples of red 
pine obtained from sanding paper no: 60, 80 and 100 have been 
analyzed. 

2 Experimental 

The experiment materials have been selected from Adana-Pos 
which is one of the natural areas in which red pine grows. 3 
trees from this area have been cut as sample trees. The trees 
have been cut from the area in line with TS 4176. A meter of 
round timber has been taken from the trees starting from 1.30 
meters. The north direction has been marked in the cut trunk 
parts and each has been nailed metal plaques which show the 
tree and piece numbers. Information on the trees has been 
provided in Table 1. 
The experiment materials have been cut in 60x500 mm 
dimensions at the Central Anatolia Forestry Research Institute 
Directorate, Wood and Non-Wood Forest Products Chief 
Engineering, Sample Preparation and Technology Laboratory 
and have been kept in the environmental test chamber until air 
dryness reached humidity (12%). 
The samples have been cut in 60x500 mm dimensions and kept 
in the environmental test chamber until air dryness reached 
humidity (12%). The red pines have been cut tangentially and 
radially and sanded in the sanding machines with sandpaper 
no: 60, 80 and 100. A total of 1470 measurements have been 
carried during the three different sanding process and 245 tests 
have been carried out repetitively (2 x 3 x 245=1470). 

Table 1: Properties of Experimental Trees 

Tree 
Number 

Length (m) Diameter at 
1.30 m 

(cm) 

Age(years) 

1 20 34 54 

2 20 37 60 

3 17,8 37 52 

Average air-dried density (g/cm³) =0,557 

The red pine samples have been processed with the sanding 
machine (with sandpaper no: 60, 80 and 100) to achieve 
tangential and radial surfaces and then the surface roughness 
values of the samples have been determined. As the last 
process, sanding processes (with sandpaper no: 60, 80 and 
100) have been carried out in the sanding machine (1400 rpm). 
The feed rate during the process of the samples has been set as 
10m/min. 
In the measurement of the surface roughness values, the 
measurements have been carried out with the surface 
roughness device (Mitutoyo SJ-301 Series) which uses the 
“Stylus Method” in line with the principles of ISO 4288 (Figure 
1). Surface roughness was made across the grain. 
The speed of the surface roughness measuring device was 0.5 
mm/second, the limit wave length was (c) 0,8mm (0,8mm x 5 
rows) and detector measurement length was (lt) 21 mm 
(diamond tip stylus, tip angle 90°/tip radius 2 m). At the end 
of the surface roughness measurements, Ra, Ry, and Rz values 
of each part has been determined. 

 
Figure 1- Surface profilometer used in this study. 

3 Result and Discussion 

3.1 Ra(Avarage roughness) 

The statistical values determined or average surface roughness 
(Ra) has been presented in Table 2. 

Table 2 – Statistical values forRa 

Source 
of 

Variati
on 

Sum of 
Squares 

Degrees 
of 

Freedo
m 

Mean 
Squares 

F P 

Sandin
g 

Numbe
r (A) 

1803.654 2 901,82
7 

536,392 0.00* 

Cutting 
Directi
on (B) 

918.755 1 918.75
5 

546.460 0.00* 

A*B 564.955 2 282.47
7 

168.013 0.00* 

Error 2461.398 1464 1.681   
Total 51411.97

4 
1470    

ns=(not significant) 
*=<0.05 important 

Directi
on 

Numbe
r of 

Sample
s 

Mean 

Standa
rd 

Deviati
on 

Minimum 
Maxi
mum 

Radial 735 6.36 
1.7061

9 
0.97 10.99 

Tangen
tial 

735 4.78 
1.9155

4 
2.16 14.80 

Sandin
g 

Numbe
r 

N 
α=0.05 

1 2 3 

100 490 4.16   
80 490  5.68  
60 490   6.87 

When Table 2 was analyzed, it has been determined that the 
sanding paper numbers and the cutting directions affect the Ra 
value and their dual effect carried a statistical importance in 
terms of the Ra value.  
When the statistical values related to cutting directions (Table 
2) was analyzed, it has been determined that the average 
surface roughness values of the samples but tangentially are 
lower than the samples cut radially (RaTangential=4.78 , 

 
According to the results of the Tukey test carried out for the 
comparison of the averages, the smoothest surfaces have been 
achieved with sandpaper no: 100 (Ra=4.16
followed by surfaces processed with sandpaper no: 80 
(R  
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The average surface roughness has similarly been determined 
in some previous studies as lower in the thicknesser machine 
and in general on tangential surfaces (Table 3) [4],[5],[10],[11], 
[12]. 

Table 3: The Ra values determined in the previous studies 

Wood Types 
Cutting 
Directio

n 
Machine 

  Thickne
ss  

2 Blade 

Thickne
ss 

3 Blade 

Sandi
ng No. 

10 
m/min 

10 
m/min 

80 

Eucalyptus 
camelduensisD

ehn. 
(İlter and Balkız 

2005) 

Radial 5.839 5.496 6.733 

Tangenti
al 

5.429 4.971 6.672 

 
Bornmullerian 

Fir 
(İlter et.al, 

2002) 

Radial 3.885 4.551 8.410 

Tangenti
al 

4.073 4.084 7.816 

 
Pinusbrutia 

Ten. 
(Burdurlu et. al 

2006) 

Circular Saw - - 
Radial 6.770 5.550 5.740 

Tangenti
al 

6.640 4.480 5.320 

Pinusnigra 
Arnold. 

(Kılıç, 2015) 

Radial 7.17 5.11 5.48 
Tangenti

al 
6.86 4.41 4.63 

The surfaces obtained in tangential cuts were found to be 
smoother compared to the surfaces obtained in radial cuts. This 
could be caused by an increase or decrease in the tissue voids 
stemming from the fiber cutting angle together with the cutting 
method [12]. 

3.2 Ry (Rmax) (Maximum Roughness 

The statistical values calculated for the surface roughness value 
Ry have been presented in Table 4. 

Table 4: Statistical values forRy 

Source 
of 

Variati
on 

Sum of 
Squares 

Degre
es of 

Freed
om 

Mean 
Square

s 
F P 

Sandin
g 

Numbe
r (A) 

51911.9
8 

2 25955.
99 

162.97
7 

0.00* 

Cutting 
Directi
on (B) 

21980.9
1 

1 21980.
91 

138.01
8 0.00* 

A*B 
10660.4

5 
2 5330.2

2 
33.468 

0.00* 

Error 233159.
12 

1464 159.26 
  

Total 315107
1.16 

1470  
  

ns=(not significant) 
*=<0.05 important 

Directi
on 

Number 
of 

Samples 
Mean 

Standa
rd 

Deviat
ion 

Minimu
m 

Maxim
um 

Radial 735 47.77 12.86 3.94 111.80 
Tangen

tial 
735 

40.03 15.40 16.90 119.60 

Sandin
g 

Numbe
r 

N 
α=0.05 

1 2 3 

100 490 36.56   

80 490  44.01  

60 490   51.12 

When Table 4 was analyzed, it has been determined that the 
sanding paper numbers and the cutting directions each affect 
the Ry value and their dual effect carried a statistical 
importance in terms of the Ry value.  
When the statistical values related to the cutting directions 
(Table 4) were analyzed, it has been determined that the 
average maximum profile height values of the samples which 
were cut tangentially are lower than the samples which were 
cut radially (RyTangential=40.03m, RyRadial=47.77m). 

Similar results have been achieved in Kılıç’s 2005 dated study on 
Pinusnigra wood. 
According to the results of the Tukey test carried out for the 
comparison of the averages, the smoothest surfaces have been 
achieved with sandpaper no: 100 (Ry=36.56m) and this was 

followed by surfaces processed with sandpaper no: 80 
(Ry=44.01m) and sandpaper no: 60 (Ry=51.12m). Similar 

results have been achieved in Kılıç’s 2005 dated study on 

Pinusnigra wood. 

3.3 Rz (Mean Peak-to-valley Height) 

Table 5: Variance Analysis for Rz 
Source 
of 
Variati
on 

Sum of 
Squares 

Degre
es of 
Freed
om 

Mean 
Squares 

F P 

Sandin
g 
Numbe
r (A) 

42235.9
5 

2 
21117.9
7 

406.04
8 

0.00* 

Cutting 
Directi
on (B) 

29387.2
1 

1 
29387.2 
1 

565.04
6 

0.00* 

A*B 
11333.6
2 

2 5666.81 108.95 0.00* 

Error 
76140.5
4 

1464 52.00   

Total 
175564
4.82 

1470    

ns=(not significant) 
*=<0.05 important 

Directi
on 

Number 
of 
Samples 

Mean 

Standar
d 
Deviatio
n 

Minim
um 

Maxi
mum 

Radial 735 37.42 8.84 10.26 
69.9
6 



 
 
 
 

Murat KILIÇ 
IFC 2016 International Furniture Congress 13-15 October 2016 

 

266 
 

Tangen
tial 

735 28.48 9.92 3.63 
76.8
8 

Sandin
g 
Numbe
r 

N 
α=0.05 

1 2 3 

100 490 26.09   

80 490  33.59  

60 490   39.17 

According to Table 5, it has been determined that the sanding 
paper numbers and the cutting directions each affect the Rz 
value and their dual effect carried a statistical importance in 
terms of the Rz value.   
When the statistical values related to the cutting directions 
were analyzed, it has been determined that the average mean 
values of the samples which were cut tangentially are lower 
than the samples which were cut radially 
(RzTangential=28.48m, RzRadial=37.42m) (Table 5). 

According to the results of the Tukey test carried out for the 
comparison of the averages, the lowest surfaces have been 
achieved with sandpaper no: 100(Rz=25,55m) and this was 

followed by surfaces processed with sandpaper no: 80 

(Rz=27,64m) and sandpaper no: 60 (Rz=29,70m).The Rz 
results are similar to the findings obtained in previous studies 
[4], [5], [12]. 

4 Conclusion 

In this study, the surface roughness values of samples obtained 
from Red Pine have been determined, following their sanding 
process with the sanding machine, which is one of the most 
used machines in the furniture sector, with different numbers 
(no: 60,80 and 100). The tangential and radial surfaces 
obtained from Red Pine have been processed with the sanding 
machine (with sandpaper no: 60, 80, 100) and their surface 
roughness values have been determined (Ra, Ry and Rz). The 
lowest surface roughness values have been achieved on 
surfaces processed with no: 100 sandpaper. The surface 
roughness values (Ra, Ry and Rz) of the tangential surfaces 
have been found to be lower compared to radial surfaces. This 
result is in line with the previous studies. The average surface 
roughness values (Ra) of Red Pine have been found to be lower 
compared to Pinusnigra Arnold and Pinusbrutia Ten which 
have been processed with furniture machines previously 
(Table 3). The success of both the adhering of the wood and the 
top surface processes applied to it depends on the smoothness 
of the surface of the wood material. One of the most important 
aspects in determining the surface smoothness of the materials 
is the surface roughness. Therefore, it would be very beneficial 
to determine the surface roughness of all species which grow in 
Turkey and include them in literature. 
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Abstract   

The concept of culture can be defined as all abstract and concrete features and values that shape the life of various communities. Societies have reflected 
these features and values into their living spaces by being inspired from their social structure and the environment. Therefore culture stands out as an 
important factor in the forming of living spaces that meet the basic requirement of housing and the furnishings inside. The purpose of this study is to 
examine the impact of the cultural factor on the forming of furniture, in the cases of traditional Turkish and Japanese house furniture. In this context, in 
the first section of the study the definition of culture is made and based on this, the relation between culture and lifestyle and the interaction between 
culture and furniture is discussed. In the next section, the "culture" factor in the forming of furniture, the main subject of the study is discussed with the 
relation between Traditional Turkish and Japanese house furniture and the culture and lifestyle of both societies. In the conclusion section, similar and 
different features are identified and analyzed in the forming of furniture in both cultures, using the information obtained from the study.  
Keywords: Culture, Furniture, Form, Turkish House, Japanese House 
   

 

1 Culture 

There is no clear and exact description that is accepted by 
authorities in spite of culture concept is used in many fields 
with various specifications.   It is considered as first and most 
significant description of culture word is the description of 
Edward Burnett Tylor that was given in his book titled “Archaic 
Culture” on 1871: “Culture is a complex entire including 
knowledge, art, ethics, traditions and similar ability, 
performance and habits that humanity got to know as a 
member of community [1]. According to Güvenç, many culture 
theories were described by the inspiration of this specification 
[2].  
Culture concept is tried to explain in various shape with 
different aspect by many specialists such as anthropologist, 
philosophers, sociologist from past to present.  It is possible to 
mention that this variety derive from multiple meaning of the 
word, far-reaching and abstract concept. By taking various 
descriptions into consideration, culture concept can be 
described as the entire of concrete and abstract properties and 
values that give life styles of certain communities into shape. In 
accordance with this description, it is drawn attention that the 
relationship is established among culture and life style.  

1.1 The Relationship of Culture- Life Style   

Culture is an abstract concept generated from all properties and 
values that shape life styles of communities. Life style is one of 
the fundamental factors in order to understand what people are 
making their choice according to, how they act and according to 
what, and expresses the order generated and developed as the 
result of living in certain community.  
Cultural accumulation can undergo change with the ways such 
as diffusion, borrowing, synthesis at the result of the 
communication of communities with other culture. It is a fact 
that shows an ongoing change for this reason. In this context, 

cultural changes and differences reflect into the life styles of 
communities directly.  
According to Rapoport, life style brings us actions and action 
systems. These are the most concrete expressions of culture. 
For instance, in traditional Turk culture, a table arrangement 
close to the floor and floor cushions are convenient in order to 
bring into the sitting shape close to working style of the people 
in that culture. Community work in the field, process the crop 
on the ground. By the end of the day, when turning back home, 
they are tired. Sitting of these people in the level close to 
working style let rest and relax them [4]. Action systems give a 
shape into the life style such as this and so it also reflects the 
culture directly. The relation and interaction between culture 
and life style maintain the continuation bilateral.  

1.2 The Interaction of Culture- Furniture 

Furniture continues its existence in various forms and shapes 
based on factors such as life styles, cultural differences, human 
behaviors, the function of place and action type as 
supplementary element of  places from past to present. 
Furniture which is used need-oriented for different necessaries 
situates in the places as adornment item as well. 
Culture fact which comes to the fore as determinant and 
discriminator element in each fields of life is involved in an 
interaction with furniture directly. According to Özdemir, 
relationship between furniture and human is determined by 
the possessed culture [5]. Shapes, forms, materials, functions of 
furniture can vary according to cultural elements. For instance, 
the differences in west and east thought systems cause to 
become different even though basic measurements are same. 
“While West describes life place as a building and furniture 
(table, chair, armchair, bed...) which he/she will be settled 
inside, Ottoman Turk community, as in the past culture, 
perceive the furniture ( sofa, closet...) as an integrated part of 
place” [6].  
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2  Shaping Culture Factor and Furniture in 
Traditional Turkish and Japanese House 

2.1 Culture and Life Style in Traditional Turkish House 

After Turks have passed into permanent settlement from 
nomadic life style, they generated a new life style by combining 
the datas such as current cultural textures which Anatolian and 
Islamic World-view have possessed, with the adoption of Islam. 
“An Anatolian synthesis has generated at the result of 
interactions current traditions with external cultures. 
Traditional Turk House has been raised at the result of the 
synthesis of these different cultural components. This cultural 
synthesis in which nomadic life style in Middle Asia, religious 
faiths and Islamic world-view generated has become 
stereotyped, behaviors which became norms and place 
arrangements principle have been reflected the forming 
traditional Turk place“[7]. Family life in Islam is in very 
important position. By this reason, Turks family who need life 
place providing an opportunity life style pursuant thereto this 
religion has been gone the way of arrangement of their place by 
taking care of certain Islamic limitations or criteria. For 
instance, in traditional Turk House, based upon clearance 
understanding needed in Islam, it is seen that there is a bathing 
cubicle concealed in closet at each room which nucleus families 
live (Image 1). Islam which brought arrangements into each 
fields of life has been prepared and directed Turk community 
who were nomad in their daily lives. 

 
Image 1. Bathing Cubicle in Traditional Turkish House 

Forming traditional Turk House with elements as high blank 
walls, small and limited amount windows on the ground floor, 
decomposition each rooms of house as haremlique & 
selamlique has been occurred at the result of generating self-
enclosed life style needed in privacy facts in Islam. Like these 
elements have been divided “house” from external life and 
come to the fore privacy internal life.  

 
Image 2.  Haremlique/ Selamlique Rooms in Traditional 

Turkish House 

The head room ( the most important and privilege room of the 
house)  has been arranged as “selamlique room” in which man 
entertained his guest close to staircase because of man was in 
the position of important individual of house in Turks who had 
patriarchal social structure (Image 3). At the room which 
departed various rooms based on acts conducted, it was 
specified the areas in which servants, guests and man of house 
would exist and the room was shaped with regard to these 
features.  

 
Image 3. Head Room in Traditional Turkish House 

Simplicity needed in Islam philosophy has been showed itself 
interior design of house as well. Interior design of house has 
been based upon order, compliance and peaceful principles. 
The emptiness and simplicity of space is considered to 
symbolize soothing existence of God in Islam philosophy which 
commented everything as divine indicator. Interior space of 
traditional Muslim House, as similar to mosque, which was not 
fulfilled with furniture has been given sanctity feeling in human 
with the principle of space which addressed into the soul [8]. 
Nature is also important concept for Islam Philosophy which 
was effective and determining position in many fields of life 
such as culture, life style, social affairs. It has been showed a 
grant respect to the nature in which satisfied life necessaries. It 
has been seen to try to preserve and enrich natural character 
by taking into consideration nature conditions in forming 
traditional Turk House. It is possible to say that this manner is 
the result of Islam faith as well as derives from nomadic 
habitats.  

2.2 Furniture in Traditional Turk House  

Traditional Turk House has been designed in the form of 
providing an opportunity that many nucleus families in 
propinquity could live together as great families. Therefore, the 
rooms which have been arranged and furnished in the feature 
of satisfy necessaries pursuant thereto sheltering of each 
nucleus families are independent spaces that used multi-
purpose, and intended to satisfy many functions together such 
as sittings, bedding, eating, bathing.  Objects which are related 
to only the action except stable accessories are being subtract 
and disposed into the room that can be arranged again 
according to different functions within today, and off-duty 
objects are removed. 
It is required to ensure multi-functionality that particularly 
middle area of the space has to be left empty and the objects 
which are not used at that time must be removed. Furthermore, 
all the way plain, slight and high-mobility accessories have been 
used and a trace of stable accessories have been tried to use. 
Stable accessories have been placed on the boundaries of the 
room, and middle area of place has been left empty in order to 
do other acts [9] (Image 4).  

Selamlık 

Haremlik 
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Image 4. Room Plan of Traditional Turkish House 

It is possible to say that almost all actions are mainly being done 
on the floor such as sitting, eating, and bedding. “Straw, rug or 
carpet are covered on the floor, cushions are laid and sat above.  
The sitting arrangement on the floor has been begun to occur 
on the couch that gives an opportunity to sit with soft cover and 
cushions above by having risen up on the sides of floor in time. 
But they have been continuing to sit on the floor. If there has 
been a crowd, it has been sat on the floor in the situation of the 
couch was not adequate.  When viewed from this aspect, even 
small room can be crammed in many people if necessary” [9]. 

2.3 Couch  

They are stable sitting elements which are placed on the side 
of wall, usually under the window in the traditional Turk 
House. (Image 5) Couches are made up in the form of 
surrounding two or three sides of room. They are placed in the 
most illuminated area of room with their location under the 
window, and situated across the entry usually.  

 
Image 5. Couch in the Traditional Turkish House 

The heights of couch are usually 30-40 centimeters; depths are 
70-80 centimeters. Furthermore, it is seen that their heights 
were lower in the earlier period. The heights of couches which 
were made up more recently are about the heights of modern 
chair. Couches are made up in the form of box above main beam 
by using wooden plank and covered (Image 6). Their 
construction is sufficient for using as crate. But this application 
is not a quite widespread because of increasing the heights of 
couch [10].  

 
Image 6. Couch Section in the Traditional Turkish House 

It is sat on the couch with purpose of resting, sparing free times, 
cheering up, reciprocal chatting, meeting, heating and working.  
Sitting style of Turks varies. Like sitting cross-legged, sitting put 
one leg down below, sitting upon knees. These styles of sitting 
are required a wide place. Couches are made up a far amount 
wide by this reason [11].  
The empty among couches and width of the room according to 
this don’t pass the limit of 3-5 m which can be distance that the 
individual can see someone’s mouth movement, and hear the 
low voice easily. It prepares an environment for warm and deep 
conversation [12]. At the same time, couches are built-in 
furniture that enhancing flexibility of space by satisfying the 
different needs such as sitting, resting, lounging [5].  

2.4 Closet and Other Wardrobes 

Closets placed across the windows and in the side of entry are 
wardrobes in which people put their beds in the daytime. 
(Image 7)  

 
Image 7. Closet in the Traditional Turkish House.  

There have been small cubbies (niches) in which candlesticks, 
pots and pans and water jugs were put, particularly in the two 
sides of ovens in addition to these great closets (Image 8). 

 
Image 8. Wardrobes in the Traditional Turkish House 

2.5 Ovens:  

Ovens positioned as only element which are overhung of the 
room at the side of wall usually are used  for the purpose of 
giving a service such as heating and if necessary cooking in the 
traditional Turk House. Above the oven, there is a cone called 
as extractor fan which is settled in order to draw smoke. “At the 
head rooms, oven takes on an esthetic task besides its 
functionality. The wall is given both esthetic and functional task 
by making lazy holes, cubby –holes, niches and wardrobes into 
the wall in which oven existed” [13]. Oven which was usually 
positioned by the side of wall has been begun to place as mobile 
elements at other rooms of house as well (Image 9).  
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Image 9. Oven in the traditional Turkish House  

It is possible to say that each detail is arranged by taking into 
consideration human measurements in the traditional Turk 
House. It is seen that the top limit of wardrobes are made up in 
accordance with the height that can reach by human hand. One 
wooden shelf called as shopwindow which was surrounded the 
room in order to specify this top limit has been used. 
“Shopwindow which was specified the top limit of doors, 
windows and wardrobes has been constituted the top limit of 
useful environment. This shelf is on the height of 2.20 m 
uttermost from the floor. This limit has been emerged with the 
basic principle of not go out of human dimension of usage areas. 
If wardrobes don’t end up at this level, it continues either open 
racks or a serial of cubbies covered with cap, and this line is 
reserved for very rare objects. Human measurement has been 
prioritized at designing of Turk House place, as you understand 
from this” [12]. 
When you look at the furniture in the traditional Turk House, it 
is possible to see the reflections of Turk culture which was 
shaped by Islam faith as well. These reflections are commented 
in the form of arrange bathing cubicle in closet at the rooms by 
the result of clearance understanding in Islam faith; make an 
arrangement for preserving the privacy as far as both interior 
place construct and sitting orders; create clean places by 
building current furniture with elements such as niches, 
cubbies by the result of simplicity understanding in the culture. 

2.6 Culture and Life Style in Traditional Japan House  

Japan, one of the most crowded countries of the world, is a Far 
East country which is located in Far Asia, managed by 
monarchy. The effect of other Far East Cultures, in particular 
China, play rather important role at shaping Japan culture. 
According to Güvenç, everything which can be human-formed 
and learned by human is culture for Japans.  It is possible to 
count as primary elements, such as traditions, philosophy, and 
faith system, which constitute the culture according to this 
definition. Particularly, religious and philosophy are so 
important elements which affect the life style in Japan culture.  
The most significant and effective ones of the religious in Japan 
are Shintoism, Buddhism and Confucianism. Whereas 
Shintoism is local, Japan-oriented religious, Buddhism and 
Confucianism are transferred from China. Shintoism is the most 
widespread of them.  
The concepts such as attention to nature, simplicity, plainness, 
settled for, spiritual rest have been brought light for shaping 
Japan world-view and life style. According to Japan culture, 
“The human must adapt to the nature instead of change and 
harmonise to himself” [14]. 
Geographical conditions of Japan, having small survey and faith 
and culture of Japan community, traditional properties had 
influenced Japan world view and life style and it was very 
effective that Japans took over minimal life style. Besides, 

Japans had the ability to express their selves with the least of 
everything because of these reasons like that.  
It is seen the most explicit affects that Japan has been taking 
over minimal life style as the result of cultural values they had. 
When looked at the traditional Japan houses, it is seen that the 
planning is consisting of three parts about external 
environment, entrance and indoor (Image 10).  

 
Image 10. Traditional Japanese House Plan 

The entrance hall has assumed buffer zone along with 
protection and security function between indoor and external 
environment when it was symbolized with the garden. In a 
sense, it was separated the clean environment indoor and the 
dirty environment outdoor from each other. The shoes are put 
into the cupboard by taking off in entrance hall. The floor of it 
is below one step according to the other parts. “This step is 
sometimes used for sitting while taking on-off shoes as it is 
symbolized the distinction of internal and external world” [9] 
(Image11).  

 
Image 11. Entrance Hall Step. 

In indoor it has been seen that dimensions of room are specified 
by mat covering called as tatami (Image 12). Tatami straw over 
which walked slept and sat “is the floor item to be woven with 
natural materials such as fibers and stems by thickness of 5-6 
cm, and dimensions of 90x180 cm, to be covered upper survey 
with thin mat, to be pressed on the sides with fabric rims” [15]. 
The basis of this sizing system is based on “ken” which was 
traditional measurement unit of Japans actually.  At first, Ken 
was used to specify the intervals between the columns; 
afterwards it was standardized for using house architecture in 
a short time, and became a definite measurement [16].  
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Image 12. House orders to be specified with the measurement 

of Tatami mat. 

Japans have been doing many activities at the floor such as 
sitting, eating, studying, and sleeping in daily life. For this 
reason, Tatami floor used in houses has great importance. 
Tatami mat which has different usage styles brings aesthetic 
and comfort, and multi-purpose usage to the Japan place (Image 
13). 

 
Image 13 Different usage of Tatami 

The other significant element of Japan interior is sliding divider 
walls. They ensure to meet different usage needs of places, at 
the same time they preserve the sustainability of indoor-
outdoor by providing that humans remain to be in relationship 
with the nature.  
Dividers used in the traditional Japan house are two types: 
-Semi-translucent sliding dividers (shoji) (Image 14) 
-Opaque sliding dividers (fusuma) (Image 15)  

 
Image 14. Semi-translucent sliding dividers 

 
Image 15. Opaque sliding dividers 

Shoji is generally used in external walls of inner court, veranda 
and places for not breaking off the relationship with the nature. 

Fusuma is used as indoor dividers of house in terms of 
providing security if necessary. These elements which bring 
flexibility to Japan space are used as elements that symbolize 
the nature at the same time due to the used materials, or nature 
patterns made over them [9].  
There has been a seat of art and honor called as “tokonoma” in 
living room at traditional Japan houses. It has been seen that 
decorative items generally such as candle stick, vase, flower in 
front of it and various artworks were hung on the wall in this 
part which separated from the place by elevation difference 
(Image 16).  

 
Image 16. Tokonoma place in the traditional Japanese house.  

It can’t be made a definite distinction between indoor and 
outdoor in Japan houses. The most significant element which 
provided the sustainability between indoor and outdoor is 
verandas. Verandas which make a balance the coldness in 
winter and hotness in summer in Japans who pay much more 
attention to the nature are indivisible part of traditional Japan 
houses (Image 16). 

 
Image 17. Veranda in traditional Japanese House. 

2.7 Furniture in Traditional Japan House  

The factors such as thriftiness brought from faith systems, 
being temporary of everything in Japan houses, limited content 
because of small survey of country are required the multi-
purpose usage of spaces. It has also been brought along 
solutions such as the usage of movable equipments instead of 
stable equipments while doing actions in thespaces and storage 
of these in the cupboards at each place, only picking out when 
they used. Because it is required to remain places empty 
generally in order to do actions.  
Mainly sitting style and indoor transformation systems reflects 
to the used furniture in Japan traditions. Japans are taking off 
their shoes, and strolling with their socks over flat floor, and 
sitting on their feet and knees on special cushions at the floor. 
It is possible to say that the tradition of sitting at the floor 
instead of chair is closely related to the Japan’s habitat of taking 
off their shoes while they are entering to the house. It is natural 
to rise this habitat for a geography where spends rainy in large 
part of year, because not taking off shoes carry dampness and 
wetness to the indoor. At the same time, sitting at the floor 
brings low outlook and different perspective view to the 
objects, nature and people according to Japan.  
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As it is also stated in previous part, Japans who get used to sit 
at the floor are doing many actions at the floor. It also specified 
the shape of almost all furniture used in the space. Besides, the 
existence reason of everything is functions in traditional Japan 
house in which simplicity comprehension dominates. For this 
reason, any useless items don’t have a place in the space.  
When you look at the furniture in traditional Japan house, it is 
seen that there are cupboards similar to closet as only stable 
equipment and all the rest furniture have the characteristic of 
mobile and easy portable as few as possible. Japan houses give 
a sense of simplicity and sometimes of space with the influence 
of divider system which develops in Japan as well as limited 
furniture usage.  

2.8 Cupboards: 

Cupboards which have a place on the wall as stable equipment 
are not much distinct apparently because of covering with one 
kind of sliding door. Generally the width and length of it 
measure 0.5 ken. (91 cm, 1 mat) It is only measure the length 
because of the depth is stable while calculating the total area of 
cupboards. There are cupboards with the length of 20.5 ken 
(4.55m) averagely (Image18). Their covers are always sliding, 
their inside are simple [17]. 

 
Image 18. Cupboards with sliding doors in traditional 

Japanese house 

Limited number of stuffs surrounding are picked up in closet if 
necessary they are extracted from cupboards. For instance, 
beds, cushions and blankets are sprawled on the tatami floor at 
the end of day.  When it comes morning they are picked up in 
closed again and room is ordered for family member usage 
(Image 19).  When it is suppertime, a low table and squabs are 
brought.  

 
Image 19 Storage in Cupboards. 

2.9 Low Coffee Tables: 

It is used low coffee tables which are carried easily for many 
actions such as eating, drinking tea, reading-writing, studying 
depending on sitting style on the floor (Image 20).  

 

Image 20. Low Coffee Tables Used in Traditional Japanese 
House. 

2.10 Heaters: 

The another important element used in traditional Japan 
houses is heaters. The heaters which are used in actions such as 
heating, eating, steeping tea are taken place in the middle side 
of rooms with different shapes according to sitting style (Image 
21). 

 
Image 21. Heaters in Traditional Japanese House 

When it is looked at furniture in Traditional Japan House, it is 
seen explicitly the effect of culture which is developed subject 
to factors such as religious, faith system and physical 
environment. House phenomenon is temporary space for 
Japans because of not having an important place in their lives. 
Paying attention to material life as a part of culture is almost 
sin. For this reason, as far as simple numbers of furniture are 
used in houses in where simplicity and plainness, integration 
with nature dominate. The furniture used in flexible places and 
created with the characteristic of serving to many functions is 
also shaped such as to give a response to this flexibility by 
extension.  

3 Conclusion 

Culture concept which was tried to clarify with various 
descriptions by many specialist from past to present has been 
one of the most significant factors which shaped life styles over 
certain communities. Both living places and placing and using 
furniture in these places are the most concrete examples of this 
shaping. Informations which are obtained by the result of 
analyzing of culture factor at forming of furniture discussed in 
this study in the cases of Traditional Turkish and Japanese 
House Furniture also support this conclusion. When analyzing 
both cultures it is possible to say that culture factor has a 
determinant role at forming furniture.  
It is seen that there are many similarities when both cultures 
which are different from each other in terms of many factors 
such as language, religious, race and geography are talked over 
generally in terms of cultural. Simplicity, plainness, respect to 
the nature have a quite large influence over shaping living 
spaces, so furniture. For this reason, when it is analyzed 
traditional Turk houses types is concluded there are certain 
common shares both in Turk and Japan houses. Actions which 
reflect this understanding in both cultures and do in only one 
room are shown in Table 1 with common and different 
properties. Apart from this, in reaction to the will of creating 
simple and clean places, while it is common point that hiding of 
storage places (closet, cupboard etc.) as built-in in the place, it 
is differed from opening system of these cupboard covers. 
While covers are opening with hinged system in Turk house, 
these covers are opening with sliding system in Japan house.  
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Table 1. Actions which are done in the same room in 
Traditional Turkish and Japanese house 

 
The thriftiness comprehension which is brought from Japan 
faith systems and factors such as volume constraint originating 
from small survey of country are required the multi-purpose 
usage of places. The reasons such as giving a one room to each 
nucleus families in the houses where crowd families lived had 
caused the necessity of performing many functions only in one 
place with the extension of nomad life styles in Turks.   
The other common property that is seen in the houses is to 
situated heaters which are built with structure in either places, 
and generated the focal point for the place. The heater which is 
generally situated at the side of wall in head room as only 
element of room that stands out in traditional Turk house, but 
it is placed in more central position in Japan house. However, it 
has been begun to place as more movable items in time at other 
rooms of Turk house.  
When looking over traditional house types of both cultures, it is 
drawn attention some different properties beside there are 
many common properties as this. Although both cultures have 
a habitat of sitting on the floor, it is seen to sit on couches which 
have a certain high and built with structure, except the actions 
such as eating, doing in traditional Turk houses. Japans have 
sitting order on the floor in all times. Besides sliding doors and 
partition of place which were seen in Japan houses has not been 
placed in traditional Turk house understanding.  Apart from 
this, it can be interpreted as the reflections of differences 
between both cultures in the places that there is a seat of honor 
called as tokonoma over floor raised and set apart from other 
places with elevation difference for faith in Japans and there are 
bathing cubicle which is hidden in closet as a result of cleanness 
understanding in Islam faith.  

At the end of study, it is determined that common concepts such 
as portability, pliableness, storability, flexibility, comfort 
understanding, simplicity, integration with the structure, 
practical performance direct at forming of furniture in either 
cultures.  
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Abstract   

Interıors are designed an integrity with user-function-space. Spaces created with structural (wall, floor, ceiling, corner) copmponents and qualitative 
components serve both users and spaces and functions. Furniture especially serve user and function is important component of spaces to specify the style, 
contribute the created style and especially provide possibility for realizing actions. Furniture is composed of furniture frame and upholstery fabrics, which 
is the top layer of the upholstery and interact users. Textile products which are used for furniture upholstery are varied according to raw material and 
surface tissue. This variation affects space and space atmosphere, users in physiological and sensorial aspects and function quality. In this paper is is 
mentioned and examined upholstery fabrics which is used in spaces and selection criterias. 
Keywords: Interior Space, Upholstery Fabrics, User, Function, Space. 
   

İÇ MEKANDA BİR TASARIM ÖĞESİ OLARAK DÖŞEMELİK KUMAŞLAR VE 
SEÇİM ÖLÇÜTLERİ 

Özet   

İç mekanlar kullanıcı-işlev- mekan bütünlüğü içerisinde tasarlanmaktadır. Yapısal öğeler (duvar-zemin-tavan-köşe) ve niteliksel öğeler (malzeme-renk-
doku-ışık-aksesuar-mobilya) ile oluşturulan iç mekanlar hem kullanıcıya hem mekana hem de işleve hizmet etmektedirler.  İç mekanın özellikle kullanıcı 
ve işleve hizmet eden niteliksel öğelerinden mobilyalar mekanın tarzının belirlenmesinde, oluşturulmak istenen tarzın desteklenmesinde özellikle 
kullanıcının eylemlerini gerçekleştirebilme imkanı sunmasında önemli yer tutmaktadır. Mobilyalar mobilya iskeleti ve kullanıcıyla etkileşimde bulunan 
döşemenin en üst katmanını oluşturan tekstil ürünlerinden meydana gelmektedir. Mobilya döşemelerinde kullanılan tekstil ürünleri üretim ham 
maddelerine ve yüzey dokularına göre çeşitlenmektedir. Bu çeşitlilik, mekanı ve mekanda oluşturulmak istenilen atmosferi, kullanıcıyı duyusal ve 
psikolojik yönlerden ve gerçekleştirilmek istenen eylemin niteliğini etkilemektedir. Bu çalışmada iç mekanlarda kullanılan döşemelik tekstil ürünleri 
çeşitler ive  bu ürünlerin seçim ölçütlerine değinilecektir. 
Anahtar Kelimeler: İç Mekan, Döşemelik Tekstil Ürünleri, Kullanıcı, İşlev, Mekan 
   

 

1 Introduction 

Textile products are significant design elements in interiors 
designed within the context of triangular space-user-function 
construct. It is possible to determine textile, which is 
considered within the category of materials among the 
qualitative elements of the space, as upholstery textiles used on 
furniture, drapery fabrics used in windows solutions and rugs 
and carpets in floor solutions in interiors. Furniture shape an 
important space in interior planning. Furniture could be 
differentiated based on various utilization properties such as 
resting, sitting and storage. Especially in the parts that have a 
contact with the user, upholstery textile products are used. 
Upholstery textile products consist the uppermost layer where 
furniture upholstery interacts with the user. Determination of 
this surface based on selected criteria is important for the 
comfort and aesthetics of the user and the space. 

2 Qualitative Elements of Interior Space 

Spatially defined basic elements that we observe as point, line 
and mass in geometry, correspond to corner, edge, surface and 
the volumes that these for in interior spaces. Space is formed by 
structural and qualitative elements. Structural elements of the 

space are walls, ceiling, floor and the empty and full areas in the 
space. Qualitative elements are the material, texture, color, 
illumination and furniture that provide aesthetic for the 
structural elements. 

       
Figure 1. Integration of the Structural ans Qualitative elements 

[7] 
Existence of the structural elements in the space form a 
wholeness together with the qualitative elements that could 
also be considered as sensual elements [3]. stressed that 
elements used in a space such as furniture, color and 
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illumination enables the spatial experience of the user, in other 
words, user’s visual, tactile and auditory actions and the user 
establishes the communication with the environment through 
these elements. Quality of the interior space is determined by 
the sensual actions of the user such as seeing, hearing and 
touching. Creating spaces where the user could maximize 
sensual actions is realized by using qualitative spatial elements 
such as light, color, texture and material. 

 
Figure 2. Effects of Different Textures to Space 

These elements that enable the interaction between the user 
and the space render the space as a living phenomenon. In 
spaces where light, color, texture, material, accessories and 
furniture are not utilized, it is not possible to talk about user-
space-function construct and the abovementioned interaction. 
Colors are perceived as a result of the interaction between light, 
eyes and the brain. Colors exist in the nature in every form and 
dimension, while they similarly exist in spaces as light or 
pigment. Color as light is a dimension provided by illumination. 
On the other hand, as a pigment, it is an element that is present 
in material and textures as a tactile and visible dye. In basic 
taxonomy, colors are divided into primary (yellow – red – blue) 
and secondary (green – orange – purple) categories. Apart from 
this classification, colors could be grouped as opposite colors, 
similar colors, warm and cold colors. 

 
Figure 3. Colour Wheel of Newton [11] 

These defined colors could have different impact on human 
psychology when used along with different elements and in 
different combinations in a space. Colors could create desired 
perceptions in the space they are used in. Colors that are 
inseparable part of the texture and material should be 
considered as a whole along with all the elements in a space. 
Furniture, which are one of the qualitative elements in a space, 
affect the occupancy / vacancy rate of the space with respect to 
both the raw material and texture and style. Furniture affect the 
space through their style, the color and texture used on them, 
and also the different material used on them. Periodic style of 
furniture either supports the atmosphere desired in the space 
or the furniture itself creates this style. Furniture affect the 
style of the space due to both the material they were 
manufactured with and the colors and texture of different 
material used on them. Furniture that play a significant role in 
creation of the quality of the space are used for different 
functions. 

2.1 Furniture 

Furniture are not only elements that fulfill the needs of the user, 
but also a significant design element that affect the atmosphere 
of the space with its upholstery and upholstery fabric. Kilmer 
and Kilmer stressed that spaces require furniture that could 
provide the transformation between their architecture and the 
user [5]. Furniture, while fulfilling the needs of the user, could 
also affect the user psychologically. 

 
Figure 4. Furniture [12] 

Furniture are elements that occupy a certain volume and meet 
needs in a space such as laying down, resting, sleeping, sitting 
and storage. “According to several users, furniture transform 
architectural spaces into usable and personal spaces where 
human activities could be realized comfortably and 
appropriately” [9]. Pile attempted to stress that furniture are 
important design elements in a space and could only become an 
interior design element when they are designed suitable for the 
user and their function. 
Furniture contains two sections of the frame and upholstery. 
Furniture frame is the structural system that holds the 
furniture upright. Frame is generally manufactured with wood, 
metal and plastic material. Upholstery is the part of the 
furniture that is in contact with the user and generally 
produced with soft backfilling material. “Upholstery and 
upholstery works generally reflects furniture for sitting, 
resting, laying down and sleeping such as stools, ottomans, 
chairs, couches, sofas, divans, bed bases, mattresses, beds, etc. 
The transformation of the chassis called “frame” in furniture 
into a form on which people could sit on or use for other 
purposes is what upholstery is about” [10]. Upholstery could 
also be used to protect the furniture frame.  

       
Figure 5. Upholstery [13] 

“Frame is the system that creates the structure of the furniture 
and holds in upright. Upholstery, on the other hand, is the 
process of rendering the furniture usable via integration with 
filling material and different methods” [7]. It is frequently used 
in furniture used for resting, laying down and sitting. Furniture 
upholstery could include more than one layers based on its area 
of use and its type. However, the uppermost later of each 
upholstery is the textile layer. These textile surfaces used in 
furniture are called upholstery textile products or upholstery 
linings. These products are superficial products manufactured 
with substances produced with fibrous raw materials. Textile 
products are a significant part of the interior material element. 
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3 Creations of the Textile Products 

It is known that clothing is one of the most important needs of 
humankind, only second to nutrition. Humans used the hides of 
the animals they hunted for food in early ages for protection 
and ornamental purposes. In later ages, they started to produce 
basket-weave shaped surfaces by weaving the wool they 
obtained from the sheep. Textile products basically consist of 
fiber. Natural or synthetic fibers are combined in an orderly or 
disorderly fashion. Natural fibers could be of vegetal, zoological 
or mineral origins. Some of the artificial fibers are produced 
from natural fibers, while some other are completely artificial. 
Properties of the fibers significantly affect the properties of the 
textile surface that is produced using them. Yarn, which is a 
textile product with an indefinite length, is produced by 
spinning these fibers. And yarns are put together with different 
methods to produce surfaces. The characteristics that yarns 
gain while being created by spinning affect the characteristic 
properties of the yarn. Some of these characteristics are the 
number of the yarn, winding, strength and elasticity. Yarns 
could also obtain certain visual characteristics due to the 
properties of the fiber or the method of spinning. 
Characteristics of the yarn spinned affect the characteristics of 
the textile surfaces. 

 
Figure 6. Yarn Spins [4] 

Textile surfaces, which are called fabric, are created with three 
methods The first method is weaving method, which entails 
passing at least two groups of yarn from under and above each 
other forming a right angle. The yarns used in the weaving 
method are called the woof and the warp. Due to the diversity 
of weaving techniques, obtained surface is generally durable. 
The second method is knitting which is conducted by creating a 
loop with an auxiliary material and holding these loops 
together. Fabric produced with knitting method is less durable 
compared to other methods due to the possibility of 
unfastening. The third method entails creating surfaces with a 
nonwoven technique where fibers are turned into surfaces with 
adhesive or binding material. In this method, due to the 
diversity of available techniques, the fabric could have 
properties such as flexibility, endurance, different retention 
and bulkiness characteristics. 

 
Figure 7. Weaving [8] 

 

Figure 8. Knitting [4] 
Certain treatment processes are applied before or after 
production on textile products of fibers, yarns and surfaces. 
Preliminary treatment processes are applied to remove foreign 
material from the fiber or the yarn before transforming them to 
the product and render them ready for the process. Every 
process is not applied to every textile product. They are applied 
based on the desired property and raw material. Second 
treatment is coloring. Coloring is conducted with dyeing or 
imprinting methods. The third treatment process is finishing or 
bare finish, which is conducted so that the product would 
possess the desired properties. It is applied using two 
techniques: mechanical and chemical. Mechanical finish 
process do not pertain and foreign material, while chemical 
finish entails the use of foreign material. 
Reupholsters protect the upholstery below and at the same 
time provide visual and tactile comfort for the user. Upholstery 
affect the style of the furniture through their color, texture and 
designs and at the same time, affect the quality of the space. 
Especially the final layer of upholstery that is in contact with 
the user increases the comfort in the space as a result of the 
touch effect it provides for the user. 

4 Upholstery Fabrics and Selection Criteria 

Qualitative elements within a space such as material, furniture, 
color, illumination, texture and accessories define or support 
the atmosphere within an interior space. Since textile products 
that are considered within the classification of material affect 
the user through the four senses of touch, sight, smell and 
hearing, they are significant interior space material. Textile 
products are important since they provide the texture and 
design elements that affect the quality of the space. Almost all 
material in a space have a pattern or texture. Pattern is an 
element that affects the user visually, while texture has both 
visual and tactile effects. Patterns could be considered as 
important elements within a space since they alter the scale and 
ratio effect of the space. Geometry, size and especially the colors 
of the pattern are important for they affect the style of the 
space. In addition to the pattern of the material utilized in the 
space, each material has a visible or invisible texture. In 
addition to affecting the user and the space visually, texture of 
the material also changes its touch effect. Textile products are 
significant interior material that contain texture and pattern 
and affect the user and the actions desired within the space. In 
interiors, textile products are used as upholstery fabric on 
furniture, as carpets and rugs on the floor, as curtains in 
window solutions and as accessories under the category of 
other areas of use. Upholstery fabrics that could be frequently 
observed in the spaces affect the space with their texture and 
designs. 
The uppermost layer of the upholstery process, upholstery 
textile products are significant elements of determining the 
style of furniture and the space. They are used to create the 
style of the space and to support the created style, to facilitate 
the perception the relationship between space and scale ratio 
and to provide comfort for the user. 
To use upholstery textile products in furniture and spaces, they 
need to possess certain characteristics. These are: 

1. Wear resistance, 
2. Resistance against fading, 
3. Seam shift resistance, dimensional stability, 
4. Ease of care, 
5. Firm handle and low drape, 
6. Being stain proof, 
7. Difficult ignition [6]. 
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In addition to these physical properties, it is expected to exhibit 
user oriented features such as looks, scale, ratio, comfort and 
touch. Upholstery fabrics, leather, artificial leather, vinyl and 
artificial suede material that would reflect these features all 
possess different characteristics. 
Fabrics are textile products that are manufactured by 
compressing or twisting natural or artificial fibers and then 
combing the resulting yarns by knitting or one of the weaving 
techniques. Upholstery fabric are in the category of textile 
products used in furniture upholstery. Upholstery fabric are 
manufactured in two different types: household or contract1 
type. Household fabric are manufactured for use in spaces 
where there are limited number of users such as homes. 
Contract type, on the other hand, is produced for use in public 
spaces where the user count is dense. Since these fabrics are 
exposed to more utilization and wear, they are produced with 
high strength, wear resistance and inflammation resistance. 
Since upholstery fabrics are exposed to frequent use in our 
daily lives, they are expected to be suitable for use, durable, 
easy to clean, less inflammable, high wear resistant, resistant 
against fading, unstainable, seam shift resistant, and with a 
sporous structure. These features are based on using different 
fibers together, differences in twisting methods of the yarn that 
would be used for the fabric, or variations in the yarn 
combination methods. If the desired feature is not available in 
the fabric despite these different methods, different finishing 
techniques could be used for this purpose. Due to the diversity 
of fibers and yarns used in upholstery, fabrics with different 
colors, designs and textures could be obtained based on the 
surface formation technique. 
Various natural or artificial fibers are used in the production of 
upholstery fabrics. The most manufactured fabrics are cotton 
and synthetic fibers due to their high qualitative value. 
Upholstery fabrics are manufactured nappy or napless based 
on the effect that is aimed at the space and the user. Naps are 
napped structures that affect the outlook and touch of the 
fabric. Upholstery fabrics could be classified based on their 
nappy or napless structure. 

        
Figure 9. Nappy and Napless Fabrics [14] 

Napless fabrics are manufactured with weaving and knitting 
methods and they lack naps on their surface. 
Apart from these fabrics, chenille, which is a cotton fabric that 
looks like satin is highly preferred. Also, kitoun, denim, drill, 
flannel, calico fabric and jersey are used as upholstery textile 
products. 
Leather obtained from animal skin could be in different size and 
thickness based on the animal. Due to its foldable, durable, 
stainable and shapeable, it is  preferred in certain spaces, 
however, in addition to these properties, it also has certain 
negative characteristics such as being easily scratched, teared 
and perforated. Artificial leather, vinyl and artificial suede 
fabrics are obtained from various polymer compounds. They 
are preferred as upholstery fabric due to their different 
characteristics. 

                                                                        
1 Contract textile: Textile products in spaces with high number of 

users such as hotels and offices [2]. 

These upholstery textile products manufactured with various 
fibers and polymers are exposed to wear due to dust, moisture, 
sunlight and use in their environment. To extend the economic 
life of textile products and to benefit from their features 
sufficiently, periodical care and knowledge on what to do when 
they are stained are necessary. The nap found on upholstery 
fabrics could be cleaned of the dust by a vacuum cleaner. When 
a solid matter is dropped on the fabric, it should immediately 
be removed. When a liquid is spilled, it should be absorbed by 
a paper towel or a dry piece of cloth before it penetrates the 
fabric. Certain liquid stains could be cleaned with detergents 
and warm water. Oil based stains should be removed by dry 
cleaning. If the stain could not be removed with warm water 
and detergent, the surface should be cleaned with moist 
kerosene or petroleum. Since artificial leather is composed of 
various polymer compounds, it could not be cleaned with any 
detergent. The stains could be removed with a piece of cloth 
moist with kerosene and petroleum. Upholstery textile care 
should be regular and necessary intervention should 
immediately be applied when a sudden stain occurs. 
Upholstery textile products are the last layer lining that have 
the properties of protecting and emphasizing the furniture. 
They play a significant role in determining the style of the space 
and supporting the predetermined style. They are able to 
directly influence the user and the function. Thus, it is 
important to select suitable upholstery material that suits user 
taste, the style of the space and design and unity and integrity 
of the design. Selection of upholstery textile material in 
interiors should be conducted based on certain fundamental 
principles. These fundamental principles are investigated 
under qualitative and physical topics [6]. These principles are 
physically dimensional and color soundness and consistency, 
endurance, flammability, based on its effects on the senses, 
aesthetics, comfort and touch, and based on practical use, care 
and cost. 
“Use of textile products as furniture upholstery contributes to 
their comfort and aesthetic value. When an interior space is 
designed, selection of upholstery textile products consistent 
and in unison with space-wide design decisions would be a 
determinant of successful design of space. For this purpose, 
shape, material and style of the furniture should be considered 
during the selection of textile products” [1]. 
The first criterion of upholstery textile selection is the style 
aimed in the space. To support the style of the space or for the 
style that is aimed for the space, selection of the upholstery 
fabric is important. Thus, initially the style of the space should 
be considered. Following this criterion, basic principles should 
be considered. 
Wear resistance: Furniture are worn away and damaged in 
time due to use. Since upholstery textile products would wear 
as well, the fabric is expected to have high wear resistance. 
Wear resistance varies based on the fiber and yarn used, 
variations on the method of manufacturing the yarn and 
combination of the fabric and finishing processes applied on 
these products. Since wear also would create the problem of 
pilling on the fabric, upholstery textile products should have 
high wear resistance. If this property was not created with 
determined methods, wear resistance should be achieved 
during the finishing process. 
Light fastness: When upholstery fabrics are exposed to high 
amounts of sunlight during use, their colors could fade or 
physical deformations could occur on the fabric. “Light fastness 
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against fading, environmental pollution and matting is 
extremely important for upholstery fabrics” [2]. To prevent the 
change of color and clarity of the fabric, high light fastness is 
expected of upholstery textile products. 
Seam shift resistance: When the weft and warp yarns on the 
textile surface are not dense, seam shift problem occurs. This 
problem results in loosening of the fabric, disintegration of the 
design, loosening of the yarns and decrease in the endurance in 
time. Thus, high seam shift resistance is expected of upholstery 
textile products. 
Easy maintenance: Most preferable upholstery fabrics are 
easy cleaning and maintenance products. Easy cleaning 
upholstery textile products are the most preferred ones. 
Upholstery textile products are expected to be suitable for 
washing or dry cleaning. 
Low drape and firm handle: It is expected of upholstery 
textile products to keep the form that they take on the furniture 
constant throughout their economic lives. This characteristic 
directly affects dimensional consistency of the textile product. 
Low drape is the ability of a textile product to keep its form, firm 
handle is a characteristic that exhibits the strength of a textile 
product. 
Stain proof property: Textile products are exposed to various 
dust, dirt and stains based on the use in time. These negative 
factors shorten the economic life of the textile product. Thus, 
upholstery textile products are expected to be stain proof. If 
this is not an inherent property of the textile product, it could 
be achieved though the finishing process. 
Non-flammability: For life safety reasons, materials used in 
internal environments are expected to be non-flammable or 
difficult to catch fire. This could be achieved through various 
finishing processes. 
These properties are the characteristics that should 
functionally be present in upholstery fabrics. In addition to 
abovementioned properties, upholstery textile products should 
also possess sensual properties that attract the user such as 
visual, auditory, tactile and olfactive characteristics. 
 
 

Table 1. Napless Upholstery Fabrics 
Method of Creating Fabric Fabric 
Plain Weave Homespun, Hopsacking, 

Tweed, chintz, Duck, Rep, 
Bengaline, Faille, Ottoman, 
Shantung 

Twill Weave Plaid, Herringbone  
Satin Weave Antik Saten, Atlas 
Crepe Weave  
Dobby Weave  
Yüzeyi Desenlendirilmiş 
Dokuma 

Patterned 

Jacquard Weave Damask, Brocade, Matelas, 
Lisere, Brokatel, Goblen 

Triaxial Weave  
Knitting  

Table 2. Nappy Upholstery Fabric 
Method of Creating Fabric Fabric 
Weave 
 

Velvet, Velour, Frieze, 
Corduroy, Velveteen, 
Grospoint 

Knitting  
Taffeta  

5 Sonuç 

As a result of integration of structural and qualitative elements 
that form the interior space, which is based on geometry, 
habitable quality interior spaces are created. Among these 
qualitative elements, textile products classified under material 
provide services for the user in visual, aesthetic, tactile, 
olfactory and functional dimensions. Furniture that cover a 
significant portion of interiors are another qualitative element 
and most of the textile products are used as upholstery textile 
products on furniture. Upholstery textile products are selected 
based on two different sets of criteria of physical and 
qualitative with reference to the protection of the product itself 
and the services they provide for the user. 

Table 3. Upholstery Fabric Selection Criteria 
FİZİKSEL ÖLÇÜTLER NİTELİKSEL ÖLÇÜTLER 
Wear Resistance  Aesthetic 
Light Fastness Touch 
Seam Shift Resistance Comfortable 
Stain Proof Property Scale 
Difficult ignition Smelling 
Low Drape and Firm 
Handle 

Acoustic 

Easy Maintanance  
Static Electrification  
Resistance to insects and 
moths 

 

Physical criteria are necessary to extend the economic life of the 
upholstery textile product and to keep its functional 
performance at the maximum level. These criteria are wear 
resistance, light fastness, seam shift resistance, non-
flammability, stain proof property, low drape and firm handle, 
easy maintenance, static electrification, resistance against 
pests. These properties could be provided intrinsically in the 
fabric during production through the raw material and 
manufacturing method of the yarn and textile surface, however, 
it is not possible to provide all these properties in every fabric. 
The latter are provided for the missing properties through 
different mechanical or chemical finishing processes. 
Qualitative criteria aim to provide an environment for the user 
to conduct actions comfortably.  These properties are visual 
quality (aesthetics), touch (texture), comfort, scale, smell and 
acoustics. These criteria are determined based on the personal 
traits of the individual who would utilize the space. 
Furthermore, the taste and demands of the user are the other 
important criteria that would determine the design. 
In addition, based on the space analysis, suitable fiber, yarn and 
fabric should be selected and required dyeing and finishing 
processes should be conducted. Since geographical and climate 
conditions of the space would change the use of the textile 
products in the space, selecting upholstery textile products that 
are suitable for the climate and season of the space are among 
the basic conditions of a comfortable atmosphere. 
Selecting upholstery fabric based on the two significant 
complements of a space, the user and function is an important 
design stage for both comfortable movements of the user and 
productive utilization of the space. 
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Abstract   

Spruce wood pit membranes are sensitive to close, which makes impregnation process difficult. Pit membrane, especially torus, is rich in pectic materials. 
In this study, two different commercial enzymes (pectinase rich enzymes) which are commonly used in textile industry were used to degrade pit 
membranes. The effects of enzymes on wood samples were revealed with scanning electron microscopy (SEM) and light microscopy (LM). Wood samples 
were stained with toluidine blue to determine the pectic materials on the pit membranes. The microscopic investigation revealed that pectin material on 
the pit surface was removed with enzymatic treatment. While untreated wood samples’ pit membranes were stained red, enzyme treated wood samples’ 
pit membranes were not stained. Pit membranes were ruptured and degraded as a result of enzymatic treatment. However, there was no noteworthy 
degradation was seen in the wood structure. 
Keywords: Enzymatic treatment, microscopic investigation, pectinolytic enzymes, pit membranes 
   

LADİN ODUNU GEÇİT MEMBRANLARININ PEKTİNOLTİK ENZİMLER İLE 
BOZUNDURULMASI 

Özet   

Ladin odunu geçit membranlarının kapanmaya karşı hassas olması emprenye işlemini zorlaştırmaktadır. Geçit membranları, özellikle torus, pektik 
materyal bakımından zengindir. Bu çalışmada tekstil endüstrisinde yaygın olarak kullanılan iki farklı enzim (pektinaz enzimi bakımından zengin)  geçit 
membranlarını bozundurmak için kullanılmıştır. Enzimlerin odun örnekleri üzerindeki etkileri taramalı elektron mikroskobu ve ışık mikroskobu ile ortaya 
çıkartılmıştır. Odun örnekleri, geçit membranları üzerindeki pektik materyalin belirlenmesi için toluidin mavisiyle boyanmıştır. Mikroskobik inceleme, 
geçit yüzeyindeki pektik materyalin enzimatik muamele ile uzaklaştırdığını ortaya çıkartmıştır. Enzimatik muameleye uğratılmamış odun örneklerinin 
geçit membranları kırmızıya boyanırken, enzim ile muamele edilen odun örneklerinin geçit membranları boyanmamıştır. Enzimatik muamele sonucu 
olarak geçit membranları yırtılmış ve bozundurulmuştır. Ancak odun yapısında dikkate değer bir bozunma gözlenmemiştir. 
Anahtar Kelimeler: Enzimatik muamele, geçit membranları, mikroskobik inceleme, pektinoltik enzimler 
   

 

1 Introduction 

Spruce wood (Picea orientalis L.), which is the fundamental 
species, constitutes 1.60% of the forest in Turkey [1]. Therefore 
spruce wood is evaluated in wood industry for diversity of 
utilization because of its high mechanic properties. Especially 
in Black Sea Region in Turkey, it is widely used for construction 
of mountain house [2]. However, its natural durability is weak 
against wood-rotting fungus. This statement necessitates a 
treatment with chemicals for some applications. Nevertheless, 
it has some difficulties when impregnating with chemicals.   
Spruce wood is known as one of the refractory wood species [3, 
4, 5]. Its pit membranes are sensitive to close when drying 
which makes impregnation process difficult. The required 
minimum penetration for these species is 10 mm according to 
AWPA standards [5, 6]. However, spruce wood could not meet 
AWPA minimum penetration standard. The deep and 
homogeneous penetration is also necessary for an effective 
protection. Yet, it is difficult to obtain a penetration deeper than 
the surface layer for refractory wood species [7]. 
The transportation of liquid in the wood is provided with pits 
[8]. Water transport between adjacent cells is also made by pit 
membranes. When wood drying process, water evaporates 
from the surface and high surface tension occurs in the 

tracheids [9]. Therefore pit membranes seals off the pit 
aperture which is called pit aspiration [9, 10, 11, 12, 13]. As a 
result of aspiration, transportation could not be provided and 
permeability decreases [14]. 
Pit membrane, which is a composite material, composed of 
cellulose, hemicellulose, lignin, pectin, and phenolic 
components [15, 16]. After the enzymatic treatment, it was 
revealed that pectin and hemicellulose covers the cellulose 
microfibrils [15, 17]. Furthermore, it was found out that margo 
is consisted of cellulose fiber network [17, 18]. 
The main goal of the present study was to degrade spruce wood 
pit membranes with enzymatic process. Spruce sapwood 
samples were treated with enzymes which are widely used in 
the textile industry. After the enzymatic treatment, the wood 
structure was investigated using light microscopy (LM) and 
scanning electron microscopy (SEM). The degradation on the 
pit membranes varied depending on the enzyme type. 

2 Methodology 

Samples of oriental spruce wood (Picea orientalis L.) grown in 
Trabzon were selected in this study. Spruce sapwood samples 
were cut with dimensions of 25×15×5 mm3 
(longitudinal×radial×tangential) for enzymatic treatment. 
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Two different commercial enzymes, which are widely used in 
textile industry, were used. Texazym BFE is pectinase rich 
enzymes which degrades pectin layers. Texazym DLG is 
pectinase rich multi-enzymes complex which degrade 
hemicellulase and lignin partially as well as pectin [19, 20]. The 
conditions for pH and temperature varied depending on the 
enzymes. Enzymatic treatment was performed in a sealed case 
with a solution of pH 7 (adjusted using 0.1M phosphate buffer) 
at 55°C for Texazym BFE or pH 5 (adjusted using acetate buffer) 
at 60° C for Texazym DLG. The enzyme concentration was 
10g/L and incubation time was 7 days for both enzymes. The 
specimen/solution ratio was adjusted to ¼ (v/v). The pH of the 
solutions was checked and adjusted daily. 
Enzyme treated and untreated wood samples were sectioned 
using a sliding microtome at a thickness of approximately 60µm 
and stained in a solution for 1 min. A staining solution was 
prepared with 0.05% of toluidine blue in 0.1M phosphate buffer 
at pH 6.8. After the preparation of samples, the examination 
was performed with an Olympus BX50 microscope.  
Enzyme treated and untreated wood samples were also 
investigated with scanning electron microscopy (SEM, Zeiss 
Evo LS10, German) device. Before examination, wood samples 
were firstly oven-dried and then gold coated (Emitech SC7620, 
France). 

3 Analyses Results 

The pectin degradation caused by enzymatic treatment in the 
wood samples was revealed using labeling method with 
toluidine blue. As shown in Fig. 1, differences between enzyme 
treated and untreated samples were clearly visible. It is known 
that pectic material located in the middle lamella and bordered 
pit membranes [15, 16, 18, 21, 22]. As in previous studies, when 
pectic material reacted with toluidine blue, it turns red [22, 23]. 
The red staining of margo and torus with toluidine blue proved 
this phenomenon (Fig. 1a). 

 
Figure 1. LM images of spruce wood samples: a) untreated 
spruce sapwood; b) Texazym BFE treated spruce sapwood; c) 
Texazym DLG treated spruce sapwood.  
Texazym BFE and Texazym DLG, which are pectinase rich 
enzyme, are evaluated in the textile industry for bio-retting 
[19]. They remove impurities in the cotton fibers [24]. Similarly 
pectic material was removed from the pit surface in the wood 
samples after the enzymatic treatment. As seen in Fig 1a-b, 
margo and torus were not stained red with toluidine blue. The 
LM images clearly explained pectin degradation on the pit 
membranes. Although the enzymatic treatment, there was no 
noteworthy degradation on the wood structure.  
Enzymatic treatment caused degradation on the wood 
structure which was also investigated using scanning electron 
microscopy. Fig. 2 shows the enzymatic destruction on the pit 
structure compared untreated wood sample. As shown in Fig. 
1a, more than half of the pits were closed. High surface tension 

during the drying process caused the pit aspiration [9, 13]. 
Hydrogen bonds between torus and adjacent cellulose 
molecules restrain the transportation of liquid in the wood cells 
irreversibly [9].  

 
Figure 2. SEM images of spruce wood samples: a) untreated 
spruce sapwood; b) Texazym BFE treated spruce sapwood; c) 
Texazym DLG treated spruce sapwood. 
After the enzymatic treatment, pit membranes, however, were 
irreversibly degraded. The effect of enzymes varied depending 
on the commercial enzymes component. While Texazym BFE 
composed of a single enzyme (pectinase enzyme) which just 
induced ruptures on the torus, Texazym DLG composed of 
multi-enzymes which degrade torus and caused to enlarge pit 
structure. Imamura et al. (1974) revealed that pectinase 
enzyme split the pit membranes and created gaps on the torus 
[25]. Brown-rot fungi degrade pit membranes irreversibly at 
the first stage of the fungal attack and spread over in the cell 
lumens from there [26]. The degradation on the pit membranes 
by brown-rot fungi like enzymatic treatment is derived from 
pectinase enzymes [27].  
To improve the permeability for refractory species, diversity of 
study are implemented. Bioincising of wood was administered 
for this purpose. Spruce wood samples were treated with 
Bacillus subtilis and Trichhoderma viride [28].  It is seen that pit 
membranes were ruptured after the enzymatic treatment. 
Likewise, Schwarze et al. (2006) stated that the 
polygalacturonase enzyme, which secreted from fungi 
mycelium, hydrolyses the pectic material from the torus surface 
[29]. In previous studies, when wood samples treated with 
Bioprep 3000 L, the pectic material was degraded and 
rupturing occurred on the torus [30]. 
After the enzymatic treatment, it is seen that there were also 
close pits. The extractives accumulation on the pit membranes 
causes incrustation which could inhibit enzyme activation 
[9,31]. 

4 Conclusion 

Pit membranes play an important role for transportation of 
liquid in the wood. When they however, aspirated, permeability 
of wood decreases dramatically. In this study, spruce sapwood 
samples were treated with commercial enzymes to degrade pit 
membranes which could affect the permeability.  
Results showed that pectinase rich enzymes broke down the 
pectic substance to monomers. Pectin layer on the torus was 
removed by means of enzymatic treatment. Unstaining of 
enzyme treated wood samples with toluidine blue indicated the 
pectin degradation. SEM images also showed the deterioration 
on the pit membranes. Texazym BFE ruptured the torus while 
Texazym DLG degraded and enlarged the pit membranes. 
According to results, the effects of enzymes on the pit 
membranes varied and these enzymes could be evaluated for 
increasing of refractory wood species’ permeability. 
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Abstract   

The adhesion strength of coatings depends on various factors including wood type, the application method of the coating and some of the wood’s 
properties. The aim of this study is to determine the highest adhesion strength from among eight varnish systems based on acrylic resin using varnish 
viscosity, film thickness and SEM images. Oriental spruce (Picea orientalis L.) was used in the evaluation of the properties of adhesion strength. Spruce 
wood surfaces were coated with acrylic resin using a brush. Film thickness and viscosity values demonstrated that varnishes with better penetration 
provided an improved adhesion, and better adhering varnishes had an increased level of cohesive failure in the coating. Differences in the adhesion 
strength of varnish systems were also observed on SEM images.  
Keywords: Varnish viscosity, Film thickness, Adhesion strength, Scanning electron microscope (SEM) 
   

AKRİLİK REÇİNE ESASLI ÜST YÜZEY SİSTEMLERİNDE BAZI TEKNOLOJİK 
ÖZELLİKLERİN BELİRLENMESİ 

Özet   

Üst yüzey kaplamalarının yapışma direnci, odun türü, uygulanan üst yüzey metodu ve odunun bazı karakteristik özelliklerine dayanmaktadır. Çalışmanın 
amacı; vernik viskozitesi, film kalınlığı ve SEM görüntüleri kullanarak akrilik reçine esaslı 8 farklı vernik sistemi arasından en yüksek yapışma direncini 
belirlemektir. Yapışma direnci özelliklerini belirlemek için, doğu ladini (Picea orientalis L.) kullanılmıştır. Ladin odunu yüzeyleri, fırça kullanarak akrilik 
reçine ile kaplanmıştır. Film kalınlığı, vizkozite değerleri ve SEM görüntüleri; daha iyi penetrasyonun yapışmayı geliştirdiğini ve daha iyi yapışan 
verniklerin kaplamasındaki tutunma bozukluğu düzeyinde bir artış olduğunu açıklamıştır. SEM mikroskobunda da, vernik sistemlerinin yapışma 
direncindeki farklılıklar görülmüştür. 
Anahtar Kelimeler: Vernik viskozitesi, Film kalınlığı, Yapışma direnci, Taramalı elektron mikroskobu 
   

 

1 Introduction 

In wood-based production, the finishing processes are of great 
importance for the technical, economical and aesthetical 
evaluation of the wooden materials. Wood surfaces coated with 
varnishes are protected from certain adverse situations such as 
moisture, changes in dimensions and deterioration by 
microorganisms and fungi (1). However, the final quality of the 
finishing method is influenced by the wood’s properties such as 
its porosity, chemical structure, and the interaction between 
the finishing and the wood surface (2). During water absorption 
by wooden materials, water molecules are held by hydroxyl 
groups (OH) of cellulose and lignin until saturation. This 
phenomenon is important for varnish, which is cured by 
polymerization. Existing or subsequent moisture level plays a 
critical role in the success of the wood finishing processes. It is 
a fact that porosity, which is typically the void volume of wood 
ranging from 55-70 %, depending on its specific gravity and 
moisture content, is one of the significant factors affecting the 
adhesion strength value of bonded samples (3). Moreover, the 
wetability and capillarity of the surface influence an effective 
penetration of the coating. Penetration is a function of species 
and, its anatomical structure. For example, ratio between late 
wood and early wood is one of the important parameters that 
affects the penetration of a coating (4).   
In addition, a suitable level of roughness provides a greater 
actual surface available for adhesion mechanisms (5,6).   

The adhesion strength of a finishing is determined by using 
various methods, namely the axial pill-off tests, shear test with 
torque system, block shear test, and semi-quantitative cut or 
cross hedge test (7,8).    
There are currently no significant studies using which use such 
methods about spruce samples coated with varnishes including 
different resins and UV absorbers. In this study, the axial pull-
off test was used to determine the adhesion strength of samples 
of coated varnishes manufactured from eight different 
formulations. The effect of film thickness and coating 
penetration on the adhesion strength were also analyzed with 
SEM micrographs.  

2 Materials and Methods 

A total of 16 flat grained samples were cut from spruce with 
average densities of 0.42g/cm3. These samples were planned to 
the dimensions of 150mm x 100mm x 20 mm and conditioned 
in a controlled room with a temperature of 20 0C and a relative 
humidity of 65%.  Prior to the application of the coatings, the 
specimens were also sanded with 120- and 180- grit sizes.   A 
water-based impregnation agent, which had active ingredients 
of 1.20% propiconazol and 0.30% iodopropynyl 
butylcarbamat, was used as a primer for the protection of the 
samples against biological deterioration, including soft rot and 
blue stain. The primer was applied to the samples with a brush 
at a spread of 120 g/m². Two types of absorbers were used: the 
UV screener TiO2, as an inorganic UV absorber (UV2), and the 
UVA of the hydroxyphenyl-striazines class, as an organic UV 

mailto:oozgenc@ktu.edu.tr


 
 
 
 

Ozlem OZGENC 
IFC 2016 International Furniture Congress 13-15 October 2016 

 

284 
 

absorber (UV1).  Commercially produced finish, which had 
acrylic resin and two different copolymer dispersion, was used 
in eight different coating formulations. These acrylic resins and 
UV absorbers are synthesized by the BASF Company. A small 
amount of defoamer and 2,2,4-trimethyl-1,3-
pentandiolemonoisobutyrate, a coalescing agent was added in 
the topcoat formulation to reduce the effect of other additives 
on the photostabilization performance (Table 2). Two layers of 
topcoats were also applied to each sample with a brush at a 
spread rate of 100 g/m². Later, the specimens were sanded with 
a 240 grit size of sandpaper and kept in room temperature for 
two days before applying the second layer of topcoat. 

Table 1. Two different acrylic resins and UV absorbers in 
formulations. 

Acrylic Resin (A) Acronal DS 6266 

Acrylic Resin (B) Acronal DS 6277 

Organic UV Absorber Tinuvin DW 400 

Inorganic UV Absorber Tinuvin DW 477 

Table 2. The formulation of eight different coating systems. 

Coating 
Systems A* B* C* D* E* F* G* K* 

1 73.7 73.7  -  - 60.0 60.0  -  - 

2  - -  73.7 73.7  -  - 60.0 60.0 

3 20.9 20.9 20.9 20.9 34.6 34.6 34.6 34.6 

4 0.7 0.7 0.7 0.7 0.7 0.7 0.67 0.7 

5 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 

7 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 

8  - 1.8 -  1.8  - 1.8  - 1.8 

9 1.8 -  1.8 -  1.8  - 1.8  - 
*percent by weight 
1: Acrylic resin (A); 2: Acrylic resin (B); 3: Distilled water; 4: 
Coalescent; 5: Defoamer; 6: Thickener (A); 7: Thickener (B); 8: 
Organic UV absorber; 9: Inorganic UV absorber  
The viscosity of the eight different coatings applied in this study 
was determined by using DIN cup/4mm/20 0C (9).  After 
applying the coating, dry coating thickness was determined by 
using a dry film thickness apparatus (10) (Erichsen P.I.G. 455).  
Pull-off methods were used to evaluate adhesion strength 
between the wood surface and the coating (11). Two random 
measurements with a contact area of 20 mm circles were taken 
from the side of three samples for each of the coating 
formulations. Erichsen Adhesion-525MC with a head glued to 
the surface of the samples was employed for the tests. The 
equipment ran at a constant speed of 10 cm/min and applied 
tension forces to the surface layer by pulling the coating from 
the surface.  The adhesion strength value of the coating was the 
limiting value of the tension force applied, which was registered 
on the display screen of the equipment in N/mm2.  

3 Result and Discussion  

3.1 Dry Film Thickness 

In this study, the effect of dry film thickness and varnish 
viscosity on adhesion strength were investigated. A summary 
of the dry film thickness and varnish viscosity are presented in 
Table 3.

 
Table 3. The dry film thickness of coating applied to wood 

surfaces and the viscosity of coating formulations.  

 Formulations Dry Film Thickness Viscosity (s) 

A 60±2.4  98  

B 57±1.8  90 

C 55±1.4  30 

D 58±1.7  33 

E 68±2.0  145 

F 60±2.2  40 

G 62±2.1  138 

K 63±2.5  45 

According to the results of this study, there was a significant 
effect between the dry film thickness and varnish viscosity. Low 
viscosity varnish constituted low dry film thickness on the 
surface of the wood because liquids which have a low viscosity 
penetrate into and bond to wooden structures better than 
liquids which have a higher viscosity (6). 

3.2 Adhesion Strength 

Adhesion strengths of the coatings were determined by using 
pull-off tests. According to Figure 1 and Table 3, the interaction 
of varnish viscosity and dry film thickness on the adhesion 
strength was found to be quite significant. The highest adhesion 
strength was obtained with low viscosity varnish (C, D and F), 
while the lowest was with high viscosity varnish (B, A and G). 

 
Figure 1. The average adhesion strength of coated spruce 

samples.  

3.3 Scanning electron microscopy (SEM) 

The layers of coating bonding the surface of the wood with high 
adhesion strength can be seen on SEM micrographs (Figure 2, 3 
and 4).   SEM micrographs confirmed that the upper cells were 
often filled with coating. SEM analysis also demonstrated that 
surfaces which could be penetrated in numerous ways tended 
to have thinner films. The average film thickness was 58±1.7 
μm for (D) varnish, 55±1.4 μm for (C) varnish and 60±2.2  μm 
for (F) varnish. 

 
Figure 2. SEM micrographs of the dry film thickness of (C) 

varnish.  
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Figure 3. SEM micrographs of the dry film thickness of (E) 

varnish.  

 
Figure 4. SEM micrographs of the dry film thickness of (F) 

varnish.  

Adequate adhesion is a fundamental requirement for good 
coating performance and affects the properties of resistance 
and durability. An important factor which affects adhesion is 
the internal tension of the film derived from its volume 
contraction due to drying and curing. Loss of volatiles involves 
considerable shrinkage; moreover, the cross-linking 
mechanism of chemically drying coatings reduces the free 
volume, further increasing internal stress. Thick film can resist 
more stresses than thin films. Also, viscosity is effectively the 
resistance of a liquid to deformation, by increasing the rate of 
deformation and adhesion strength (11). 

4 Conclusion 

Based on the results of this experimental study, it can be 
concluded that both varnish viscosity and dry film thickness 
have significant effects on adhesion strength. Regarding the 
coating film, for which high adhesion strength is desired, the 
penetration of the coating into the wood’s surface should be 
high. Improvement in adhesion strength between the coating 
film and surface of the wood was observed on the SEM 
micrographs.  
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Abstract   

This work explores some technological properties of three-layer particleboard produced from pine (Pinus Pinea L.) wood particles and waste cones. Four 
board types were made from mixtures of wood particles/stone cone (100/0, 50/50, 0/100 and 40/60%, respectively). The laying ratio (outers: core) was 
40:60%. The particleboards were manufactured with a board density of 700 g/cm3, board size of 400×400×12 mm and a pressing pressure of 24-26 
kPa/cm2. The limiting oxygen İndex (LOI) levels (ASTM D 2863), decay resistance (EN 113) and surface roughness (DIN 4768) of particleboards were 
determined. The using stone cone was found to be affecting all the properties of particleboards. The result showed that using waste cone increased the 
decay resistance. However, LOI values and surface roughness of the panels increased with increasing the pine cone amount of mixture.  
Keywords: Particleboards, Fire performance, technological properties, decay resistance, Surface properties 
   

ÇAM KOZLAKLARI (PINUS PINEA L.)  KULLANILARAK ÜRETİLEN 
YONGALEVHALARIN YANGIN PERFORMANS, ÇÜRÜKLÜK DAYANIM VE YÜZEY 

DÜZGÜNLÜK ÖZELLIKLERİ 
Özet   

Bu çalışmada fıstık çamı (Pinus Pinea L.) yongaları ve kozalak atıklarıyla üretilen 3 tabakalı yongalevhaların bazı teknolojik özellikleri araştırılmıştır.  
Çam Yongası ve kozalak karışım oranına göre 4 adet levha tipi üretilmiştir (%100/0, %50/50, %0/100 ve %40/60). Yongalevhaların Dış/orta tabaka 
kullanım oranı %40:60’dır. 400×400×12 mm boyutlarında üretilen levhaların özgül ağırlığı 700 g/cm3 olup, pres basıncı 24-26 kPa/cm2’dir. Üretim 
sonucunda levhaların Limit oksijen indeksi (LOI) değerleri (ASTM D 2863),  çürüklük dayanımı (EN 113) ve yüzey pürüzlülükleri(DIN 4768) belirlenmiştir.  
Yapılan çalışma sonucunda atık çam kozalağı kullanımının yongalevhaların özelliklerini etkilediği belirlenmiştir. Kozalak kullanım oranının artmasıyla 
çürüklük dayanımı artmıştır. Fakat LOI ve yüzey pürüzlülüğü değerleri de karışımdaki kozalak kullanım oranının artması ile artış göstermiştir. 
Anahtar Kelimeler: Yongalevha, Yangın dayanımı, Teknolojik özellikler, Çürüklük dayanımı, Yüzey özellikleri 
   

 

1 Introduction 

Nowadays, it has become necessary to use the products as raw 
materials such as particleboard, fiberboard, OSB, plywood in 
furniture industry because of increasing cost and competition.  
Particleboards (PB) are widely used one kind of wood 
composites that are generally made with a mixture of wood 
chips and synthetic resin under high temperature and pressure. 
Due to the growth of the particleboard industry need to large 
quantities of sawdust, planer shavings, mill residues,  waste 
materials produced by other wood industries and agricultural 
wastes [1], [2].  
In the recent times, depletion of natural resources has been a 
major problem due to the increase of the amount of use. The 
foreseen deficit in wood and wood composite industry led to 
many research and exert to find alternative lingocellulosic raw 
material sources.  
Research has been performed on diversity on non-wood 
materials and agricultural residues by many scientists: kenaf 
[3], cotton carpel [4], weath straw [5], rice straw [6], reed [7], 
sunflower stalks [8] and bamboo [9]. 
Pine nuts are an important resource for the economy of the 
Mediterranean countries.  The use of pine cones have become 
important because of pine nuts are precious in the international 

market.  The total amount of pine nut production in some 
countries (Spain, Portugal, Italy, and Turkey) is about 4900 tons 
[10],[11]. In the year 2011, the pine nuts turkey production has 
increased from 6.266.131 kg [12]. Firstly, the cones are dried 
for easy separation of peanut and it is burned after separation.  
Buyuksari at al. [13] investigated the use of pine cone flour in 
particleboard production. The pine cones were soaked in hot 
water for four hours at 80 °C due to the high content of 
extractive. In this study, the soaked process was not performed 
owing to It would lead to extra production costs during the 
industrial production.  If inappropriate soaked systems are also 
used, it is unlikely to occur in the production bottleneck. 
The main goal of the study was to determine the fire 
performance, decay resistance and surface roughness 
properties such as of particleboard made from waste cone 
stones (Pinus pinea L.) and to determine the suitability of the 
use of Pinus pine cones. 

2 Materials and methods 

2.1 Materials 

Pine (Pinus Pinea L.) wood particles were obtained from 
Karadeniz Technical University campus in Trabzon, Turkey. 
Waste pine cones were collected from Fındıklı village in Artvin, 

mailto:khulya@ktu.edu.tr


 
 
 
 

Ugur ARAS, Hulya KALAYCIOĞLU, Husnu YEL, Sefa DURMAZ 
IFC 2016 International Furniture Congress 13-15 October 2016 

 

287 
 

Turkey. Chemical materials were obtained from Kastamonu 
Integrated Wood Company in Samsun, Turkey.  Urea 
formaldehyde (UF) adhesive with the solid content of 62% and 
as a hardener, Ammonium chloride (NH4Cl) was mixed to the 
adhesive.  

2.2 Particleboard Manufacturing 

Firstly, the nut of the cones is divided. Stone pine woods were 
cut 3cm in thickness. Wood materials were chipped using a 
HACKER chipper. Afterwards, the chips were reduced into 
suitable size particles using a knife ring flaker. After chipping, 
particles were screened on a sieve with the size of 3mm, 1.5mm, 
and 0.5mm by ALAGİER shaking screening machine. These 
particles are separated for use in surface and core layers. The 
boards were designed to consist of 40% particles at the surface 
layers and 60% at the core layer. Later, the particles were dried 
in an oven to a moisture content of 3% (oven temperature: 
110°C). Based on the oven dry particle weight, 10% (surface 
layer) and 8% (core layer) UF resin was used at particleboards. 
2% Ammonium chloride was applied to the UF adhesive as 
based on the resin weight. Board mats with dimensions of 
420mm × 420mm × 12mm were hot pressed for 7 minutes to 
achieve a target board density of 700kg/m3. Pressing pressure 
and temperature were 24-26 kp/cm2 and 150°C, respectively. 
After pressing, the boards were stored in climate room for 
further 30 days at 25°C and 65% relative humidity (RH). Table 
1 shows the raw materials formulation used for PB panels. 

Table 1. Formulation of the boards. 

Board Type 
PB Content (by weight) 

Wood particles (%) Pine cone (%) 

K 100 0 

L 50 50 

M 0 100 

N 40 (Surface) 60 (Core) 

2.3 Fungal decay resistance 

The brown-rot fungi Conipohara puteana were used for testing 
natural decay resistance following EN 113 standard [14].  EN 
113 point outs that sample dimensions are 50 mm × 25mm × 
15mm.  We modified the process to use 25mm × 12mm × 5mm.  
Eight decay resistant specimens were cut from each board. 
Samples are incubated until the weight does not change before 
the fungus test (103 ± 2°C). Then, oven dry weights measured 
and to recorded as the oven dry weight after the rot. (M0). The 
closed petri plates were incubated for 16 weeks, at 23°C and 60 
± 5% RH to evaluate the efficacy of the treatments. After 
incubation, the samples were removed from the petri plates 
and they have been carefully cleaned. Next, samples were dried 
in the oven at 103 ± 2 °C until the equilibrium and to record as 
oven dry weight before the rot. (M1) 

 
Figure 5. Fungal decay test samples 

Weight loss (WL) of samples with Brown rot fungi C. puteana 
degradation was calculated with equality N1.  

                    WL (%) = [
𝑀0−𝑀1

𝑀1
] X 100             (1) 

2.4 Limited oxygen index (LOI) measurements 

The LOI of the samples were determined in an Oxygen Index 
Tester (Dynisco Limiting Oxygen Index Chamber). LOI test is 
performed according ASTM D2863 [15] standard. The aim of 
this test is to determine the minimum amount of oxygen 
required to sustain combustion of the samples. Examples of 
flammability are controlled by giving a leading fire.  
The 11 mm thick boards were cut into 15 mm wide and 100 mm 
long specimens for the LOI tests. Oxygen and nitrogen gas is 
used for combustion.  Five samples were tested for each group.  

 
Figure 2. Determination of samples flammability 

2.5 Surface roughness measurements 

Mitutoyo Surftest SJ-301 device was used for the measurement 
of surface roughness values the boards. Cut-off length was 
2.5mm, sampling length was 12.5mm and detector tip radius 
was 5mm in the surface roughness measurements. Surface 
roughness test is performed according DIN 4768 [16] standard. 
. Ten replicates were used for each group to evaluate surface 
roughness (totally 150 points). Average roughness (Ra) and 
mean peak-to-valley height (Rz) parameters were used to 
determine quantitatively surface characteristics of the samples. 

2.6 Statistical analysis 

Duncan’s mean separation test and analysis of variance with 
ANOVA in SPSS 13 software was used for statistical analysis of 
decay resistance, LOI and surface roughness properties 
specimens. Groups with same letters in column indicate that 
there is no statistical difference (p<0.05) between the samples 
according to Duncan’s multiple range test. Values in 
parentheses are standard deviations.  

3 Results and Discussion 

3.1 Fungal decay resistance 

The results obtained after a 16-week incubation period are 
presented in Table 2. There are significant effect of pine cone 
waste in the furnish on the sensivity of the PB samples against 
the C. puteana. The sample resistance against the brown-rot 
fungus significantly increased with increment of pinecones 
adding and the minimum weight loss occurred in the samples 
containing 100% pine cones. Fungal decay resistance increased 
with used pine cone in all board groups. 
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Table 2. Mean values weight loss and classes of resistance of 
particleboards 

Board Type Weight loss (%) 

K 41.36 (0.54)A 

L 38.04 (0.45)B 

M 34,72 (0.34)C 

N 38.32 (0.60)B 

Stone pine cone contains significant amounts of extractives as 
compared to contents of the stone pine wood [13]. Wood 
extractives play a main role in the preservation of wood against 
fungal attack. They show a toxic effect for wood damage caused 
by microorganism. The amount of extractives is a more 
important factor in the wood microstructures in restraining 
fungal decay [17], [18]. Decreasing of weight loss of the 
particleboard panels with increasing pine cone particle can be 
attributed to higher contents of extractives in the cone than the 
wood. 

According to EN 350-1 [19] standard, an average weight loss of 
0 to 5% is considered as very durable, 5 to 10% is considered 
as durable, 10 to 20% is classified as moderately durable, 20 to 
30% is considered as Slightly durable, and anything above 30% 
is considered as not durable. For all board types, the decay class 
of the particleboards was not durable.  

3.2 Limited oxygen index (LOI) measurements 

LOI is a parameter used to assess the flame resistance and 
amount of combustion of the polymeric materials same 
condition.  Besides, these tests are used to determine the fire 
retardant properties of wood and wood based composites. The 
higher the LOI value, the more effective is the flame-retardant 
treatment. Higher LOI value indicates a more effective flame 
retardant effect [20]-[22]. Table 3 presents the LOI test results 
of particleboard with different loading level of pine cones. 
According to the results, the highest fire resistance was 
determined in the control group (K). LOI values decrease 
occurred in the increasing use of pine cones.  

Table 3. Limited oxygen index (LOI) levels of particleboards 

Board Type LOI (%) 

K 37 (0.25)A 

L 35,5 (0.30)B 

M 35,25 (0.10)B 

N 36 (0.10)C 

The pine cones have a high content of chemical compounds 
[23].  The high intensity of extractives content in the Pinus pine 
cones could increase flammable properties of specimens. The 
low bonding capacity of particles causes to increase the air void 
content in the particleboards. As a result of this, the flammable 
properties and combustion speed of samples are supposed to 
be affected.  

3.3 Surface roughness measurements 

Nowadays, wood composites mostly are used covered thin 
overlays such as melamine saturated papers and thin films. 
Surface roughness is one of the most important factors is the 
quality of the final product [24].  
Figure 3 shows the Ra and Rz values of the samples. Panel type 
K made with a only particles had the smoothest surface with 
average values of 3.72µm, 31.67µm, respectively. This result 
showed that the surface smoothness of boards reduced with 
increased amount of pine cones.  

Extractives have an important effect on adhesive bonding 
performance of wood. They are adversely affecting the 
performance of the connection between wood particles. In this 
case negatively affect the mechanical and physical properties 
[25]. Also weak adhesive bonding might cause a porus structure 
and roughness surface. 

 
Figure 3. Surface roughness parameters of particleboards 

4 Conclusions 

In this work, the properties of   pine particles and waste cone 
particleboards were investigated at four different pine cone 
levels. Based on the results of this study, amount of pine cones 
were significantly affected fungal decay resistance, fire 
performance, and surface quality. Pine cone usage has a 
positive impact decay resistance. The other hand, flame 
resistance and surface quality is reduced. According to the 
results obtained in this study pine cones has potential as a raw 
material for particleboard manufacturing. Especially, it could 
create a protective effect against biological degradation in 
outdoor using. 
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Abstract   

Elastic constants of two of the most important wood species which are used in the furniture industry were determined in the study. Wood is anisotropic 
material and its mechanical properties will depend on the fiber orientation. Elastic constants are important input parameters for today’s sophisticated 
structural analysis programs.  In this study, Young’s modulus (EL, ER, ET) in three principal fiber orientation and Poisson’s ratios (μLR, μLT, μRL, μRT, 
μTL, μTR) were determined on 20 x 20 x 60 mm specimens using bi-axial extensometer for Oriental beech and Sessile oak. Shear modulus (GLR, GLT, GRT) 
values were determined using ultrasonic method. Shear wave velocities were measured using EPOCH 650 flaw detector with 1 MHz transversal 
transducers. Shear modulus of the 20 x 20 x 20 mm specimens were calculated by density and square of sound velocity. All the test samples were conditioned 
at 21 °C and relative humidity of 65 %. Young’s modulus for beech in L, R, T directions were 13150, 1955 and 850 N/mm2, respectively. Poisson’s ratios 
ranged from 0.056 to 0.7. Shear modulus in LR, LT and RT planes were varied between 1230 and 430 N/mm2. Young’s modulus for oak in L, R, T directions 
were 10154, 2032 and 1058 N/mm2, respectively. Poisson’s rations ranged from 0.055 to 0.87.  Shear modulus in LR, LT and RT planes were varied between 
935 and 235 N/mm2. Elastic constants determined in the study can be used in advanced computational models often used in modern furniture engineering 
analysis.   
Keywords: Elastic constants, oriental beech, sessile oak 
   

DOĞU KAYINI (Fagus orientalis) VE SAPSIZ MEŞENİN (Quercus petraea) 
ELASTİK SABİTLERİ 

Özet   

Ahşap anizotropik bir malzemedir ve mekanik özellikleri lif yönüne göre değişmektedir Bu çalışmada orman endüstri sektöründe ekonomik öneme sahip 
doğu kayını ve sapsız meşe odunlarının elastik özellikleri incelenmiştir. Elastik mühendislik özellikleri inşaat mühendisliği ve malzeme mühendisliği gibi 
alanlarda kullanılan gelişmiş sayısal modellerde girdi parametreleri olarak kullanılmaktadır ve bu yüzden belirlenmelerinin anlamlı bir önemi 
bulunmaktadır. Yukarıdaki ağaç türü odunlarının üç lif yönündeki Young modülü (EL, ER, ET) ve Poisson oranları (μLR, μLT, μRL, μRT, μTL, μTR) 20 x 20 
x 60 mm ebatlarındaki örnekler üzerinde basma testleri yapılarak belirlenmiştir. Örneklerde kesme modülleri (GLR, GLT, GRT) 20 x 20 x 20 mm örnekler 
üzerinde EPOCH 650 hata dedektörü ve 1 MHz enine sensörler kullanılarak belirlenmiştir. Doğukayınında L,R,T yönlerindeki Young modülü değerleri 
sırasıyla ortalama 13150, 1955, ve 850 N mm2, sapsız meşede ise sırasıyla 10154, 2032 ve 1058 N mm2 bulunmuştur. Doğu kayınında Poisson oranları 
0.056 ile 0.7, sapsız meşede ise 0.055 ile 0.87 arasında değişmektedir. Doğu kayını için LR, LT ve RT düzlemlerinde kesme modülleri ortalama 1230 ve 430 
N/mm2, sapsız meşe için ortalama 935 ile 235 N/mm2 arasında değişmektedir. Ağaç türlerinin belirlenen elastik özellikleri yük altındaki yapıların veya 
elamanların sayısal modellenmesinde kullanılabilir.  
Anahtar Kelimeler: Elastik sabitler, doğu kayını, sapsız meşe 
   

 

1 Introduction 

Elastic constants in the three anatomical directions are 
important in the design of wood structures and also used to 
characterize materials. In general, there are many physical 
parameters that may affect the elastic constants, such as the 
moisture content (MC), specific gravity, temperature, creep, 
knots, number of annual growth rings, and grain angle. Interest 
in the orthotropic behavior of wood is not new, but elastic 
constants in the R and T directions remains unknown for most 
wood species. The available data is limited to a few references, 
while elastic constants for some wood species have also been 
reported [1]. Elastic constants can be determined using both 
static and dynamic methods. Use of destructive and non-
destructive testing (NDT) in the field of wood and wood-based 
materials is advancing every day.  

While the ultrasonic technique is expected to be dependable to 
predict the elastic and shear modulus, its reliability to measure 
the Poisson’s ratios remains uncertain.  
Ultrasonic wave velocity has advantages over other techniques 
in practical terms [2]. Determination of the ultrasonic modulus 
of elasticity in a solid depends on its elastic properties and its 
density [3]. The velocity of sound in wood is influenced by 
factors such as MC, grain orientation, density, decay, 
temperature, and geometry [4].  
Information on the elastic constants of wood in the orthotropic 
directions is not available for the majority of Turkish species. 
Most studies have dealt with bending modulus of elasticity 
(MOE) and bending, tensile, and compression strength at 
constant MC. Although the data are needed for three-
dimensional analysis of mechanical behavior, no information is 
available for this purpose. In this study, elastic constants for 
Oriental beech and Sessile oak are determined by destructive 
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and non-destructive testing under constant moisture 
conditions.  

2 Materials and Methods 

For this study, the sample trees were harvested from a beech 
and oak mixed stand in the Devrek Forest Region of the 
Nortwest of Turkey. The woods of both species are important 
raw material for various fields of forest industry and 
construction. 
The logs were 50 to 60 cm in diameter at breast height. All the 
samples came from the trunk section 1 to 3 meters from the 
ground level. First, radial or tangential planks were sawn and 
planed from the logs. Then, small clear samples were cut. The 
dimension of the samples were 20 x 20 x 20 mm for the 
ultrasonic measurements. 20 x 20 x 60 mm samples were also 
prepared in L, R, T directions in order to obtain elastic 
constants from static testing. Compression tests (Figure 1) 
were conducted using a bi-axial extensometer with a loading 
speed of 2 mm minute-1 on 20 x 20 x 60 mm samples (Figure 
1). The stress-strain curves obtained were used in order to 
evaluate Young’s moduli and Poisson ratios of the specimens. 
The Young’s modulus was calculated from the ratio of the stress 
σ to the strain ɛ measured in the linear elastic range: 

𝐸𝑖 =  
∆𝜎𝑖

∆𝜀𝑖
=  

𝜎𝑖,2−𝜎𝑖,1

𝜀𝑖,2−𝜀𝑖,1
  𝑖 ∈ 𝑅, 𝐿, 𝑇                                            (1) 

The Poisson’s ratio ν, defined as:  

νij = −
𝜀𝑖

𝜀𝑗
,    i, j  ϵ R, L, T and i ≠j                                           (2) 

Where; ɛi represents the active strain component in the load 
direction and ɛj is the passive (lateral) strain component, which 
was determined in the linear elastic range from the linear 
regression of the passive–active strain diagram. Since the 
strength behavior of wood in R and T directions is obscure, 
maximum compression strength was calculated using 0.2% 
yield values using following formula. 

σUCS = Pmax/A                                                                      (3) 
Where; σUCS represents compression strength, Pmax is the 
yield load and A is the cross-sectional area of the specimen. 
Six shear wave velocities propagating along the principal axes 
of anisotropy were measured using EPOCH 650 ultrasonic flaw 
detector. The transversal (shear) wave frequency was 1 MHz 
(Figure 2). Two Olympus V153-RM contact transducers for 
transversal waves were used to carry out the measurements. 
To ensure coupling between the specimen and the sensors 
during measurements, a gel medium was applied. Three 
modulus of rigidity (GLR, GLT, GRT) were determined based on 
the velocities using following formulas:   

GRT = ρ ((VRT + VTR) / 2)2 10-6                                    (4) 
GLT = ρ ((VLT + VTL) / 2)2 10-6                                     (5) 
GLR = ρ ((VRL + VLR) / 2)2 10-6                                     (6) 

Where ρ (kg m-3) is the density of the wood, Vij (m s-1) is the 
shear wave velocity.    
Analysis of variance (ANOVA) general linear model procedure 
was run for data with SAS statistical analysis software to 
interpret effects of temperature and duration of exposure on 
the properties measured of the clear wood samples.   

 
Figure 1. Compression test samples prepared for the study. 

 
Figure 2. Measurement of shear waves. 

3 Results and Discussions 

Average density of the Oriental beech samples tested was 690 
kg m3 and the average moisture content was 12.4 %. Average 
density of the Sessile oak samples was 680 kg m3 and the 
average moisture content was 12.1 %. In comparison to 
available literature references at 12 % MC, the measured 
density values are comparable.  
Average stress-strain curves used to calculate Young’s modulus 
of the specimens tested is presented in Figure 3.  
Poisson’s ratios were calculated from the linear regimes of the 
vertical and horizontal strain graphs as shown in Figure 4.  

 
Figure 4. Example of stain graphs. 

Test results from static testing show that the EL, ER and ET 
values calculated from compression tests are 13150, 1955, 850 
N mm2, respectively for Oriental beech, and 10154, 2032, 1058 
N mm2, respectively for Sessile oak.  Full elastic constants for 
both species grown in Turkey are not available. In the previous 
research of Güntekin [5] the Young modulus in three principal 
directions for beech wood determined from compression tests 
using VIC software similar values were (13360, 1684 and 824 
N/mm2) reported. For oak, the reported values were 7691, 
1883 and 1033 N mm2 [5]. Since samples used in both testing 
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come from same stand, similar values are expected, but Young 
modulus in L direction was higher for this study. Poisson ratios 
calculated from compression testing are presented in Table 1.  
Calculated average Poisson ratios seem to be similar to Poisson 
ratios reported for hardwood species [1]. Different Poisson 
ratios were reported for Oriental beech by Güntekin [6] using 
VIC software at similar MC values. The Poisson values for 
Sessile oak reported by Güntekin [7] were mostly similar. 
Coefficient of variations (%) for Poisson ratios ranged from 17 
- 47 %, which are seemingly high. High natural variance of the 
Poisson’s ratios was also implied by Hering [8] and Güntekin [6, 
7].  
Poisson’s ratios vary within and between species and are 
affected by moisture content and specific gravity [1]. 

Table 4. Poisson ratios calculated from compression tests. 

Poisson  
ratio 

Beech Oak hardwoods1 

ʋLR 0.539 0.493 0.229-495 
ʋLT 0.455 0.45 0.374-0.641 
ʋRT 0.589 0.621 0.56-0.912 
ʋRL 0.069 0.0981 0.018-0.086 
ʋTR 0.472 0.61 0.231-0.496 
ʋTL 0.062 0.05 0.009-0.051 

           1 Ross, 2010 
Shear modulus determined from shear velocities in LR, LT and 
RT planes are presented in Table 2. In general, shear modulus 
of wood is positively affected by density and negatively affected 
by moisture content, temperature and loading direction [9]. 
The shear modulus of wood has practical importance, because 
15 % of the deformation occurs because of shear in bending. In 
the structural design of wooden structures the dimensions of 
the beams are usually controlled by stiffness, not by strength 
[10]. Comparing with the evaluation of the Young’s modulus, 
determination of the shear modulus is complicated.  The 
presence of secondary stresses makes it difficult to predict 
shear properties, and the comparison of shear properties 
collected from different test methods. Investigations have 
shown different shear moduli values from different test 
methods as a result of the stress distributions inherent to the 
test setups [11]. Thus, it is difficult to make direct comparisons 
between the results of individual research efforts. In general, 
E:G ratio of 16 was commonly accepted for structural 
applications but researches has shown that the ratio will 
change depending upon testing method. Investigations have 
shown that the ratio of E:G varies between 8 and 65 [10, 11].   

Table 2. Shear modulus values (N mm-2) calculated for 
Oriental beech and Sessile oak. 

Shear 
modulus 

Beech Oak Elastic 
Ratios1 

GRT 430 (6)* 235 (5) 0.005-0.028 
GLT 887 (6) 805 (7) 0.037-0.097 
GLR 1230 (8) 915 (8) 0.054-0.147 

*values in parenthesis are the coefficient of variations 
1 Ross, 2010      

It is known that dynamically determined elastic properties are 
10-20% (or even more, depending on the frequency of 
ultrasonic waves) increased compared with statically 
calculated values [12].   

4 Conclusions 

Elastic properties in the three principal directions are 
important in the design of wood members in structures. In this 
study, elastic constants of Oriental beech and Sessile oak were 

determined using both destructive and non-destructive 
methods.  The ultrasonic technique is expected to be 
dependable to predict the shear modulus.   
Results found in this study can be used in advanced 
computational models such as finite elements method where 
behavior of wood members or system is under load is 
investigated.  
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Abstract   

In recent years, heat treatment has been one of the processes for modifying the properties of wood. In this study, it was intended to investigate the effects 
of heat treatment in nitrogen atmosphere on volumetric swelling and color change of Oak (Quercus robur) wood. For this purpose, wood samples were 
exposed to heat treatment in nitrogen atmosphere at temperatures 190, 212 and 230 °C for 3 h. The changes in color and values of swelling were then 
examined for the different heat treatment conditions. In order to determine the color changes at different heat treatment temperature, color samples 
prepared in tangential and radial directions.  
The results showed that the values of swelling and the lightness of samples decreased with increasing heat treatment temperature. The most pronounced 
color changes and the most significant decrease of swelling ratios compared to untreated samples occurred in 230 °C treatments. 
Keywords: Oak wood (Quercus robur), Heat treatment, Color change, Swelling. 
   

AZOT ORTAMINDA ISIL İŞLEMİN MEŞE (QUERCUS ROBUR) ODUNUNUN 
GENİŞLEME VE RENK DEĞİŞİMİ ÜZERİNE ETKİLERİ 

Özet   

Isıl işlem, son yıllarda odunun özelliklerini modifiye etmek için kullanılan yöntemlerden biri haline gelmiştir. Bu çalışmada, azot ortamında ısıl işlemin 
meşe (Quercus robur) odununun hacimsel genişleme ve renk değişimi üzerine etkileri araştırılmıştır. Bu amaçla, odun örneklerine azot ortamında 190, 
212 ve 230 °C’de, 3 saat süreyle ısıl işlem uygulanmıştır. Sonrasında, farklı ısıl işlem koşullarındaki renk değişimi ve genişleme değerleri tartışılmıştır. 
Farklı ısıl işlem sıcaklıklarındaki renk değişimini belirlemek amacıyla örnekler teğet ve radyal olmak üzere iki farklı yönde hazırlanmıştır. 
Deney sonuçlarından, örneklerin genişleme ve renk açıklığı değerlerinin ısıl işlem sıcaklığının artmasıyla azaldığı tespit edilmiştir. 
Anahtar Kelimeler: Meşe odunu (Quercus robur), Isıl işlem, Renk değişimi, Genişleme. 
   

 

1 Introduction 

Wood is an anisotropic material. Accordingly, unequal 
dimensional changes due to moisture content change in wood 
can cause defects [1].  
Heat-treated wood has lower equilibrium moisture content and 
improved the dimensional stability [2]-[4]. In addition, heat 
treatment increase the biological durability of wood [5], [6].  
After heat treatment, the color of wood, which is important 
from an aesthetic point of view become darker depending on 
treatment time and temperature [7]-[9]. The color change of 
wood due to heat treatment is often attributed to changes 
occurring in extractives, lignin, and hemicelluloses [10], [11]. 
In this study, it was intended to investigate the effects of heat 
treatment in nitrogen atmosphere on swelling and color change 
of Oak (Quercus robur) wood. To investigate the effects on 
dimensional stability, the volumetric swelling ratios of samples 
were calculated. Also, heat-treated wood samples were 
compared with the untreated samples in order to determine the 
total color change. 

2 Material and Method 

In the experiments, Oak (Quercus robur) wood samples were 
used as test materials. Samples were cut radially from the 
heartwood and sapwood region of the planks because oak has 
a low sapwood content.  

All of the test samples were provided from Karabük/Yenice 
region in Turkey. Special emphasis is given to the selection of 
the wood material.  
Heat treatment experiments were performed in a vacuum oven 
under the nitrogen atmosphere for 190, 212 and 230 °C and for 
3 hours. The samples were numbered and oven dried at 103±2 
°C until a constant oven-dry weight was obtained prior to 
experiments. The oven was evacuated until 100 mbar to reduce 
oxygen concentration.  
Subsequently, nitrogen gas was filled into the oven until 1000 
mbar. The temperature was slowly increased by 1 °C/min until 
final temperatures (190, 212 and 230 °C) and maintained for 3 
hours. The final treatment system was stopped and allowed to 
cool down to a drying temperature of 103 °C under nitrogen 
atmosphere.  
After the treatment the mass loss (ML) of the samples was 
determined according to Equation (1). 

ML = [(M0 − M1)/ M0] x 100  (1) 
Where: 
ML: Mass loss (%) 
M0: Initial oven-dry mass of the sample before heat treatment 
(g) 
M1: The oven-dry mass of the same sample after heat treatment 
(g). 
In order to determine the swelling of samples (control and 
heat-treated samples) with dimensions of 30mm x 20mm x 
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20mm in longitudinal, tangential and radial directions, 
respectively were oven dried at 103 °C until a constant oven-
dry weight was obtained. Afterward, the volumes of oven dried 
samples were measured. Then, the test samples were soaked in 
distilled water until samples attained a constant volume. The 
volumetric swelling (α) was calculated using the Equation (2). 

α = [(Wm − Dm) / Dm] x 100   (2) 
Where: 
α: Volumetric swelling of the samples (%), 
Wm: Wet measurement of the samples (mm) 
Dm: Dry measurement of the samples (mm). 
Color samples with dimensions of 100 mm x 50 mm x 20 mm in 
longitudinal, tangential and radial directions, respectively and 
with dimensions of 100 mm x 20 mm x 50 mm in longitudinal, 
tangential and radial directions, respectively were prepared 
with a planer-type table saw.  
Wood colors were measured using a colorimeter.  The three-
dimensional (the lightness, the red-green share and the blue-
yellow share) color space was used for the quantitative color 
assessment. The values obtained for each heat-treating 
condition were compared with the untreated wood. The total 
color change of the samples was measured according to 
Equation (3). 

∆𝐸* = √∆𝐿*2 + ∆𝑎*2  +  ∆𝑏*2
   (3) 

Where: 
∆𝐿* : The lightness value change for treated and untreated 
wood, on the same sample, 
∆𝑎* : The red-green share value change for treated and 
untreated wood, on the same sample, 
∆𝑏* : The blue-yellow share value change for treated and 
untreated wood, on the same sample. 

2.1 Statistical Analysis 

An analysis of variance (ANOVA) and Duncan’s multiple range 
test was conducted (p≤ 0.05) to evaluate the effect of heat 
treatment on the mass loss, swelling properties and color 
change of samples. 

3 Results and Discussion 

3.1 Mass Loss 

The mass loss rates depending on heat treatment temperature 
were given in Table 1 and Fig. 1. The results showed that heat 
treatment caused various amounts of mass loss, depending on 
treatment temperature. According to Fig. 1, the mass loss rates 
of wood samples increased with increasing exposure 
temperature. The maximum mass loss rates (16.63%) were 
found in treated samples at 230 °C, while the minimum mass 
loss rates (3.90%) were found in treated samples at 190 °C 
(Table 1).  These results corroborate that obtained by [12]-[15].  

Table 3. Multi-comparison of mass loss rates under different 
temperatures. 

Treatment Condition Number 
of 

Sample 

Mass Loss (%) 
Temperature 

(°C) 
Time 
(h) 

Mean MRT 

Control - 24 - A 
190 3 24 3.90 B 
212 3 24 7.79 C 
230 3 24 16.63 D 

MRT: Duncan’s multiple range test (groups with the same letters in the 
column indicate that there is no statistical difference (p<0.05) 
between the samples). 

 
Figure 6. The mass loss rates of heat-treated Quercus robur 

wood samples under different treatment temperatures. 

3.2 Swelling Properties 

As a function of treatment temperature, volumetric swelling 
ratios were given in Table 2 and Fig. 2. Compared to the 
untreated wood samples, the volumetric swelling ratios were 
reduced depending on treatment temperature. The swelling 
was reduced from 30% to 52% with increasing treatment 
temperature from 190 °C to 230 °C (Table 2). These results 
corroborate that obtained by [16]-[18]. 

Table 2. Multi-comparison of swelling ratios under different 
temperatures. 

Treatment Condition Number 
of 

Sample 

Swelling (%) 
Temperature 

(°C) 
Time 

(h) 
Mean MRT 

Control - 30 20.50 A 
190 3 30 14.31 B 
212 3 30 10.42 C 
230 3 30 9.80 C 

MRT: Duncan’s multiple range test (groups with the same letters in the 
column indicate that there is no statistical difference (p<0.05) 
between the samples). 

 
Figure 2. Swelling ratios of untreated and heat-treated Quercus 

robur wood samples. 

3.3 Changes in Color 

The color changes of Quercus robur depending on heat 
treatment temperature were given in Table 3. Compared to the 
untreated wood samples, L* (the lightness) and b* (the blue-
yellow axis) values decreased with increasing temperature. The 
parameter a* (the red-green axis) increased until the 
temperature was 212 °C, then decreased with increasing 
temperature. These findings agree with previous studies [9], 
[19], [20].  
L* values decreased from 67.61 for the control group to 32.43 
at 230 °C treatment for tangential direction. Its value for radial 
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direction decreased from 71.48 for the control group to 33.33 
at 230 °C treatment. The total color change ∆E* increased 
between 22.13 and 39.73 with increasing temperature for 
tangential direction. Its value for radial direction increased 
between 29.96 and 42.03. Similar results were found by [20]-
[22]. Radial direction of the samples showed higher color 
change compared to tangential direction. 
Fig. 3 presents the color differences with respect to treatment 
temperature. As shown in Fig. 3, the samples became darker 
with increasing temperature. The samples treated at 230°C 
were determined to be darker than the other samples.   

 
Figure 3. Color changes of Quercus robur after heat treatment. 

4 Conclusion 

Heat treatment caused mass loss (3.90-16.63%) of Quercus 
robur wood depending on treatment temperature. Accordingly 
the swelling ratios were reduced from 30% to 52%. Thus, heat 
treatment resulted in improvement of dimensional stability of 
Quercus robur wood. 
The color parameters (L*, a* and b*) of the heat-treated wood 
samples changed. L* values decreased from 67.61 to 32.43 for 
tangential direction. Its value for radial direction decreased 
from 71.48 to 33.33. The parameter b* decreased with 
increasing temperature. The parameter a* initially increased 
until the temperature was 212 °C, then decreased with 
increasing temperature. The total color change ∆E* increased 
for all of the treatment temperatures. The color change of 
samples was determined to be dependent on the treatment 
temperature. The most pronounced color change occurred at 
230 °C. 
It was shown that heat treatment of Quercus robur wood in 
nitrogen atmosphere can be effective to improve its 
dimensional stability and color quality.

Table 3. Effects of heat treatment on color properties of Quercus robur. 

Temperature 
(°C) 

Time 
(h) 

Direction L* a* b* ∆L* ∆a* ∆b* ∆E* 

Control - Tangential 67.61 4.76 21.60 - - - - 

190 3 Tangential 46.06 6.88 17.04 -21.55 2.11 -4.56 22.13 

212 3 Tangential 36.70 3.44 8.11 -30.91 -1.32 -13.48 33.75 

230 3 Tangential 32.43 1.49 3.41 -35.18 -3.26 -18.18 39.73 

Control - Radial 71.48 5.07 22.50 - - - - 

190 3 Radial 42.65 6.06 14.42 -28.83 0.99 -8.08 29.96 

212 3 Radial 37.34 3.83 9.46 -34.14 -1.23 -13.03 36.56 

230 3 Radial 33.33 2.36 5.05 -38.14 -2.71 -17.44 42.03 

L*: The lightness value; a*: The red-green share value; b*: The blue-yellow share value; ΔE: The total color 
change. 
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Abstract   

The wood material has been the most preferable material in order to meet the needs of accommodation, transport and social since human 
beings existed. The different “Wood Modification Methods” has been developed as a result of all the scientific studies and researches in 
order to remove the negative characteristics of the wood material from centuries ago to nowadays. The wood material is usually admitted 
as too soft and too weak for structural applications required hardness and durability. However, the wood material increased density can 
be an alternative for other structural materials. Most of the wood material mechanical characteristics are related to density. A lot of 
studies have been carried out to develop the suitable operation, because the densification of wood material increases mechanical 
characteristics and hardness of wood material. By means of densification, low-density wood material is converted to high-density wood 
material, and its trade value is increased. In this study, from the environment friendly modification methods which is used to modify wood 
material and to improve mechanical strength properties of wood Thermo-Hygro-Mechanic (THM), Viscoelastic-Thermal-Compression 
(VTC), Thermo-Mechanic (TM) and the new application Thermo-Vibro-Mechanic (TVM) have been investigated. 
 
Keywords: Wood modification, Mechanical modification, Densification, Surface densification. 
   

MEKANİK ODUN MODİFİKASYON METOTLARI 
Özet   

Ağaç malzeme, insanoğlunun varoluşundan bu yana barınma, ulaşım ve sosyal ihtiyaçlarını karşılamak amacıyla sıkça tercih ettiği bir 
malzeme olmuştur. Yüzyıllar öncesinden günümüze kadar, ağaç malzemenin bazı olumsuz özelliklerinin giderilmesi için yapılan tüm 
bilimsel çalışmalar ve araştırmalar sonucunda, farklı ''Ahşap Modifikasyonu Yöntemleri'' geliştirilmiştir. Ağaç malzeme genellikle yüksek 
direnç, sertlik ve dayanıklılık gerektiren yapısal uygulamalar için çok yumuşak ya da çok zayıf olarak kabul edilmektedir. Ancak, 
yoğunluğu artırılmış bir ağaç malzeme, diğer yapısal malzemelere alternatif olabilmektedir. Ağaç malzemenin mekanik özelliklerinin 
çoğu, yoğunluk ile ilişkilidir. Ağaç malzemenin yoğunlaştırılması, mekanik özelliklerini ve sertliğini artırdığından, bu konuda uygun bir 
işlem geliştirmek için birçok çalışma yapılmıştır. Yoğunlaştırma işlemiyle düşük yoğunluklu ağaç malzemeler yüksek yoğunluklu hale 
getirilmekte ve ticari olarak yüksek değerli ürünler haline dönüştürülebilmektedir. Bu çalışmada, ağaç malzemeyi modifiye etmek ve 
mekanik direnç özelliklerini iyileştirmek için kullanılan çevre dostu modifikasyon yöntemlerinden, Termo-Higro-Mekanik (THM) metodu, 
Viscoelastik-Termal-Sıkıştırma (VTC) metodu, Termo-Mekanik (TM) metodu ve yeni bir uygulama olan Termo-Vibro-Mekanik (TVM) 
yoğunlaştırma metodu incelenmiştir. 
 
Anahtar Kelimeler: Odun modifikasyonu, Mekanik modifikasyon, Yoğunlaştırma, Yüzey yoğunlaştırma 
   

 

1 Introduction 

Wood material has been used through out history to meet the 
human needs. Nowadays, together with the technological 
developments, its usage has increased significantly in the 
industrial sector. The increase of human population and new 
application fields has increased the demand for wood material 
but has also caused a decrease in good quality material. This 
makes it compulsory to use available resources more 
efficiently, to use tree types with low resistance features after 
modification and to produce different materials [1]. Centuries 
ago and still today people treat wood in many ways to make it 
usable in various needs and more durable. All this operations 
arising from all scientific researches and studies are called 
“Wood Modification Methods” [2]. Wood modification term 
aims to change the negative features of wood material or 
enhance them. 

Wood material is generally regarded too soft or too weak for 
structural application requiring high resistance, hardness and 
durability. However, wood material with increased density is 
considered as an alternative for other structural materials [3-
7]. Mechanical features of wood material is related mostly to 
density [3, 5, 6, 8, 9]. Since densifying wood material increases 
its mechanical features and hardness, many trials have been 
conducted to develop a suitable operation in this matter [3]. 
With densification operation, low density wood material is 
turned into commercially high value product. High density 
wood material types can also be made more resistant using 
densification [4-6]. It has long been known that wood material 
can densified wihout using chemicals. However, because of 
plasticisation in the final products after available operations 
and due to inadequate dimensional stability, it has been ignored 
by the industry. Throughout history all around the World 
various types of densified wood products have been 
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manufactured. Also, in the last two decades, due to an increase 
in environmental awareness, use of environmentally hazardous 
impragneted elements has been increasingly resticted, which 
has led to new methods which are environmentally friendly and 
which protect wood material against biological degradation 
and increase dimensional stability [10]. These methods are 
densification (Thermo-Mechanic (TM)) method conducted in 
an open system using heat and pressure, densification 
(Thermo-Hygro-Mechanic (THM)) method conducted in a 
closed system using pressure and steam, densification ( 
Viscoelastic-Thermal- Compression (VTC)) method using heat 
and pressure and pre-softening with steam and densification ( 
Thermo-Vibro-Mechanic (TVM)) method which is a new 
application using heat pressure and vibration. The most 
important variables are wood material type, heat and softening 
or plasticisation period, densification method (thermo 
mechanical, thermo higro mechanical and viscoelastic thermal 
pressing) and press pressure. These variables affect resistance 
features of wood after densification operation. Different 
applications of these variables can increase strength features of 
% 100 densified wood material [11]. The most important 
problem encountered in densified wood material by 
compressing its tendency to turn back to initial size due to its 
spring back feature when used in places where it might be 
exposed moisture or water [6, 9, 12-16]. The most important 
factor determining wood material modification in thermal 
modification applications is the temperature above 150 ˚C.  The 
colour of wood material darkens as temperature and duration 
increase. Colour of wood material is an important feature 
especially as a decoration element. Weight loss occures 
depending on thermal modification in wood material. This loss 
is primarily due to water loss as a result of vaporization. In 
thermal modification applications, mechanical features of wood 
material also decline, which may restrict use of wood material 
especially as structural system [1, 10, 17-23].  
In this study, Thermo-Hygro-Mechanic (THM), Viscoelastic-
Thermal-Compression (VTC), Thermo-Mechanic (TM) and  a 
new application Thermo-Vibro-Mechanic (TVM) densification 
methods, which are among environmentally friendly 
modification methods used to modify wood material and 
enhance its mechanical resistance features, are researched. 

2 Historical Process 

Historically, wood material densified by compression started to 
be researched in the early 1900’s. The first patents for 

compressed wood products were granted to Sears in 1900, to 
Walch and Watts in 1923, to Oleheimer in 1929, to 
Brossmannes in 1931, to Esselen in 1934 and to Olson in 1934 
[14, 16, 24-28]. Compressed massive wood was first launched 
in Germany in the early 1930’s as the commercial name 
“Lignostone’’. Also “Lignofol’’, a product obtained by 
compressing wood veneer, was produced. These products were 
compressed at, 140 ° C with 25 MPa, 0,8 g/cm3   density. 
Simultaneously, in England, similar products (plywood) were 
also produced by Jicwood and Jablo. Two other important 
methods in densifying wood material are ‘‘Compreg’’ and   
‘‘Staypak’’ developed in forestry laboratories in the USA [ 13, 
14, 29, 30]. Compreg is obtained by applying pressure to wood 
while resin in synthetic resin treated wood hardens. The best 
result is obtained when fenol formaldehit is used as resin. Not 
only compression ability of wood material impragnated with 
fenol formaldehit increases but also its ability to substain its 
compressed state when pressure is ceased increases. At 150 0C 
and 7-8 MPa pressure, wood material with 1,3-1,4 gr/cm3 
specific weight is obtained. During compression operation of 
wood material, the required pressure amount depends on 
wood type, synthetic resin and vapourisable element amount, 
pre-hardening of resin and its dispersion in wood structure. 
Compreg’s resistance feature increase depending on the 
increase in specific weight as well as shock resistance. The 
increase in synthetic resin amount proportional to dry wood 
weight decreases shock resistance while increasing pressure 
resistance. That is, the material becomes more brittle [12, 31, 
32]. Staypak is a wood material stabilized and pressed at high 
temperature. Wood is pressed by heating at high temperatures 
so that lignin, which fills in the gap between cellulose chains 
becomes fluid, and thus internal stress is decreased. This 
operation significantly decreases absorption tendency of wood 
in moist environment. Between 150 0C – 180 0C and 9,6-17,2 
MPa pressure, wood material with 1,3-1,4 gr/cm3 specific 
weight is obtained [12 ,13, 31, 33]. With Staypak application, 
resistance feature of wood material against biological hazards 
doesn’t increase. Due to pressing and high temperature, colour 
of wood material darkens and in line with pressure amount, 
tensile strength elasticity modül and shock resistance might 
increase [31, 32]. 
Table 1 shows some features of methods used in densifying 
wood material and these historical methods. 
 

Table 1. Methods used in densifying wood material and their features. 
 

Year Name of İnvestigator Temperature 
Ratio 

Compression Ratio 

1900 Sears   
1923 Walch and Watt   
1929 Olesheimer   
1931 Brossman   

1934 Esselen   
1934 Olson   
1930 Lignostone 

Lignofol 
Jicwood 
Jablo 

 
140 ˚C 

 
 250 kg/cm² 
(24,516 MPa) 

1941 Compreg  150 ˚C 6,89-8,27 MPa  
1962 Staypack 150 ˚C – 180 ˚C 9,65-17,24 MPa 
1998-2000 Thermo-Mechanical 

 
Temperature Value 
150˚C-200˚C 

Densification ratio  
( %40,%50,%60) 
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2000-2005 Thermo-Hygro-Mechanical  150 ˚C  130 kg/cm² 
(12,748 MPa) 

CaLignum   
No Heating 

 
140 MPa 

1990-2010 Viscoelatic-Thermal-
Compression  

160 ˚C -175 ˚C 650-2000 kPa 
(0,65-2 MPa) 

 
175 ˚C - 225 ˚C 

2000-4000 kPa 
(2-4 MPa) 

2012-2016 Thermo-Vibro-Mechanic (TVM) 
 

100 ˚C - 140 ˚C  Densification ratio  
0,6 MPa- 2.2 MPa 

 

3 Mechanic Wood Modification Methods 

Wood material can density under pressure by compressing, by 
being absorbed by some chemical-resin in the cell wall 
(impregnation) or by using compression together with 
impregnation [5, 6]. In the compressively densification of wood 
material, densification is realized by collapsing the cell wall and 
by decreasing clearance volume [1, 34, 35]. Crashes and 
cracking can occur in the cell wall of compressed wood material 
under the normal atmospheric conditions.  Natural elastic 
structure of wood plays an important role in the compressively 
densification. When wood temperature is above critical 
transition temperature densification can be achieved without 
any significant deformation in amorphous polymers, and 
without cellular crashes. Compression properties mostly 
depend on wood density, moisture, cellular wall volume and 
compression direction. One of the problems in densifications 
operation is spring back and it can be eliminated thanks to 
temperature and steam effect [1, 5, 36]. In densification with 
chemicals, densified wood material can be obtained as a result 
of chemical reaction or cooling after fluid natural and artificial 
resins are absorbed in the gaps of wood material [7, 8].  
Important problems might ocur due to spring back when the 
material is exposed to moisture or water contact after 
compression while densifying wood material by compression 
without resin absorption [1, 37] (Figure1). 

 
Figure1. Spring back occuring in wood material desified by 

compression [37]. 

In densification without resin absorption, in order to achieve 
dimensional stability, various studies have been conducted and 
some of them have given succesful results. These studies are 
densification in an open system using temperature and 
pressure (Thermo-Mechanic (TM)), densification in a closed 
system using temperature, pressure and vapour (Thermo-
Hygro-Mechanic (THM)), densification using heat, pressure and 
pre-softening with steam (Viscoelastic-Thermal- Compression 
(VTC)) and densification using temperature, pressure and 

vibration as a new application ( Thermo-Vibro-Mechanic 
(TVM)).  

3.1 Thermo-Mechanic Densification (TM) 

In thermo-mechanic (TM) densification wood material is 
densified in an open system with the effect of temperature and 
pressure. TM operation process is applied between 150˚C-
200˚C, at % 40, % 50, % 60 compression rates. Wood material’s 
thermo mechanic (TM) densification properties depend on 
density, latewood rate, cellular wall volume (all of which are 
anotomic features of wood material) and compression 
direction [5].  Because of elastic behaviour of wood material, in 
thermo mechanic (TM) method, after the applied pressure 
disappears, there is a tendency to turn back into the original 
shape before compression and this behaviour is called spring 
back which may cause a change in the compressed dimension 
[38]. In case of high compression rate, more spring back occurs 
and this may arise from more stress in the material structure 
[39]. In the wood material exposed to thermo mechanic (TM) 
densification, bending resistance and elasticity module in 
bending increase as paralel to the increase in compression rate 
[40]. In Thermo-Mechanic (TM) densification, most important 
factor affecting elasticity module is compression rate and press 
temperature doesn’t have an important effect [37]. After 
thermo mechanic (TM) densification operation, hardness of 
wood material can be increased [41]. After thermo mechanic 
(TM) densification operation, increases in resistance values 
might arise from the decrease in gap volume of wood material 
and the increase in cellular wall substance in unit volume with 
load-carrying feature [11]. With the increase in density as a 
result of densification period, increases might ocur in pressure 
resistance paralel to fibers, bending resistance in radial and 
tangential directions and brinell hardness values [4].  
Microscobic observations show that in densified wood material 
at low temperature and high compression rate, cellular wall 
crashes ocur more, which might decrease resistance features 
[40] (Figure2). 

 
Figure 2. Deformation (crash, crack, etc.) in cellular structure 
of wood densified with thermo mechanic (TM) method [13]. 
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Tabarsa and Chui treated white spruce (Picea glauca) wood 
between 20˚C ile 200˚C in radial direction between %12 and % 
32 compression rate with thermo mechanic (TM) densification 
in their study in 1997. Consequently, they found that bending 
resistance and elasticity module generally increased with 
compression and temperature level, but exceptionally, wood 
resistance densified at 100 ˚C was lower than the other 
temperature values and this was due to the fact that the 
experiment temperature was close to critical transition 
temperature of the wood [40]. 
In other studies, yellow pine (Pinus sylvestris L.) derived 
experiment samples were densified with thermo mechanic 
(TM) method in open system at three different temperatures 
(120 ˚C, 140 ˚C and 160 ˚C). After densification process, it was 
stated that resistance features of yellow pine increased 
significantly, which arose from the decrease in gap volume due 
to densification and the increase in cellular wall substance in 
unit volume with load carrying feature.  It was also stated that 
the ideal temperature for bending, shearing and pressure 
resistance paralel to fibres was 120 ˚C and 140 ˚C for brinell 
hardness value. It was added that % 42 increase was obtained 
in bending resistance after densification as well as %20 in 
shearing resistance %47 in pressure resistance, % 242 in 
hardness in radial direction and % 268 in hardness in 
tangential direction [11]. Wood materials prepared in different 
tickness were exposed to thermo mechanic densification at 175 
˚C press temperature at different durations and % 13 - % 22 
compression levels.  Accordingly, it was stated that depending 
on densification level, some cracks occured on the material 
surface and these cracks which were little and non-continuous, 
occured after contact of the material to be densified with press 
table. It was added that these cracks were more common in the 
material treated at %22 compression level but smoother 
surface was obtained in these materials. Compared with the 
control group, it was stated that an enhancement was seen in 
hardness and that increase rates in hardness at % 13 and % 22 
compression levels were %23 ve %31 respectively [42].  

3.2 Thermo-Hygro-Mechanic (THM) Densification 

Thermo-Hygro-Mechanic (THM) densification is densifying 
wood material in a closed system with the effect of 
temperature, vapour and pressure known since 1997 [43]. 

 
Figure 3. Image of closed system press used in THM 

densification [37]. 

Densification can be controlled with use of saturated vapour 
throughout compression process because it is conducted in a 
closed system (Figure3).  In THM process, wood material is 
densified at 150 ˚C under saturated vapour. Wood material is 
processed under these conditions throughout the process. 
During this operation, nearly 130 kg/cm² maximum pressure is 
applied. Due to hygro thermal chamber features, heating of 

wood material is done directly with pressurized steam.   With 
this method densified wood material becomes more stable and 
less hygroscopic. Microscopic observations show that there are 
cellular crashes in wood material densified with TM method but 
cells aren’t completely deformed and lumens are open (Figure 
2). In THM densification, however, cellular crashes-cracks 
aren’t seen [5, 44]. 
In their studyin 2000, Navi and Girardet stated that as a result 
of Thermo-Hygro-Mechanic (THM) densification for three 
hours in vapour environment at 150 °C and 13 MPa in radial 
direction, Fagus (Fagus silvatica), Norway spruce (Picea abies) 
and maritime pine (pinus pinaster) with the initial densities 
0,67 g/cm3, 0,42 g/cm3 ve 0,50 g/cm3 repectively had ile 1,27 
g/cm3, 1,30 g/cm3 ve 1,32 g/cm3 densities after densification. 
They added that mechanical tests showed that the samples 
densified with Thermo-Hygro-Mechanic (THM) method had 
higher brinell hardness, shearing resistance and bending 
elasticity module than control group and than samples 
densified with thermo-mechanic (TM) method.  Also they stated 
that brinell hardness values of Norway spruce (Picea abies) and 
maritime pine (pinus pinaster) densified with thermo-hygro-
mechanic (THM) method increased % 700 and % 500 
respectively while shearing resistance values increased nearly  

%1000 [44]. 

3.3 Viscoelastic-Thermal-Compression (VTC) 
Densification 

Viscoelastic-Thermal-Compression (VTC) densification process 
for wood material is conducted to increase the density of 
mechanically compressed wood % 100 - % 300. Viscoelastic-
Thermal-Compression (VTC) densification process is 
composed of softening wood with vapour, compressing and 
finally thermal treatment – conditioning stages. The important 
point in VTC operation is softening wood in a high pressure 
vapour environment. Pre-softening operation prevents cellular 
crashes-collapses of wood under excessive load. Heating 
operation (heating and conditioning) after compression 
enables permanent fixing in dimension. This densified product 
is called Viscoelastic- Thermally-compressed wood (VTC 
wood). Moisture of wood to be VTC processed might be higher 
than fiber saturation point but %15-%30 moisture is 
preferable. Ideal tickness of wood material to be densified with 
this method is 3 mm - 12 mm because thin material has faster 
desorption and drying occurs uniformly. Temperature 160 ˚C - 
175 ˚C and central pressure 650 kPa - 2000 kPa are desirable 
during heating and conditioning stage. However, for wood 
material production with higher density, temperature 175 ˚C - 
225 ˚C and mechanical pressure 2000 kPa - 4000 kPa are 
required. Temperature and pressure levels at this stage depend 
on compression at the previous stage moisture of the wood 
material with the desired density at the end of the process is 
almost %2 and it is much less hygroscopic. To obtain balance 
moisture with external environment, water spraying is finally 
conducted. In VTC densification method, mechanical resistance 
features of wood increases and this especially enables 
dimensional stabilization at a high level [1, 5, 26, 45, 46]. Wood 
material with improved mechanical features is obtained thanks 
to Viscoelastic-Thermal-Compression (VTC) densification 
process (Figure 4). 
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Figure 4. (Left) Hybrid poplar’s natural image and (right) it’s 

image when densified [9]. 

3.4 Thermo-Vibro-Mechanic (TVM) Densification 

In 2008 Rautkari et all. densified Norway spruce (Picea abies L.) 
and Fagus (European Beech/ Fagus Sylvatica L.) with heat and 
linear vibration technique and in this study they used metal 
welding machine that does linear vibration. They first applied 
2.2 MPa vibration to the samples at 100 ˚C for 12 sec. Later they 
exposed the samples to cooling down to 60 ˚C at 0.58 MPa 
pressure. At the end of trials, they stated that surface brightness 
of the samples increased % 700 and surface hardness value 
(Brinell hardness) increased % 137 [47]. In other studies, 
Norway spruce (Picea abies (L.)) was densified with heat and 
linear vibration using vibrated metal welding machine. They 
expressed that the wood material was primarily exposed top 
re-heating in 100 ˚C and then the application was made from 20 
sec. To 100 sec. in different linear vibration pressure from 0.63 
MPa to 1.55 MPa and in different temperature stages. It was 
stated that surface hardness value (Brinell hardness) and 
surface elaticity increased in the rate of % 33 [48]. In 2010 
Rautkari et all. densified Norway spruce (Picea abies L.) with 
heat and linear vibration technique and in this study they used 
metal welding machine that does linear vibration.  The samples 
were exposed to vibration for 12 sec. under 0.58 MPa and 2.2 
MPa pressure. Accordingly, they stated that there was an 
increased in the samples surface wetting values and Fourier 
Transform Infrared Spectroscopy (FTIR) analysis of the 
samples showed no significant change in chemical 
structure[49](Figure 5).  

 
Figure 5. (Left) Natural image of Norway spruce, (Right) its 

image when densified with vibration [50]. 

Very new with no other examples in the world than those 
mentioned above, this method is sought to be brought into 
wood and forestry industry of Turkey thaks to TUBİTAK 
115O138 project support. Therefore, it is crucial that resistance 
features of wood especially with low density should be 
enhanced, a special machine for TVM method should be 
designed and produced so that new product can be brought into 
the sector in the future. İt is also projected that the resultant 
machine and product range will contribute significantlly to the 
national economy.   

4 Conclusion 

In this study, scientific studies about mechanical wood 
modification methods used in woodwork and forestry industry 

to modify wood material and improve its mechanical resistance 
features were reviewed an their results were presented. İn the 
study types of mechanical wood modification methods [5, 13, 
32, 37, 51-53], surface hardness, brightness, colour, wearing 
resistance [13, 18, 30, 35-37, 41, 43, 48-50, 54-59], moisture [4, 
12, 40, 43, 60] etc. effects were examined. Consequently, it is 
hoped that with this study, researchers and academics 
interested in the subject will see the point which research in 
mechanical wood modification methods have reached; that 
relevant studies will achieve depth because of the increase in 
the number of those utilising this information; that 
environmentally friendly mechanical wood modification 
methods will be more commonly used; that low density wood 
material will be made high density and turned into 
commercially high value products. 
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Abstract   

Effect of thermo-mechanical densification and thermal post-treatment on the colour parameters (L*, a*, b* and ΔE*) of beech (Fagus oriantalis L.) and 
pine (Pinus sylvestris L.) wood species were investigated. Wood specimens were densified at temperatures of 100 or 150 °C and compression ratios of 20% 
or 40%. Then, thermal post-treatment was applied to the specimens during 2 h at 190, 200, and 210 °C to provide dimensional stability in densified 
specimens. The colour change of the specimens was evaluated by CIEL*a*b* colour co-ordinate systems. The results showed that, the colour of the densified 
specimens at higher temperature and compression ratio was more changed. The compression temperature was more effective compared to compression 
ratio on the colour change of specimens. After the thermal post-treatment, colour characteristics of specimens have changed significantly depending on 
the increase in the treatment temperature, and specimens darkened. Densification processes has little effect on colour changes of the thermally post-
treated specimens. The colour of pine specimens compared with the beech specimens more affected by the densification and thermal treatment 
applications. Morever, the change in a* value of specimens is more evident than the change in L* or b* values. 
Keywords: Wood material, Densification, Thermal treatment, Colour change. 
   

YOĞUNLAŞTIRILMIŞ VE TERMAL İŞLEMLİ KAYIN VE ÇAM ODUNLARININ 
RENK ÖZELLİKLERİ 

Özet   

Kayın (Fagus oriantalis L.) ve çam (Pinus sylvestris L.) odunu örneklerinin renk özellikleri (L*, a*, b* and ΔE) üzerine termo-mekanik yoğunlaştırma ve 
termal işlemin etkisi araştırılmıştır. Örnekler 100 °C ve 150 °C sıcaklıkta %20 ve %40 sıkıştırma oranı ile yoğunlaştırılmıştır. Daha sonra, yoğunlaştırılmış 
örneklerde boyutsal stabiliteyi sağlamak için 190, 200 ve 210 °C sıcaklıkta 2 saat süresince örneklere termal işlem uygulanmıştır. Örneklerin renk değişimi 
CIEL*a*b* renk ko-ordinat sistemine göre değerlendirilmiştir. Araştırma sonuçlarına göre, daha yüksek sıcaklıkta ve sıkıştırma oranında yoğunlaştırılmış 
örneklerin rengi daha fazla değişmiştir. Örneklerin renk değişiminde, sıkıştırma oranına göre sıkıştırma sıcaklığı daha çok etkilidir. Termal işlem sonrası, 
örneklerin renk özellikleri işlem sıcaklığındaki artışa bağlı olarak önemli ölçüde değişmiştir ve örnekler kararmıştır. Termal işlemli örneklerdeki renk 
değişmelerinde yoğunlaştırma işlemlerinin etkisi önemsiz bulunmuştur. Kayın örneklere göre pine örneklerin rengi yoğunlaştırma ve termal işlem 
uygulamalarından daha fazla etkilenmiştir. Ayrıca, örneklerin a* değerindeki değişim L* veya b* değerindeki değişimden daha belirgindir.  
Anahtar Kelimeler: Ağaç malzeme, Yoğunlaştırma, Termal işlem, Renk değişimi 
   

 

1 Introduction 

Improvement of wood material properties and the increase of 
its lifespan have occupied scientists for numerous years as 
wood is an omnipresent and indispensable material for a very 
wide range of applications such as furniture production and 
building constructions [1]. Physical and mechanical properties 
of wood could be improved by densification modification 
process. Thermo-mechanical (TM) densification of wood has 
been considered as an effective method to improve the 
mechanical properties of particularly low-density wood species 
[2]. In addition, surface properties (smoothness, brightness, 
colour, hardness), wetting behaviour, and durability can be 
improved by densification modification [2]-[7]. A major 
disadvantage of mechanically densified wood is the recovery of 
its initial dimensions after exposure to water or heat. The 
dimensional stability of mechanically densified wood can be 
significantly improved by thermal post-treatments [3], [8]-[11]. 
Thermal modification of wood is a commercially viable 
technology. It uses heat as a medium to alter the structure and 
chemistry of wood to achieve desired properties [12]. In 
addition, thermal modification of wood is a process that 
provides the improvement of some wood properties without 
imposing an extra burden on the environment, as preservatives 
apparently do. Specifically, thermal modification used to 

enhance dimensional stability and biological durability of 
wood. This change of properties is mainly induced by thermal 
degradation of hemicelluses and, generally, the changes 
continue as the temperature is increased. Due to moisture 
content decrease, swelling and shrinkage occur, color darkens, 
several extractives flow from the wood, ph decreases and 
thermal insulation properties are improved [13], [1]. However, 
the mechanical properties of thermal-treated wood may 
decline because of mass losses and thermal degradation, which 
is the main disadvantage of thermal treatment [14]-[17]. 
Thermal treatment of wood has become a well-established 
procedure, and there are a growing number of industrial 
treatment centers in various countries in Europe and Canada. 
Plato Wood in the Netherlands, ThermoWood in Finland, 
Rectification in France, and Le Bois Perdure in Québec, are 
some of the centers specializing in thermal treatment. Several 
wood species are thermal-treated under different process 
conditions, depending on the species and the end-uses of the 
product. All of these processes use sawn wood and treatment 
temperatures between 160 °C and 260 °C [18]. Thermal 
treatment provides new physical properties to wood such as 
reduced hygroscopy, improved dimensional stability, better 
resistance to degradation by insects and micro-organisms, and 
most importantly, attractive darker color [19]. During thermal 
treatment at high temperatures, the color of wood tends to 
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darken due to the considerable changes in the chemical 
composition of wood, such as the degradation of the 
amorphous carbohydrates [20], [21]. Some colour changes 
caused by thermal modification could be more appreciated by 
customers. This is especially the case with the wood species 
such as pine, beech, poplar, and ash which have clear colours 
[22], [23]. 
Colour is an important factor both in terms of aesthetic 
properties and economic indicators affecting the pricing of the 
finished product. By changing the parameters of thermal 
modifications, conditions can be customized when less 
decorative wood, could get the colour and texture similar to 
exotic wood species [2]. Otherwise, The amount of coloring 
material localized at the cell membrane, as well as density, 
moisture content, texture, and similar factors may affect color 
of wood [24], [25]. The objective of the present study was to 
determine the effect of thermo-mechanical densification and 
thermal post-treatment on the colour properties (L*, a* and b*) 
and the total change in colour (∆E*) of beech (Fagus oriantalis 
L.) and pine (Pinus sylvestris L.) wood specimens. 

2 Material and Method 

2.1 Wood material 

In this study, Scots pine (Pinus sylvestris L.) and Eastern beech 
(Fagus Orientalis L.) woods, which has been widely used in the 
woodworking industry, were used. The pine trees, from which 
the test specimens were prepared, were obtained from Melet 
State Forestry Enterprise of the Mesudiye State Forestry 
Directorate in Ordu Province, Turkey, whereas the beech trees 
were obtained from Akkuş State Forestry Enterprise of Akkuş 
State Forestry Directorate. Round woods, having green 
moisture content, were cut from their sapwood with an 
automatically controlled band sawing machine. Cuts were 
determined by considering sample dimensions as annual rings 
parallel to the surface (tangent section) and these were 
transformed into timbers of rough scale. The specimens were 
initially dried to 12% moisture in an automatically controlled 
conventional drying furnace, and then were cut to the 
dimensions of 450 × 95 mm (longitudinal direction × tangential 
direction) and two different thicknesses 12.5 and 16.7 mm 
(radial direction). Before the densification process, the 
specimens were held in a conditioning cabin ( RH 65 ± 3% and 
20 ± 2 °C) until they reached a stable weight [26]. 

2.2 Densification and thermal post-treatment 

The thermo-mechanical densification process was done with a 
hydraulic press at compression ratios of 20 and 40%, with 
temperatures of 110 and 150 °C. After thermo-mechanical 
densification, thermal post-treatment was carried out on the 
wood specimens to provide dimensional stability. The thermal 
treatment was conducted under the protection of water vapor 
at the temperatures 190, 200, and 210 °C for 2 h. The thermo-
mechanical densification and thermal post-treatment 
processes have been described in detail in a previous study [7]. 
After thermal post-treatment, specimens remained in a 
conditioning cabin ( RH 65 ± 3% and 20 ± 2 °C) until they 
reached a stable weight [26]. The densified and thermal treated 
specimens were then cut into smaller specimens in the 
dimensions of 80 × 80 × 10 mm3 (longitudinal direction × 
tangential direction × radial direction) and as to be repetitive 
for 6 times (n=6) for each test variant. 

2.3 Colour measurement 

The colours of the pine and beech specimens were measured by 
a colorimeter (BYK-Gardner Spectrophotometer) before and 
after the treatments. In the three dimensional CIEL*a*b* colour 
space, each colour can be expressed as a point in the Euclidean 
space defined by three coordinates correlating with the 
subjective colour perception (Figure 1) [27], [28]. In this space, 
L* (lightness) is located on the black-white axis (L* = 0 for black, 
L* = 100 for white), a* on the red-green axis (red for positive 
values and green for negative values), and b* for the yellow-
blue axis (yellow for positive values and blue for negative 
values) [29], [30].The colour red (+a) and the colour yellow 
(+b) was independently investigated in order to determine 
which colour tone was affected in each colour during change 
and in addition, the total change in colour (∆E*) was calculated 
according to ASTM D2244 (2015) using the following Equation 
(1) [31].  

222 *)(*)(*)( baLE 
 

(1) 

Where ∆L* is the difference in lightness, ∆a* is the difference in 
a* coordinate, ∆b* is the difference in b* coordinate. The low 
∆E* values obtained from the calculations would indicate very 
low or no change in colour [32]. Colour values were determined 
before and after the treatment at three different locations for 
each set of specimens and mean value recorded. 

2.4 Statistical analysis 

The MSTAT-C package program was used for statistical 
evaluations. Analysis of variance (ANOVA) tests were 
performed to determine the effect of thermo-mechanical 
densification and thermal post-treatment on the colour 
properties (L*, a*, b* and ΔE) of the pine and beech wood 
specimens at the 0.05 significance level. When there was a 
significant difference between the groups was compared with 
Duncan’s test. 

3 Results and Discussion 

After densification and thermal treatment processes, L*, a*, and 
b* colour values of pine and beech wood specimens were 
changed. Analysis of variance was performed to determine the 
influential factors on change in colour values of specimens. 
Analysis of variance results of L*, a*, and b* values of pine and 
beech wood specimens thermo-mechanically densified and 
thermal post-treated are shown in Table 1. 
According to analysis of variance results (Table 1); 
densification and thermal treatment factors on L*, a*, b* values 
of pine and beech wood specimens were found to be significant 
(P ≤ 0.05). However, densification factor on a* value of beech 
wood specimens was insignificant. Comparison results of 
Duncan test for L*, a* and b* values of densified and thermal-
treated pine and beech wood specimens are given in Table 2. 
According to results given in Table 2, the highest L* value was 
obtained in control (undensified and untreated) specimens. For 
both densified wood species, L* values decreased slightly 
depending on increase at compression temperature and ratio. 
Can be effective on results is more of the total press time in the 
specimens densified at a high compression ratio (40%). 
Compression ratio has little effect compared to compression 
temperature on the discolouration of specimens. Similar results 
were reported by Atik et al. (2013) and Bekhta et al. (2014) 
[23], [2]. L* value of pine and beech wood specimens decreased 
significantly depending on increase of termal post-treatment 
temperature and specimens darkened. The lowest L* values 
were measured in the specimens which thermal treatment was 
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applied at 210 °C. L* value of this specimens was decreased up 
to 62% compared with control specimens. In previous studies, 
it has been reported that wood color more darkened with 
increasing thermal treatment times and temperatures [14], 
[21], [33]-[38]. Hemicelluloses of thermally treated wood 
degrade and thus the lignin content of thermal-treated wood 
increases proportionally. Thus, changes in wood lightness 
during thermal treatment are observed mainly due to the 
degradation of hemicelluloses and wood colour becomes 
darker from the beginning of thermal treatment. Degradation 
of hemicelluloses is enhanced by increase of thermal treatment 
temperature [19], [2]. In addition, the decrease of the lightness 
(L*) of thermal treated woods because of changes in the basic 
structure of cell wall constituents. However, the decreases in 
the colour properties depended on the treatment conditions 
and on the chemical constituents of woods, which is attributed 
to the depolymerization reactions of wood polymers during the 
thermal degradation. Particularly, extractives and 
hemicelluloses, which are less resistant to heat than cellulose, 
are the primary factors for fade natural colour in high-
temperature treatments [39]. On the other hand, it was 
observed that L* value of densified pine specimens compared 
with undensified specimens less affected by the thermal post-
treatment application. 
After densification, a* values of pine wood specimens have 
increased up to 23%. The a* values was higher in pine 
specimens compressed 40% at 150 °C. The a* values of 
densified beech wood specimens have increased up to 7%. 
Higher a* values was found in beech specimens compressed 
40% at 110 °C. According to Bekhta et al. (2014), beech and 
pine wood veneers tend to become redder during the thermo-
mechanical densification process [2]. Beech and pine veneers 
have red colour due to the reduction of a tonality component in 
colour and slightly increasing colour saturation. After thermal 
post-treatment, a* value of pine wood specimens increased 
significantly. The highest a* values were obtained in pine 
specimens heat-treated at 190 and 200 °C. The a* values of 
these specimens increased up to 114% compared to un-treated 
pine specimens. After thermal post-treatment, increases in a* 
value were lower in densified pine specimens. The a* values 
showed a decreasing trend in pine specimens thermal post-
treated at 210 °C compared with 190 and 200 °C. After thermal 
post-treatment, a* values of beech wood specimens decreased 
significantly depending on temperature increase. The highest 
a* value was obtained in the beech specimens without thermal 
post-treatment, while the lowest a* value was obtained in the 
beech specimens subjected to thermal post-treatment at 210 
°C. The a* values of these specimens decreased up to 64% 
compared with un-treated beech specimens.  
The b* values of densified pine wood specimens have increased 
up to 9%. The b* values was found to be higher in pine 
specimens compressed 40% at 150 °C. Additionally, the b* 
values of densified beech wood specimens have increased up to 
5%. Higher b* values was obtained in beech specimens 
compressed 40% at 110 °C. The b* values decreased slightly in 
beech specimens densified at 150 °C compared to undensified 
specimens. However this situation not statistically significant. 
In the literature it was staed that the b* values of beech and pine 
veneers increased with rising densification temperature and 
pressure, describing the trend to become yellower due to 
increasing colour saturation. The yellow tones of wood are 
primarily governed by the photochemistry of the essential 
wood components, particularly lignin [2]. After thermal post-
treatment, the b* values of pine and beech wood specimens 
decreased depending on temperature increase. The highest b* 

value was observed in the specimens without thermal post-
treatment, while the lowest b* value was observed in the 
specimens thermal post-treated at 210 °C. The b* value 
decreased up to 71% in beech specimens and 38% in pine 
specimens after thermal post-treatment at 210 °C. 
According to the comparison results taken at reference of 
control (undensified and untreated) pine and beech specimens 
(Figure 2), the higher ΔE * values was observed in pine wood 
compared with beech wood. The findings of the present study 
were consistent with previous study results [21]. Pine wood 
specimens more affected by the densification and thermal 
treatment applications. Compression temperature according to 
compression ratio more effective on ΔE* values of densified 
specimens. The ΔE* value was higher in the specimens 
compressed at a high temperature (150 °C). However, the main 
factor affecting ΔE* values is the thermal post-treatment 
application. The ΔE* values of thermal post-treated specimens 
increased significantly based on temperature increase. The 
highest ΔE* values were obtained in the specimens thermal 
post-treated at 210 °C. In the literature, it was reported that the 
total colour difference of wood well correlated with thermal 
treatment temperature and time for Eastern beech and Scots 
pine. The total colour change (ΔE*) of thermal-treated Eastern 
beech and Scots pine were changed from 5.69 to 47.55 and 6.26 
to 58.90, respectively. The total colour changes of thermal-
treated Eastern beech and Scots pine woods increased with 
increasing thermal treatment temperature and duration [21]. 

4 Conclusion 

In the densification process, the compression temperature has 
more effect in comparison with compression ratio on the colour 
change of specimens. The colour of the densified specimens at 
higher temperature (150 °C) was more changed. The thermal 
post-treatment application has a significantly effect on L*, a*, 
b*, and ΔE values of specimens. The L* values of pine and beech 
specimens decreased up to 62% depending on increasing 
temperature of thermal post-treatment and specimens 
darkened. Similarly, The b* values decreased up to 71% in 
beech specimens and 38% in pine specimens depending on 
increase of treatment temperature. In addition, the a* value 
decreased up to 64% in the beech wood specimens. However, 
the a* value increased up to 114% in the thermal post-treated 
pine wood specimens. In general, pine wood specimens more 
affected by the densification and thermal treatment 
applications. 
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6 Tables 

Table 4. Analysis of variance (ANOVA) results for L*, a* and b* values. 

Test 
Wood 
species 

Factors 
Degrees of 
freedom 

Sum of 
squares 

Mean 
square 

F-value 
Level of 
significance 
(P ≤0.05) 

L* Scots pine Densification (A) 4 43.973 10.993 8.8953 0.0000 
Thermal treatment (B) 3 39460.503 13153.501 10643.4099 0.0000 
Interaction (AB) 12 189.625 15.802 12.7866 0.0000 
Error 100 123.584 1.236   
Total 119 39817.684    

Eastern 
beech 

Densification (A) 4 20.048 5.012 6.1875 0.0002 
Thermal treatment (B) 3 30534.589 10178.196 12565.4204 0.0000 
Interaction (AB) 12 87.755 7.313 9.0281 0.0000 
Error 100 81.002 0.810   
Total 119 30723.393    

a* Scots pine Densification (A) 4 9.830 2.457 14.0318 0.0000 
Thermal treatment (B) 3 516.472 172.157 982.9961 0.0000 
Interaction (AB) 12 2.827 0.236 1.3453 0.2056* 
Error 100 17.514 0.175   
Total 119 546.642    

Eastern 
beech 

Densification (A) 4 1.799 0.450 2.0523 0.0928* 
Thermal treatment (B) 3 794.320 264.773 1207.9097 0.0000 
Interaction (AB) 12 8.447 0.704 3.2114 0.0006 
Error 100 21.920 0.219   
Total 119 826.487    

b* Scots pine Densification (A) 4 45.080 11.270 13.4145 0.0000 
Thermal treatment (B) 3 1169.976 389.992 464.1969 0.0000 
Interaction (AB) 12 34.562 2.880 3.4282 0.0003 
Error 100 84.014 0.840   
Total 119 1333.633    

Eastern 
beech 

Densification (A) 4 12.809 3.202 5.1290 0.0008 
Thermal treatment (B) 3 4134.146 1378.049 2207.2241 0.0000 
Interaction (AB) 12 29.913 2.493 3.9927 0.0000 
Error 100 62.434 0.624   
Total 119 4239.302    

*: Not significant 
Table 2. Comparison results of Duncan test for L*, a* and b* values of pine and beech wood specimens. 

Densification Heat treatment 
Scots pine Eastern beech 

L* a* b* L* a* b* 

Undensified Untreated 82.61  a 4.71  l 22.66  def 67.99  a 11.15  b 22.10  b 
190 °C 43.73  g 10.06  de 22.05  fgh 35.92  e 9.00  c 15.64  d 
200 °C 37.92  k 9.85  ef 18.79  j 29.80  f 7.06  d 11.22  e 
210 °C 31.71  n 8.69  i 14.78  l 26.08  h 4.98  f 7.74  g 

110 °C / 20% Untreated 81.39  ab 5.45  jk 24.04  abc 67.65  a 11.39  ab 22.44  ab 
190 °C 46.51  e 10.38  bcd 23.39  bcde 37.71  d 9.40  c 16.83  c 
200 °C 40.33  ij 10.30  bcde 21.03  hi 28.55  g 6.30  e 9.65  f 
210 °C 32.49  mn 8.66  i 14.89  l 26.64  h 4.49  fg 7.16  gh 

110 °C / 40% Untreated 81.01  b 5.20  k 24.36  ab 67.01  ab 11.89  a 23.18  a 
190 °C 44.64  fg 10.45  abcd 21.92  fgh 36.51  e 9.05  c 15.69  d 
200 °C 41.96  h 10.71  ab 21.81  fgh 28.83  fg 5.90  e 9.11  f 
210 °C 35.30  l 9.33  gh 16.51  k 26.68  h 4.31  g 6.79  h 

150 °C / 20% Untreated 79.37  c 5.54  jk 23.57  abcd 66.04  b 11.07  b 21.92  b 
190 °C 45.42  ef 10.59  abc 23.27  cde 38.14  d 9.32  c 16.82  c 
200 °C 39.44  j 10.22  cde 20.24  i 28.48  g 6.17  e 9.47  f 
210 °C 33.38  m 8.86  hi 15.42  l 25.90  h 4.65  fg 7.02  gh 

150 °C / 40% Untreated 77.71  d 5.80  j 24.61  a 63.89  c 10.94  b 21.60  b 
190 °C 44.77  fg 10.70  abc 22.45  efg 35.54  e 9.03  c 15.22  d 
200 °C 40.83  hi 10.86  a 21.48  gh 29.49  fg 6.24  e 9.39  f 
210 °C 35.38  l 9.44  fg 16.71  k 26.84  h 4.50  fg 

6.68 h 
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7 FIGURES 

 

Figure 7. The CIEL*a*b* colour space. 

 

Figure 2. Comparative appearance of ΔE* values in the pine and beech wood specimens. 
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Abstract   

Wood is an organic material which can be used widely. It is a biodegradable material due to its organic structure and it has superior 
properties such as acoustic, electric, mechanic, biologic properties etc. but technological innovations and environmental concerns leads 
to wood sector towards composite materials. Nowadays many composite materials are widely used to various application areas. One of 
the composite materials is wood plastic composite (WPC). Various polymer matrixes and wood fine dust mixed with extruders and WPC 
can be produced. Various ratios for both matrixes and fillers can be selected according to using field. WPC can be used in many fields such 
as contraction, cladding, automotive, aircraft, marina, outdoor and indoor furniture etc. WPC sector grows in the world marked 
especially America and new trend is furniture. In this study; WPC applications in the indoor furniture were reviewed, evaluated the 
applications in the today’s market. The indoor furniture is new sector for WPC and it must be utilized from its superior properties such 
as moisture stability, mechanical and physical stability. 

Keywords: Wood plastic composites, WPCs, Furniture, Wood, Indoor furniture applications. 
   

İÇ MEKAN MOBİLYA ENDÜSTRİSİNDE ODUN PLASTİK KOMPOZİT 
UYGULAMALARI 

Özet   

 
Ahşap yaygın olarak kullanılan organik bir malzemedir. Ahşap organik yapısı itibari ile biyobozunur bir malzemedir ve bu özelliği ile diğer yapı 
malzemelerine göre akustik, elektrik, mekanik, biyolojik vb. gibi üstün özelliklere sahiptir. Teknoloji alanında yaşanan gelişmeler ve oluşan çevresel 
kaygılar ahşap sektörünü de kompozit malzemeye doğru yönlendirmiştir. Günümüzde kompozit malzemeler birçok sektör tarafından yaygın olarak 
kullanılmaktadır. Bu kompozit malzemelerden biriside Odun Plastik Kompozit’tir (WPC). Çeşitli termoplastikler ve odun unu karıştırılarak Extruder’de 
WPC üretimi yapılabilir. Değişik termoplast ve odun unu kullanım oranı değişimi kullanım yerine göre değişik özellikler kazandırır. WPC otomotiv, dış 
cephe kaplama, havacılık, denizcilik, dış mekan ve iç mekan mobilya gibi pek çok alan tarafından kullanılmaktadır. WPC küresel pazarda büyümektedir 
ve yeni trend mobilya üzerinedir. Bu çalışmada WPC iç mekan uygulamalarındaki değerlendirilmesi yapılmıştır. Mobilya sektörü tüketim pazarında ana 
sektörlerinden birisidir ve WPC ile üretilen kabinler, masa, gardolap, sandalye gibi yeni uygulamalarla birlikte büyümeye devam etmektedir. Bu 
çalışmayla WPC’nin iç mekan mobilya uygulamalarındaki yeri ve günümüzdeki dünya pazarındaki durumu orta konmuştur. Odun Plastik sektörü yeni 
bir sektördür ve rutubete dayanıklılığı, üstün mekanik ve fiziksel özellikleri itibari ile araştırılması gereken bir sektördür. Bu üstün özellikleri mobilya 
üretiminde çalışmada derlenmiştir.  

Anahtar Kelimeler: Odun Plastik, Odun Kompozit, Mobilya 

 

1 Introduction 

Wood is one of the most prevalent construction materials in 
global market. But it has some drawbacks due to its organic 
structure according to steel or ceramic-concrete etc. Thus, 
many studies deal with its mechanic and physical properties for 
increasing them. Nowadays polymer composites are widely 
used to meet customer demand at variety sector [1]. Different 
fillers can be used as a reinforcement agent in matrix allows to 
obtain several advantages. When a filler is used in a matrix, they 
can be increased the mechanical and physical properties of the 
matrix. In reinforcement of polymer matrixes, the fillers such as 
calcium carbonate, glass fibers, talc, kaolin, mica, wollastonite, 
silica, graphite, synthetic fillers (e.g. PET- or PVA-based fibers), 
high-performance fibers (carbon, aramidic, etc.) are widely 

benefited [2]. But, when two and more different particle used 
in matrix, the recycle of plastics get to harder [3], [26]. Wood 
plastic composite (WPC) sector have been grown with 
innovative products having aesthetic properties for furniture 
applications [4]. 

2 Material and Method 

2.1 What is furniture? 

Furniture industry has a distinguished position in 
manufacturing field due to both its raw material that is using in 
process and its variety of materials range, its wealthy of 
product range and its widely using and utility field. Furniture 
product has included many good groups which are durable and 
portable like that armchairs, sofas, beds, chairs, coffee table, 
and the table, wardrobe, dresser, bookcase and shelves. They 
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can be produced with various raw materials such as wood and 
up to wooden panel, metals, plastics, textiles, leather, glass, 
steel and aluminum. Lot of furniture products can be used in 
indoor applications such as home, office, shop, school or 
hospital and outdoor purpose for example; benches, chairs or 
garden swing [5]. 

2.2 Furniture in the word 

Furniture industry is a conventional and widely known 
manufacturing field in the global industry and so continue the 
its developing and expanding. It has main and sub-industry 
fields achieved 350 billion dollar in 2008, while this value is 350 
billion dollar in 2004. After the global crisis, producing values 
decreased up to 341 billion dollar in 2010 and it again 
increased to 446 billion dollar in 2013. Most important issue in 
the furniture manufacturing sector is consumption in global 
market. Consumption shows a raising trend as gradually. 
Consumption value is 273 billion dollar in 2004 and then 
increased 386 billion dollar in 2008 but it decreased to 340 
billion dollar in 2009 due to global economic crisis. In the later 
years, consumption spending increased up to 440 billion dollar 
gradually [6]. 

2.3 Wood, metal, polymer material applications in the 
furniture. 

World trade has been a global market from 19. YY to up to now. 
The effect of the Industrial Revolution in the 19th century have 
affected the furniture design. Growing rich urban population 
demanded from furniture industry cheap models, compact 
piece furniture and comfortable ones. Machinery revolution has 
moved the manufacturing to new fields. M.Thonet 
accomplishes to curve the wood thanks to steam and started to 
use composite wood materials. Thonet is named the leader of 
the furniture industry because his machinery innovation and 
series. Furniture design in the 20th century started in a new era 
by metal pipes with new materials such as plastic. In 1940s, 
glass supported with plastics were started to use in chair 
manufacturing and after this date, compact and series 
production had been began thanks to Charles Eames and Eero 
Saarinen. Thus; fluency of line design has been important in the 
furniture design. 20th century materials had superior 
properties than conventionally according to former. Most 
distinguished properties are advanced physical properties, 
sensible touch conform, advanced structural properties, 
decorative feature, a specified vision, and complicated 
structure in itself. 

Wood had been used in prehistoric times and has been used in 
since this time. Nowadays wood is used in many sector and it is 
a one of the most preferred materials. Composite products were 
used to make furniture so that it could be strong and other 
methods were started to conduct that is studying on its 
homogeneities and increasing physical stability. Especially in 
the Second World War, studies about the wood drying was did 
and moisture of wood could be decreased the wished level by 
the drying machine. The lamination of wood pieces was used 
widely in 19th century and it was advanced its feature 
concerned mechanically and physically. Laminated wood 
shown superior feature according to native wood due to its 
properties that is stability, low cost, more cheaper, pure surface 
and sufficient to continue process etc. polymer based materials 
widely were used in furniture sector with different target so 
that structure material, final product, adhesive, deck and 
accessories etc. 

2.4 What is Wood Plastic Composite (WPC) 

Wood plastic composite (WPC) is a polymer composite mixed 
with thermoset or termoplast plastics and wood under high 
temperature. İt was invented in America US early 1900s. WPC 
firstly is called Bakelite was used first as a gear shift knop for 
Rolls Royce in 1916 [7]. Bakelite is made of thermoset plastic 
such as formaldehyde. Termoplast was started widely to use 
with wood in recent years in America and WPC industry has 
experienced tremendous growth [8]. 

 

Figure 8. WPC applications examples [9]. 
 

Especially WPC was used as outdoor terraces in North America. 
It was showed as an example product in figure 1. It is preferred 
due to its superior properties because it has not got defect that 
is generally belong wood such as rot, mold, insect infestation, 
discoloration, shrinkage, twisting, inequality, chips, the 
negative impact of the sun, frost, water, etc. but it can be natural 
wood appearance  [10]. Although WPC was used firstly in North 
America nowadays it is used prevalently in China and they have 
more economic advantage according to America that is market 
capacity [11].  

 
Figure 2. WPC applications examples [9]. 

 
Wood can be different quality depending on its variety but this 
is not substantially important for WPC because of polymer 
species is more important according to wood species. Polymer 
variety can directly affect the WPC properties because of they 
have got different melting point and density [10]. Plastic sector 
can be thought a service sector among the construction sectors 
such as steel, cement and wood. In fact wood is earliest building 
material according to others. Plastic sector has usually used 
talc, calcium carbonate, mica and glass or carbon fiber have 
been used 2,5 billion kg annually to increase its performance 
[12]. Plastic industry reluctant to use wood as a filler due to it 
can absorb moisture and has low density. Many firms approach 
skeptically to use wood in termoplasts due to lack of knowledge 
about the wood thermal and moisture properties. Early time 
WPC product variety has limited only several different product 
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could be manufacturing for outdoor condition for example 
cladding and siding [13]. One of the prevalent plastic composite 
product was given in figure 2. WPC need the dispersant agent 
while processing and developing in the agent for wood and 
plastic lead to growth in WPC industry. WPC is firstly used in 
America as automotive part and then Trex firm added 50% 
wood dust in polyethylene then manufacture WPC had been 
used as deck board, landscape timber, picnic table and 
industrial flooring [13]. Strandex Corporation developed WPC 
technology and they used high wood fiber composites made 
without milling and can be produce final shapes. 

 
Figure 3. WPC applications examples [14]. 

Then Andersen Corporation in Minnesota began to produce 
French door and windows profile from WPC further they 
continued to develop their technology on WPC. In U.S several 
companies began to produce WPC pellets for companies who 
has produced Pellets are illustrated in figure 3. WPC final 
product in 1996 [8]. 

First international WPC conference was held in Madison in 
1991. Conference was met representatives from plastic and 
wood industry then a similar conference was held in Toronto 
named Progress in wood Fibre-Plastic Composites and they 
continued annually. WPC sector promisingly raised later years 
eventually attract the plastic sector attention and in December 
2000 WPC conference was held by Plastic Technology Magazine 
and Polymer Process Commutations. Although WPC industry is 
a small part of wood industry it made significant achievement 
recently. Many firm started to try interesting plastic materials 
and wood materials in different ratio and so developed their 
product range. 

2.5 WPC materials and Processing 

Wood is not stable above 200°C and so it does not allow to use 
all termoplast for WPC. Thus WPC industry use usually 
Polyethylene, polypropylene, PVC etc. it can be use as virgin or 
waste plastic. These termoplasts are sufficient for wood due to 
their inherent properties and low cost. Some firms may use 
small amount of thermoset resin such as phenol formaldehyde 
are sometimes used in composites with a high wood content 
[15]. 

2.6 Wooden raw material and demand 

When we analyzed furniture sector in Turkey as its competition 
power concerned international level some things will be 
important that are skilled labor, finance and raw materials. 
Turkey has limited wood source and this is a main problem 
because of that able to compete other nation furniture firms. 
Wood that is raw material for furniture sector in turkey is 
imported nearly 75% percent and this increase the price then 
we cannot compete among the international firm [16], [17]. 
Turkey is a developing country and he has a young populations 

and due to this reason furniture demand volume increases in 
Turkey. Especially after the raising in construction industry 
furniture demand raised same time [17], [18]. Out of Turkey if 
we want to increase the furniture sales we same time must 
increase the production model variety [19]. 

3 Result and Discussion  

3.1 WPC indoor furniture samples  

Wood plastic composite was started to use in indoor furniture 
sector for example kitchen cabinet, wardrobe, door frame, 
window frame, chair, table, office furniture etc. Coincide the 
online market growing firms get an opportunity for marketing 
their WPC furniture products. By the way growing in the WPC 
indoor furniture market firms developed their products and 
extended worldwide. Some indoor furniture samples 
mentioned down. 

3.2 Wood Plastic Composite wardrobe sliding door  

Many company have vast industry experience about WPC 
furniture in India, they are offering the attractive collection 
of WPC (Wooden Plastic Composite) Wardrobe that is highly 
demanded in the market. Their offered wardrobe sliding doors 
are exactly designed by well professionals using the top quality 
WPC boards and contemporary technology. These wardrobe 
sliding doors are available in several designs, sizes and other 
specifications. 

 

Figure 4. Wpc wardrobe sliding door [20] 

Wpc sliding door has flawless design, low maintenance cost and 
visual appealing. It was given as an example in figure 4. 

3.3 WPC Modular kitchen  

Many firms in the word are highly acknowledged in the market 
for presenting a wide collection of premium quality WPC 
Modular Kitchen that is well-known in the market. In order to 
design these kitchens, firms have sourced improved grade 
material from the famous vendors of the market. These 
kitchens find their broad applications in homes where space is 
less. People preferred to buy offered kitchens in several 
designs. An example moduler kitchen was given in figure 7. 

Firms manufacture and install complete modular kitchens 
made with solid PVC WPC boards. An unbeatable combination 
with polymer composite makes kitchens 100% water proof, 
100% termite proof, 100% borer proof and 100% insect free. 
It remains clean always. Client can clean it with cleaning spray 
available in the market and just wipe surfaces off. This kitchen 
is 100% hygienic and we recommend them for Hospital 
furniture.    
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Figure 7. WPC modular kitchen [21] 

3.4 WPC Wood Plastic Composite Wardrobes 

Firms which manufacture WPC furniture have skill and 
experience in the market, they are involved in manufacturing, 
supplying and distributing a broad array of Wpc Wood Plastic 
Composite Wardrobes and their offered array is highly 
acknowledged in the market for their optimum quality, perfect 
finish, rugged construction and durability. Wpc wardrobes 
have 100% waterproof and fire retardant, anti-ultraviolet, anti-
decay, 100% recyclable, weather resistant, environment 
friendly, anti-corrosion, total termite resistant good 
compressive strength and non-toxic material properties 
[22].an example wardrobe was given in figure 5.  

 

Figure 5. WPC wood plastic composite wardrobe [23]. 

3.5 Home bookshelves WPC board 

Besides of produce to indoor furniture these offered products 
are highly recognized for their used for numerous purposes. 
Offered in different sizes, designs and shapes as per space 
availability, these products are extensively applauded for their 
optimal strength, termite resistance and durable life. An 
example bookshelf was given in figure 6. 

 
Figure 6. Home bookshelves WPC board [24] 

3.6 Wpc door 

Wpc door is manufactured by experienced firms using cutting 
edge technology. To suit with various establishments interior 
decoration, this door is available in a plethora of dimensions 
and enchanting designs as per the requirements of customers. 
Apart from this, customers can avail this door Reasonable price 
at market. An example wpc door was given in figure 8. 

 
Figure 8. Wpc door [25] 

Wpc door has highest surface rigidity and sandwich 
construction never allows any warpage or bending of the 
structure. This door is best for internal and bathroom doors 
applications. 

4 Conclusion 

Wood plastic composites (WPC) are preferred due to its 
superior properties according to its similar. It can be used many 
circumstances and more difficult area so that requirements to 
water proof. Its advantages are high mechanic and physical 
properties are mentioned above. Besides its superior 
properties it has some disadvantages are less produce speed, 
process difficulties and molding problems.  
Already it has been used in outdoor circumstances it is a new 
and innovative product for indoor furniture sector. Customer 
demand is high for wpc indoor furniture especially Asia 
continent and it has growing market for rest of the world. 
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Abstract   

In this study, the sound transmission loss of Uludag Fir tree with a major in interior areas were examined. Intersect the direction of the work and water-
based varnishes (single and double component) effects on sound transmission loss were investigated. For this purpose 18 mm thick wood, cut tangentially 
and radially varnished with single and dual-component varnish, the sound transmission loss is determined using the impedance tube. The dual-component 
water-based varnish according to the survey results and the loss tangent section was determined to pass sound positively affected. 
Keywords: Sound transmission loss; Water-based varnish; Cutting direction 
   

ULUDAĞ GÖKNAR AĞACIN’NDA KESİŞ YÖNÜ VE SU BAZLI VERNİK TÜRÜNÜN 
SES GEÇİŞ KAYBINA ETKİSİ 

Özet   

Bu çalışmada iç dekorasyonda önemli bir kullanım alanına sahip olan Uludağ Göknar(Abies bommulleriana) ağacının ses geçiş kayıpları incelenmiştir. 
Çalışmada kesiş yönü ve su bazlı verniklerin (tek ve çift kompenantlı) ses geçiş kaybına etkileri araştırılmıştır. Bu amaçla 18 mm kalınlığındaki ağaç 
malzeme, teğet ve radyal yönde kesilerek tek ve çift kompenantlı verniklerle verniklenmiş, empedans tüpü kullanılarak ses geçiş kayıpları belirlenmiştir. 
Araştırma sonuçlarına göre çift kompenantlı su bazlı verniğin ve teğet kesitin ses geçiş kaybını olumlu yönde etkilediği tespit edilmiştir..  
Anahtar Kelimeler: Ses geçiş kaybı; Su bazlı vernik; Kesiş yönü 
   

 

1 Introduction 

It called a voice to be heard on the audio material environment 
vibrations which evoke the human ear [1]. If the noise is 
classified as unwanted sound. Better methods needed to come 
to sound the human ear is the subject of acoustic science 
development operations. Acoustical science, the formation of 
sound insulation, is the science dealing with the principle of 
unlimited strength and characteristics [2]. Today, society's life 
and especially technological developments, depending on the 
volume and tone of the importance of noise size, is increasing 
every day a little bit more [3]. As a result, noise control in 
places, has emerged as an important issue and has gained 
importance due to the rapid urbanization [4]. 
Uyanık (1995), the impedance tube method of typical building 
materials normal angle sound absorption coefficient of 250, 
500, 1000, 2000 and 4000 Hz frequency range were measured. 
B400 impedance tube model used in the experiment, the 
samples were cut to 69 mm in diameter was used. mineral 
fibers in comparison, PVC coated fiberglass, fiberglass additive 
rock wool, aluminum, plaster, cement board, glass wool, rock 
wool, vinyl covered gypsum, plywood, velvet-covered plywood, 
perlite plaster, normal plaster, hardboard, artificial foam, 
polystyrene, felt, straw, foam rubber, velvet, leather and 
carpets used [4].. 
Measurements are made comparisons of sound absorption 
performance of the base material [5]. 
Akdag (1999), reveals the loss of sound transition needed in the 
door to different conditions and sectional doors providing 
these lost and found in the investigation to determine the 

details and to this end examinations in the wall / Depending on 
the door rate to minimize the switching noise will be enough for 
the various functional volumes door sections and determine the 
properties of the details [6].. 
Torng and Wang (2001), the tests performed with rock wool as 
a natural resource and it is determined that the tests Show 
sound absorption properties close to glass wool as a result[7].. 
Koizumi et al (2002), has worked with composites made from 
natural bamboo fiber and glass wool sound absorption 
properties close to the show that has been set. They also 
reported the results of the surface of the bamboo fiber coated 
with materials that provide better sound scavenging by 
plywood [8]. 
The aim of the use of timber in interior design, as well as other 
sights to pass sound insulation also prevents gain space is to 
provide aesthetic value. However, the sound insulation 
properties of the material used is not known sufficiently. 
Regarding this issue, the range of applications and not achieved 
sufficient knowledge in scientific studies. Applications more 
concerts, theater, radio and television studios have been built 
in places such as the audio and acoustic measurement seems to 
be carried out in these venues. Whereas these studies, in places 
such as homes or work places; developing technology and noise 
brought along vital habits accordingly livable is required to 
maintain that level of respect. The materials used in the interior 
design, overall sound transmission and switching of voice; 
positive results of the properties defined by numerical data can 
be drawn by designers and practitioners is an important fact 
can be taken. For this purpose, studies of the coniferous trees 
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in areas that have a significant interior decoration Uludag fir 
tree was aimed to determine the sound transmission loss. 

1.1. In the Acoustic Properties of Wood Materials 
Structures 

Structures in, lounge in the trees editor of the sound waves 
made surface coating material, sound absorbing, preventive 
effect of bad sound echo caused by sound reflections on the 
walls is important. Due to the reflection of sound waves in the 
room with bare walls and smooth surface sound echoes occur. 
With the opening of a window or a few sound echoes can be 
prevented. But this mind constantly and the surest way to 
prevent the wall of sound-absorbing fabric, felt, wood chips or 
fiber sheets, it is possible to be covered with plywood and solid 
wood. Theater, concerts, edit sound waves in the air in places 
such as cinemas and lecture halls, on the walls to absorb the 
coating made from wood ceilings and floors are used. Thus, a 
portion of the sound waves are absorbed by ingestion [9]. 

1.2. Sound Transmission Loss 

A barrier of sound passing through the sound transmission loss 
is called the loss suffered. These losses as a logarithmic size is 
given in dB and shows a reduction in direct terms to the dB [10]. 
Sound transmission coefficient of the fact that a proportion of 
the acoustic energy sound transmission loss of movement or 
sound transmission loss (TL) 
TL = 10 log (1 / τ) 
It will be recognized sound transmission loss of a wall element 
can be roughly estimated at about analytical methods but 
although the actual value suite of audio transmission container, 
called a special laboratory conditions (ISO 140) can be 
determined by the measurement being made analytical 
approaches to multi-layered wall should be used with caution. 
Sound transmission coefficient of sound transmission loss 
denominated τ = 10 TL / 10 can be written as. 
Wood in the sound transmission loss of the tree structure, 
specific gravity, surface smooth or irregular and rough to occur, 
the moisture content, thickness varies depending on 
temperature and frequency. Wood structure, the higher the 
specific gravity, surface roughness, moisture and heat increases 
sound transmission loss increases [9]. 

1.3. Octave Bands 

The human ear is sensitive to sounds between 16-20000 Hz. 
This frequency range of different sources in 16 Hz - 16 kHz or 
20 Hz - 20 kHz are given frequency 3000 Hz while the ear is 
most sensitive. It covers the normal speech frequency range 
from 200 to 10,000 Hz. frequencies in the 1000-2500 Hz range 
to be intelligible speech is important. Phones transmit voice 
across the 500-3000 Hz range. Music has a wider frequency 
range of speech in general. In examining the entire frequency 
range to be sensitive ear for noise control provisions may not 
be necessary. 50-100 Hz around the lower limit, the upper limit 
as the case may be 6 or 12 kHz. 
The frequency range is too wide to be examined and analyzed, 
thus prolonging the use of fixed-width tape. Therefore, the 
analysis will be examined in the audio frequency range is 
divided into sections given octave band name noise analysis in 
octave bands and 1 / n octave band (n = 2, 3, 10, 12, etc.) 
Standardization has been using. Although usually used octave 
analysis, widely used in measurement standard 1/3 octave 
band analysis [11]. 

2 Materials And Methods 

1.4. Uludag Fir (Abies sp.) 

The wood is yellowish or reddish white. Summer wood is 
reddish or purplish color of coffee is distinguished clearly from 
a light-colored spring wood. Annual limits to the public similar 
to spruce. But there is no resin channels. Building more rough, 
the color is reddish-white, matte display in the radial cross-
section. A specific gravity of 0.41 g / cm3. Fir especially 
furniture, paneling, moldings, sheeting is used as a building 
material in the manufacturing and construction sectors. Also in 
the box, cage packaging, crates, barrels are preferred in making 
toys, etc. [12]. 

1.5. Water-Based Stains 

Water-solvent paints; alkyd, polyester, produced from many 
types of varnish and polyurethane acrylic resin next. Bright 
color pigments in the varnish is absent, there is a dulling 
elements in matt varnish. This system dispersion starts to hold 
an important place in the industry, and emulsion 
polymerization prepared on the basis of [13]. 
The thermoset structure, there is no molecules in the layer. In 
this structure molecules with first degree transverse forces to 
form large molecules by establishing cross-links. The 
arrangement of the molecules, the thermoplastic structure is 
linear (linear) and II. order are held together by forces. 
Thermoset structure, the polymerization is completed by a 
reaction initiator or high-temperature impact and unaffected 
by temperature after hardening layer. The works softens the 
hardened layer of thermoplastic heat effect reaches back to the 
old hardness effect of heat removed from the environment. 
Both methods need a thermoplastic of thermoset molecular 
structure, organization and degree of polarity of the polymer to 
affect its physical properties. Thermoset structure established 
with first degree crosslinks forces, chemical bonds are direct, 
heat, water, solvent and impaired by mechanical stresses. As 
the number of crosslinks increased stiffness and rigidity. Few 
are more flexible layer established in the vineyards [14]. 

3 Method 

3.1 Preparation of test samples 

Test samples from first-class wood, straight grained, knot-free, 
crack-free, tulle formation and growth of defects without color 
and intensity without notice, reaction with no wood, have 
undergone fungal and insect damage, the annual rings of the 
surfaces perpendicular to the sapwood part of ASTM D 358 [15] 
and TSE has been prepared on the basis set in 2470 [16]. Air 
dry the samples were cut in the draft 110x110x22 mm extent 
of moisture. Examples ASTM D 3924 [17] and TS 20 ° C 
temperature and relative humidity by 2471 [18] is not change 
until they reached a weight of 60 ± 5% with air-conditioning 
closet. Then it is measured way 18 mm will be Ø 100 mm and Ø 
29. 

3.2 Sound insertion loss measurement 

INGESTION to calculate the volume takes place in rather 
difficult conditions. Sound absorption coefficient 
measurements can be made in the anechoic room. These rooms 
ISO 140 or ISO standards determine the measurement 
requirements in traditional tube / DIS 10 354 standard are 
applicable [19]. Both methods were not conducted under 
natural conditions. The first method is only for frequency 
measurement and the measurement takes a long time to 
happen. Other methods in the form of small samples is 
measured after the material to be measured is done in a tube 
[20]. 
This study was conducted by the impedance tube 
measurements of sound transmission loss method. 
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Measurements can be made in the frequency range of 50-6400 
Hz. During measurements, the ambient temperature and 
humidity 50'ol 23%. The experimental setup where the 
measurements are "ISO 10534-2 Acoustics-Determination of 
sound absorption coefficient and impedance in impedance 
tubes- Part 2: Transfer-function method" is in accordance with 
international standards. For determination of sound 
transmission loss due to frequency wood in test 5, the 
measurement was made on 3 specimens for composite sheet 
material. 

4 Results 

Air drying of the wood species used in the experiment some 
statistical data on the concentrations are given in Table 4.1. 

Table 4.1. To air dry density (g / cm3), arithmetic means for 

Type of 
tree 

N  
Air dry 
density 

Standar
d 
deviatio
n 

Varianc
e  

Xmi
n.  

Xma
x  

Uludag 
Fir 

10 0,46 0,01 0,00020
49 

0,44 0,48 

4.1 Sound transmission loss at different frequencies 
according to the cutting direction 

As can be seen 50-1250 Hz frequency range, 0.05 coefficient of 
variation 'greater than (p≤0,05) direction to intersect was 
found to be ineffective in sound transmission loss. However, in 
the range of 1600-5000 Hz frequency in the coefficient of 
variation less than 0.05 (p≤0,05) intersection direction that has 
been found effective in sound transmission loss. 
Test for uniformity of direction in the wood intersect with the 
sound transmission loss at different frequencies are given in 
Table 4.4. 

Table 4.4. Sound at different frequency levels in the cutting 
direction wood test of homogeneity regarding the 

transmission loss (1600-5000 Hz) 

1/3 Merkez 
Oktav 
Bandı (Hz) 

TEĞET RADYAL 

HG X  HG X  

1600 A 72,888 A 67,460 
2000 A 75,461 B 71,985 
2500 A 79,670 B 75,687 
3150 A 82,203 A 78,087 
4000 A 79,831 B 74,206 
5000 A 74,369 B 69,396 

Accordingly highest sound transmission loss value was 
obtained in the 2000-2500 Hz and 4000-5000 Hz frequencies 
in tangential section, it was found in tangential and radial 
section equivalent in 1600 and 3150 Hz frequencies. From 
2000-2500 Hz and 4000-5000 Hz frequency values obtained in 
a radial section graph for the results is given in Figure 4.1. 

 
Figure 4.1. Sound at different frequencies at the level crossing 
at the intersection direction of the wood compare the results 

of losses 

4.2 Sound transmission loss at different frequencies 
depending on the type of varnish 

Accordingly, the highest sound transmission loss value of 50-
400 Hz frequency range and 4000 Hz, double component is 
obtained from water-based varnish type and control samples, 
500-2500 Hz frequency range were obtained in double-
component varnish type. In addition, 3150 and 5000 Hz at a 
frequency of the sound transmission loss values for all samples 
were at levels equal to each other and close. The lowest sound 
transmission loss value in the range of 50-2500 Hz and 4000 Hz 
value is obtained in a single-component varnish type. 
Regarding this graph are shown in Figure 4.2. 

 
Figure 4.2. Comparison of different frequencies in the sound 

transmission loss of varnish type level results 

4.3 Sound transmission loss of varnish-type cutting 
direction different frequency values of binary 
interaction 

Cutting direction lacquer kind of bilateral interaction at the 
highest sound transmission loss value of 50-400 Hz frequency 
range of radial-control, radial-double component and tangent-
double component was obtained in the sample, 500-5000 
highest sound transmission loss in the range Hz frequency. It 
was obtained from the two component samples. Besides the 
low sound transmission loss value of 50-400 Hz frequency 
range, tangent-one component, tangent-control and radial 
single-component was obtained in the sample, 500-5000 Hz 
frequency value of the lowest sound transmission loss of radial-
one component in the range of one component is in samples. 
However corresponding graph is shown in Figure 4.3. 

 
Figure 4.3. Cutting direction varnish-type sound in different 

frequency values of binary interaction compare the results for 
the passage loss 

5 Conclusions and Recommendations 

Air dry density value is the highest in Uludag fir trees (0,44-
0,48g / cm3), were obtained. In the literature, dry air of solid 
wood material density values Uludag fir 0.46 g / cm3 is given. 
The reason for the difference in density, the location may be due 
to growing conditions. 
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The highest sound transmission loss values in comparison 
Varnish kind of 50-400 Hz and 4000 Hz frequency range, 
double component was obtained in the control sample with a 
water-based varnish samples, two component in the 500-2500 
Hz frequency range were obtained varnish type. Besides, the 
value of all samples 3150 and 5000 Hz frequency sound 
transmission loss values were equal or close to the level. The 
lowest sound transmission loss value range 50-2500 Hz in 
frequency direction and the value of 4000 Hz was obtained in a 
single-component varnish type. 
Smaller molecules and linear constellation of sound 
transmission loss in the single-component varnish layer of the 
thermoplastic structure low, larger molecules thermoset 
featured two component in built branched polymeric structure, 
water-based varnish layers of sound transmission loss is high 
result in water-based varnish system in a single-component 
varnish thermoplastic structure no sound transmission loss in 
the negative direction, sound transmission loss of the 
thermoset structure consisting of two component lacquer is 
thought to affect positively. 
Cutting direction-varnish type of interaction highest sound 
transmission loss value of 50-400 Hz frequency range of radial-
control, radial-double component and was obtained in the 
tangent double component samples, 500-5000 tangent Hz 
frequency range-double components were obtained from the 
sample. The lowest sound transmission loss value, 50-400 Hz 
frequency range, tangent-one component in tangent-control 
and radial single-component sample, 500-5000 Hz frequency 
range of radial-single-component and is tangential-one 
component  
Hollow sections of the building material difference in the 
tangential transition is effective in loss of sound. Besides, two 
component lacquer thermoset structure of the sound 
transmission loss is thought to affect positively. The impact of 
cell in tangential arrangement in binary interaction cross 
sections and double-component varnish can be said that the 
large molecule composed of a homogeneous structure and the 
materials found in the effect of increasing the sound 
transmission loss. 
According to the survey, wood wall paneling or partition 
element made of wood as a priority preference for the oak tree 
of the material, when the decorative and appreciation factor 
considering the use of tangential material and without varnish 
choice of solvent and should be preferred to use a varnish-
based healthy double-component water. 
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Abstract   

Since human beings set foot on the earth, the motivation to avoid exte1rnal conditions such as weather, sun, water and wild animals has 
driven them to create a place. Furniture was made of stone, wood and metals in ancient times to meet human beings’ basic needs including 
sitting, sleeping and eating. 
Furniture kept developing throughout history as places where they were used kept developing. There was a boom in every field 
particularly after breaking points of history such as agricultural and industrial revolutions. Development of furniture was undoubtedly 
influenced by the big transformation brought by these breaking points.  
While furniture went on its development and transformation simultaneously with other fields, it has entered a particular problem/design 
process due to changing spatial needs of human. Fixed furniture has been widely popular up to now, but people now need to use one 
furniture for multiple needs as recent furniture is narrow and limited. The furniture must also be transportable from one place to another 
as people now wish to use it in different settings. This contributed to the development of light and mobile furniture.  
The article deals with several questions such as “What are the factors that caused the rise of flexible, functional and changeable 
furniture?” and “How was furniture influenced by these factors throughout history?”. 
Keywords: Transformable Furniture, Flexible Furniture, Functional Furniture, Narrow/Limited Space 
   

DAR, KISITLILIK VE DÖNÜŞEBİLME KAVRAMLARI BAĞLAMINDA 
MOBİLYANIN TARİHSEL GELİŞİMİ˟ 

Özet   

İnsanoğlunun yeryüzüne ayak basmasıyla başlayan dış etkenler olan hava, su, güneş, yabani hayvanlar gibi unsurlardan korunma 
ihtiyacı insanı sürekli bir mekân yaratmaya yöneltmiştir. İlk çağlarda mobilya oturma, yatma ve yemek yeme gibi insanların en temel 
ihtiyaçlarını karşılamak amacıyla taş, ahşap, metal gibi malzemelerden yapılmıştır.  
Mobilyanın kullanım alanı olan mekânların gelişmesine paralel olarak mobilya da gelişimini yıllar içerisinde sürdürmüştür. Özellikle 
tarih içerisinde kırılma noktaları olan tarım ve endüstri devrimi sonraları tüm alanlarda sıçrama meydana gelmiştir. Tabi mobilyanın 
gelişimi de bu kırılma noktalarının ortaya çıkardığı büyük dönüşümden etkilenmiştir.  
Mobilya bir yandan gelişim ve dönüşümünü diğer alanlarla paralel sürdürse de, diğer yandan asıl kullanıcısı olan insanın zaman 
içerisinde sürekli gelişen ve farklılaşan mekânsal ihtiyaçları çerçevesinde özel bir sorunsal/tasarım sürecine girmektedir. Sabit 
mobilyaların kullanım alanı günümüze kadar oldukça geniş bir durumda seyrederken, mekânların zaman içerisinde oluşan özel 
sebeplerden dolayı dar ve kısıtlı olarak üretilmesi mobilyada birçok işlevi tek mobilyadan karşılanması ihtiyacını ortaya çıkarmıştır. 
Bunun yanında kullanılan mobilyanın farklı mekânlarda kullanılmak istenmesi üzerine mobilyanın mekândan mekâna taşınma ihtiyacı 
da belirmiştir. Bu da hafif ve hareketli mobilyanın gelişimine katkı sağlamıştır.  
Makalede esnek, fonksiyonel ve değişebilen mobilyaları ortaya çıkaran sebepler nelerdir? Bu sebeplerden mobilya tarih içerisinde nasıl 
etkilenmiştir? Bunlar irdelenecektir. 
Anahtar Kelimeler: Dönüşebilen Mobilya, Esnek Mobilya, Fonksiyonel Mobilya, Dar/Kısıtlı Mekân 
   

 
1. Introduction 

Ever since his existence on Earth, self-protection has been the 
basic motivation of human activities. Initially, natural 
formations were his home, then the place improved gradually 
as mankind developed. The rise of community and cultures 
diversified human needs and gave birth to the concept of place 
or housing with multiple functions and facilities. Those places 
or houses varied according to the culture and geography. 

                                                                        
˟This study was adapted from ongoing dissertation study "Transformation in Understanding of Flexible Space and Furniture" conducted under the guidance 
of Assistant Professor Timur KAPROL at T.U. Science Institute Architecture Department. 

Furniture has existed and developed since the formation of 
houses, continuously influenced by cultural, geographical, 
economical etc. factors that shaped the community and 
individuals. Thus, furniture is the reflection of social, 
economical status and cultural level. Selection, usage, design 
and color of furniture give clues about its period. On the other 
hand, a new material or style has often been introduced on a 
chair before other furniture. The material may be used in 
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various ways on a furniture- particularly a chair which is not a 
very big object- and introduced to the market with a product 
that people may easily touch and try. Thus, furniture plays a key 
role in development of new materials [1]. 

2. Historic Development of Furniture in the Concept 
of Narrow, Restriction and Transformation 

Concepts 
The word furniture has been derived from the word “mobile”. 
Mobile means active in Latin. The word stem “mobi” may be 
used to refer to anything active and portable. Furniture is the 
inter section that adapts a place to humanitarian life conditions. 
Therefore, it is the most important feature that completes a 
place” [2]. 
Furniture in ancient ages was made of stone, wood and metals 
in order to meet basic needs of human beings, including sitting, 
sleeping and eating. Furniture developed in time with the rising 
of communities and diversifying materials. 
Occurrence of furniture is not independent from the place. Both 
furniture and place occurred from natural forms and local 
materials. These forms are shaped according to contemporary 
requirements, resulting in first places and furniture. Geography 
and cultural aspects of different regions all over the world have 
had significant effects on furniture and place. 
Furniture began to take its modern forms in Egyptian, 
Mesopotamia, Greek and Roman civilizations. The first 
transformable furniture is estimated to date back to Ancient 
Egyptian Era. Folding stools in Ancient Egypt are the first 
examples of transformable furniture (Picture 1). Again, folding 
chairs dating back to 1400s B.C. were discovered in Europe. 
These folding chairs are thought to be inspired from the Ancient 
Egypt chairs (Picture 2 and Picture 3). 

 
Picture 1. A Folding Chair from Ancient Egypt [3] 

 
 

 
Picture 2. A Folding Chair from Pichelsdorf, Germany Dating 

Back to 1400s B.C. [3] 

Picture 3. A Folding Chair and Hand Tools from Jutland, 
Denmark Dating Back to 1400s B.C. [3] 

“The oldest and most important function of furniture is the 
prestige its owner gains.  Thrones were used to emphasize the 
excellence of the kings. Good furniture has always been the 
symbol of superiority. Countries furnished their palaces with 
the best furniture in order to showcase their prestige” [4]. 
Ancient Egyptian King Tutankhamun’s folding throne and bed 
with lion figures, copper hinges, linen laying are examples to 
transformable furniture. Folding bed has 179 cm length and 68 
cm width, showing that Ancient Egyptian civilization was highly 
advanced in the art of furniture (Picture 4 and Picture 5). It is 
estimated that the king used these furniture for his journeys as 
they were portable, light and practical. 

 
Picture 4. Tutankhamun’s Folding Bed 18th Dynasty, 1354-

1352 B.C. [5], 

Picture 5. Tutankhamun’s Folding Throne [6] 

“Artisans transferred their aesthetics, skills and thinking 
concepts to furniture in every age” [7]. Changing and 
developing ages witnessed diversification of furniture. 
“Middle Age kings and land owners led a nomadic life 
characterized by invasion. Land owners who took their 
furniture while moving preferred portable furniture. The idea 
was to leave furniture safely in a settlement rather than 
carrying all the furniture when they had to abandon the place 
for any reason. Therefore, heavy, massive, assembled furniture 
was used in addition to portable ones in Western and Mid-
Europe from the early Middle Age to mid-Gothic era [8]. 
7th century Frankish king Dogobert who built the Saint Denis 
Monastery is believed to use the foldaway X framed throne. It 
was probably made for the king to use during the wars as a sign 
of power and grandeur. Bronze Dagobert Throne has a 104x82 
cm size. Armlet and lack of the throne were added later. These 
added parts are easily disassembled and do not prevent folding 
(Picture 6). 

 
Picture 6. Foldaway Dagobert Throne, 7th century A.C. [9], [10] 

Rulers in Egypt and Europe were not the only ones who wished 
to take their magnificent thrones or chairs wherever they went. 
12th century Chinese rulers were keen on their comfort not only 
in their palaces but also wars and journeys. In picture 7, you can 
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see a folding armchair used by a Chinese ruler. ‘‘This chair is 
also made from huanghuali but has more elaborate carving and 
plain brass reinforcements. It has plain wooden struts and 
spandrels beneath the bend of the legs that differ from the 
bamboo-shaped metal structs and dragon-carved stretchers of 
the other three chairs. The splat has an S rather than a C curve, 
and the frame contains three inset panels instead of being made 
from a single piece of wood…….Light and easy to move, the 
folding armchair was practical for traveling; emperors and 
commoners used it for both formal and informal occasions’’ 
[11]. 

 
Picture 7. Armchair [11] 

In picture 8, there is a folding chair that is thought to have been 
used in Northern Italy and Switzerland in 16th century and 
exhibited today in l’Oeuvre Notre-Dame museum in Strasbourg, 
France. The chair was made of beech tree and has 46 cm width, 
43 cm depth and 80 cm height. 

                                                                        
1 HANDLER S.‘‘The Chateau de Saint-Cloud, near Paris, belonged to the 

ducs d’Orleans until 1785.In the estate inventoryof the furnishings in the 
rooms of Duchesse Elisabeth Charlotte(1652-1722), called Madame, sister-

in-law of Louis XIV, there mentioned a carved writing desk made of walnut 

on pields de biche(doe’s feet).’’,''Austere Luminosity of Chinese Classical 
Furniture'', Berkeley: University of California Press,pp.79, (2001). 

 
Picture 8. 16th Century Folding Chair [6] 

As the years went on, kings and rulers were not the only class 
that demanded comfort. Functional furniture was developed 
for tradesmen and nobles to work and rest at their breaks 
during long journeys. Furniture form constantly changed with 
the ever growing demands and needs of people. 
In picture 9 there is a desk made of walnut designed in 17th 
century for journeys and registered in room inventory of 
Chateau Saint-Cloud Duchess Elisabeth Charlotte.1 Table legs 
can be folded inside so that it may be carried easily. Upper slab 
of the desk may be opened both sides so it is easily used in 
restricted areas. It has a 72.4 cm height, 84.5 cm width, 50.2 cm 
depth when closed and 148 cm depth when fully opened. Thus, 
it gives a 294 % larger area when fully opened. 

 
Picture 9. Traveling Table (1700-1720) [12] 

In picture 10, you can see a table designed and produced by 
Jean-François Oeben (1721-1763) for Madame de Pompadour, 
the mistress of French King Louis the 15th.2 Upper slab of the 
table slides back over a carrier and a hidden section appears 
below the upper slab. In the hidden section there is a mirror 

2 HANDLER S. ‘‘This table has long been recognized as one of the 

masterpieces of Jean-François Oeben, cabinetmaker to Louis XV(1710-
1774). It was made for Oeben's most important client, the king's mistress 

Madame de Pompadour(1721-1764).’’ ''Austere Luminosity of Chinese 

Classical Furniture'', Berkeley: University of California Press,pp.150,( 
2001). 
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curved upwards for easy use and a drawer below the mirror. 
There are sections on both sides of the mirror, which may be 
closed with covers. Oeben was a master of this style and 
produced many similar tables for the prominent figures of the 
age. After Oeben’s death, his apprentice Jean-Henri Riesener 
(1734-1806) kept the tradition and produced unique tables. 

 
Picture 9. Mechanical Table [12] 

Shakers, a Christian sect who avoided marriage and traditional 
family and preferred single commune life had designed by 1776 
a self-sufficient life that featured functionality and beauty as 
well as simplicity. This life style was also apparent in their 
furniture. This Shakers perspective was the basis of today’s 
philosophy of modern world cited as “Form precedes function”. 
Shakers produced light furniture which could be put away 
when necessary. Therefore, they produced furniture that could 
be hung and assembled hangers on all the room walls. No nails 
furniture with easily attached parts that could be put away 
were significant designs in the way that they resembled 
contemporary modular furniture understanding. 

 
Picture 10. Hangable Shakers Furniture [13] 

Shakers produced relatively innovative furniture in early 19th 
century and also designed the first samples of today’s many 
common furniture. In Picture 11 there is a folding bedstead. 
This child bedstead can be lifted up towards its case when it is 
not used. Thus, it doesn’t cover unnecessary space. These 
samples offered ideal solutions for restricted areas and also 
relatively advanced products for their age. 

 
Picture 11. Shakers Bedstead [14] 

By 1850s, new production methods were introduced in many 
fields with the diversification of materials and developing 
machinery thanks to Industrial Revolution. Michael Thonet, an 
Austrian carpenter produced a beech chair that he shaped with 
hot steam in 1859. Michael Thonet’s chair was produced with a 
brand new method and what made it special was that it could 
be disassembled. 

 

 
Picture 12. No:14 Thonet Chair [13] 

The chair had 6 parts with different sizes which could be 
assembled with 10 screws and no glue. Its easy production style 
and disassembled design made it the first serial-production 
chair. It could be packaged in parts and easily carried to the 
whole world. The chair had a number of models, but 2 million 
of no:14 model were produced and sold all over the world 
between 1859 and 1930. 
By the 20th century, architectural movements had implications 
in furniture as well as many other fields. In particular, Bauhaus 
School opened in early 1900s Germany introduced 
groundbreaking innovations in furniture. Its basic philosophy 
is to produce standard, simple, light furniture with functional 
design. Established by Walter Gropius, the school trained and 
inspired many architects and designers. Simple forms of their 
furniture and designs made it fit for serial production. Their 
projects mainly dealt with standardization, unit furniture 
design, folding chairs, constructional and functional problems. 
The first prototypes of most of today’s furniture were made in 
Bauhaus school in early 1900s. Gustav Hassenpflug who 
studied at Bauhaus school worked on modular furniture. In 
picture 13, you can see Gustav Hassenpflug modular chairs 
from the book “Baukastanmöbel” that he wrote and published 
in 1949. Inspired by Bauhaus school, the furniture could be 
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folded, saving space in restricted areas. Disassembled and 
folding design make it possible to pack and carry the furniture, 
making serial production and exportation to various countries 
easier. 

 
Picture 13. Gustav Hassenpflug Design Modular Furniture [6] 

Many fields including furniture and art have been influenced by 
architectural movements in our country as well as the world. 
“This change after the proclamation of Republic was not limited 
to housing. The change was visible in houses as a result of 
social, cultural and economical restriction of the nuclear family. 
Furniture in houses began to change with social, cultural and 
economical features of family members living in houses” [15]. 
Influenced by movements such as Bauhaus, Cubism and 
International Style, people began to prefer simple, functional 
furniture that cost less instead of expensive and fancy furniture 
with time-consuming production. As the public did not have 
much knowledge of living in restricted areas after this life-style 
change, an article with the name “Furniture Issue” was 
published in 1948 on an architecture magazine. This article 
presented suggestions to public and architects with samples of 
restricted areas from western countries. The article the 
following lines about center table. “It is true that folding 
furniture occupies 75 % less space during transportation. 
These table chairs designed by an architect in New York are 
easily assembled” [16]. In addition to global efforts exemplified 
by the center table in the picture, there have been efforts in our 
country to find solution for restricted areas, produce 
disassembled furniture and encourage people to use them at 
their homes. 

 
Picture 14. Disassembled Center Table (“Furniture Issue”) [16] 

Again, the magazine included the following lines on furniture at 
smaller houses: “Architects particularly focused on furniture 
for smaller houses. There are efforts to test and create furniture 
parts with multiple functions that do not cover much space. 
Folding tables, bookshelves and bedsteads are their examples. 

This furniture is beautiful, cheap and easy to transport and 
assemble, covers less space” [16]. 

3. Evaluation And Conclusion 
Transformable furniture has continuously developed with fixed 
furniture throughout history. Contrary to fixed furniture, 
transformable furniture involved a specific design problem, 
which was dealt with during production stage when a problem 
arose. These specific conditions were sometimes the task of 
carrying the king’s throne and bed and sometimes the search 
for comfort of fixed furniture during the long journeys. 
Development of transformable furniture was not only the result 
of specific conditions of the age. Technology and materials of 
the age also contributed to the development. In particular, 
processing different materials with the Agricultural Revolution 
and then invention of steam engine in Industrial Revolution 
boosted furniture sector like others. 
Ancient Egypt is estimated to be the first place that 
transformable furniture was used. Based on findings and 
sources, it is understood that it was then used in several regions 
of Europe and the Middle East. Furniture served multiple 
functions until the Industrial Revolution and was a practical 
solution for rulers and prominent people of the country during 
long journeys. However, it was preferred in order to serve 
multiple functions in restricted areas that hosted growing 
urban population after the Industrial Revolution. This multiple-
function furniture was undoubtedly influenced by architectural 
movements of the age. Material, color, reliability, economy, 
ergonomics and durability were the features that contributed 
to development of furniture and demanded by users. 
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Abstract   

After the Industrial Revolution, the need to shelter increasing population of metropolitan cities gave rise to fast construction of relatively 
narrow places with lower m². Narrow houses have gone under a continuous change and development process until today with developing 
technology. Inner equipment of narrow houses have equally been influenced by this change and development process due to the users’ 
needs.  
The human beings are often inclined to adapt the environment to their own needs. House users also want to change their houses due to 
changing needs. Selection of inner equipment of houses are particularly influenced by factors such as the way residents use the house, 
social status, number of residents and usage area of the house.  
Restricted places are also the areas where our mental design limits face a challenge. The users expect the place to meet their basic daily 
needs including sleeping, resting, cooking, eating, bath/WC. Here a design problem occurs related to meeting the basic needs of users in 
a restricted area. Architect, inner architect or designer of the narrow house has to solve this problem through smart and appropriate 
solutions in inner equipment. Designer has to find solutions by taking into account comfort, like, economic status of the user as well as 
functionality and flexibility of inner equipment. 
The study deals with several questions such as “What are the factors that caused the rise of flexible, functional and changeable furniture?” 
and “How was furniture influenced by these factors throughout history?”. 
 
Keywords: Transformable Furniture, Flexible Furniture, Functional Furniture, Narrow/Limited Space 
   

 

DÖNÜŞEBİLEN MOBİLYANIN TASARIMLARIMLARINI ŞEKİLLENDİREN 
KAVRAMLAR˟ 

Özet   

Özellikle Endüstri Devriminden sonra metropol kentlerde oluşan yoğun insan popülasyonunun barınma ihtiyacını kısa sürede çözmek 
için düşük m²’li ve hızlı üretilebilen konut üretimine gidilerek dar mekanların oluşumuna katkı sağlamışlardır. Dar konutlar günümüze 
kadar teknolojik imkânlarında artmasıyla sürekli bir değişim ve gelişim süreci içerisinde olmuştur.  Bu noktadan hareketle dar konutun 
içerisinde yer alan iç donatı elemanları da kullanıcıların ihtiyaçları çerçevesinde değişim ve gelişim sürecinden aynı oranda 
etkilenmişlerdir.  
İnsan kendi ihtiyaçları çerçevesinde sürekli kendi çevresini değiştirme eğilimindedir. Konut kullanıcısı da sürekli değişen ve farklılaşan 
ihtiyaçlarına bağlı olarak kendi konutunu değiştirmek ister. Konutta yaşayan bireylerin veya bireyin konutu kullanma biçimi, sosyal 
statüsü, konutta yaşayan kişi sayısı, konut kullanım alanı gibi faktörler konutta kullanılan iç donatı elemanlarının belirlenmesinde etkin 
rol oynarlar.  
Kısıtlı mekânlar aynı zamanda zihinsel tasarım sınırlarımızı zorladığımız alanlardır. Kullanıcı gündelik yaşamda temel ihtiyacı olan 
yatma, dinlenme, yemek yapma, yemek yeme, banyo/WC gibi ihtiyaçlarının dar konut tarafından karşılanmasını beklemektedir. Zaten 
kısıtlı bir alana sahip konutun, bahsi geçen temel ihtiyaçların karşılanması için yetersiz olan mekânın ve kullanıcının ihtiyaçlarını 
karşılaması ile ilgili bir tasarım sorunsalı ortaya çıkmaktadır. Dar konutun mimarı, iç mimarı veya tasarımcısı bu kısıtlı alandaki iç 
mekân donatı elemanlarında akıllı ve yerinde çözümlerle kullanıcının ihtiyaçlarını çözmek durumdadır. Tasarımcı bu sorunlara çözüm 
üretirken kullanıcısının rahatlığını, konforunu, beğenisini ve ekonomik durumunun yanında iç donatı elemanının birden çok ihtiyacı 
içinde barındıracak fonksiyonelliği ve bu fonksiyonları kullanabilecek esnekliği içinde barındıran çözümler üretmek durumundadır. 
Çalışmada dar/kısıtlı mekânlarda bulunan iç donatı elemanlarının tasarımında göz önünde bulundurulan kavramlar neler olmalıdır? 
Bu kavramlar dar mekân iç donatı elemanlarının tasarımlarını nasıl şekillendirmiştir? Bunlar incelenecektir. 
 
Anahtar Kelimeler: Dönüşebilen Mobilya, Esnek Mobilya, Fonksiyonel Mobilya, Dar/Kısıtlı Mekan 
   

 

1. Introduction 

Patriarch family style has transformed into nuclear family with 
growing resources provided by technology. It is now possible 

to see differences between living, working and even sleeping 
sections of each family member. Each person arrange the place 
according to personal characteristics. This inclination to create 



 
 
 
 

Özer ÖZÇELİK, Timur KAPROL  
IFC 2016 International Furniture Congress 13-15 October 2016 

 

326 
 

specific place for each person has laid paved the way for life in 
restricted areas. 
Narrow/restriction and transformable concepts are the basis 
for establishing smaller houses also play a key role in 
establishment of narrow and restricted places. 

2. Narrow and Restriction 

“Given that mankind adapts to the environment by moving and 
responding to change by change all his life, it is reasonable that 
man-made houses today must have a flexible structure in order 
to adapt to the changing conditions” [1]. 
Narrow and restriction concepts in smaller houses is not 
limited to the place. Before the restricted area in the house, 
there are external factor that cause restriction. Geographical 
location and structure are the factors that shape the external 
conditions of the house. 
Increased house rental prices in metropolitan settlements 
result in restricted budgets for furniture. Furniture with 
multiple function is the ideal option for these restricted 
budgets.  
Restricted places develop and change in time according to 
personal characteristics of users. Again, it must be ergonomic, 
economic, reliable and include equipment that reflect the taste 
of users. “Each furniture is in a close relationship with human 
body in appropriate forms. Therefore; human size, shapes that 
body goes in while using the furniture, psycho-social-cultural 
structure of the users and aesthetics are important issues to 
consider in furniture design” [2]. 

2.1. Anthropometric Criteria 

It may be said that famous thinkers, designers and artists set off 
from the same point to design a machine, product or artistic 
work throughout history. This point is the purpose and user of 
the product that is produced or designed. All successful 
inventors, designers and artists from Michelangelo to Le 
Cobusier who considered human anatomy in their designs and 
left important traces in their fields. 
Human anatomy does only determine the outer and inner 
furniture size but also design and size of circulation areas inside 
a place. In this context, we can divide human anatomic size as 
static and dynamic, that is when he is fixed and moving. 
Static state measurements are the values such as height, hip, 
shoulder, knee height, hip size measured while a person is 
standing, sitting, lying, stretching, bending etc. On the other 
hand, dynamic state measurements are the values measured 
while the human body is in a particular action like stretching, 
crouching, creeping etc.

 

 

Figure 1. Sitting, Height and Depth Relationship [2] 

Different needs of users in a house results in different static and 
dynamic size values. For example, values obtained from static 
and dynamic activities in the kitchen may be different from 
those in the living room (Figure 2) 

 
Figure 2. Dynamic Antropometric Measurements of Certain 

Activities in Doorway [2] 

Human size has been subject to countless studies on different 
fields and depends on geographical location of researchers. The 
reason is that human size is a concept that changes from person 
to person. The following factors account for the differences 
between anatomy of different people: 

- International and interracial differences 
- Inter-regional differences 
- Dietary differences 
- Vocational and cultural differences 
- Age differences 
- Gender differences [3] 

“Human body is a structure with certain physical limits. 
Therefore, a furniture design has to be in direct relationship 
with different body parts in particular conditions. This 
relationship may either be one to one-to-one or directed 
towards eye or other sensory organs. In this case, adjustment 
between furniture and human physical structure is important 
for human health and comfort [2]. 
Design of furniture for restricted areas should not be based 
solely on human size. Physical strength of the user is equally 
important. Multi-functional furniture that changes form and 
function should have light and easily removable parts. The user 
should not spend too much energy changing furniture form and 
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finally suffer health problems. Furniture must also be light and 
carried from one place to other easily. 
In picture 3, you can see a furniture that can be transformed 
into a bookshelf and table. The user should not spend too much 
physical energy while changing the function of this 
predominantly metal furniture. Furniture that the user have 
difficulty transforming will not be preferred. 

 
Figure 3. Furniture that Transforms into Bookshelf and Table 

[4] 

2.2. Reliability 

Reliability is one of the factors that deserves attention in 
restricted places and fitting equipment of restricted places. 
From macro and micro perspectives, outer and bearing 
elements of a house and flexible, functional inner place must be 
reliable, respectively. 
When dimensional aspect of restricted places considered, inner 
furniture and equipment may be organic and soft particularly 
for families with children. For example, risk of crushing objects 
and injury in a restricted place must be taken into account and 
design of scorners and surface ends must cause no unreliability 
or danger [1]. Furniture must be strong in terms of 
construction, but it also must make the user feel that the 
furniture is strong and reliable [5]. 
In figure 4, you can see a furniture that functions as both a chair 
and stairs. Users expect the furniture to be made of strong 
material and have the capacity to carry the physical force they 
apply while using each function. 
 

 
Figure 4. Furniture Transforming into Chair and Stairs [6] 

Furniture that serves multiple functions because of the 
restricted area includes mechanical, electronic systems etc. to 
perform each of these functions. Separate usage and 
transformation of a function should not damage other 
functions. Functional furniture must be simple, easily 
transformable and reliable during transformation. It must also 
be safe for the children in the place. 
In picture 5, you can see a transformable play and study unit 
designed for children. This multi-funcional has no sharp edges 
as it is designed for children. The child can easily pass from one 

function to another and play function of the furniture bears no 
danger for children [7]. 

 
Figure 5. Multi-Purpose Furniture Sample [7] 

Serving multiple functions is a preferred feature of furniture 
designed for restricted places. However, this feature must have 
an upper limit. When the “easy and simple” principle is ignored 
and a furniture is loaded too many functions, it becomes 
impossible to serve the primary and secondary functions by 
time and functional life of the furniture is shortened. Also, long-
lasting materials should be preferred during production and 
furniture design must not cause any damage to the user. 
In picture 6, there is a furniture that is transformed by attaching 
7 plates of different sizes with joints. It may transform into 12 
different shapes that may be used as table, chair, bookshelf. 
This flexible structure that serves multiple functions brings to 
the minds the question what the main function of furniture is. 
Another issue is to what extent the furniture is reliable and 
durable while serving multiple functions. It is good that the 
furniture is flexible enough to serve more than one function. 
However, each function should serve full benefits when it is 
overloaded with functions and flexibility. 

 
Figure 6. Furniture with Overloaded Functions [8] 
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If not produced for a particular person, furniture for restricted 
areas must be suitable for use by other family members living 
in the place. Each family member or restricted place inhabitant 
has unique physical characteristics. This family member might 
be a child, teenager, adult, old or disabled. In this context, 
“design for all” principles were developed by architect Ronald 
L.Mace, who was a part of a designer group at Universal Design 
Center of North Carolina University in the 1980s. Ronald 
worked for a very long time with his colleagues to determine 
and develop these principles, which arose from his idea of 
integrating the old and disabled with the community. Principles 
went under change several times and finally shaped in 1997. 
They are: 

 
1. Equitable use 
2. Flexible use 
3. Simple and intuitive use 
4. Perceptible information 
5. Tolerance for error 
6. Low physical effort 
7. Size and space for approach in use 

Experts who continued Mace’s mission added three more 
principles. They are: 

a) Adding to human delight 
b) Functional and aesthetic integration 
c) Social cohesion and participation 

“The number of these principles will increase as samples of 
design for all increase, changing with the new requirements of 
people” [9]. 

2.3. Economics 

Limited global resources makes it compulsory to equip all the 
places, particularly houses with minimum materials and meet 
basic needs of people. Depleting resources including energy 
direct people to find alternative resources and cause a trend 
characterized by smaller houses. Smaller houses contribute to 
sustainability of natural resources and require minimum cost 
and mass in addition to maximum function and comfort in 
equipment inside and outside the place.  
“One of the basic goals of design is the cohesion between 
function, technique, that is construction and form because form 
is directly related to function, dimensional tie to the man, 
production method and material. Shape, flexibility and 
convertibility of furniture is an economic gain” [1]. 
In Figure 7 there is a disassembled child chair drawn from CNC 
machine. As it is draw from CNC machine, loss rate is minimum. 
Parts are click-fit so there is no metal equipment and it has a 
significant economic advantage as all parts are produced from 
a single plate. This fulfills the economic expectation of users. 

 
Figure 7. Disassembled Child Chair [10] 

Bauhaus school was opened in Germany in early 19th 
century and its basic philosophy was to deal with the 
disconnection between art and craft and produce simple, 
functional, standardized furniture fit for serial production. 
These factors might be said to have paved the way for economic 
furniture production. 
In picture 8, you can see Bauhaus style chairs and stools that 
save room in restricted places as they can be piled. Contrary to 
previous movements, Bauhaus introduced simplicity, 
functionality, standardization and economics and spread 
furniture to large masses. 

 
Figure 8. Bauhaus style stool and chair [11] 

Functional furniture must both meet user needs and be 
economically preferable. A non-economic furniture may not be 
preferred by users even if it has all other features. Here 
economic factor surpasses others. 
In picture 9, you can see a sitting unit designed and produced 
with solid laths and cloth that can be opened easily and rolled 
when not in use in order to save space.This furniture is an 
economic option for restricted places as it can easily be 
produced with lost solid wood and remnant cloth pieces. 

 
Figure 9. S-Formed Sitting Unit That can be Opened and Rolled 

[6] 

Users have some difficulties in multi-functional furniture 
supply. As they combine and meet specific needs, they cannot 
always be found in popular furniture shops or all functions of a 
popular furniture do not address users. Thus, users sometimes 
have to order multi-functional furniture that they need. In such 
cases, the first thing users must do is to decide what they 
exactly need. They have to connect with an inner architect, 
furniture designer or a skillful master who will transform these 
needs into a design and then a product.These factors increases 
the product price and causes an unfavorable situation for the 
users. 

2.4. Aesthetics 

“Furniture must be a product of high-quality design with 
aesthetic features that its users like and enjoy having” [12]. 
Hasol’s opinions on “aesthetics” and “aestheticism” are as 
follows: “ The act of loving an artistic work solely for its beauty 
ignoring reality and benefit worries” [13]. From this 
perspective, concepts considered important in a furniture 
important design must not cause a change in its main function 
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or shadow it. To give an example, think about a chair designed 
an armchair designed with aesthetic worries for a person to 
display his status. Main function of this armchair is sitting. If a 
change in it form caused by aesthetic worries prevents or 
restricts this function, we may conclude that the furniture fails 
to serve its function properly. 
Aesthetic concept and worry has been studied for centuries not 
only in furniture but also many other fields. It has been a subject 
that prominent architects, thinkers and artists like Vitrivius, 
Michelangelo, Sandro Boticelli and Leonardo da Vinci 
frequently studied and used in their works. As a result, they 
concluded that everything in nature had a proportion. This is 
called golden proportion. 
“Golden proportion is a geometric and numerical relation 
observed between components in maths and arts, giving the 
ideal size for cohesion. It was discovered by Ancient Egyptians 
and Romans, used in architecture and art” [2]. 

 
Figure 10. Golden Proportion Division, CB/AC0 AB/CB01.618 

[2] 

Mies Van Der Rohe used golden proportion in Brno Chair, which 
he designed in 1929 and displayed in Barcelona Pavillion. From 
front and side view, we see that golden proportion fits to the 
square (Figure 11). 

 
Figure 11. Brno Chair [14], [15] 

“Material that defines and realizes the product is very 
important in furniture design. Furniture surface is the first 
perceived point as it forms physical and visual relationship with 
the man” [16]. The first time user sees the furniture, an idea is 
shaped in his mind. This idea is influenced by physical 
appearance, color, location, material ad function, which are the 
first perceived characteristics. 
In picture 12 there is a restricted place with green floor and 
stairs, purple kitchen and table equipment, dark blue and gray 
sitting units, orange wall and white ceiling. Although this 
restricted place has the capacity to meet the needs of many 
people, it may not be preferred by everyone as they all have 
different color preferences. 

 
Figure 12. Functional restricted place with different colors [6] 

It is very difficult for the user to like a furniture design. When 
the number of people sharing a place rises and the furniture is 
to be used in shared places, it will be much more difficult 
because everyone has a different character and different color 
and shape preference. 

3. Transformation 

Basic principle of furniture design for smaller houses is indeed 
simple. As can be understood from the title, transformation 
concept has been a necessity of furniture design for restricted 
and narrow places.  
Diversification of materials and user needs continue to shape 
and adapt the transformation, flexibility, functionality and 
modularity concepts to actual conditions. 
Technology is an important factor for flexibility and 
functionality in a place. When used correctly, it provides 
significant advantages in flexibility, functionality and product 
design. Design process requires mastery of technology and 
several other factors. Use purpose, place and material of the 
product are some of these important factors. 
In Figure 13, there is an indoor equipment with multiple 
functions. Technologival advances have made it possible to add 
other materials to wood in furniture design and production. 
The unit in the picture may be transformed into a coffee table, 
stool, table, leaning unit by folding through various angles. 
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Figure 13. Sectional Furniture [17] 

The following factors enhance transformation capability of 
furniture in restricted places: 

- Lightness 
- Being disassembled 
- Being folded 
- Being storable 
- Movement capacity 
- Size reduction 
- Enlargement 
- Functional Diversity [3] 

These factors play a key role in serving functions expected from 
furniture in restricted places. A furniture that fully meets user 
needs will have a longer functional life. This contributes to the 
concept as sustainability as well. 

3.1.Flexibility 

Uzel explains the flexibility concept: “Flexibility is the capacity 
to meet changing needs of product users. It is the ability to 
design the place for specific needs of users. It is also the ability 
to change functions and arrange the place in different ways by 
changing the house unit boundaries or adding new 
construction” [18]. 
Withing the concept of furniture, flexibility is the ability of 
furniture to change and transform in order to meet different 
user needs.  
Flexibility concept is often used with adaptation and 
changeability concepts and divided into two; constructive 
flexibility and furniture flexibility. Flexibility concept 
continuously changes with economic, social, political and 
technological conditions of the age. 
The place was considered and designed as an enclosed at 
traditional houses while technological and architectural 
developments encouraged people to design spaces in the place. 
Thus, click-fit and flexible places have occurred. Places 
traditionally defined as “static” have gradually been replaced by 
dynamic and light places. “Restricted places with considerably 
limited size has been supported by these concepts and led the 
formation of flexible indoor places. From a historic point of 
view, we might conclude that post-modernism principles 
overlap restricted place principle” [1]. 
Flexibility concept promotes designs that strengthen comfort of 
the place by moving indoor furniture and equipment. Flexibility 
concept is important because it provides flexible solutions for 
the needs of people living in the place and furniture equipment 
may serve various functions. Flexible designs of indoor 
furniture may vary according to the place and function of the 
furniture that is being used or designed. 

Wilk commented on furniture flexibility: “Furniture is not 
massive, built-in or fixed on the floor anymore. It is lighter and 
neither restricts the sight nor movement in the room” [15]. 
In order to reflect flexibility on the furniture, flexibility issue 
must be handled with other components of design. Flexible 
features in design and production phases of furniture influence 
flexible features at usage phase [19]. 
In Figure 14, you can see furniture made of a single plate that 
does not cover much space and transform into coffee table or 
sitting unit when opened. As can be seen in these two examples, 
a successful planning, design process and correct production 
stage will result in flexible furniture. 

 

 
Figure 14. Coffee Table and Sitting Unit [20] 

One of the factors effecting furniture selection for restricted 
places are the activities of the person or persons living in the 
restricted place. For an effective and comfortable solution to a 
restricted indoor place, the user must choose small furniture 
with minimalist design that may be moved from one place to 
another. 
In Figure 15, there are three different furniture units designed 
with the same principle that takes the shape of a box when 
closed and transforms into a small kitchen, study unit and 
sleeping unit when opened. Each well designed and produced 
unit is easy to move from one place to another thanks to their 
wheels. 

 
Figure 15. Flexible Units Moving from One Place to Another 

[21] 
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3.2. Functionality 

Uzun defines functionality as “the ability to meet a specific need. 
Main goal of using furniture is to meet the needs that occur as a 
result of life activities in the house, most important of which are 
sitting, resting, eating, sleeping, storing, exhibiting and working 
mentally and physically” [22]. 
A restricted house is basically expected to serve working, 
resting and sleeping functions. However, these needs may vary 
according to the users. For example, resting function may 
depend on the user. One person may lie to have a rest while 
another may do exercise or engage in handcraft to rest. “In this 
context, multi-functional design of furniture equipment has 
become popular in order to meet various demands. Contrary 
designs that do not allow flexibility and changeability fail to 
respond to fast-changing demands and come to the end of their 
functional lives before physical lives. Therefore, place and 
furniture design supporting adaptability to new situations help 
furniture and places live longer [19]. 
In Figure 16, there is a chest of drawers produced fr children. 
Appearance of the furniture has a different design solely on 
aesthetic worries. However, this visual design has caused a lot 
of blind spots. This furniture will not be preferred by a 
restricted place user due to the hazards it may cause. 

 
Figure 16. A Chest of Drawers for Children [23] 

In Figure 17, you can see that a shelving unit may be 
transformed into two chairs and a table when necessary. With 
a correct design, the furniture serves three different functions 
and covers minimum space. 

 
Figure 17. A Shelving Unit and Sitting Unit [24] 

3.3. Modulation 

Modular furniture became popular in early 19th century has 
since kept its popularity since it is disassembled and easy to 
produce and enables modulation.  
Basic principle of modular furniture is to achieve flexibility that 
meets the user’s different needs at different times. Burdurlu 
and Baykan define modulation as “developing a system by 
creating proportional sections, bringing them side by side in 
order to meet various needs that occur in a house” [25]. 
“Dimensional features of modular systems promote increase in 
every way. Increasing migration and smaller houses have 
caused more demand for modular furniture. People prefer 
modular furniture because they want to fit the furniture to their 
houses. Flexibility is achieved in time by adding, removing, 
dividing, separating or combining parts. Modular systems 
diversify functional use and also find solutions for practical 
problems arsing from different place sizes” [3]. 

 
Figure 18. Modular Sitting Unit [26] 

The identity of residents is particularly important for houses 
with restricted space. If the restricted house belongs to the 
person or persons who reside in, they may buy indoor furniture 
that fits the narrow size of the place. They may order furniture 
and get maximum benefit from the space. If the resident is the 
renter, he has to change place frequently and fit his furniture to 
the restricted house. Furniture of the renter may not meet the 
needs in the restricted place properly. In such cases, renter 
would rather prefer furniture that can be adapted to places of 
different size. 
In Figure 19, there is a metal and wooden furniture. This 
module is adaptable to any place and serves as sitting unit, 
coffee table and storing unit. Thanks to its form, it is also 
possible to form bookshelves and decorative separators of 
different size and appearance. 
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Figure 19. Steel Stool Modular System [27] 

There may be differences between the way people use the same 
restricted place. Everyone has different lifestyles shaped by 
their personality, profession and interests. Therefore, even if 
the places have the same plan, there might be differences 
between furniture preferences and inner arrangements. In 
places with single user and less circulation, users might have 
different preferences shaped by the quality of time they spend 
indoors. For example, who spends most of his time reading 
would rather prefer a furniture that would serve both as a 
sitting unit and library. To give a different example, if the user 
is spending most of his time discussing with workmates at a 
restricted place, he needs modular sitting units that can be 
transformed into a meeting table through extensions and meet 
sitting need. To summarize, furniture in a restricted place must 
meet different needs by adding and removing parts and not 
cover much space when it is not used. 

4. Evaluation and Conclusion 

Restricted places are also areas where we force our mental 
design limits. Furniture in restricted place must be brought 
when necessary and not cover space in the place when they are 
not used. The furniture must be able to serve functions other 
than its main function. Important features of furniture in 
restricted places are size, use place, function, easy use, comfort, 
economics, durability and taste of the user. For the physical, 
mental, social and emotional health of the user, the indoor place 
must be designed, privatized and adapted to the user. 
The more practical, flexible and functional restricted places are, 
the more they make the users feel contended. In this context, 
restricted places and indoor furniture equipment must be 
flexible, functional and modular and serve its purpose. 
In restricted places, furniture meeting multiple needs must be 
preferred instead of using multi-functional furniture of various 
sizes. When desining multi-functional furniture, secondary 
functions loaded to furniture must not interfere with its 
primary function. The number of people living in the place is 
also important in furniture selection. The functional furniture 
must be able to respond to the needs of people living in the 
place. 
In furniture design for restricted places, the basic principle 
must be maximum benefit from the whole space. Purpose of the 
furniture is very important. A change in functional furniture 
must not interfere with other functions. 
Practicality of restricted places is determined by the 
functionality of their furniture. Function is the most important 
aspect of design. It is undoubtedly important for whom the 

furniture is designed. Antropometric features, culture, social 
status, economic status and character of the user influence 
furniture design or selection. People furnish their places 
according to their taste, so they reflect their taste onto their 
furniture. 
Restricted place is often expected to offer restricted function. 
However, narrow/restricted paces are now able to offer all that 
larger places offer with the diversification of user needs 
materials as a result of technological development. Designer of 
the place is undoubtedly important. To conclude, the idea of 
living in a restricted place is often more attractive to the users. 
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Abstract   

In this study, the restoration work carried out in the wooden parts that is an important element of Keban Leaded Mosque was discussed. Yusuf Ziya Pasha 
in Keban town of Elazığ built Keban Leaded Mosque in 1795. The mosque has reflected the characteristics of the Ottoman period. The town is one of the 
few remaining from the complex structure. It is famous for its marble pulpit, processing dome, women’s section made of wood, preaching, doors and 
window shutters.  
After the built, there are no registered information about the restoration work carried out during the Ottoman Period. However, towards the end of 1800 
years, it is specified that some interventions was made. According to records of Foundations General Directorate, firstly, it was restored in 1965. Then, the 
second restoration was carried out in 1999.  
The investigations made by means of observation and photography shows that the repair work has been concentrated mainly in the structure of the 
carrier element. The other portion is also left as it is. Wood preaches fame is a case useless and is kept in the closed section of the mosque. There were no 
transactions for the window shutters. It is understand that women section made of wood and doors was painted for protection. Repairs performed in the 
wood sector was observed that compensate led to power failure for material properties and construction techniques used in wood elements in the mosque 
were taken into account. 
As a result, the restoration process for the missing parts of wood elements in the mosque must complete and should be initiated immediately to transfer 
to future generations. Structure in the restoration work should not be addressed as a whole. Each section of structure is proposed the examination by 
experts with regard to topic.   
Keywords: Restoration, Wooden elements, Keban Yusuf Ziya Pasha Mosque 
   

TARIHI YAPILARIN AHŞAP KISIMLARINDA YAPILAN RESTORASYON 
ÇALIŞMALARININ KEBAN YUSUF ZIYA PAŞA CAMII ÖRNEĞINDE İNCELENMESI  
Özet   

Bu çalışmada, Keban Yusuf Ziya Paşa Camiinin önemli kısmını teşkil eden ahşap elemanlarında yapılan restorasyon çalışmaları irdelenmiştir. Keban 
Kurşunlu Camii, 1795 yılında Elazığ’ın Keban İlçesinde Yusuf Ziya Paşa tarafından yaptırılmıştır. Osmanlı Dönemi mimari özelliklerini taşıyan cami, 
ilçedeki külliyeden geriye kalan birkaç yapıdan biri olup, mermer minberi, kubbe işlemeleri, ahşaptan yapılan kadınlar mahfili, vaaz kürsüsü, kapıları ve 
pencere kepenkleri ile ünlüdür.  
Yapımından sonra, Osmanlı Döneminde yapılmış bir restorasyon çalışması hakkında kayıtlı bilgi bulunmamasına karşın, 1800’lü yılların sonlarına doğru 
bazı müdahalelerin yapıldığı belirtilmektedir. Vakıflar Genel Müdürlüğü kayıtlarına göre, ilk olarak 1965 yılında gerçekleştirilen restorasyondan sonra 
1999 yılında ikinci restorasyon çalışması yapılmıştır.  
Gözlem ve fotoğraflama yoluyla yapılan incelemelerde, onarım çalışmalarının daha çok yapının taşıyıcı elemanlarında yoğunlaştığı, diğer kısımların ise 
olduğu gibi bırakıldığı görülmüştür. Ahşap vaaz kürsüsü, kullanılmaz halde olup, caminin kapalı bölümünde muhafaza edilmektedir. Pencere 
kepenklerinde hiçbir işlem yapılmamıştır. Ahşap kapılar ve kadınlar mahfili, anlaşıldığı kadarıyla koruma amaçlı boyanmıştır. Camide bulunan ahşap 
elemanların onarımında kullanılan malzeme özellikleri ve yapım teknikleri dikkate alınmadan gerçekleştirilmiş olması nedeni ile telafisi oldukça güç olan 
hatalara yol açtığı gözlemlenmiştir.  
Sonuç olarak, camide bulunan ahşap elemanların eksik parçaların tamamlanması ve gelecek kuşaklara aktarılması için ivedilikle restorasyon işlemlerinin 
başlatılması, restorasyon çalışmalarında yapının bütün olarak ele alınması yerine her bir bölümün ilgili uzmanlarca incelenerek yapılacak işlemlerin 
belirlenmesi gerektiği önerisinde bulunulmuştur.  
Anahtar Kelimeler: Restorasyon, Ahşap elemanlar, Keban Yusuf Ziya Paşa Camii 
   

 

1 Introduction 

Historical structures serve not only as a reflection enabling us 
to visualize the life-style, level of development and all cultural 
values of the past, but also as a means giving future generations 
the opportunity to establish strong ties with the past. This is the 
main reason why it is of great importance that these structures, 
which have the characteristics of the past and bear witness to 
the history, are restored and protected.  

Being the most important part of our cultural heritage, 
historical structures are constructed according to the masonry 
work construction with stones, bricks, marble and wood 
materials while its conveying system is composed of vaults, 
cinctures, coves, pendants and walls [1]. Wood is generally the 
construction material of the mosque’s shutters, which 
constitute an important part of historical structures, doors, 
preaching rostrums and pulpits as well [2,3,4].  
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Decorations representing cultural values are frequently made 
on marbles and wooden materials. The protection of the wood, 
which is distinguished from other construction materials, is 
possible through a work compatible with the particularities of 
the masterpiece.  

Wooden materials turn out to be more appealing due to the fact 
that they have plenty of advantages [5]. The more there occurs 
a humidity loss in the hygroscopic limit (0-28), the more the 
wooden material narrows; while in the contrary situation an 
expansion is seen. Events resulting from this particularity and 
leading to measure changes in the wooden material when made 
under fiber saturation point are called “work”. Wood’s amount 
of work in all aspects is not parallel; it is the least parallel to 
fibers, the most in the tangential direction of annual rings. The 
wood material is affected by the temperature and relative 
humidity of the place, but it still continues to work after it is 
turned into a product. This case leads to certain deformations 
such as distortion, buckling and bending [6,7,8]. Thus, 
masterpieces made of wood that were constructed in ancient 
times but survived until our day and age, are subjected to a 
distortion in small or large scales due to environmental factors, 
which brings a need to restoration.  

Restoration is an interference that is realized in order to protect 
a human- made product of culture having the value of an 
historical document. The first condition of this interference is 
to protect not only its historical identity and but also its value 
of being an historical document. The usage of the protected 
masterpiece can only come to the forefront as long as its 
historical identity is given priority. Its protection becomes 
meaningless otherwise. This is why giving a new function to old 
monuments does not signify giving up on its historic and 
aesthetic qualities [9, 10].  

Today’s basic approach concerning the protection of 
monuments requires a perpetual maintenance. Plenty of 
countries in the world evaluate their masterpieces within the 
framework of 1 or 5 year programs and are restored according 
to the damages identified. In advance of the restoration work, 
the monument is documented thoroughly with techniques such 
as photographs or videos, after which their scaled-drawing is 
made. In addition, its short history, value, aesthetic and 
technical qualities and legal status are evaluated [11].  

Anatolia has been the cradle of many civilizations for thousands 
of years. Archaeological excavations, which enable humanity to 
establish ties with their past, bring to our day and age the 
cultures of each civilization having lived on this territory. 
Today, while the traces of past civilizations are chased down 
with archeological excavations, present historical structures 
are restored with the aim of keeping Turkish-Islamic culture 
alive. This restoration focuses mosques which are the most 
important constructions in Turkish-Islamic architecture and 
the best reflection of the time they were constructed in with 
their artistic characteristics.  

General restoration plans do not focus separately on 
supplemental elements leading sometimes to irreversible 
consequences. With the work made on the example of Yusuf 
Ziya Paşa Mosque, the inadequacy of the restoration on wooden 
elements was revealed.  

Keban Yusuf Ziya Pasha Mosque was constructed by Yusuf Ziya 
Pasha, the person in charge of mine, in Keban / Elazığ in 1795. 
Possessing the characteristic of the Ottoman Period, the 
mosque is one the few remaining constructions from the social 
complex and is known for its marble pulpit, dome processing, 
women’ gathering room made of wood, preaching rostrums, 

doors and window shutters. Nowadays, there remains a library, 
a mosque and a tomb dating back to the excavations of Yusuf 
Ziya Pasha [12].  

After its construction, there was no access to accurate 
information about the restorations made throughout the 
Ottoman Period. A huge part of the social complex, which was 
closed for a certain time after the Republic Period, was 
devastated and demolished. After having been restored, the 
remaining parts of the social complex (mosque, library and 
tomb) were opened to use and worship for the first time by 
Foundations and Regional Offices in 1965-66 [12].   

The mosque was taken in inventory by Malatya Foundations 
and Regional Offices in 2002. According to the information 
received by the concerned institution, a second restoration was 
made in 1999 and a new one is planned to be carried out in 
2016, for which survey and photograph studies were realized 
and constructional elements were identified in 2014.  

In this present study, restorations on wooden interior elements 
were evaluated thoroughly, which are one of the most valuable 
elements of the Yusuf Ziya Pasha mosque in Keban/ Elazığ. 
After the identification of incomplete restorations in wooden 
interior elements, proposals were made.   

2 Research Method 

In this study we evaluated restorations on Elazığ Keban Yusuf 
Ziya Pasha Mosque’s (Figure 1, 2) wooden elements. The 
preaching rostrum, door and window were evaluated through 
observation since they were mentioned in the research. 
Photographs of all elements were taken and documented and 
their technical drawing was realized after necessary measuring 
was taken. The correlation of the wooden construction element 
with other elements, its construction features and status quo 
were identified with the current preliminary studies.  Other 
construction materials such as marble and stone were excluded 
from the study. 

 
Figure 10. Keban Yusuf Ziya Pasha Mosque. 
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Figure 11. Keban Yusuf Ziya Pasha Mosque architectural plan. 

3 Findings 

Technical information about the examined door, window 
interior shutter and wooden preaching rostrum of the Keban 
Yusuf Ziya Pasha Mosque and findings concerning the 
deformation are states respectively. 

3.1 Doors 

There are 2 doors for the entrance to the mosque’s courtyard, 2 
for the front wall, 1 for the sidewall, 2 for the library and 1 for 
the minaret, adding up to 8 doors in total. Since one of the 
courtyard entrance door was completely misshaped, it was 
replaced with a gate made of iron.  
Doors of the courtyard are double-wing gates and are produced 
with driving technique (Figure 3, 4). Large and small knuckles 
serving as the decoration of doors are nailed to the wall. In 
addition, the door handle is made in the shape of a half bun and 
metal badges were put at each door’s corner. 
Doors of the library, minaret and left side walls have only one 
wing. The main entrance door and the gathering place for 
women are two-winged doors. Doors of minarets and women’s 
gathering room for were made with real kündekari technique, 
while others were made with frame panel construction 
technique. There are metal strips decorated with geometrical 
patterns and metal knobs on rails. As for these, there are only 
carving decorations on the ride between the two wings. 
Records of the door are combined with tongue joints and 
mortises are anchored with dowels.  

 
Figure 12. The entrance to the mosque’s doors. 

 
Figure 13. The entrance to the mosque’s doors technical 

drawing. 

3.2 Problems with Doors 

All headings should be Even though there is an original door 
lock, it is no longer effective due to corrosion and the coating 
applied. Instead of repairing the damaged door lock, a new lock 
was fitted and cavities were made in the surface (Figure 5).  
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Figure 14. The original door lock and the lock that was fitted 

afterwards. 

The coating that was applied to wooden parts for protection 
was also applied for metal whitewash without making any 
separation between materials. This case led especially to the 
deformation of metal elements’ actual shape. It was clear to a 
poor workmanship since there was no coating to the exposed 
wooden parts, which were under metal connections and 
accessories (Figure 6).  

 
Figure 15. The application of coating to wooden and metal 

parts of doors. 

Doors were made with kündekari and frame panel 
construction. In frame panel construction and kündekari 
technique, parts have to be positioned without being glued and 
merged to serene and records. Frame panel construction and 
kündekari techniques lost effectiveness due to the fact that the 
protective coating applied was thick & gluey and filled the 
spaces in-between the parts (Figure 7). Namely, there is a high 
risk of deformation in doors in consequence of a possible work, 
which can occur with the change of the place’s climatic 
conditions.  

 
Figure 16. Details from the women’s gathering room where 

coating was applied. 

No measure was taken especially for door situated on the outer 
courtyard. Doors are completely under the influence of the 
outer atmosphere. This case paved the way for the corrosion of 

courtyard door and loss of some parts within time (Figure 8). 
Nowadays, a metal door was placed instead of the wooden door 
in the courtyard of the lower entrance. Unless protective 
measures are taken for the top courtyard door, it is predicted 
that it will share a similar fate.  

 
Figure 17. Corrosion seen in metal parts of the outer courtyard 

door and the rotting of wood. 

3.3 Interior Window Shutters 

The interior window shuttle on the right of the mihrap was 
made with the kündekari technique while others were made 
the frame panel construction (Figure 9, 10). Records of window 
shutters were combined as open mortise with the real 
kündekari technique, as others were combined as concealed 
mortise. Wooden dowels were used in order to anchor 
mortises. Metal strips, which are decorated with geometric 
designs, are located on the top and bottom records of window 
shutters.  
 
These strips serve at the same time as knuckles since they are 
connected to the rings on the walls. There are ringed door 
handles which are in the form of bulging badges and have a 
parallel size with window shutters.  There is no other 
decoration except for parts of the edge on wooden parts. There 
are only several thousand geometric carvings on between two 
covers. 

 
Figure 18. Window shutters made with frame panel 

construction and kündekari techniques. 
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Figure 19. Window shutters technical drawing. 

Problems seen in window shutters 

There are no decorations and tools on the upper service of 
wooden elements. This leads to the corrosion of some wooden 
elements (Figure 11). Even though they are protected from the 
outer atmosphere, they are negatively affected from the air and 
humidity. Rotting is especially seen on the parts close to the 
wall.  

 
Figure 20. Corrosions seen in window shutters. 

Fundamental elements were ignored when meeting 
technological needs of the construction, as it is the case for most 
historical constructions which are still open to use. The only 
window frame in which ac pipes were integrated was the 
original one among all the changed window frames(Figure 12).  

 
Figure 21. Ac Pipes going through the window frame. 

Windows are made with frame panel construction, one of which 
is made with kündekari technique. While those made with 
frame panel construction were processed double-sided, those 
made with kündekari technique were one-sided. However, 

when this window is closed, the non-decorated back surface is 
seen instead of the front surface. This leads to the idea that the 
window was changed. If it is the case, then there is no 
information about what happened to the original part. If it is not 
the case, it leads to the idea that its place and location was not 
taken into consideration.  

 
Figure 22. Window shutter made with kündekeri technique 

positioned in the frontage. 

3.4 Preaching rostrum made of wood 

It was made by placing intermediate records between six feet 
that have the shape of a square. Intermediate records were 
combined to the feet with concealed mortise. Railings with 
vertical slats were positioned between records, decuple carving 
was made between railings and thin wooden boards were 
placed. Cords were opened not only on strips but also records 
and fine processing of herringbones were applied to the 
abutment. Geometric patterns were applied in the table 
situated in the interior.  
The rostrum that is no longer used nowadays is situated in the 
sultan gathering room that was used as a depot in the mosque. 
Alternatively, another marble rostrum that is not even the 
slightest compatible with the construction was placed there. 
During the restoration, there was no interference to the 
preaching rostrum that was taken to the depot. It was left to 
corrosion. It is possible to see that many parts of it decayed.  
Furthermore, it was identified that some platforms dislocated 
or lost while some parts were tried to keep in place by nailing 
with nail. Geometric patterns were processed with a trellis 
kündekari technique right in the middle front and two-side 
body of the rostrum, which was made in order to prevent a later 
collapse of boards that were nailed behind.  

 
Figure 23. Preaching rostrum situated in the sultan gathering 

room. 
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4 Conclusion 

One of the most important resources that enable lots of 
accommodation units to establish strong ties with the past and 
to transfer cultural values to future generations is historical 
constructions.  Their loss or deformation during restoration 
leads them to lose their documental quality. We need to carry 
out attentive studies in order to enable the transfer of regional 
cultures to future generations, of which there are only few 
documents present.  
In this study, solution suggestions were tried to be given by 
evaluating the restoration and application problems seen 
wooden elements of the Keban Yusuf Ziya Pasha Mosque. It is 
remarkable to see that attachments leading to destruction in 
constructional elements exist among the primary problems 
that occur due to technological advancements. Fitting new door 
locks, integrating and trying to hide electrical wiring, 
attachment such as ac pipes and water installation lead to 
critical destruction when particularities of constructional 
elements are not taken into consideration. 
It is important to protect and make interior elements usable, 
which are an important factor enabling the integrity of the 
construction. However, wooden elements such as the courtyard 
door whose huge parts are rotten and the preaching rostrum, 
which is no longer available to use, shall be taken under 
convenient protection conditions in museums. In addition, by 
imitating the general characteristics of the construction and 
replacing them, it would be possible to preserve the uniqueness 
by not destroying the integrity.  
All qualities of each material that compose the masterpiece 
should be taken into consideration during restoration. The type 
of wood used, the decoration, the construction technique and 
the work done on the upper surface are of great importance. 
The paint used for covering, which provide a temporary 
protection, may cause irreversible damages. For this reason, 
when selecting protection tools, upper case tools which do not 
cover the fiber structure of a wood and do not harm the 
construction technique should be preferred. This work carried 
out only on wooden interior elements show that doing all the 
restoration as a whole is not right. During works executed in 
order to preserve the general appearance of the constructions, 
many interior elements get harmed and have to be replaced. 
This causes the construction or the historical artifact to lose its 
general character in time. Each interior element needs to be 
observed by experts on this very subject and their correlation 
with other construction materials need to be taken notice of. 
The fact that these places are still open to use serve as a great 
advantage to the survival of the historical artifact and its 
passing on to future generations. Continuing to use historical 
constructions, even if to meet different ends, prolong their lives 
and reduces the maintenance cost. It is important that the 
construction purpose and the need of constructions such as 
mosques do not change since they would also hinder different 
aims expected from the construction. In addition to this, the 
attitudes of the users of these places should differ from a new 
construction and to a historical construction. 
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Abstract   

This study intended to investigate the interaction developing rapidly through the impact of globalization experienced in every field on the material and 
size preferences of the kitchen furniture sector. In this context, the results of the survey conducted on the Turkish kitchen furniture manufacturers were 
evaluated within the framework of the international kitchen trends. In this study the size of the kitchen area, the frame size of the kitchen cabinet, the 
type of the cabinet, the size of the cellar cabinet and the height of the base preferred in Turkey were determined on the basis of the findings obtained in 
regards the size and dimensions preferred the most by the sector businesses in their kitchen furniture projects. As a result it was seen that the most 
preferred kitchen area was between 8 and 11 m2 with the ratio of 45% regarding the distribution of the kitchen areas in Turkey.  A tendency of using MDF 
in the production of the kitchen cabinets was observed with 61.8 % in relation with the body material preferred to be used in the kitchen furniture sector. 
The choice of using particleboard was determined to be 40.6%. The preferred body sizes of the kitchen cabinet was determined by considering the width 
and height preferences of both the upper and lower cabinets, the size of 61-90 cm seemed to be the most preferred sizes both for the upper and lower 
cabinets. According to the height, 72-cm size was found to be the most preferred size. The preferences and tendencies regarding the type of cabinet doors 
used in the kitchen furniture projects were the followings; the standard cabinet doors were observed to be the most preferred with 97%, it was followed 
by the high cabinet doors with 10.3%, then by the cabinet doors opening with 45 degree angle (6%), the thick cabinet doors (2.4%) and finally the thin 
cabinet doors (1.8%). While the most preferred size among the cellar cabinets was determined to be smaller than 60 cm (85%), its height was revealed to 
be bigger than 200 cm (44%). The most preferred kitchen furniture base was detected to be 12 cm. 
Keywords: Turkish kitchen furniture sector, kitchen furniture, kitchen sizes, kitchen cabinet doors, wooden materials 
   

TÜRKİYE MUTFAK MOBİLYASI SEKTÖRÜNDE MALZEME VE BOYUT 
TERCİHLERİ ÜZERİNE BİR ARAŞTIRMA 

Özet   

Bu araştırmada, günümüzde her alanda yaşanan küreselleşmenin etkisiyle hızlı bir şekilde gelişen etkileşimlerin mutfak mobilyası sektöründeki malzeme 
ve boyut tercihleri üzerindeki etkisi incelenmiştir.  Bu kapsamda, Türkiye’deki mutfak mobilyası üreticileri üzerinde yapılmış olan anket çalışması 
sonuçları dünya mutfak trendleri çerçevesinde değerlendirilmiştir. Araştırmada, sektör işletmelerinin mutfak mobilyası projelerinde en çok tercih ettikleri 
boyutlar ve ebatlarla ilgili olarak elde edilen bulgulara dayanarak ülkemizde tercih edilen; mutfak alanları, mutfak gövde boyutları, kapak türleri, kiler 
dolap boyutları ve baza yükseklikleri belirlenmiştir. Sonuç olarak, Türkiye’deki mutfak alanları dağılımı ile ilgili olarak en çok tercih edilen mutfak 
alanının %45 oranıyla 8-11 m2 arasında olduğu görülmektedir. Mutfak mobilyası üretiminde tercih edilen gövde malzemesi yönelimleri ile ilgili olarak, 
%61.8 oranıyla MDF malzemeye yönelik bir eğilimin olduğu ortaya çıkmıştır. Yongalevhanın kullanım tercihi ise %40.6 oranında olduğu belirlenmiştir. 
Mutfak mobilyasında tercih edilen gövde boyutları, üst dolap ve alt dolaplardaki genişlik ve yükseklik tercihleri göz önüne alınarak belirlenmiş olup, gerek 
üst dolaplarda, gerekse alt dolaplarda 61-90 cm’lik ebatların en çok tercih edildiği ortaya çıkmıştır. Yükseklik olarak ise 72 cm’lik boyutların en çok tercih 
edildiği tespit edilmiştir. Mutfak mobilyası projelerinde kullanılan kapak türlerindeki tercih durumları ve yönelimlerde ise, standart kapak kullanımının 
en fazla olduğu (%97) görülürken, bunu sırasıyla; yüksek kapak kullanımı (%10.3), 450 açılır kapak kullanımı (%6), kalın kapak kullanımı (%2.4) ve ince 
kapak kullanımının (%1.8)  izlediği görülmektedir. Kiler dolap boyutlarında en çok tercih edilen genişliğin 60 cm’den küçük olduğu (%85) belirlenirken, 
yüksekliğin ise 200 cm’den büyük olduğu (%44) ortaya çıkmıştır. Mutfak mobilyasında en fazla tercih edilen baza yüksekliğinin de 12 cm olduğu 
belirlenmiştir..  
Anahtar Kelimeler: Türkiye mutfak mobilyası sektörü, mutfak mobilyası, mutfak boyutları, mutfak kapakları, ahşap malzemeler 
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1 Introduction 

This study intended to investigate the effect of the current 
global trends developing rapidly through the impact of 
globalization experienced in every field on the material and size 
preferences of the kitchen furniture sector. As it is known, the 
provision of sustainability in the sectoral development makes it 
necessary to follow the global developments and their 
reflections in the sector [1]. On the other hand, it is known that 
the trends generally manifest themselves primarily on the 
material and size preferences in almost every field. In this 
context, the impact of the international kitchen trends was 
investigated on the size and material preferences in the Turkish 
kitchen furniture manufacturing sector. 

As it is known, the substance used in the creation of a product 
is called material. The materials used in the shaping and 
construction of all kinds of furniture have to be appropriate to 
the fulfillment of the intended use and the expected function. 
Therefore, the combination of various new materials and 
composite materials come to the forefront with the help of the 
technological developments beyond the traditionally used 
materials [2-5]. 

The materials used in the manufacture of furniture can be 
classified according to the location, task and feature of the item 
as well as according to its physical, chemical, mechanical and 
dimensional structure. However, in general the materials used 
in the furniture production are considered as wooden 
materials, plastic materials, metal materials and textile 
products. Recently, the use of wood-based panel products 
(particleboard, MDF, plywood etc.) is increasing in all kinds of 
furniture production except of the massive furniture especially 
due to economic reasons, their homogenous structure and 
standard sizes, processing properties and their high work 
efficiency [2,6]. 

For this purpose the kitchen area (5-8 m2, 8-11 m2, and bigger 
than 11 m2), body materials (MDF, particleboard, solid 
materials, metal materials) and the cabinet door materials 
(MDF, particleboard, framed glass, solid material) were 
analyzed by considering the types preferred in the kitchen 
furniture projects in the last 5 years. In addition, the most 
preferred sizes related to the size of the cabinet, type of the 
cabinet doors, size of the cellar cabinet and base were tried to 
be detected together with the preference rates of the surface 
treatment application material (acrylic, membrane, lacquer, 
high gloss, PVC coating, wooden coating) specified by the 
cabinet door material [7-9]. 

Within this study, the results of the survey conducted on the 
Turkish kitchen furniture manufacturers were evaluated 
within the framework of the international kitchen trends. Thus, 
the size of the kitchen area, the frame size of the kitchen cabinet, 
the type of the cabinet materials, the size of the cellar cabinet 
and the height of the base preferred in Turkey were determined 
on the basis of the findings obtained in regards the size and 
dimensions preferred the most by the sector businesses in their 
kitchen furniture projects. 

2 Material and Method 

In this study, a method based on a survey and literature review 
was used. In this context, a frame community was determined 
which consisted of 165 kitchen furniture manufacturers and 
had the number and nature to represent the Turkish kitchen 
furniture manufacturing sector. In the determination of the 
frame community, the face to face survey application was 
adopted by guaranteeing the participation and representation 

of Turkey’s seven geographical regions. The detected results 
were evaluated within the framework of the international 
kitchen trends. The global orientations and trends taken into 
account as basis were made according to the 2012 and 2014 
trend reports obtained within the framework of the EuroCucina 
fair. In fact this fair has the nature to determine the trends in 
the sector and to gather the brands and countries which lead 
the international kitchen furniture sector [10-15]. 

During the statistical evaluation of the data, the weighted 
average method was used in the findings for determining the 
significance levels, while the arithmetic average based 
graphical method was used during the evaluation of data 
belonging to the other findings. Reliability and homogeneity 
tests were not needed in the evaluation of the planned frame 
community due to the fact that 100% participation was 
achieved [16]. 

3 Result and Discussion 

The material and size preferences of the Turkish kitchen 
furniture sector were evaluated according to the results 
obtained from the production projects made by the sector’s 
businesses in the last 5 years (2011 - 2015). 

3.1 The Status of the Kitchen Area according to the 
Kitchen Furniture Manufacturers 

In this context, the distribution of the 3 area groups ((5-8 m2, 8-
11 m2, and bigger than 11 m2) were asked on residential basis 
from the businesses related to the distribution of the kitchen 
area in Turkey and the obtained results were given in Table 1. 
According to this, the most preferred kitchen area was 8-11m2 
with 45% which was followed by 3rd group (more than 11 m2) 
with 29% and by 5-8 m2 with 26%.  It can be said that the 
rapidly growing public housing projects have been effective on 
the diversity and results of the kitchen furniture sector. 

Table 1: The distribution of the kitchen area in Turkey 
according to the kitchen furniture production. 

Produced 
kitchen areas 
(m2) 

The distribution of the kitchen 
areas according to the 
preferences 
Number of       Area preferences 
companies         percentages (%) 

5-8        42 26 
8-11        75 45 
Bigger than 11        48 29 
Total      165 100 

3.2 The Preferred Body and Cabinet Door Materials in 
the Kitchen Furniture 

In this study the body materials of the kitchen furniture were 
determined as shown in Table2. According to this result, it was 
stated the mostly MDF was used (61.8%) in the kitchen 
furniture projects by the manufacturer companies, MDF was 
followed by particleboard with 39.4%, then by metal materials 
with 5.4 % and solid materials with 4.2 %. In the same context, 
if we look at the distribution of the responses given to the 
preference changes related to these materials it was 
determined that MDF had the lowest ratio with 15.2%, 
particleboard with 40,6%, solid material with 53% and metal 
material with 60.6% did not have preference changes. 
According to these results, the use of MDF as body material was 
preferred due to the easier and smoother procession compared 
to the other materials but its higher price according to the 
particle board emerged as one of the factors which were 
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effective in the competition between MDF and the 
particleboard. 

Table 2: Preferences for the types of body materials in the 
kitchen furniture projects [7]. 

Types of 
body 
materials 

Preference Changes in Use 

Fix (No Change 
Preferences 

Changing at a 
low level  

Changing at 
a medium 
level 

Changing at 
a high level 

Number of 
Companies 

Number of 
Companies 

Number of 
Companies 

Number of 
Companies 

Item 
Ratio 
(%) 

Item  
Ratio 
(%) 

Ite
m 

Ratio 
(%) 

Ite
m 

Ratio 
(%) 

MDF 25 15.2 21 12.7 17 10.3 
10
2 

61.8 

Particlebo
ard 

67 40.6 18 10.9 15 9.1 65 39.4 

Metal 
material 

100 60.6 39 23.6 17 10.3 9 5.4 

Solid 
material 

89 53.9 57 34.5 12 7.3 7 4.2 

The results of the preferred cabinet door materials were shown 
in Table 3. According to this, it was determined that the 
preferences of the cabinet door materials were changing at a 
high level and the materials were rated in the following way 
MDF (73.3%), framed glass (12.7%), solid material (8.4%) and 
particleboard (7.8%). In the same context when evaluating the 
data of the question about the lack of preference changes or 
fixed forms regarding these materials the followings were 
obtained; particleboard (61.2%), solid material (49.1%), 
framed glass (34.5%) and MDF (17%). From here, it emerged 
that MDF was the most preferred cabinet door material and the 
particleboard was less affected by the preference changes. 

According to this situation, the cabinet body and door material 
for the kitchen furniture was not parallel to the international 
trends. When considering the production of the large 
enterprises, the preference of particleboard was clearly 
observed to be parallel to the world trends [10-14]. 
Table 3: Preferences for the types of cabinet door materials in 

the kitchen furniture projects [7] 

Type of 
cabinet 
door 
materials 

Preference Changes in Use 
Fix (No Change 
Preferences 

Changing at 
a low level  

Changing at a 
medium level 

Changing at a 
high level 

Number of 
Companies 

Number of 
Companies 

Number of 
Companies 

Number of 
Companies 

Item 
Ratio 
(%) 

Ite
m 

Ratio 
( %) 

Ite
m 

Ratio 
( %) 

Item 
Ratio 
( %) 

MDF 28 17.0 8 4.8 8 4.8 121 73.3 
Particlebo
ard 

101 61.2 37 22.4 14 8.5 13 7.8 

Framed 
glass 

57 34.5 45 27.3 42 25.5 21 12.7 

Solid 
Material 

81 49.1 46 27.9 24 14.5 14 8.4 

The preference rates of the surface treatment applications on 
the cabinet door materials were also determined in this 
research. The results related to the cabinet door preferences 
were the followings; acrylic (35%), membrane (26%), lacquer 
(20%), high gloss (10%), PVC coating (5%) and wooden veneer 
(4%). However, these results were determined according to the 
data of the companies preferring MDF in their production, the 
companies preferring the other materials (particleboard, 
framed glass, solid materials) were not included within these 
result because they did not provide clear proportion on this 
issue. 

While these materials are effective in the kitchen trends due to 
their color and coating alternatives, it can be said that these 
materials are preferred by the Turkish kitchen furniture sector 

within the framework of the trends in different proportions 
though [10-14]. 

3.3 The Preferred Sizes of the Kitchen Cabinets 

This research aimed to identify the kitchen body sizes, cabinet 
door sizes, the size of the cabinet cellar and the height of the 
base in relation of the dimensions and sizes which were 
preferred the most in the kitchen furniture projects. Within this 
context the preference rates for the body sizes of the kitchen 
cabinets including the sizes of the upper and lower cabinet 
were determined as shown in Table 4. According to this, the 
preferred width both for the lower and upper cabinet was 
determined as 61-90cm, while the height again both for the 
upper and lower cabinet were revealed as 72 cm. 

Table 4: The distribution rates of the preferred body sizes in 
the kitchen cabinets [7]. 

Sizes of the Upper Cabinet  

Width < 45 cm 
45-60 
cm 

61-90 
cm 

91-120 
cm 

Total 

Distribution rates 
(%) 

10 29 53 9 100 

Height 
50-71 
cm 

72 cm 
73-80 
cm 

81-90 
cm 

Total 

Distribution rates 
(%) 

5 53 28 13 100 

Sizes of the lower Cabinet 

Width < 45 cm 
45-60 

cm 
61-90 

cm 
91-120 

cm 
Total 

Distribution rates 
(%) 

4 37 51 8 100 

Height <72 cm 72 cm 
73-80 

cm 
>80 cm Total 

Distribution rates 
(%) 

3 55 29 13 100 

 
The research determined also the size and type of the cabinet 
doors which were used in the Turkish kitchen furniture sector. 
For this purpose the obtained results were determined as 
shown in Table 5 and Fig. 1. Accordingly, the type of the used 
kitchen cabinet doors was the followings respectively; using 
standard cabinet doors (97%), using high cabinet doors 
(10.3%), using cabinet doors with 45 degree angle (6%), using 
thick cabinet doors (2.4%) and using thin cabinet doors (1.8%). 
 

Table 5: The trends and usage of the cabinet doors in the 
kitchen furniture projects [7] 

Type of 
Cabinet doors 

Fixed Little Medium More  

Item 
Ratio 
(%) 

Item 
Ratio 
(%) 

Ite
m  

Ratio 
(%) 

Item  
Ratio 
(%) 

Thick Cabinet 
doors 

110 66.6 30 18.2 21 12.7 4 2.4 

Standard 
cabinet doors 

3 1.8 0 0.0 2 1.2 160 97.0 

Thin cabinet 
doors 

135 81.8 23 13.9 4 2.4 3 1.8 

Cabinet door 
with 45 angle 

87 52.7 38 23.0 30 18.2 10 6.0 

High cabinet 
doors 

88 49.3 36 21.8 24 14.5 17 10.3 
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Figure 1: The trends and usage of the cabinet doors in the 

kitchen furniture projects. 

The results regarding the preferred size of the cellar cabinet 
among the kitchen cabinets were determined as given in Table 
6 while the results related to the base height of the kitchen 
cabinets were detected as shown in Table 7.  

Accordingly, the most preferred width for the cabinet was less 
than 60 cm (85%) while the most preferred height was 
observed to be 200 cm (44%). When it comes to the height of 
the base, the most preferred base height was 12 cm (56%). 
However, it can be said that there are preference changes in the 
height of the cabinet base due to the development that allows 
adjustment in the base height. 

 
Table 6: The preference ratios of the cellar sizes used in the 

kitchen cabinets [7]. 

Cellar Cabinet Sizes 

Width < 60 cm 61-90 cm 91-120 cm Total 

Percentage 
distribution (%) 

85 13 2 100 

Height 150 cm 
151-200 
cm 

>200 cm Total 

Percentage 
distribution (%) 

13 43 44 100 

 
Table 7: The preference ratios of the base heights used in the 

kitchen cabinets [7]. 

Base Heights 
Number of the Companies 

Item Ratio (%) 

10 cm 41 25 

12 cm 92 56 

15 cm 32 19 

 

4 Conclusion 

In this research which determined the material and size 
preferences in the Turkish kitchen furniture sector, it was 
revealed that the global trends and reflections were effective in 
different ratios on the preferences especially due to the impact 
of the large enterprises. The followings are the results obtained 
within this context; 

As a result of the developments for the kitchen-space relation 
and as a result of the reflections of the Turkish kitchen furniture 
sector, the most preferred kitchen area was between 8-11 m2 
by 45%. 

In relation with the body material trends preferred in the 
kitchen furniture production, there was a tendency for the MDF 
material with a rate of 61.8%, which was followed by the 
particleboard which kept its importance with a preference rate 
of 40%.  

The followings were the preferences in relation with the 
cabinet door types used for the kitchen cabinets; standard 
cabinet doors were used the most (97%), it was followed by the 
use of high cabinet doors and cabinet doors with 45 degree 
angle. Additionally, besides the fact that MDF was mostly 
preferred as cabinet door material in the kitchen furniture 
production, the preference rates of the surface treatment 
applications which were used on these materials and had wide 
range of use throughout the world were the followings; acrylic 
(35%), membrane (26%), lacquer (20%), high gloss (10%), 
PVC coating (5%) and wood veneer (4%). 

The most preferred body size both for the upper and lower 
cabinet were specified as 61-90cm. It was also observed that a 
height of 72cm was the most preferred size. The most preferred 
width for the size of the cellar cabinet was determined to be 
smaller than 60cm (85%) while the height occurred to be 
bigger than 200cm (44%). While the height preferences of the 
base which has important impact both on the functional 
features as well as on the assembly processes of the kitchen 
cabinet was seen to be 12cm (56%). 
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Abstract   

In this research, the effect of heat treatment on thermal conductivity of ash (Fraxinus excelsior) and birch (Betula pendula) wood species was evaluated. 
For this purpose, the radial samples were heat-treated at the temperatures of 170 °C, 190 °C and 210 °C in the presence of air at two different durations 
for 2 and 6 hours. The results show that the heat treatment caused an important decrease on the thermal conductivity of wood compared to untreated 
wood. The thermal conductivity decreased with increasing heat treatment temperature and time. When compared with untreated wood samples, the 
thermal conductivity of heat treated ash and birch woods at 170 °C, 190 °C and 210 °C decreased with 0.3%, 5%, 8.1% and 8.4%, 4.5%, 8.9% for 2 h, and 
6.3 %, 10.1 %, 13.1 % and 3.6 %, 7.5 %, 14.5 % for 6 h, respectively. This study is useful for predicting the thermal insulating qualities of log houses, 
flooring, decking and cladding made from heat treated ash and birch wood. 
Keywords: Thermal conductivity, Heat treatment, Ash, Birch, Wood 
   

DİŞBUDAK VE KAYIN ODUN TÜRLERİNİN ISI İLETKENLİĞİ ÜZERİNE ISIL 
İŞLEMİN ETKİSİ 

Özet   

Bu araştırmada dişbudak ve kayın odunları için, ısıl işlemin ısı iletkenliği üzerine etkisi incelenmiştir. Örnekler 170, 190 ve 210 °C sıcaklıkta 2 ve 6 sat 
süreyle ısıl işleme maruz bırakılmıştır. Sonuçlar ısıl işlem görmüş odunların ısı iletkenliğinin, kontrol örneklerine kıyasla önemli derecede azaldığını 
göstermiştir. Isı iletkenliği artan sıcaklık ve süreyle azalmıştır. Kontrol örnekleriyle karşılaştırıldığında ısıl işlem görmüş dişbudak ve huş örneklerinin ısı 
iletkenliği 170, 190 ve 210 °C sıcaklıkta sırasıyla 2 saat için 0.3 %, 5 %, 8.1 %  ve 0.4 %, 4.5 %, 8.9 % , 6 saat için 6.3 %, 10.1 %, 13.1 % ve 3.6 %, 7.5 %, 
14.5 % oranında azalmıştır. Bu çalışma ısıl işlem görmüş dişbudak ve huş odunlarından yapılan dış cephe kaplamasında, ahşap evlerde, yer döşemeleri 
ve havuz kenarı döşemelerinde yalıtkanlığın belirlenmesi için faydalıdır. 
Anahtar Kelimeler: Isı iletkenlik, Isıl işlem, Dişbudak, Huş, Odun 
   

1 Introduction 

Wood is very crucial material for construction industry, 
because of their good insulating properties. Thermal properties 
of wood have high interest in the wood industry such as fuel 
conversion, building construction, wood drying and other areas 
[1], [2]. Thermal conductivity of a material is heat energy 
transfer which flow of heat from its warmer surface to its colder 
surface at per unit of area and per unit of time [3]. Thermal 
conductivity is an important parameter to determine the heat 
transfer rate, wood drying, wood modification process and 
characterizing building material [1], [4]-[6]. Low thermal 
conductivity of wood is an essential feature for usage in 
building, flooring, saunas, and bathroom [6]. Heat treatment of 
wood has been used to dry wood and modify its properties 
since ancient times [7]. Heat treatment of wood has an 
important effect on its chemical composition and physical and 
mechanical properties. At high temperatures thermal 
treatment of wood are more effective on chemical and physical 
properties which are lower hygroscopicity, higher dimensional 
stability, biological durability and darker color [8], [9]. Due to 
the fact that during heat treatment, lower density and more air 
come off in the wood materials, thermal conductivity is 

decreased in heat treated wood [6]. There are several 
investigations the thermal conductivities of solid wood and 
wood based materials and some studies reported that the 
thermal conductivity of wood alters with wood species, 
moisture content, grain direction, direction of heat flow, 
specific gravity, defects, temperature, and extractives [1], [4], 
[11]-[13]. 
This article summarizes the how thermal conductivity changes 
in radial direction with wood species, treatment temperature 
and time. Thus ıt provides to predict the usage of the thermal 
insulating properties for log homes and indoor applications. 

2 Material and Method  

The investigated material, ash (Fraxinus excelsior) and birch 
(Betula Pendula) species were harvested from Yenice, Karabük 
region. Trees having approximately 40 cm breast height in 
diameters (d.sub.1.30) were selected to prepare test samples. 
To avoid errors during sampling, extreme cases were taken into 
account, such as excessively knotty trees and those containing 
reaction wood or slope grain. Sections with a length of 3 m were 
cut between 1.30 and 4.30 m of tree height to obtain samples 
for thermal conductivity. These logs were skidded to the 



 
 
 
 

Hamiyet ŞAHİN KOL, Kübra GÜNDÜZ 
IFC 2016 International Furniture Congress 13-15 October 2016 

 

346 
 

sawmill where they were cut into 30 mm thickness with 100 
mm width and 100 cm length. These boards were conditioned 
in laboratory for about 3 mount under 20 ± 2°C and 60 ± 5% 
relative humidity. For the investigations, ash and birch samples 
were obtained from sapwood region with dimensions of about 
20 mm×50 mm×100 mm. The thermal conductivity was 
measured in the radial direction. Therefore, 7 variations per 
wood species, each of them with 5 specimens, were prepared. 
Subsequently, heat treatment process was conducted in a 
controlled temperature, small, laboratory heating unit where 
two different durations (2 h and 6 h) were applied at 170 °C, 
190 °C and 210 °C in the presence of air. The specimens were 
placed in the unit after reaching the desired temperature. Once 
heat treating was completed, the specimens were conveyed for 
air conditioning at 20 ± 2 °C and 60 ± 5 % relative humidity for 
15 days to attain EMC. Before testing, each sample was checked 
on a table top to assess flatness, a factor that preliminary testing 
indicated was critical to consistent thermal conductivity values 
[14]. 

 
Figure 1. QTM-500 Thermal conductivity test device 

Thermal conductivity measurements were made using a QTM 
500 device (Kyoto Electronics Manufacturing, Japan) in Figure 

1. The quick thermal conductivity meter based on the ASTM 
C1113-99 [15] hot-wire method was used. Variac (power 
supply) was used to supply constant electrical current to the 
resistance. A PD-11 box probe sensor (constantan heater wire 
and chromel-alumel thermocouple) was used. Measurement 
range was 0.0116 to 6 W/mK. Measurement precision was 5 
percent of reading value per reference plate. Reproducibility 
was 3 percent of reading value per reference plate. The 
measurement range of the instrument has covered 
temperatures from -1000°C to 1000°C (external bath or electric 
furnace for temperature other than room). Measuring time was 
standard (100 to 120 s) [3]. 

3 Results and Discussion 

The values of the thermal conductivity for ash and birch woods 
at 170 °C, 190 °C, 210 °C and at two different durations (2h and 
6h) in radial direction are given in Table 1. The results indicate 
that the heat treatment caused an important decrease on the 
thermal conductivity of samples compared to untreated ones. 
The thermal conductivity decreased with increasing heat 
treatment temperature and duration. When compared with 
untreated wood samples, the thermal conductivity of heat 
treated ash and birch wood species at 170 °C, 190 °C and 210 
°C decreased with 0.3 %, 5 %, 8.1 % and 0.4 %, 4.5 %, 8.9 % for 
2h, and 6.3 %, 10.1 %, 13.1 % and 3.6 %, 7.5 %, 14.5 % for 6h, 
respectively (Figure 2,3). The lowest degree of thermal 
conductivity was obtained at 210 °C and for 6 hours treatment 
temperature for two wood species 
 

 
Figure 2. Change of thermal conductivity depending on the temperature for ash. 

 
Figure 3. Change of thermal conductivity depending on the temperature for birch. 
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Table 1. Thermal conductivity values of heat treated and untreated ash and birch. 
Wood 

Species 
Temperature 

( °C) 
Duration 

(h) 
MC 
(%) 

Density 
(g/cm3) 

Thermal 
Conductivity 

(W/mK) 

Std. Deviation Change 
(%) 

Ash 170 2 5 0.728 0.173 0.008 0.3 
  

6 4.5 0.721 0.163 0.01 6.3 
 

190 2 4.3 0.725 0.165 0.004 5 
  

6 3 0.714 0.156 0.01 10.1 
 

210 2 2.8 0.685 016 0.008 8.1 
  

6 2.6 0.681 0.151 0.007 13.1 
 

Untreated Control 6.2 0.734 0.174 0.005 
 

Birch 170 2 5.3 0.575 0.136 0.003 0.4 
  

6 5 0.572 0.132 0.002 3.6 
 

190 2 4.3 0.568 0.131 0.005 4.5 
  

6 4.2 0.563 0.127 0.005 7.5 
 

210 2 3.5 0.561 0.125 0.004 8.9 
  

6 3.3 0.556 0.117 0.003 14.5 
 

Untreated Control 6.2 0.575 0.137 0.003 
 

 
In several study it is found that thermal conductivity decreased 
with increasing heat treatment temperature and duration. 
These studies are given in the following Table 2. It was observed 
in this study the thermal conductivity of wood species decreased 
when the density of wood decreased. The results that are found 
in this study are similar with the ones are in the Table 2. 
Figure 4 presents a comparison between the thermal 
conductivity of ash and birch wood species under study and 
other materials frequently used as materials in buildings [21]. 
After heat treatment, thermal insulation of wood species 
increase so this species are suitable for use in buildings. It is seen 
that in Figure 4, heat treated ash and birch wood species can be 
used in buildings because of their good insulating properties. 
When the compared both of them with the each other, birch 
wood has better insulating properties than ash wood. 

4 Conclusion 

The thermal conductivity of heat-treated ash and birch wood 
decreased comparing with untreated samples by heat 

treatment. The thermal conductivity of heat-treated ash wood 
was higher than heat-treated birch wood. Thermal conductivity 
is decreased with increasing heat treatment temperature and 
time. It decreased with decreasing density. The lowest density 
was obtained at birch wood species at 210 °C for six hours. The 
highest density was observed at ash wood species at 170 °C for 
2 hours. The highest decrease of thermal conductivity was 
obtained from birch samples that treated at temperature 210 °C 
for 6 hours. The lowest decrease of thermal conductivity was 
observed at ash samples that treated at temperature 170 °C for 
2 hours. The highest thermal conductivity values were recorded 
untreated wood samples. The most insulation material was 
obtained at birch wood species at 210 °C for 6 hours. 
It is regarded the thermal conductivity of wood as very 
important characteristic since insulating properties of wood are 
necessary for use in saunas and buildings. Hence the data about 
the wood species heat treated are useful for estimating the 
thermal insulating properties of log homes, saunas, decking, 
cladding produced from this wood species. 

 
Figure 4. Thermal conductivity of heat-treated ash and birch wood, as compared to other building materials. 
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Table 2. Some studies concerning with thermal conductivity values of heat treated wood. 

Reference Heat treatment 
method 

Wood 
species 

Treatment 
conditions 

Thermal 
conductivity of 

heat-treated 
wood  

(W/mK) 

Thermal conductivity 
reduction compared to 
untreated wood of the 

same species 
(%) 

Şahin Kol and 
Aysal Keskin [16] 

ThermoWood Spruce 190 °C/1.5h 
212 °C/2h 

0.107 
0.101 

5.6 
10.9 

Pine 0.116 
0.105 

2.2 
11.1 

Ash 0.148 
0.140 

9.8 
15.0 

Aytin et al [17] ThermoWood Wild 
Cherry 

190 °C/1h 
190 °C/2h 
212 °C/1h 
212 °C/2h 

0.128 
0.126 
0.116 
0.115 

12.7 
14.4 
21.3 
22 

Olarescu et al 
[8] 

Oven-Dried Spruce 200 °C/10h 
200 °C/3h 

0.074 13.9 

Lime 0.084 6.6 

Korkut et al [18] 
 

ThermoWood Wild 
Cherry 

212 °C/1.5h 
212 °C/2.5h 

0.115 
0.110 

18.4 
29.0 

Kol and Sefil [3] ThermoWood Fir 170 °C/2h 
190 °C/2h 
212 °C/2h 

0.133 
0.127 
0.123 

2.4 
6.8 
9.3 

Beech 0.187 
0.175 
0.156 

2.3 
8.3 

18.1 
Niemz et al [19] Vacuum-press 

dewatering 
method (Vacu3), 

Opel Therm 
(Timura) 

Ash 240 °C/80mbar 
 

0.128 
0.123 

6.5 
10.2 

Beech 0.122 
0.109 

12.2 
21.6 

ThermoWood 
Handbook [20] 

ThermoWood Spruce 230 °C/3h 
230 °C/5h 

0.097 
0.082 

11.8 
25.0 

Pine 0.107 
0.101 

17.7 
22.3 
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Abstract   

Vibration damping and sound insulation are essential for all vehicles. Because moving parts and external factors such as wind, tracks, etc. can cause 
vibration and noise. Wave which is a dynamic force, drive system and HVAC systems are the main vibration and noise generators in a vessel. These all can 
affect comfort level on board yachts. Different types of isolators and absorbers such as sylomer®, cork panels, etc. are used to reduce these effects. Comfort 
level on board yachts can be increased using these types of materials. Otherwise, discomfort of passenger and crew may increase. These materials not only 
reduce structure-borne and air-borne noise and vibrations from waves, air, engines, pumps, generators and HVAC systems but also protect vibration 
sensitive interior or fittings. Noise and vibration evaluation is an important issue for this reason. And, measurement tools must be used not only to minimize 
this problem but also fulfill the regulations such as “comfort class”. Besides, providing quiet and low vibration increases the costs too. From this point of 
view, this study aims to explain clearly how noise and vibration damping can be done in a yacht. 
Keywords: Sound insulation, Vibration damping, Yacht interior 
   

 

YAT İÇMEKANI İÇİN GÜRÜLTÜ VE TİTREŞİM SÖNÜMLEMESİ 
Özet   

Titreşim sönümlemesi ve ses yalıtımı tüm taşıtlar için gereklidir. Çünkü hareketli parçalar ve rüzgar, zemin, vd. Gibi dış etkenler titreşime ve gürültüye 
neden olabilirler. Dinamik bir kuvvet olan dalga, tahrik ve iklimlendirme sistemleri deniz taşıtlarındaki temel titreşim ve gürültü üreteçleridir. Bunların 
hepsi yat üzerindeki konfor seviyesini etkileyebilir. Sylomer®, mantar panel, vd., değişik tipte izolasyon malzemeleri ve abzorbantlar bu etkileri azaltmak 
için kullanılmaktadır. Aksi durumda yolcu ve mürettebat konforu azalabilir. Bu malzemeler sadece dalga, hava, motor, pompa, jeneratör, ve iklimlendirme 
sistemlerinden kaynaklanan yapı ve hava kaynaklı gürültü ve titreşimleri düşürmez aynı zamanda titreşime duyarlı içmekan ve donanımları da korur. 
Gürültü ve titreşim ölçümü bu sebeplerden dolayı önemli bir konudur. Ve ölçüm aletleri sadece bu sorunu en aza indirmek için değil aynı zamanda “Klas” 
gereksinimlerini karşılamalıdır. Bunun yanında, daha sessiz ve titreşimsiz bir ortam sağlamak maliyeti arttırır. Bu bakış açısıyla bu çalışma bir yatta 
gürültü ve titreşim sönümlemesinin nasıl yapıldığını anlaşılır şekilde açıklamayı amaçlamaktadır. 
Anahtar Kelimeler: Ses izolasyonu, Titreşim sönümleme, Yat iç mekanı 
   

 

1 Introduction 

Noisy equipment such as power generators, engines, HVAC 
systems and etc. must be insulated to provide comfortable 
environments. Noisy equipment especially generates a loud, 
unpleasant or disturbing sound for perceivers by interfering 
with hearing. If this sound waves are around 20-20kHz than 
most of us can hear it [1]. This is related with amplitude and 
frequency of the sound and in general stated by using dB 
(decibel) abbreviation.  This sound causes vibration while 
transmitted through medium such as air, liquids or structural 
members such as walls or floors. And vibration has its own 
sound waves that are generated by mechanical oscillation.  
Vibration and noise are crucial facts for yachts (especially for 
superyachts). ISO 6954 (2000) expresses the guidelines of 
vibration requirements for habitability on board but higher 
comfort requirements may provide lower specs. Higher 
comfort demands not only increases the building cost but may 
also affects the weight of yacht, delivery time, design activity, 
layouts and volume arrangement and thus complicate the 
building activity. According to Boote et al. [2] weight increase 
estimation is more than 100 tons to reduce vibration of a yacht 
between 90 to 100m. And this may mean additional fuel 
consumption. 

Increase in performance and size lead to reduction necessity of 
vibration and noise especially for building comfortable yachts. 
And this can be achieved by designing new shapes and lay outs 
and using new construction materials to form a better structure 
[3]. Accordingly, Fricke and Bronsart [4] remark the 
importance of design as saying “Vibration and noise are 
important design criteria”. But also according to them 
theoretical prediction of noise is not fully trusty. 
Comfort on board means low levels of vibration and noise and 
these two are closely related to hull structures [3]. Noise and 
vibration may cause discomfort to passengers and crew [5] and 
onboard comfort of passenger and crew depends on exposure 
duration to vibration [6]. Also they can cause damage to 
sensitive tools or equipment, structural parts and interior 
fittings too [7].    
From this point of view, this study aims to explain how noise 
and vibration damping are done for yachts in terms of used 
equipment. 

2 Noise and Vibration  

There are lots of vibration and noise sources in a vessel and 
these may include [8]; 

 Driving mechanisms such as engines 

 Shaft-line dynamics 

 Pressure radiated from propeller and forces 
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 HVAC installations 

 Maneuvering devices 

 Cargo handling and mooring machinery 

 Vortex shedding 

 Intakes and exhausts 

 Slamming phenomena 

And according to Fricke and Bronsart [9] waves, vortex induced 
vibration, ice, internal flow, machinery, propellers, and blast 
are some of the exciting mechanisms or sources. These 
mechanisms must be in depth evaluated to provide lower specs. 
Distance between source and perceiver must be well arranged 
to provide a cheaper sound reduction. Using noise barriers, 
damping structures or active antinose equipment is technical 
and expensive but better way to achieve this. In yacht interior 
distance between source and perceiver arrangement maybe 
not enough to provide comfortable environment due to both 
internal and external factors such as wind waves especially in 
rough water. 

2.1 Wave-Induced Vibrations 

Wave-induced vibration of hull has an important impact on 
interior construction with regards to structural design. 
According to Fricke and Bronsart [10] wave is a critical feature 
in design and re-assessment that may reason crucial impacts on 
many offshore structures. 
These types of vibration is divided into two; springing and 
whipping. These two can be assumed as transient oscillations 
which occur from the environmental effects.  According to 
Storhaug et al. [11; 12; 13] considering of wave-induced 
vibration in design stage was recommended to minimize 
negative effects. 

2.2 Machinery or Propeller-Induced Vibrations 

Machinery such as marine generators generates vibrations as 
known. These vibrations is being damped by using different 
mounting materials such as rubber core mounts or else. 
Propulsion and its systematic design have significant impact on 
damping the oscillation. If counter-rotating propellers is used 
for propulsion then decrease of oscillations magnitude is 
conceivable. That’s why sound and vibration damping is a more 
than issue to provide comfortable structures. 
Irregularity of water inflow through the propeller can induce 
different pressure on blades. So, non-uniform wake generates 
propeller induced vibrations. And, these vibrations are 
transmitted through shaft to surrounding structure [14]. It’s 
noted that coupling between structure and shafting should be 
designed well to minimize the vibration level. According to Lee 
et al [6] propeller can cause extreme stern vibration. That’s why 
Cao et al [14] stated that proper rear bearings must be used to 
achieve minimum vibration transfer from the propeller 
excitation. Considering that an accurate estimation of noise and 
vibration is essential. 

2.3 Noise 

It’s important to minimize noise as much as it gets for comfort 
of crew and passengers on board because noise has a negative 
impact on human psychology as well as performance. 
Especially interior noise is much more important than air- and 
underwater-radiated noise for habitability on a yacht.  
Juras [15] stated that wooden vessels have better characteristic 
than steel, aluminum and FRP yachts for noise up to 125 Hz. 
Also noise level of large ships is generally higher than smaller 
ones [3]. Similarly, Metin [16] stated that faster and bigger 
yachts mean increasing noise. 

3 Literature Review 

Zhou and Croker [17], Cha and Chun [18] and Song et al [19] 
studied performance of acoustic insulation components to 
determine the loss on values of sound transmission. 
According to Anon [20] designers generally decide to use 
absorption (fibrous or cellular such as mineral wool, fiberglass, 
ceramic, melamine, polyamide and urethane), barrier (existing 
structures such as walls, cabinets, enclosures and etc. and 
supplemental ones), dampers (viscoelastic forms in 
homogeneous or free-layer and constrained layer) and 
gasketing (sealable and conformable to the irregular surfaces) 
materials. 
According to Fricke and Bronsart [10] passive mountings are 
the one of the approaches to cut off conduction of vibration 
occurs from machineries.  Moon et al. [21] applied a hybrid 
dampener, rubber and piezo-stack actuator combined, to 
provide a damping mount that has fast responding, small 
displacement and low power consumption features. 
A complete analysis of vibration and noise requirement of 
American Bureau of Shipping (ABS) is presented by Baker and 
McSweeney [22]. Out of ABS, followings regulate the comfort 
level of yachts; Bureau Veritas, Det Norske Veritas, 
Germanischer Lloyd, Lloyd's Register and RINA.   
And, in table 1, 2 and 3 some requirements are summarized by 
[3] in terms of yacht length and location according to some of 
these Classification Societies. 

 

Table 5. Whole body vibration limits according to length. 

Yacht 
length 
(m) 

Notation 
Freq. 
Range 
(Hz) 

Acceleration 
Measurement 

Maximum level 
Underway 
(mm/s2) 

Anchor 
mm/s2 

L≤45 
Comf(Y) 1-80 

αw 

(ν) 
89,4  

(2,5) 
53,5  

(1,5) 

Comf+(Y) 1-80 
αw 

(ν) 
53,5  

(1,5) 
45  

(1,25) 

L≥45 
Comf(Y) 1-80 

αw 

(ν) 
71,5  

(2) 
45  

(1,25) 

Comf+(Y) 1-80 
αw 

(ν) 
53,5  

(1,5) 
35,75  

(1) 
αw = multi axis acceleration value calculated. v = spectral peak 
of structural velocity. 

 

Table 6. Whole body vibration limits according to locations. 

Locations 
Bureau Veritas Lloyd's Register RINA 

Freq. 
(Hz) 

ν 
(mm/s) 

Freq. 
(Hz) 

νrms 

(mm/s) 
Freq. 
(Hz) 

ν 
(mm/s) 

Cabins 
and 
Lounges 

1-80 1-3 1-80 1,8-2,5 0-100 1-3 

Public 
spaces 

1-80 1-3 1-80 2,5-3,3 0-100 1-3 

Open 
recreation 
decks 

1-80 2-4,5 1-80 2,5-3,8 0-100 2,-4 

vrms = overall frequency weighted r.m.s. value of vibration. v = 
spectral peak of structural velocity. 
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Table 7. Maximum noise levels for superyachts both for 
harbored and sailing conditions. Values in dB (A). 

Sp
ac

es
 

L
al

an
ga

s 
[2

3
] 

A
B

S 
C

o
m

f 
(Y

) 

B
V

 

G
L

 (
C

ru
is

e 
Sh

ip
) 

L
R

 

R
IN

A
 

Harb 
Sail 

Harb 
Sail 

Harb 
Sail 

Harb 
Sail 

Harb 
Sail 

Harb 
Sail 

Owner 
Cab. 

35 
73 

40 
45 

40 
50 

44 
52 

50 45 

Guest 
Cab. 

35 
73 

45 
50 

40 
50 

46 
54 

53 45 

Lounge 
40 
77 

50 
50 

45 
55 

52 
60 

55 55 

Ext. 
decks 

50 
89 

60 
65 

55 
75 

64 
72 

63 55 

Juras [15] studied noise assessment of a small vessel and tried 
to figure out to reduce intensity of the noise sources. 
According to Bronsart and Fricke [9] light, slender, and flexible 
structures are inherently prone to dynamic responses  

4 Application Examples 

As mentioned before there are different materials that are used 
for noise and vibration damping. These materials are applied to 
different part of the yacht as seen in figure in this chapter.   
Insulation of engine room is different and much more detailed 
than living spaces such as cabins due to intensive vibration 
occurs from machinery installation and fire insulation [24].  

 
Figure 24. Rubber mount for engine fixing [1]. 

As seen in Figure 1, mounting tools, also pulse plates for all 
surfaces, must be used to prevent vibration transfer to the hull. 
Rock-wool (as seen in Figure 4) and lead plates used to provide 
fire insulation in engine room.   
In galley, differently from other living spaces, walls consist of 
steel plates and high density rock-wool and doors have fire 
proof features to provide fire insulation [24].  
   

 
Figure 25. Sylomer application to the floor [25]. 

As seen in Figure 2, sylomer®, green one, is an elastic material 
that commonly used for isolate noise and vibrations occur from 
engines, pumps and drive systems of yachts. These materials 
decouple the main inner structures such as cabin or floor wall 
from hull or main structure. Thus, all interior members such as 
screwed or bonded parts can be protected while airborne noise 
minimized and comfort level increased. Effect of Sylomers’ on 
structural behavior of lightweight wooden construction has 
been investigated by Bolmsvik and Brandt [26]. 

 
Figure 26. Rubber cantilevered Z rots application. 

Installation of rough wall panels to the yacht hull can be done 
differ ways but as seen in Figure 3, Z rots are the one of the 
easiest way to do this. Z rots screwed to stud bolts that are 
welded to yacht hull and then balsa wooden frames screwed to 
damping rots. As seen, honeycomb core rough wall panels 
screwed to this substructure to minimize the vibration and 
noise. These panels are hollowed due to not weight of yacht 
overall. Also decorative wall panels will provide noise damping 
addition to installed rock-wool (seen as shiny material in Figure 
3).  
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Figure 27. Separation and insulation of engine room and cabin 

of MY Africa [27]. 

Partitioning and positioning of the volumes in a yacht projects 
depends on length, yacht type, deck number, owner request and 
etc. In general, positioning a guest cabin nearby engine room 
(as seen in Figure 4) is not a preferred application due to 
aforementioned reasons.      

 
Figure 28. CATIA drawing of insulated floor panel [28]. 

Carpets or parquets are generally applied on a rough floor 
panel. These panels also consist of noise insulation or absorbing 
materials such as baryfol. A rough floor panel that is consists of 
15mm marine plywood, 6mm baryfol as core material and 8mm 
marine plywood as surface is seen in Figure 5. This panel 
bonded with expoy resin to make it run-proof and resistant to 
humid conditions. 
Also, flexible bonding materials such as SikaFlex are used for 
deck or seam applications for vibration damping. 

 
Figure 29. Hidden HVAC system of a cabin [29]. 

HVAC installation is a complex activity due to its location inside 
the living spaces as seen in Figure 6. These systems are 

essential for comfort onboard but generate noise and vibration 
as well as heat while in use. Proper materials (such as rubber 
mount equipment as seen in fig 1 to fix it to floor) must be used 
for fixing and covering the tools to prevent these negativeness.  
But, having said that lots of materials are heat sensitive and 
have a lifespan depends on running conditions. 

 
Figure 30. Double wall with air pocket [27]. 

Double wall is a favorable application when lower noise level 
deserved. In Figure 7, double wall application consists of rock-
wool, air gap and rock-wool but it may differs both thickness 
and materials with regard to limitations, requirements, budget, 
and etc.     

5 Conclusion 

Privacy is an important indicator of yacht quality due to 
confined living areas especially when yacht is underway. And, 
either guest or owners do not want someone hear their 
conversations or other noises or vibrations inside the cabins. 
That’s why noise and vibration damping and monitoring is an 
important issue.      
In short, you have to interrupt the transmission of sound and 
this is the key to provide a silent environment [30]. Using 
aforementioned materials or tools is effective way to achieve 
this goal up to some extent. But it may be said that it’s not 
possible to zeroize these negativeness by using existing 
materials or tools.   
Yacht type and length, owner demands, class requirements and 
design parameters must be taken into consideration while 
evaluating or calculating noise and vibration features at the 
beginning project. 
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Abstract   

Culture, is a value which used for understanding, organizing, configuring the lives in society. These information create resources about society. Although 
culture has a closed structure, it is in interaction both history of society and the other cultures. Intercultural interaction consists easily by development of 
technology and mass media, and contributes the formation process of popular culture. In this study, intercultural interaction and popular culture is 
examined with examples in furniture design. 
Within that period furniture design and space perception change by the effects of popular culture. This study aims to mention disadvantages of these 
effects. As a methodology, the changes of furniture design perception in society investigated with spread form of popular culture. Consequently, popular 
culture can cause negative impacts for the user and the designer, and leads to dedifferentiation in furniture design and deterioration of the space 
perception. This paper, draw attention of designers to this topic and contributes to the literature. 
 
Keywords: Intercultural Interaction, Popular Culture, Furniture Design, Space Perception. 
   

MOBİLYA TASARIMINDA KÜLTÜRLERARASI ETKİLEŞİM VE POPÜLER KÜLTÜR  

 
Özet 

  

Kültür, toplumda yaşamı anlama, düzenleme ve yapılandırmada kullanılan bir değerler bütünüdür. Topluma ait bu bilgiler kodlanarak birer kaynak 
oluşturmaktadır. Kültürel yapı her ne kadar içe dönük bir yapılanma olsa da hem toplumun geçmişi hem de diğer kültürlerle etkileşim halindedir. 
Teknolojinin gelişimi ve iletişim araçları ile kültürlerarası etkileşim kolayca oluşmakta ve popüler kültürün oluşma sürecine katkı sağlamaktadır. Bu 
çalışmada mobilya tasarımında kültürlerarası etkileşim ve popüler kültür örneklerle irdelenmektedir. 
Bu süreçte popüler kültürün etkisiyle mobilya tasarımı ve mekan algısı değişmektedir. Çalışmada bu etkilerin dezavantajlarına değinmek amaçlanmakta, 
toplum üzerindeki mobilya tasarım algısı değişimlerini popüler kültürün yayılma biçimleri ile izlemek yöntem olarak kullanılmaktadır. Sonuç olarak 
popüler kültür, kullanıcı ve tasarımcı için olumlu olduğu gibi olumsuz etkilere de yol açabilmektedir. Mobilya tasarımlarında aynılaşma ve mekan 
algısında bozulmalara neden olmaktadır. Bu araştırma ile tüm tasarımcıların konuya dikkatini çekmek ve literatüre katkı sağlamak hedeflenmektedir. 
 
Anahtar Kelimeler: Kültürlerarası Etkileşim, Popüler Kültür, Mobilya Tasarımı, Mekan Algısı. 
   

 

1 Introduction 

Culture, states all the values in society, as for space culture 
states both perception of space and usage of space. Cultural 
values of a society are fountain head of all designs and these are 
pathfinders of designers as a design element. Thereby space 
perception and culture consist with cultural values belonging to 
society. These values are in a direct interaction with space and 
furniture design. As a result of becoming widespread by mass 
media, interactions occur in different cultures, and formation of 
some trends, designs and spaces consist with intercultural 
interaction. These designs become popular according to the 
users requests and furniture design sector is affected through 
the popular designs. Purpose of this study to mention about 
intercultural interaction and popular culture formations, and to 
examine negative effects on space perception and furniture 
design.  

2 Intercultural Interaction and Popular Culture 

The individuals give the meaning and configure some elements 
belonging to their societies. All self-induced customs and 
traditions belonging to the society for generations or new 
values that consisted to merge with different elements, is called 

culture. Bonnell and Hunt [1], indicates that the culture 
develops to include all fields of human sciences. In this 
developing process significant effects of technology is seen. 
Technology supports this interaction not only mean of the 
technical developing but also reaching different information 
faster and easier. It is getting easy to reach society cultures 
especially by the mass media that provided yield of technology. 
Kocadaş [2]; specifies that mass media is a culture carrier and 
culture transmitter. After television with mobile phone and 
social media applications, visual communication is shared 
actively and snappily. For societies it is become a natural 
behavior pattern to synthesize different culture in their society. 
Therefore it is revealed an intercultural interaction. Kartarı [3], 
indicates that culture system can yield with a part of another 
culture. In this context mass media plays a significant role.  
Media is a source providing individuals to get a culture at 
national and international levels for using to meet social needs 
such as knowledge acquisition, entertainment and information 
obtainment [2]. Just like every field it is enabled to get the 
information quickly and follow the last trends easily in the field 
of design. Any popular design of a society catalyzed to take a 
place in another society and even become popular by media. 
Another subject of intercultural interaction is defined as 



 
 
 
 

Nilay ÖZSAVAŞ 
IFC 2016 International Furniture Congress 13-15 October 2016 

 

356 
 

reawakening the values that belonging different term of the 
same society. In other words society is in an interaction with its 
past. As a result of all this interactions; a new, renewed or 
interacted culture society comes in sight. The reconstruction 
becomes popular by wide spreading process. It is called as 
popular culture and shows itself in every field.  
The act of becoming popular exists in every term, develops by 
the industrialization and wide spreading by mass media. In 
other words mass media markets all the things from behavior 
pattern to furniture designs. Popular culture is a dominant 
culture type accepting by majority. It is played a part as a direct 
action factor in consumer behaviors. Dülgeroğlu [4], states that 
every factors affecting the individual influences consumer 
behaviors and all changes in society environment influences 
buying behaviors for adjusting this environment. Consumer 
behaviors affects from cultural, social, personal and 
psychologic factors. The individuals not only as physical 
features but also want to have the objects for communicating 
with environment and the effort of revealing the identity 
pushes the individual to consumption process [5]. This process 
is the consequence of the interaction that composed by 
intercultural communication. Popular culture reflects on 
spaces quickly, and effects on furniture design process. In this 
study, it is mentioned about disadvantages of popular culture 
in the context of space and furniture by considering 
intercultural interactions in design field. Following the changes 
of furniture design perception on society is used for a 
methodology by spreading shape of popular culture. 

3 Cultural Effects in Space and Furniture Design 

The furniture design is found a middle ground with many 
design field such as interior design, industrial design and 
architecture. Generally involving the design concept is 
associated many fields. It brings along the cultural nourishment 
as a significant design element. Space culture is separated as 
space concept and usage of space and is different from culture 
to culture with this aspect [3]. It can shows an alteration not 
only perception of space but even usage by intercultural 
interaction. The open kitchens can give for an extensive 
example. The act of living space that includes sitting and eating, 
is seen as a matter of priority in the open kitchens (Figure 1). 
According to changing family pattern by the changing life 
conditions and the socio-cultural values, the kitchen usage get 
changed. Sak [6], indicates that family structure, social standing 
and socio-cultural structure affect tendency of using open 
kitchen, and families who spend less time at house in other 
words working families use open kitchen because of preferring 
practical cook. Deficiency of the time spending at house 
provides being together by associating act of cooking and 
sitting. Therefore continuous working individuals of the 
present-day prefer the open kitchen. Also the open kitchens 
have taken a part between the house trends in a period, and 
individuals have changed their preferences according to the 
trends.  

 
Figure 1. Open Kitchen Example 

http://lookathome.ru/wp-content/uploads/2016/07/40-
4.jpg 

 

In a similar way furniture is a reflection of physical and social 
status of the culture that in it. Furniture configuration is 
effected from the developing need of socio-cultural structures 
of the users, thus requests and needs of the users that have 
different socio-cultural structure, are different from each other 
[7]. Firstly, it is looked at user profile when any space or 
furniture designs. The consumption format and habits of user 
reflect the cultural features of society. In any society culture 
specific furniture design can become popular majority usage. 
Through the rapidly-developing communication technologies, 
the design which is wanted to be popular, can spread to the 
whole world in an instant by mass media and social media. This 
situation that consists of a result of intercultural interaction, 
can be adopted different societies and even can contain within 
own culture. Unconscious accruing of the intercultural 
interaction occurs social structure deterioration and cultural 
conflicts, thus it is seen the changes also in space culture and 
perception [8].  
The same situation can obtain for becoming popular any 
furniture design by films, television series, advertisements and 
brands. Television viewer, that has different characteristics 
such as life style, age group, educational level, economic 
structure, gets bilateral communication watching similar or 
same broadcasts unwittingly [8]. Thereby it is reached a 
popular culture directing consumer behaviors. According to 
developed individuals’ preference, using furniture designs 
without its trueness and suitability is became only a social 
consumption process. Because individual behaviors play along 
with natural and communal environment, and purchasing 
habits show an alteration according to these environmental 
changes [4].  
To give an example; a television series adapted from a novel, is 
named “Forbidden Love (Aşk-ı Memnu)”, televised between the 
years of 2008-2010 in Turkey. Both performers and spaces 
especially bedrooms are became very famous. Even an 
armchair in the bedroom of lead role actress became popular in 
all featured environments, and started to be noted for this 
character’s name (Figure 2).  

http://lookathome.ru/wp-content/uploads/2016/07/40-4.jpg
http://lookathome.ru/wp-content/uploads/2016/07/40-4.jpg
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Figure 2. Josephine Armchair (Bihter Armchair) 

http://ayyapim.com/media/images/yapim-galeri/ask-i-
memnu-dec98b4476357d99f32568368120dbc2.jpg 

Sales of the armchair and for better or for worse many 
examples is started to be seen in everywhere, and individuals 
show a social consumer behaviors with no regard to necessity, 
usage and suitability for their houses. A wide array of this 
furniture such as different sizes and types appealing for each 
individual is started to produce by strong demand (Figure 3). 
These kinds of interactions is seen in the houses distinctly by 
means of popularity. 

 
Figure 3. Josephine Koltuk Çeşitleri 

http://www.semakoltukdoseme.com/sayfalar.75.josefin-
koltuk.html  

Apparels, accessories, furniture designs come to the forefront 
in all series, films and advertisements as shown on screen. The 
concepts even only colors of these become popular. Through 
this popular culture it is seen that being in use in many spaces 
and individuals. This situation can be a new marketing strategy 

http://ayyapim.com/media/images/yapim-galeri/ask-i-memnu-dec98b4476357d99f32568368120dbc2.jpg
http://ayyapim.com/media/images/yapim-galeri/ask-i-memnu-dec98b4476357d99f32568368120dbc2.jpg
http://www.semakoltukdoseme.com/sayfalar.75.josefin-koltuk.html
http://www.semakoltukdoseme.com/sayfalar.75.josefin-koltuk.html
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in sector. Nevertheless this situation creates a new space 
perception by showing an alteration in the usage of the space 
and furniture in the space, and structure of the space. It is 
affected the furniture design sector by revealing a new trend in 
furniture design. 

4 Conclusion 

İt is an accepted certain that intercultural interaction and 
popular culture offer an insight into innovative understanding 
to the spaces and furniture designs. These innovations that is 
formed and developed by popular culture, can also gain a place 
in another culture. Actualizing changes in society culture can 
become permanent and also in form of behavior can be seen 
similar changes.  
However intercultural interaction and popular culture do not 
be consciously, deterioration and unconformity can occur in 
social structure of society. Considering from the point of the 
space and furniture design, popular culture disadvantages can 
be line up below. 

 Incorrect consumption behavior occurs as a result of 

becoming popular in furniture preferences without 

questioning esthetics and function.  

 Although the furniture is not suitable for the space, 

buying it for only its popularity can cause the 

deterioration in space perception and culture. 

 Forming the furniture production with procurable 

features for everyone, can cause the deformation and 

reduce the production quality. 

 Forming the furniture production according to strong 

demands only, can cause to decrease in value in 

furniture design sector. 

 Trying to do similar designs can cause negative 

results such as losing originality and 

dedifferentiation. 

Following the searches; it is specified that popular culture can 
cause negative effects as well as positive effects for the user and 
the designer. Considering from the point of design to the 
emergent negative results; it is seen to be caused 
dedifferentiation in furniture designs and deterioration in 
space perception. It is needed that individual studies to protect 
their society, space, furniture culture, and the furniture sector 
brings to fruition to intercultural interaction and popular 
culture in a qualified, functional and controlled manner. Within 
this study it is aimed to draws attention of all researchers, 
designers and academicians to this subject and contributes to 
the literature. 
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Abstract   

The aim of the present study was to determine the average surface roughness (Ra) of heat-treated oak (Quercus petraea L.) wood. Also, the weight loss, 
air-dried density, and equilibrium moisture content values (EMC) of heat-treated wood were determined in the study. Oak wood was subjected to heat 
treatment at varying temperatures from 150°C, 170°C, 190°C to 210 °C for duration 2, 5, and 8 hours. The surface roughness values of the samples were 
determined by a touch scan device in the direction perpendicular to the fiber. The test results showed that, air-dried density and equilibrium moisture 
content value of samples decreased with increasing temperature and treatment time, however the weight loss of treated samples increased. The surface 
roughness values of heat-treated wood samples showed a declining trend from 150 to 190 °C for 2, 5, and 8h. However, when the treatment temperature 
exceeded 190°C, a slight increasing was observed at 210 °C. According to test results, optimal heat treatment temperature and treatment time should be 
applied for minimum surface roughness. 
Keywords: Heat treatment, Physical properties, Surface roughness, Oak wood 
   

ISIL İŞLEM GÖRMÜŞ MEŞE ODUNUNUN (QUERCUS PETRAEA L.) BAZI 
FİZİKSEL ÖZELLİKLERİNİN VE YÜZEY PÜRÜZLÜLÜĞÜNÜN BELİRLENMESİ  

Özet   

Bu çalışmanın amacı ısıl işlem uygulanmış meşe odununun (Quercus petraea L.) yüzey pürüzlülük değerlerinin belirlenmesidir.  Ayrıca çalışmada, ağırlık 
kaybı, hava kurusu yoğunluk değerleri ve denge rutubet miktarı da belirlenmiştir. Bu amaçla meşe odununa 150, 170, 190 ve 210 °C’de 2, 5 ve 8 saat süre 
ile ısıl işlem uygulanmıştır. Örneklerin yüzey pürüzlülük değerleri dokunmalı yüzey pürüzlülük cihazıyla liflere dik yönde belirlenmiştir. Çalışma 
sonucunda hava kurusu yoğunluk değeri ve denge rutubet miktarı ısıl işlem sıcaklığına ve süresine bağlı olarak azalırken, ağırlık kayıplarında artışlar 
belirlenmiştir. Yüzey pürüzlülük değerleri 150 °C’den 190°C’ye 2, 5, ve 8 saat süre için düşüş tirendi gösterirken 210 °C’de bir miktar artış gözlenmiştir. 
Bu sonuçlara göre düşük yüzey pürüzlülük değerleri için en uygun ısıl işlem sıcaklığı ve süresi uygulanabilir.  
Anahtar Kelimeler: Isıl işlem, Fiziksel özellikler, Yüzey pürüzlülüğü, Meşe odunu 
   

 

1 Introduction 

The surface quality of wood material is one of the most 
important physical properties influencing further 
manufacturing processes such as coating and gluing processes 
[1].  Surface roughness of wood can be affected by various 
factors such as processing of wood, anatomical structure of 
wood,  annual ring width, differences between juvenile and 
mature wood, wood density, cell structure, differences between 
early and late wood, cutting speed [1]-[3]. Also, pre-treatment 
and manufacturing conditions of wood such as steaming or 
boiling, knife bevel and pressure lathe, cutting or peeling 
temperature, may also affect surface roughness [2].Surface 
roughness can be determined by various methods, such as the 
optical, pneumatic, electrical, ultrasonic, photographic and 
stylus methods, however have not found widespread use in the 
industry[4],[5],[1]. Each of them has some disadvantages and 
some disadvantages over each other [1].Heat treatment of 
wood is an effective method to improve the dimensional 
stability and durability against biodegradation, however, at the 

same time, heat treatment generally causes an apparent 
decrease in wood mechanical strengths[6]-[9]. The 
temperature and duration for heat treatment generally vary 
from 180 to 280 °C and 15 min to 24 h depending on the heat 
treatment process, wood species, sample size, moisture content 
of the wood, and the desired mechanical properties, resistance 
to biological attack, and dimensional stability of the final 
product [10].Heat-treated wood has a growing market in 
interior and exterior applications, like garden furniture, 
paneling, kitchen furnishing, bathrooms, saunas, flooring and 
decking, and for doors and windows [11]. To our knowledge, 
there is no information about the influence of heat treatment on 
surface roughness of oak wood. The knowledge of the surface 
roughness of heat treated wood may be important for coating 
and gluing processes. The goal of this study was to investigate 
the effect of the heat treatment on surface roughness of oak 
(Quercus petraea L.) wood. 

mailto:opercin@konya.edu.tr
mailto:csacli@selcuk.edu.tr
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2 Material and Method 

In this study, oak (Quercus petraea L.) wood having relatively 
low density and which has been widely used in the 
woodworking industry was employed. Primarily, test samples 
were obtained from oak wood at 18x60x600 mm dimensions 
such that they had regular fiber strucrure without knots and 
cracks,  they were cut from such that the annual rings were 
perpendicular to the wood surface according to TS 2470 [12]. 
The samples were kept at 103 ±2 °C until reached a conctant 
weight. After, the samples were subjected to heat treatment at 
150, 170, 190 and 210 °C for 2, 5, and 8 h in a small heating unit 
controlled to within ±1°C under atmospheric pressure. The 
heat-treated and control samples were conditioned at 20 ±2 °C 
and 65 ± 5% relative humidity in a conditioning device until 
reached a conctant weight. Then, samples were planed by four 
fixed-knife planer with a 6000 rpm spindle speed, a feed speed 
of 4 m/min and 2 mm cutting depth. The density and the 
equilibrium moisture content (EMC) of the samples were 
determined according to TS 2472 [13], and TS 2471 [14], 
respectively.  
Surface roughness of the samples was measured by using a 
touch scan (spined) device in the planned surface of the test 
samples. The device (TR 200) has a 10 mm.min-1 measuring 
speed, a 5 μm pin radius, and a 90° probe angle. The parameters 
were set to a 5 measurement as the cut-off length, and 2.5 mm 
sampling length. The measurements were made on the 
specimens in a direction perpendicular to the fibers [15]. Ten 
samples were prepared for the each test. The points of 
roughness measurement were randomly marked on the surface 
of the samples. Measurements were made at five different 
positions in the direction perpendicular to the fiber of the each 

samples. The centerline between the profile valley and profile 
peak is the average roughness (Ra) µm Fig 1. Average 
roughness (Ra) which is the parameter characterized by ISO 
4287  [16] standart was recorded.  

 
Figure 1. Surface profile determined by the scanning needle 
[15]. 

2.1 Statistical Analysis of Data 

MSTAT-C statistical software package was used for the 
statistical evaluation of the test results. Effects of heat 
treatment temperature and treatment time on surface 
roughness and interactions between these factor were 
subjected to analysis of variance (ANOVA). Comparisons were 
made using Duncan test and the least significant difference 
(LSD) test. 
 

3 Results and Discussion 

Table 1 shows weight loss, air-dried density, equilibrium 
moisture content (EMC) of wood samples under the different 
heat treatment conditions. 
 

 
Table 1. The weight loss, air-dried density, equilibrium moisture content (EMC) of heat-treated wood.

Heat 
treatment 

Time 
(h) 

Weight loss 
(%) 

Air-dried 
density 
(g/cm3) 

EMC 
(%) 

X ±sd X ±sd X ±sd 

Control - - - 0.641 0.043 12.17 0.398 

150 °C 

2 1.03 0.096 0.622 0.039 11.63 0.564 

5 1.48 0.046 0.611 0.035 11.12 0.459 
8 2.06 0.074 0.603 0.057 10.59 0.359 

170 °C 

2 2.68 0.128 0.601 0.048 9.96 0.743 

5 3.66 0.103 0.593 0.046 9.58 0.659 
8 4.29 0.116 0.588 0.053 9.14 0.751 

190 °C 

2 4.62 0.097 0.589 0.051 8.45 0.856 

5 5.48 0.121 0.582 0.067 7.99 0.769 
8 6.27 0.133 0.576 0.041 7.66 0.458 

210 °C 

2 7.11 0.396 0.575 0.037 7.17 0.728 

5 8.18 0.448 0.561 0.022 6.83 0.659 
8 8.42 0.277 0.553 0.042 6.57 0.748 

X: average value, sd: standard deviation 
 
 
According to Table 1, the weight loss of heat-treated wood 
increased as a function of the maximum temperature in heat 
treatment, and the most pronounced weight loss occurred at 
210°C for 8 h, as expected. The weight loss of heat-treated wood 
is mainly due to the degradation of hemicelluloses and cellulose 
[17]. Gunduz and Aydemir [18], investigated the weight loss of 
heat-treated Camiyani Black Pine wood at temperatures of 160, 
180 and 200°C for 2 and 6 hours. The results showed that 

weight loss of the samples increased with increasing treatment 
temperature and duration. In addition, Korkut and Hiziroglu 
[19] investigated the weight loss of heat-treated Eastern Red 
Cedar (Juniperus virginiana L.) at temperatures 130 and 160 °C 
for 3 and 7 h. The results of this study demonstrated that weight 
loss of heat-treated wood samples increased with increasing 
heat treatment temperature and time. 
 
It is evident from Table 1 that the air-dry density values 
decrease with increasing heat treatment temperature and heat 
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treatment time. Heat treated wood samples at temperature of 
210 °C for 8 h gave the lowest air-dry density value when 
compared with control samples. The decrease of the density is 
caused by a lower moisture content, evaporation of extractives 
during heat treatment, and degradation of wood components, 
especially the hemicelluloses into volatile products, and the 
evaporation of extractive substances due to the applied high 
temperature [20],[21]. 
 
From Table 1, it can be seen that EMC of heat-treated wood 
gradually decreased with increasing in the heat treatment 
temperatures and durations. The maximum EMC decreases 
were recorded at treatment of 210 °C for 8 h as 46.1%. It was 
found that the reduction of the EMC of oak wood strongly 

depends on the heat-treatment temperature. The decreases in 
the EMC values can be explained reduction of hydroxyl groups 
and/or cleavage of the chains and losses of substance after heat 
treatments. The availability and/or accessibility of the free 
hydroxyl groups of the wood carbohydrates play an important 
role in the process of water adsorption and desorption. The 
enhanced inaccessibility of cellulose hydroxly groups to water 
molecules due to the increase of cellulose crystallinity are 
significant, and cross-linking occurs in lignin that might aslo 
contribute to the decrease of EMC [22]-[24]. The average 
surface roughness and standard deviation of heat-treated oak 
wood samples are shown in Table 2. 
 

Table 2. The average surface roughness values of heat-treated oak wood. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

X: average value, sd: standard deviation, Min: minimum value, Max: maximum value, N: number of samples used in each test 
 
The results of the ANOVA of the surface roughness measurements of heat-treated and control samples are shown in Table 3. 

Table 3. The results of the ANOVA test. 
Factor Degrees  

of freedom 
Sum  
of square 

Mean  
square 

F value Level of  
Significance 
(P<0.05) 

Factor (A) 4 83.295 20.824 147.4314 0.0000* 

Factor (B) 2 0.350 0.175 1.2379 0.2933** 

Interaction (AB) 8 13.198 1.650 11.6805 0.0000* 

Error 135 19.068 0.141   

Total 149 151.911    

Factor (A): treatment temperature, Factor (B): treatment time, *:significant at 95% confidence level,  **: not significant 
According to Table 3, the effect of heat treatment temperatures 
and interaction of treatment temperature with treatment time 
on surface roughness were significant. However, treatment 
time was not significant. 

 
Comparative Duncan test results for the effect of heat treatment 
temperatures on surface roughness are given Table 4. 
 

Heat treatment Time (h) 
Surface roughness (µm) 

X ±sd Min. Max. N 

Control - 9.541 0.247 9.124 9.982 10 

150 °C 

2 9.196 0.198 8.868 9.528 10 

5 8.852 0.383 8.327 9.396 10 

8 8.676 0.318 8.225 9.188 10 

170 °C 

2 8.496 0.336 8.025 8.988 10 

5 8.211 0.344 7.658 8.721 10 

8 8.172 0.458 7.452 8.851 10 

190 °C 

2 7.768 0.486 7.045 8.428 10 

5 7.256 0.331 6.795 7.658 10 

8 7.047 0.385 6.254 7.623 10 

210 °C 

2 7.428 0.487 6.795 8.124 10 

5 7.973 0.499 7.349 8.652 10 

8 8.847 0.541 8.128 9.429 10 
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Table 4. Comparative Duncan test results for the effect of heat 
treatment temperatures on surface roughness. 

Heat treatment temperature X HG 

Control 9.541 A 

150 °C 8.906 B 

170 °C 8.290 C 

190 °C 7.357 E 

210 °C 8.049 D 

LSD: 0.1916, X: arithmetic mean, HG: homogeneity group 
Comparative Duncan test results for the effect of treatment 
time on surface roughness are given Table 5. 

Table 5. Comparative Duncan test results for the effect of 
treatment time on surface roughness. 

Treatment time (h) X HG 

2 8.484 A 

5 8.367 A 

8 8.435 A 

LSD: 0.1484, X: arithmetic mean, HG: homogeneity group 
The results of the comparative Duncan test conducted to 
determine the interactive effects of heat treatment temperature 
and treatment time are given in Table 6. 

Table 6. Comparative results of heat treatment temperature 
and treatment time on surface roughness. 

Heat treatment Time (h) 
Surface Roughness (µm) 

X HG 

Control - 9.541 A 

150 °C 
2 9.189 B 

5 8.852 C 
8 8.676 CD 

170 °C 
2 8.496 DE 

5 8.211 EF 
8 8.162 F 

190 °C 
2 7.768 G 

5 7.256 HI 
8 7.047 I 

210 °C 
2 7.428 H 

5 7.973 FG 
8 8.847 CD 

LSD: 0.3318, X: arithmetic mean, HG: homogeneity group 
The surface roughness of wood decreased with increasing heat 
treatment temperature and treatment time. The smallest 
decreases were found at the treatment temperature of 150°C 
for 2h, as shown in Table 2. The surface roughness values of 
heat-treated wood samples showed a declining trend from 150 
to 190 °C for 2, 5, and 8h. However, when the treatment 
temperature exceeded 190°C, this downward trend was 
suddenly changed, as shown in Table 4. 
Table 7. shows the percentage decrease of values in relation to 
the control for each treatment and each measured parameter. 
 

Table 7. Percentage decrease of physical properties and surface roughness in heat-treated oak wood. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Heat treatment resulted in varying amounts of weight loss, air-
dry density, EMC, and surface roughness depending on the 
treatment temperature and treatment time. Decreases in air-
dried density and EMC were found to be 13.72% and 46.1%, 
respectively, when treated at 210 °C for duration 8 h. Maximum 
surface roughness decreased by up to 26.1% in the sample 
heat-treated at 190 °C for 8h when compared with the control 
samples. This increase in smoothness is very important for 
many usage areas of heat-treated wood. Surface roughness can 
be affected by various factors such as annual ring width, 
differences between juvenile and mature wood, density, 
differences between early and late wood and specific cell 
structures, hardness of wood, feed rate, spindle speed, and  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

cutting properties [25], [26]. Korkut et al. [6] determined a 
36.38% difference between the surface roughness of heat 
treated Turkish Hazel (Corylus colurna L.) wood at 180 °C for 
10 h and control wood. 
Heat treatment permanently changes chemical and physical 
properties of wood. It may be concluded that the heat treatment 
resulted a plastification on the solid wood surfaces. High 
temperatures above 160 °C cause lignin to a thermoplastic 
condition and thus to densify and compact solid wood surface 
[27],[28]. Unsal and Ayrilmis [29] examined the effect of heat 
treatment on surface roughness of Turkish river red gum 
(Eucalyptus camaldulensis) wood. The results showed that 
there was a reduction in was 27.9% at 180 °C for 10 h. In 
another study made by Budakci et al. (2011) [30] obtained 

Heat  
treatment 

Time 
(h) 

Air-dry 
density 

(%) 

EMC 
(%) 

Surface 
Roughness 

(%) 

150 °C 
2 2.96 4.4 3.6 

5 4.68 8.6 7.2 
8 5.92 12.9 9.0 

170 °C 
2 6.24 18.1 10.9 

5 7.48 21.2 13.9 
8 8.26 24.8 14.3 

190 °C 
2 8.11 30.3 18.5 

5 9.20 34.3 23.9 
8 10.14 37.1 26.1 

210 °C 
2 10.29 41.1 22.1 

5 12.48 43.8 16.4 
8 13.72 46.1 8.3 
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different surface roughness values for Scots pine (Pinus 
sylvestris L.), Eastern beech (Fagus orientalis L.), Uludag fir 
(Abies bornmülleriana Mattf.), and sensile oak (Quercus petraea 
L.) woods for the heat treatment. Generally, the results showed 
that there was a increase in surface roughness values of heat-
treated woods. 

4 Conclusions 

In conclusion, it was found that the air-dry density, equilibrium 
moisture content (EMC) and surface roughness of the oak 
(Quercus petraea Lieble) wood decreased with increasing 
temperature and treatment time, but the weight loss of wood 
increased. The lowest air-dried density and EMC values 
obtained were heat-treated samples at 210 °C for 8h, total loss 
compared to the control was calculated to be 13.72%, 46.1%, 
respectively. The surface roughness of wood decreased 
gradually with increasing temperature up to 190°C for 2, 5, and 
8h, however, when the treatment temperature exceeded 190°C, 
a slight increasing trend was observed at 210 °C for 2, 5, and 8h. 
According to test results, optimal heat treatment temperature 
and treatment time should be applied for optimal density and 
EMC and for minimum surface roughness. 
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Abstract   

Decor papers is a high quality special paper that is bonded to suitable substrate e.g. such as wood composites, using special synthetic resins. Papers 
impregnated with a resin have gained wide acceptance as facing materials for industrial grade particleboard. The objective of this study is to determine 
physical properties of the decor papers. The raw materials were taken from five different companies (A, B, C, D, and E) and impregnated with resin in 
certain rates. After impregnation, some properties of the decor papers were analyzed and compared with each other. Breaking length, burst and tear 
indices, air permeability, water absorptiveness (COBB), density and bulk of each decor paper were determined.  
As a result, the physical properties of the impregnated papers were significantly decreased when compared to non-impregnated decor papers. As resin 
rate increases the physical properties of the decor papers were also decreased. When the companies’ non-impregnated decor papers were compared, “B” 
decor papers have the best results in the physical properties. Besides, “D” decor papers have lower properties than others. Densities of the decor papers 
were found to be higher by using resins and thus it improves the strength properties of the fiberboards and particle boards coated with these papers. 
Keywords: Decor paper, resin, physical properties 
   

DEKOR KAĞITLARINA REÇİNE EMDİRİLMESİ VE FİZİKSEL ÖZELLİKLERİNİN 
KARŞILAŞTIRILMASI  

Özet   

Dekor kağıtları, özel reçineler kullanılarak odun kompozitleri gibi malzemelerin yüzeylerine kaplanan yüksek kalitede özel kağıtlardır. Reçine emdirilmiş 
kağıtlar yonga levha gibi endüstrilerde geniş bir kabul edilebilirliğe sahiptir. Bu çalışmanın amacı beş farklı (A, B, C, D ve E) firmadan temin edilen dekor 
kağıtlarının fiziksel özelliklerini belirlemek, bu kağıtlara reçine emdirerek fiziksel özelliklerdeki değişimi tespit etmek ve birbirleri ile karşılaştırmaktır. 
Her bir dekor kağıdının kopma uzunluğu, patlama ve yırtılma indisleri, hava geçirgenliği, su emiciliği (Cobb), yoğunluk ve hacimlilik özellikleri 
belirlenmiştir.  
Sonuç olarak, reçine emdirilmiş dekor kağıtlarının fiziksel özelliklerinde belirgin bir düşüş olmuştur. Firmaların reçine emdirilmemiş dekor kağıtları 
karşılaştırıldığında ise “B” firmasına ait kağıtların fiziksel özellikleri diğer firmalara göre daha iyi çıkmıştır. “D” firmasına ait kağıtların ise diğerlerine 
göre daha düşük fiziksel özellikleri olduğu tespit edilmiştir. Reçine emdirilmiş dekor kağıtlarının yoğunlukları daha yüksek bulunmuştur ve 
yoğunluklardaki yükseklik sayesinde bu kağıtlar kullanılarak kaplanan yonga levha ve lif levhaların fiziksel özelliklerinde iyileşmeler olacaktır.  
Anahtar Kelimeler: Dekor kağıtları, reçine, fiziksel özellikler 
   

 

1 Introduction 

The use of wood-based panels, without improvement of the 
surface appearance and the physical properties, is 
progressively disappearing. Although particleboard panels are 
used for interior applications, their hygroscobic structure plays 
an important role on their performance due to long-term 
changes in relative humidity [1]-[3]. Particleboard panel 
products are coated by impregnated papers, paint, print, 
varnish, veneers, laminates, foils, etc. Lamination is a process 
that imparts a pleasing appearance in addition to improving the 
physical, mechanical, and optical properties. The main surface 
characteristics obtained by the lamination process are 
resistance to scratching, abrasion, moisture, heat, and to some 
household chemicals. The layers of a laminate floor were 
illustrated in Fig. 1. The purposes of these applications are to 
increase physical, mechanical, and surface properties, to 
suppress the absorption of water and humidity, and to 
eliminate the release of formaldehyde emission [4]-[7]. Surface 
improvement by the lamination depends on the materials used 
in laminating and the system used for lamination [3], [6], [8]. In 
addition, the resin type used in the production of substrate and 

coating materials affects the final product’s properties. As a 
rule, urea and melamine formaldehyde resins (synthetic resins) 
are extensively used as binder adhesives in the production of 
panel and coating materials [9]. For coating of the 
particleboards widely different materials such as decor paper 
and synthetic resins have been used. Decor papers are specialty 
papers used to upgrade the surface of wood-based panels. They 
are technically advanced and highly engineered products that 
provide an excellent surface for decorative printing and resin 
saturation for use in the production of furniture, laminate 
flooring and other interior and exterior architectural panels 
[10]. 
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Figure 31. Layers of a laminated floor 

The decor paper is based on alpha cellulose. Alpha cellulose is 
undissolved part of the cellulose in 18% NaOH solution. Alpha 
cellulose-rich pulp (alpha pulp) is produced by the purification 
with hot or cold alkali of special pulps containing an easily 
extractable hemi cellulose fraction. Suitable cooking processes 
are prehydrolyzed kraft or acid sulfite methods. Alpha pulp 
must contain higher than 90% alpha cellulose. It is used widely 
as a raw material to produce cellulose derivatives such as 
cellulose xanthate, acetate, and nitrate. Nowadays, decorative 
papers made from alpha pulp are used in laminated board 
manufacture because of their resistance to photo yellowing 
[11], [12]. 
Papers impregnated with a resin have gained wide acceptance 
as facing materials for industrial grade particleboard and 
fiberboard. Alpha-cellulose papers are used exclusively as the 
base papers for the decorative films [3], [10]. For impregnating, 
papers must have a high moisture resistance and the right 
porosity to accept the proper amount of resin. The surface print 
quality of the decor paper is essential, so that decorative 
designs can be created using gravure printing processes. A 
sample of the décor papers were given in Fig. 2. 

 
Figure 32. A decor paper used in the boards 

It must also be possible to impregnate the paper with the 
appropriate synthetic resins that can include urea 
formaldehyde, melamine formaldehyde, acrylic, phenolic 
resins, and mixtures thereof. The coating is laminated under 
high pressure and heat with particleboards or other substrates 
[1]. 
In this study, it was aimed to determine the physical properties 
of the different decor papers and effects of resin impregnation 
on these properties. Thereafter, it was determined how the 
physical properties had been changed.  

2 Materials and Methods 

Five different decor paper types with grammages of 50 (g/m2) 
(printed wood grain) were obtained from commercial suppliers 

in Turkey. (“A”, “B”, “C”, “D”, and “E”). This study was conducted 
at Kahramanmaras Sutcu Imam University Faculty of Forestry, 
Pulp and Paper Production Laboratory. The papers were 
impregnated by using urea formaldehyde (UF) and melamine 
formaldehyde (MF).  

2.1 Resin Impregnation 

The decor papers were impregnated with 50% UF and 50% MF. 
The resin was applied to the papers in certain rates (100%, 
125%, 150%, 175%, and 200%) and the physical properties of 
the papers were determined. The papers impregnated with 
100% resin was gave the best result in the physical properties 
(data not shown). Therefore, this rate was applied to all decor 
papers and the grammages of these impregnated papers 
became 100 g/m2.  
The decor papers were impregnated by using a roller brush and 
impregnated papers were dried overnight at room 
temperature.  

2.2  Determining of Physical Properties of Decor Papers 

The dried papers were conditioned at 23±1 oC and 65% relative 
humidity in conditioning room accordance with TAPPI T 402 
om-88 standard. Then, the conditioned papers were prepared 
for physical tests.  
The breaking length (TAPPI T494 om-01 (2006)), burst index 
(TAPPI T403 om-97 (1997)), tear index (TAPPI T414 om-12 
(2012)), air permeability (TAPPI T460 om-02 (2006)), bulk and 
density (TAPPI T220 sp-10 (2010)), and water absorptiveness 
(TAPPI T441 om-09 (2013)) [13]. The tests were carried out in 
triplicate. 

3 Results and Discussions 

The physical properties of the non-impregnated decor papers 
were presented in Table 1 in order to compare with each other. 
Table 8. The physical properties of the non-impregnated decor 

papers 
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A 3.1 1.60 3.92 313 1.19 0.84 61 
B 3.3 2.16 3.92 308 1.28 0.78 53 
C 3.2 1.83 3.92 299 1.18 0.85 52 
D 2.7 1.37 3.14 329 1.05 0.95 48 
E 3.2 1.96 3.92 290 1.12 0.89 55 

Breaking length is generally used in the paper trade to 
characterize the inherent strength of paper. It affords an 
excellent basis for comparing the strength of papers made from 
different furnishes and having different basis weight. Bursting 
strength tells how much pressure paper can tolerate before 
rupture. According to Table 1, “B” decor papers gave the best 
result in breaking length (3.3 km) and burst index (2.16 
kPa•m2/g). Tearing resistance indicates the behavior of paper 
in various end use situations; such as evaluating web 
runnability, controlling the quality of newsprint and 
characterizing the toughness of packaging papers where the 
ability to absorb shocks is essential. Other physical properties 
of the papers were found to be similar with each other. When 
Table 1 analyzed, it is clearly seen that the physical properties 
of D decor papers were lower than those of others.  
The physical properties of the impregnated decor papers were 
given in Table 2. 
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Table 9. The physical properties of the impregnated decor 
papers 
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A 2.7 1.40 1.14 19 1.07 0.94 13 
B 2.4 1.37 0.71 8 1.02 0.98 17 
C 2.7 1.36 0.73 14 0.93 1.08 12 
D 2.3 1.31 0.71 11 1.00 1.00 11 
E 1.8 1.36 0.69 15 0.99 1.01 14 

“E” decor papers showed lower breaking length (1.8 km) than 
other papers and the burst and tear indices of “A” decor papers 
were higher than those of other papers (Table 2). There are no 
significant differences between other physical properties of 
these papers.  

 
Figure 33. The breaking lengths and burst and tear indices of 

the decor papers (-non refers to non-impregnated papers) 

The breaking lengths and tear and burst indices of the 
impregnated and non-impregnated decor papers were 
illustrated in Fig. 3. According to Fig. 3, the physical properties 
of impregnated decor papers have decreased when compared 
with non-impregnated papers. Especially, the tear indices of the 
papers showed significantly decreases. Increases of the paper 
grammages by using resin decreased the fiber rate in paper. 
Therefore, decreases of the breaking length and burst and tear 
indices have occurred [14].  
The air permeability and Cobb values of the impregnated 
papers were decreased when compared with non-impregnated 
papers. Resin impregnation increases the resistance of paper 
against water and air [15]. Cobb has an important role for decor 
papers due to usage area. Decor papers on particle or 
fiberboards are giving a good-looking and resistant surface for 
use as furniture, decoration panels and flooring [16]. Decor 
papers prevent the formation of nutrient media for pests such 
as insects, thereby preventing damage to the fiberboards and 
particle boards.  
High density causes more compact and tighter structure. 
Papers of high density consist of more resin and woody cells 
than papers of low density. For this reason, high density 
improves the properties of products such as fiberboards and 
particle boards [17], [18]. 
Densities of the decor papers were found to be higher by using 
resins and thus it improves the strength properties of the 
fiberboards and particle boards coated with these papers. 

4 Conclusion 

1. The physical properties of the decor papers such as 
breaking length and burst and tear indices were decreased 
by using resin which increases fragility of papers. For 
instance, the breaking length of the “E” decor paper was 
decreased about 43.8%.  

2. Since resin coated between the fibers and fiber surfaces, the 
air permeability and Cobb value were decreased about 95% 
and 75%, respectively.  

3. When the impregnated decor papers compared with each 
other, the physical properties of “A” decor papers were 
found to be higher. Accordingly, this decor paper can be 
suitable for fiberboards and particle boards used in indoor 
applications. 

4. When the non-impregnated decor papers compared with 
each other, the physical properties of “B” decor papers were 
found to be better.  
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Abstract   

This study is conducted to determine the effect on the amount of deformation kind of girth, the girth of the distance between the user and 
the lining of the floor. For this purpose, the occurring deformation amount is determined in mm under the 25000 revolution per second 
and 1000 N load on the test device according to TS EN 12520. This application is used for the lined and unlined elastic webbings without 
distance which connected with intervals of 25 mm and 50 mm. Also we used the application for the rubber webbing which connected 
with intervals of 25 mm, 50 mm and 75 mm on the upholstery frame made of beech in the 50x30 mm section. Consequently, the amount 
of maximum deformation of the elastic webbing was connected to the unlined samples that 50 mm in the range of 9.93 mm. On the other 
hand, the minimum amount of deformation for without distance and connected lined samples were 0.33 mm. The amount of the maximum 
deformation of the rubber webbing was connected to unlined samples with 75 mm in the range of 10.66 mm. The minimum amount of 
the deformation of the lined and unlined samples was connected with 25 mm intervals in the range of 0.33 mm. Accordingly, it is 
appropriate to say in furniture upholstery fonts primed after connecting the spaces of elastic webbing. 

Keywords: Upholstery furniture, upholstery webbings,  upholstery techniques, deformation 
   

MOBİLYA DÖŞEMECİLİĞİNDE KULLANILAN KOLANLARIN DEFORMASYONA 
ETKİLERİ 

Özet   

Bu çalışma, kolan çeşidi, kolan arası mesafe ve astar kullanımının döşemede deformasyon miktarına etkilerini belirlemek amacıyla 
yapılmıştır. Bu maksatla; astarlı ve astarsız olmak üzere elastik kolan ile boşluksuz, 25 mm ve 50 mm aralıklarla, lastik kolan ile 25 mm, 
50mm ve 75 mm aralıklarla, 50x30 mm kesitindeki kayından hazırlanan çerçevelere bağlanan kolanlar performans test cihazında TS 
EN 12520’e göre 25000 devir ile saniyede 1000 N yükleme yapılarak meydana gelen deformasyon miktarları mm cinsinden belirlenmiştir. 
Sonuç olarak; deformasyon miktarı en fazla elastik kolanda, 50 mm aralıklarla bağlanan astarsız örneklerde (9,93) mm, en düşük 
boşluksuz bağlanan astarlı örneklerde (0,33) mm bulunmuştur. Lastik kolanda ise deformasyon miktarı en fazla 75 mm aralıklarla 
bağlanan astarsız örneklerde (10,66) mm en düşük astarlı ve astarsız olarak uygulanan 25 mm aralıklarla bağlanmış örneklerin her 
ikisinde de (0,33) mm olarak bulunmuştur. Buna göre mobilyaların font döşemelerinde elastik kolanların boşluksuz bağlandıktan sonra 
astarlanmasının uygun olduğu söylenebilir. 
Anahtar Kelimeler: Döşemeli mobilya, döşeme kolanı, döşeme tekniği, deformasyon 
   

1. Introduction 

Upholstered furniture is generally meant the seat, sitting as a 
sofa, bed rest and furniture comes to mind. These furniture 
"skeleton" called frame (metal, wood or synthetic table of) is 
fitted with various devices or be made available "upholstered 
furniture," it said. Making this work to one of his profession 
"fitter" and in this profession "upholstery" is called. Turkey in 
furniture production and exports exhibit an upward trend in 
recent years (Turkey Furniture Products Industry Report, 
2013).  

Because the furniture industry in the production of upholstered 
furniture in a wide field of manufacturing and exporting Laying 
determined in a standard, although too much deformation is 
encountered frequently in these furniture. Intense complaints 
from consumers relating to distortion of fonts section in 

upholstered furniture, made a disciplined study of the 
durability of the tiles has led to the requirement. 

In the study, the most commonly encountered slump in the 
form of deformation in upholstered furniture to minimize 
creating appropriate standard girth floor, as soon as the 
collapse of the problems the solution of upholstered furniture 
in the furniture industry has been sought. 

2. Materials and Methods 

2.1. Wood Materials 

In this research, laying the framework for our country, widely 
used in upholstered furniture industry Oriental beech (Fagus 
orientalis Lipsky) is made from wood. In this context 
upholstery frame in 50x30 mm cross-section was used. Wood 
used in the experiments randomly selected from the market, 
the excellent 1st class wood, straight grained, knot-free, with no 
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difference in color and intensity, is provided through the 
purchase by being cracks. Frames living in the literature in 
which the chair seat furniture, ergonomic seating element 
according to the measure adopted is designed to measure 
39x39 cm. 

2.2. Girth, Lining, Wire Nail 

In this study, our country home furnishings industry, widely 
used in research and elastic rubber girth, canvas and wire nails 
are used. An elastic girth used in widths of 50 mm, thickness 1.5 
mm, width of the rubber belt 30 mm, a thickness of 2.25 mm. 
Elastic girth 54% polypropylene, consists of 46% natural 
rubber composition. The rubber girth rubber, tire cord, steel 
wires are obtained from various combinations of chemicals and 
fillers. Belts were obtained through the acquisition of 
businesses that sell furniture upholstery material randomly in 
Siteler - Ankara.  

2.3. Preparation of test samples 

ASTM D 358 and TS 53 have to comply with the principles in 
the preparation of test samples. Flooring made frames for 
construction is intended to lower the annual rings 
perpendicular to the surface. Air-dry the combined samples 
from moisture PVA mounting glue is used. 

After Frames girth of a tip 8 mm punch the other end of the girth 
tensioning device application after securing the wire tension 
and brought to the specified standard is fixed with three 
staples. total 12x3 = 36 samples were prepared, including 3 
pieces of each type of flooring. Accordingly girths; 
Prepared frame spaces (A), with 25 mm (B) and a 50 mm (C) is 
gravel with a stapler as shown in Figure 2.1. 
 

 
(A)                             (B)                           (C) 

Figure 2.1. Elastic webbing test samples 

It is also prepared 3 x 3 = 9 as the lining of the same sample. 

It was prepared accordance the rubber belt 25 mm intervals (A) 
50mm intervals (B) and 75 mm intervals (C) were nailed with 
staples (Figure 2.2.). 

 
(A)                            (B)                           (C) 

Picture 2.2. Rubber test samples 

It is also prepared 3 x 3 = 9 as the lining of the same sample. 

Tests made according to TS EN 12520 standard principles. 
Accordingly, for example 2±1 sec under a force of 1000 N to 
25000 cyclic loading are made. The amount of deformation that 
occurs in the experiments was determined by laser distance 
meter capable of measuring a sensitivity of 0,01 (Figure 2.3). 

 
Figure 2.3. Furniture performance test equipment and test 

apparatus and measure distance 

Accordingly, the distance between the test sample after 
connecting to the chair frame place with such substrates is 
determined by the precise measurements that the laser 
rangefinder. 25000 again after the first measurement distance 
measured again between the end of the experiment by 
calculating the difference between them in place with the belt 
resulting amount of deformation was determined. 
2.4. Data Analysis 

Webbing type, belt spacing, and lining the use of MANOVA was 
used to determine the effect on the amount of floor 
deformation. The differences between the groups, p <0.05 
compared to the case of major significance between groups 
statistically significant differences were determined by LSD 
test. In statistical process MSTAT-C program is used.  

3. Results 

3.1. Deformation Amount of Elastic belt in Examples 

According to the distance between the elastic connecting 
webbing and columns lining the use of statistical values for the 
amount of deformation, given in Table 3.1.  

Table 3.1. Elastic belt deformation amount (mm) 

Sample 
type 

girth 
between 
distances 

Deformation Amount 

Xmin Xmax Xort Ss 

 
Lined 

Gapless 0 1 0,33 0,57
7 

25 mm 1 14116. breaking 
the cycle 

- - 

50 mm 2 23650. breaking 
the cycle   

- - 

 
Unlined 

Gapless 1 1 1 0 
25 mm 1 5 3,33 2,08

1 
50 mm 18 107. breaking 

the cycle 
 - 

Xmin: Minimum Value, Xmax: Maximum value, Xort: Average value, Ss: Standard 
deviation 

In connecting unlined samples with the highest deformation 
amount 50 mm, 0.33 mm it has been found in samples 
connected lowest lined spaces. The amount of deformation that 
occurs as break up without priming in the sample bound with 
50 mM 107, cycles in the sample bound to the range coated 25 
mm is at 14116. rpm followed examples connected at intervals 
so coated severed at 23650. rpm 50 mm. 

MANOVA (multivariate analysis of variance) was used to 
determine the distance between the girth and use their 
influence on the amount of deformation of the lining. with a 5% 
margin of error interplay of factors go into significant to 
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indicate the severity DUNCAN test. Lining the use and analysis 
of variance for the distance between the webbing and the 
results are given in Table 3.2. 

Table 3.2. Using elastic lining belt samples and analysis of 
variance results for the distance between columns 

Accordingly, the use of primers, the column spacing and their 
mutual interactions were statistically significant (α <0.05). 

3.1.1. The effect on the amount of elastic deformation of the 
sample in girth distance between webbing and use primer 

Use of liner elastic webbing strap and the average distance 
between the deformation amount obtained by (mm) is given in 
Table 3.3. 

Table 3.3. The distance between the belt and the amount of 
deformation of elastic webbing use in lining sample (mm) 

Lining Use* X (mm) HG* 
Unlined 8,111 A 
lined 4,778 B 
Amount distance**   
50 mm 16 A 
25 mm 2,667 B 
Gapless 0,6667 B 

*LSD: 2,136,  **LSD: 2,616, X: Arithmetic Average, HG: Homogenety Groups 

Elastic webbing samples in the amount of deformation at high 
unlined samples (8.111 mm), the lowest slipped examples in 
(4,778 mm), respectively. It can reduce the amount of 
deformation of the trim lining applications. 

Elastic webbing different distance ranges application 
deformation amount in the sample bound to the highest 75 mm 
(16 mm) in the sample bound to the lower spaces (0.6667 mm) 
have been found. 

3.1.2. Using the example of the distance between the liner 
and the girth of the interaction effect on the amount of 
deformation 

Lining girth distance between the user and the amount of 
deformation of interaction (mm) is given in Table 3.4. 

Table 3.4. Elastic webbing usage examples liner deformation 
amount of interaction and belt spacing (mm) 

Primer + distance X (mm) HG* 

Unlined + 50 mm 20 A 

Lined + 50 mm 12 B 

Unlined + 25 mm 3,333 C 

Lined + 25 mm 2 C 

Unlined + no spaces 1 C 

Lined + no spaces 0,3333 C 

*LSD: 3,699,  X: Arithmetic Average, HG: Homogenety Groups 

Elastic webbing deformation amount of the highest floor in 
unlined 50 mm spacing connecting flooring in (20 mm), coated 
and spaces connecting the lowest floor in (0.3333 mm) have 
been found. This webbing floor lined with elastic deformation 
in accordance with the results and the amount of clearance 

application can be said to be minimal. It is shown the 
corresponding graph in Figure 3.1.  

 
Figure 3.1. According to the liner deformation amount of 

change from the elastic webbing use and connect example 

3.2. Rubber Belt Deformation Amount in Example 

According to the statistical value related to the amount of 
deformation from the use of bonding between the primer and 
girth in rubber girth it is given in Table 3.5. 

Table 3.5. The amount of deformation in elastic belt sample 
(mm) 

Sample 
Type 

Girth 
connecting 
distances 

Deformation Amount 

Xmin Xmax Xort Ss 

 
Lined 

25 mm 0 1 0,33 0,577 
50 mm 0 16546. 

cycles staples 
- - 

75 mm 17484.  
cycles  

5533. 
Cycles belt 

- - 

 
Unlined 

25 mm 0 1 0,33 0,577 
50 mm 6440.  

cycles 
120.  
cycles staples 

- - 

75 mm 9974.  
cycles 

120. 
cycles staples 

- - 

Xmin: Minimum Value, Xmax: Maximum value, Xort: Average value, Ss: Standard 
deviation 

Amount of deformation has been found in samples up to 75 mm 
intervals unlined connected. lined connected with the low 25 
mm and 0.33 mm in the unlined samples were found. The 
amount of deformation that occurs as breaking up unlined 
sample in the sample bound with 50 mm and 75 mm at the 
120th cycle, coated in the sample bound to the 75 mm spacing 
is in 5533. cycles was followed by examples which binds 
intervals coated 50 mm severed at 16546. rpm. 

Distance between girth and multivariate analyzes of variance 
on the impact on the amount of use of a primer used floor 
deformation with a 5% margin of error interplay of factors go 
into significant to indicate the severity DUNCAN test. Lining the 
use and the results of analysis of variance for the distance 
between the girth is given in Table 3.6. 

0

3

6

9

12

15

18

21

A
m

o
u

n
t 

o
f 

D
ef

o
rm

at
io

n
 (

m
m

)

Primer + Distance relations

Unlined+50 mm Lined+50 mm Unlined+25 mm

Lined+25 mm Unlined+Gapless Lined+Gapless

Source 
Degress of 
Freedom 

Sum of 
Squares  

Mean 
Squares 

F  
Value 

P  
α < 0,05 
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2 833,778 416,889 90,4096 0,0000 

Interaction (AB) 2 49,333 24,667 5,3494 0,0218 
Error 12 55,333 4,611   

Total 17 988,444 
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Table 3.6. Rubber lining girth and variance analysis results for 
the distance between columns 

Accordingly, the distance between the girth and their mutual 
interaction was statistically significant (α <0.05). 

3.2.1. The effect on the amount of deformation of the 
sample using a primer in rubber girth 

Elastic webbing on the use of primers and obtained according 
to the distance between columns deformation amount (mm) 
are given in Table 3.7. 
Table 3.7. Primer usage and the amount of deformation of the 

distance between columns (mm) 

Lining Use * X (mm) HG* 

Lined 5,722 A 

Unlined 2,644 A 

Distance **   

75 mm 7,767 A 

50 mm 4,617 AB 

25 mm 0,1667 B 

*LSD: 4,843, ** LSD: 5,931  

The amount of deformation in rubber samples belt highest 
lined samples (5,722 mm), the lower unlined samples 
(2,644mm), respectively. It can reduce the amount of 
deformation of the trim lining applications. 

Rubber girth different distance ranges, the amount of 
deformation in the floor connected with the implementation of 
the highest 50 mm (7.467 mm), 25 mm spacing connecting in 
the lowest floor (0.1667 mm) have been found. The distance 
between the mount as used in girth in the seating furniture 
section of font sizes can be said to increase the amount of 
deformation increases. 

3.2.3. Rubber lining examples belt use and impact on the 
amount of deformation of the distance between the girth 

Distance between the columns and the use of lining 
deformation amount of interaction (mm) is given in Table 3.8. 

Table 3.8. Lining elastic girth use in the sample and the 
distance between the girth deformation amount of interaction 

(mm) 

Primer + distance X(mm) HG 

Lined + 75 mm 11,83 A 

Lined + 50 mm 5,333 AB 

Unlined + 50 mm 3,900 AB 

Unlined + 75 mm 3,700 AB 

Unlined + 25 mm 0,3333 B 

Lined + 25 mm 0 B 

*LSD: 8,388  

Rubber girth amount of deformation in the amount of 
deformation from the lining of interaction in slab lined highest 
75 mm spacing connecting the floor (11.83 mm), the lowest-
lined and laying connected at intervals of 25 mm (0 mm), 
respectively. This girth of applications based on the distance 
between lining lined girth use the amount of deformation in the 
interaction can be said to significantly reduce. The 
corresponding graph is shown in Figure 3.2. 

 
Figure 3.2. According to rubber deformation amount of change 

in the lining belt usage examples and connection distance 

4. Conclusions and Recommendations 

In this study, elastic girth and rubber girth, girth distance 
between examined the effects of the amount of deformation of 
the primer application and the results obtained from the test 
are given below. 

Elastic girth sample application in accordance with the amount 
of deformation in the lining unlined highest floor (8.111 mm) in 
the lowest lined floor (4.778 mm), respectively. Accordingly, 
the amount of deformation primer application to the unlined 
sample has decreased by 58%. 

According to the maximum deformation from the floor girth 
connecting accordance connected by elastic girth, connected 
with the laying of 50 mm (16 mm) minimum clearance 
connecting upholstery in (0.6667 mm), respectively. 
Accordingly, the amount of deformation than those who 
connect the spaces connected by 50 mm has decreased about 
24 times. 

Elastic girth with connecting floor frame samples girth binding 
distance and primer application, according to the amount of 
deformation at high unlined and floor connected by 50 mm (20 
mm), the lowest slip and backlash-connecting floor in (0.333 
mm), respectively. Accordingly, lined and unlined porous and 
the amount of deformation in the sample bound to be compared 
with samples from the spaces between the girths were 
approximately 60 times more. 

Rubber girth connecting with the primer application in the 
amount of deformation in the highest floor accordance lined 
floor (5.722 mm) in the lowest floor unlined (2,644 mm), 
respectively. Accordingly, staples and rubber girth in the girth 
of breaking due to the amount of deformation compared to 
unlined samples coated samples has decreased 46%. 

Rubber girth according to the distance connecting strap in 
connecting floor accordance deformation amount of the floor 
connecting the highest 75mm (7.767 mm) in floors connected 
by minimum 25 mm (0.1667 mm), respectively. Accordingly, 
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Error 12 284,500 23,708   

Total 17 561,945 
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the amount of deformation in the sample bound to the 25 mm 
spacing was reduced further 46 times the sample bound to the 
75 mm spacing. 

Rubber girth coated with connecting floor frame from the 
binding girth in the sample and the amount of deformation by 
the primer application highest and slabs connected by 75mm 
(11.83 mm), the lowest lining and flooring connected at 
intervals of 25 mm (0 mm), respectively. Accordingly coated 
and coated samples at intervals of 25 mm and connected with 
certainty to prevent the amount of deformation by it said 
sample bound to 75 mm apart. 

The results obtained here are available with similar results 
between the results found in the literature. Indeed chair in the 
living elements of classical and modern techniques of 
performance wall coverings on the girth as a result of 
experiments conducted to determine the properties of rubber 
flooring in the amount of the crash were 7.07 mm (Yilmaz, 
2008). 

Experiments have been shown to reduce the overall amount of 
deformation at the end of the primer application. Belt distance 
between the right decreases the amount of deformation is 
reduced proportionally. Some of the tiles and attached elastic 
rubber girth from flooring types of stapled to come off from the 
place where the girth is found to break some of the girth. 
Especially the elastic belt and punched in the floor where it was 
found that he broke girth. Therefore, the use of rubber flooring 
in girth does not give very good results. Due to the occurrence 
of elastic belt laying in the amount of deformation tires girth 
floor compared to more that despite the tire girth from where 
stapled specified in flooring and girth breaking said to be more 
suitable for use in upholstered furniture elastic girth. 
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Abstract   

Wood material is commonly used for outdoor purposes as well as it is used for indoor purposes. Like other biological materials, wood materials are 
degraded by UV lights, moisture, temperature, wind and atmospheric factors (O2, air, and polluting gases) in outdoor.  The most widespread method is 
wood impregnation in order to protect wood from the degradative effects of these outdoor conditions 

In this study, the outdoor durability of picnic tables constructed from Black Alder (Alnus glutinosa subsp. Barbata (C.A. Mey.)) and Scots Pine (Pinus 

sylvestris L.) which grows in Doğu Karadeniz Region, one of the seven geographical regions in Turkey, was tested. Test samples were prepared as real 
tables impregnated with Tanalith E and Celcure AC 500 and untreated picnic tables. Color measurement and surface roughness were measured on the 
tables through 4 months. Thus, the difference between the performances of treated and untreated picnic tables and the difference between the 
performances of Alder and Scots pine were compared in outdoor conditions. 
Keywords: Tanalith E, Celcure AC 500, Weathering, Picnic Table, Surface Roughness, Color Measurement, Alder 
 
   

TANALITH E ve CELCURE AC 500 İLE EMPRENYE EDİLEN VE FARKLI AĞAÇ 
TÜRLERİNDEN YAPILAN PİKNİK MASALARININ DIŞ ORTAM DAYANIMI 

 
Özet   

Ahşap malzeme bina içinde olduğu kadar bina dışında da oldukça yaygın bir şekilde kullanılan yapısal bir materyaldir. Bütün biyolojik maddeler gibi, 
ahşap malzeme de dış ortamda UV ışınları, rutubet, sıcaklık, rüzgar ve atmosferik faktörlerin (oksijen, hava, kirletici gazlar) etkisiyle bozunmaya maruz 
kalmaktadır. Bu dış hava koşullarının etkisiyle meydana gelen bozunmayı önlemenin en yaygın yolu ağaç malzemeyi emprenye etmektir.  
Bu çalışmada Doğu Karadeniz Bölgesinde yayılış gösteren Sakallı Kızılağaç (Alnus glutinosa subsp. Barbata (C.A. Mey.)) ve Sarıçam (Pinus sylvestris L.) 
odunlarından yapılan piknik masalarının dış ortam dayanımı test edilmiştir. Denemeler gerçek alan ve ürün esaslı olup Tanalith E ve Celcure AC 500 ile 
emprenye edilen ve emprenyesiz piknik masalarında renk ölçümü ve yüzey pürüzlülük değerleri 4 ay boyunca test edilmiştir. Böylece emprenyeli ve 
emprenyesiz örnekler ile kızılağaç ve sarıçam odunlarının dış ortam koşullarına karşı gösterdikleri farklar ortaya konmaya çalışılmıştır.  
Anahtar Kelimeler: Tanalith E, Celcure AC 500, Dış Hava, Piknik Masası, Yüzey Pürüzlülüğü, Renk Değişimi, Kızılağaç 
   

 

1 Introduction 

Wood has been the most preferred material by human being for 
centuries. Around 5000 different wood species exist on earth. 
Each one of them has different specific gravity, microscopic and 
macroscopic properties. At the end of these, wood species show 
difference on physical, thermal, acoustical, electrical, and, 
mechanical properties. Having diversity on wood material 
helps to easily find wood species in desired quality and 
character. Wood material has some advantages such as, 
sustainable, natural, environmentally friendly, let different 
designs by processing, suitability with other materials, less 
energy consumption on processing, higher mechanical 
properties compared to its specific gravity, easily assembling 
with nails, screws, and adhesives, higher acoustic quality, 
different color and texture choices Beside the advantages, one 
disadvantages of the wood is subjection biotic and abiotic 
deteriation. Mainly biotic factors are fungi, insects, and marine 
borers while mainly abiotic factors are solar lights (UV), water, 
burning, and air pollution [1], [2]. 

In abiotic degradation, the main factor is the effect of ultraviolet 
lights (UV). The changes on wood with weathering effect is 
summarized as color change and cracks on surface and near 
surface, degradation of wood surface, and leaching with rain. In 
photo degradation, lignin is the most degradable wood 
component among others, and with UV effect, free radicals take 
place, and they cause chemical changes on surfaces [1], [3], [4]. 
In Turkey, quick change and improvement on social, economic, 
and technological fields has occurred in recent years. With 
increasing human population, the demand on wood is 
increasing day by day. The wood reserve in Turkey is 21 million 
hectare; this reserve is not able to meet the demand for both 
wood quality and specie. Due to not meeting the demand, 
Turkey imports more than 1 million m3 wood material for each 
year. Because of lack of wood material, beside using current 
wood forest reserve rationally and using seconder wood specie 
more than primer wood specie, wood protection methods 
might be spreaded around the country. Therefore, to meet 
wood material requirement of forest industry, the studies on 
fast growing wood species should be accelerated.  Within this 
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frame, alder (redwood) has gained an importance due to being 
a specie which spreaded around Turkey and is growing faster. 
Alder is consist of 1% of the Turkey’s forest reserve. 
In this study, Alder (Alnus glutinosa) and Scots pine (Pinus 
sylvestris) wood were impregnated with Tanalith E and Celcure 
AC 500, some picnic tables were constructed from them, and 
the outdoor performances of the tables increased. With this 
obtained data, it is targeted to have a value-added material for 
our region. 

2 Experimental Methods 

2.1 Impregnation Process 

Two wood species were used Scots pine (Pinus sylvestris) and 
Alder (Alnus glutinosa). The impregnation was conducted in 
industrial sized boilers because of the big sample’s dimensions 
used for outdoor applications. The samples were impregnated 
with full cell method. The full cell impregnation procedure 
consists of 60 min vacuum (650 mmHg) and 14 hours pressure 
(7 bars). Treated samples were left the outside of impregnation 
container for drying. After the full cell treatment, treated 
samples were rested at 65% relative humidity and 20 °C in 
order to ensure fixation. The retentions for each treatment 
solution were calculated with Eq. 1: 
                        𝑅 =   ((𝐺 × 𝐶)/ 𝑉) × 10   𝑘𝑔/𝑚3                            (1) 
Where; G is the difference between sample weight after 
impregnation and sample weight before impregnation (g); C is 
the concentration (%); and V is the sample volume (cm3). 

2.2 Outdoor Exposure and Climatic Conditions 

Picnic tables were constructed by using impregnated samples 
and placed to the garden of Forestry Faculty at Karadeniz 
Technical University in the city of Trabzon (Fig 1).  

   
Figure 1. Control and test picnic tables 

Table 1 shows the climatic conditions in Trabzon, Turkey.  The 
exposure test ran for 4 month from January 2013 to April 2013. 
 
Table 1. Climatic conditions in Trabzon 

 

2.3 Color Measurement 

Color measurement was determined according to ISO 7724-2, 
1984 standard [5] by using a spectrophotometer (Konica 
Minolta CM-700d/600d). Commission International on 
Illumination (CIEab) system is derived from CIE  Standard 
Color Table by transforming the original X, Y and Z colorimetric 

coordinates (color values) into three new reference values of 
L*, a*, and b*. Here, L* axis represents the lightness, a* and b* 
are the chromaticity coordinates; +a* for red, -a* for green, +b* 
for yellow and -b* for blue. The L* varies from 100 (white) to 0 
(black). The objective of this transformation is a color-space to 
aid in the numerical classification of color differences.  
L*, a* and b* color coordinates for each sample was determined 
before and after exposure to weathering. The color was 
measured on a color measurement devise using a D65 light 
source. These values were used to calculate the color change 
∆E* as a function of the UV irradiation period according to the 
following equations: 
                                 ΔL* = Ls*-Li*                                                         (3)  
                                 Δa* = as*-ai*                                                          (4) 
                                 Δb* = bs*-bi*                                         (5)  

                       ∆𝐸∗ =  √∆𝐿2 +  ∆𝑎2 + ∆𝑏2                                        (6) 
 
Where ∆L*, ∆a*, and ∆b* are the changes before and after test. 
L*, a*, and b* contribute to the color change ∆E*. A low ∆E* 
corresponds to a low color change or a stable color. 
 

2.4 Surface Roughness 

Roughness parameters (Rz) were measured to evaluate surface 
roughness of veneer surfaces during outdoor exposure. Rz is 
the arithmetic mean of the 10-point height of irregularities. DIN 
4768 standard was used [6]. TR 100 Surface Roughness Tester 
was employed for the surface roughness tests. Cut-off length 
was 2.5 mm, sampling length was 12.5 mm and detector tip 
radius was 5 mm in the surface roughness measurements. 

3 Results and Discussion 

3.1 Retentions 

Retentions for wood species (Alnus glutinosa and Pinus 
sylvestris) impregnated with Tanalith E and Celcure AC 500 was 
shown in Figure 2. 

 
Figure 2. Retentions for wood species 

 
After impregnation, the treated Alnus glutinosa samples 
showed higher retention. This could be Alnus glutinosa’s 
different anatomical structure. The similar results were 
previously observed in the studies which used Alnus glutinosa 
and Pinus sylvestris [7]. 
 

3.2 Color Measurement 

Figure 3 indicates ∆L* values obtained from color 
measurement. As shown in the table, the highest value for Alnus 
glutinosa samples treated with Celcure AC-500 and Tanalith E 
is obtained in April while the lowest value of them is obtained 
in January. The highest value for control samples is obtained in 
January while the lowest value of them is obtained in April. 
Additionally, whitish color was observed on the samples 
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treated with Celcure AC-500 and Tanalith E while greyish color 
was observed in the control samples. 
 

 
Figure 3. Lightness stability (∆L*) 

 
Negative lightness stability (∆L*) in control samples and 
positive lightness stability in the samples treated with Celcure 
AC-500 and Tanalith-E were obtained due to having Alnus 
glutinosa’s surface with rough fiber and dark color which rested 
under the effect of outdoor conditions. Here, depolimerization 
of lignin caused having dark color surface under the effect of 
outdoor conditions.  
Depending on resting time, lightness stability showed a 
decrease in negative direction because of dark color on surface 
of samples. In addition to this, the lightness stability was always 
obtained positive in treated Scots pine samples. This could be 
explained such that negative light stability was obtain due to 
having surface with fibrous structure and dark on wood resting 
under the effect of outdoor conditions [8]. 
Color change from red to green (∆a*) were shown in Figure 4. 
 

 
Figure 4. Red-green color changes (∆a*) 

 
The highest ∆a* value for the Alnus glutinosa samples treated 
with Celcure AC-500 and Tanalith E was obtained in January. 
Although the same results were observed for the control 
samples, control samples showed lower values compared to 
treated samples. The positive value of ∆a* let to have red color 
on the surface of wood while the negative value of it let to have 
greyish color on the wood surfaces. As seen in Figure 4, ∆a* 
always showed a negative tendency on the sample treated with 
Celcure AC 500 and Tanalith E. There is a tendency toward 
green on the treated samples. On the other hand, for control 
samples, positive value was obtained on January and a reddish 
tendency occurred. 
Color change from yellow to blue (∆b*) were shown in Figure 5. 

 
Figure 5. Blue- yellow color changes (∆b*) 

 
Based on observations, yellow color was determined on the 
sample treated with Celcure AC 500 while blue color was 
determined on the sample impregnated with Tanalith E and 
control samples. In the control sample, the highest value was 
observed on January while the lowest value was observed on 
April.  
The positive value of ∆b* indicates increasing of yellow color on 
surfaces while the negative value of ∆b* indicates increasing of 
blue color on surfaces. As seen in Figure 5, the lowest and 
highest value of ∆b* was observed in control samples, the 
samples impregnated with Celcure AC 500, respectively. 
Color changes (∆E*) values were shown in Figure 6. 
 

 
Figure 6. Color changes (∆E*) 

The color change occurred in wood may bond to carbonyl 
groups of paired ketone, aldehyde, quinines taking place a 
result of modification of other wood components [8],[9],[10], 
[11]. 
Based on the findings, the color change in the samples treated 
with Tanalith E was found lower than the ones in the sample 
treated with Celcure AC 500. In previous studies, the samples 
impregnated with copper including chemical has a consistence 
character and show less color change compared to control 
samples, because impregnation with copper including 
chemicals help to have more consistent surface against to photo 
degredation by creating a complex between wood components 
and copper and letting interacts this complex with free phenolic 
groups which play an important role in photo degradation [8], 
[12]. 
The typical anatomical structure of softwoods and hardwoods 
shows distinct differences. These structural differences of 
wood are the most important factors that affect weathering 
characteristic [13]. The influences of the species on the 
member’s characteristics are related to content of extractives 
on pine veneers was found to be different than that from beech 
samples [14]. 

3.3 Surface Roughness 

Based on the surface roughness results (Fig 7), a general 
increase in surface roughness was occurred considering resting 
time and some differences in surface roughness between two 
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wood species were observed. The main reason of this is not 
having anatomical difference between Pinus sylvestris and Alnus 
glutinosa wood which are used in the same trials and a result of 
the interaction between copper and wood, the samples could 
act differently against photo degradation. 

 
Figure 7. Surface roughness 

 
The difference among the anatomical structure in wood is not 
the only reason which cause surface roughness, wood is also 
anisotropic material and has heterogenic structure. Besides, the 
factors such as early wood and latewood rates in an annual ring, 
natural growing characteristics (knots or spiral fibers), width 
of annual ring, storing conditions, drying temperature, cutting 
direction should be considered [8], [15], [16]. 

4 Conclusion 

The highest amount of color change was observed in control 
samples at the end of 4 months. A systematical increase in color 
change was observed in the samples treated with Tanalith E 
and Celcure AC 500. In the first month, a fast color changed 
occurred in control samples, and this color change kept itself 
for following months. 
The color of wood samples under effect of outdoor conditions 
changes very quickly. Most of wood species changes their color 
from brown to yellow due to chemical degredation of 
extractives and lignin. These yellow and brown colors appear 
after several month sunlight subjection under mild climate 
conditions. The color of wood with big amount of extractives 
first turns to grey color before turning to brown. At the last 
stage of degradation, grey color was appeared on wood surface 
a result of lignin degradation. The color changes in Pinus 
sylvestris samples treated with Tanalith E are more than that of 
Alnus glutinosa sample treated with Tanalith E. This is vice-
versa for the sample treated with Celcure AC 500. The color 
changes in the Alnus glutinosa samples treated with Celcure AC 
500 are determined more than that of Pinus samples. In this 
case, if Alnus glutinosa is planned to use in the construction of 
picnic tables for outdoor, impregnation with Tanalith E let less 
color change. If Pinus sylvestris is planned to use in the 
construction of picnic tables for outdoor, Impregnation with 
Celcure AC could be recommended for minimizing color change 
on wood. 
Surface roughness values in Pinus sylvestris samples are lower 
than the ones of Alnus glutinosa samples. This could be a result 
of having two different wood species. 
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Abstract   

The furniture culture that was shaped with elements such as diwan, alcove, and niche in the Turkish-Islam culture entered in the 
Modernization/Westernization process as a result of growing cultural interactions that took place between the European nations and Ottoman Empire 
in the 19Th Century. Western style furniture started being used initially in palaces, then later by the aristocracy after the second half of 19Th Century. 
First examples of western style furniture were built in the Yıldız Palace within the body of Tamirhane-i Hümayun (imperial workshop) that was opened 
by Sultan II. Abdülhamid. Masters of upholstery, engraving and master carpenters trained in this workshop that Sultan Abdülhamid himself also worked, 
who was a master carpenter in his own right, left the palace after the shutdown of the workshop and founded their own furniture workshops, thus 
improving the furniture manufacture in the last Ottoman period and first Republic period. Technical education institutions regarding furniture and 
related branches in numerous cities such as Izmir, Bursa, Diyarbakir, Kastamonu, Shkodër, Bosnia; Tamirhane-i Hümayun and especially Istanbul School 
of Fine Arts will be examined to shed light upon the development of furniture manufacture in the last Ottoman period, as well as the contributions and 
reflections they left onto the furniture manufacture, which had made it a sector of industry in the Republic period.       
Keywords: Furniture, Furniture Industry, Turkish Furniture, Design 
   

OSMANLI İMPARATORLUĞU’NDA MOBİLYA ÜRETİMİNİN GELİŞİMİ ve 
CUMHURİYET DÖNEMİNE YANSIMALARI  

Özet   

Türk- İslam kültüründe sedir, yüklük, niş gibi yapıyla birlikte biçimlenen mobilya kültürü, 19. Yüzyılda Avrupa ülkeleri ile Osmanlı İmparatorluğu arasında 
artan kültürel etkileşimler sonucunda Batılılaşma/Modernleşme sürecine girmiştir. 19. Yüzyılın ikinci yarısından sonra önce saraylarda ve daha sonra da 
toplumun elit tabakasına ait konutlarda Batı tarzı mobilyalar kullanılmaya başlanmıştır. Batı tarzı mobilyanın kullanımı zamanla toplumun diğer 
kesimlerinde de yaygınlık kazanmıştır. İlk Batı tarzı mobilya üretimi Yıldız Sarayı’nda Padişah II.Abdülhamid tarafından açılan Tamihane-i Hümayun 
bünyesinde olmuştur. Kendisi de usta bir marangoz olan Sultan Abdülhamid’in bizzat çalıştığı ve gelişimi için uğraşlar verdiği bu atölyede yetişen 
marangozlar, döşeme ustaları ve oyma ustalarının atölyenin kapanmasından sonra saraydan ayrılarak kendi mobilya atölyelerini kurmasyla Osmanlı’nın 
son dönemi ile Cumhuriyetin ilk yıllarında mobilya üretimi gelişmiştir. Bu çalışma kapsamında Osmanlı’nın son döneminde mobilya üretiminin gelişimi, 
Tamirhane-i Hümayun ve başta İstanbul Sanayi Mektebi ( Dersaadet Sanayi Mektebi) olmak üzere İzmir, Bursa, Diyarbakır, Kastamonu İşkodra, Bosna 
gibi çeşitli şehirlerde mobilya ve mobilyaya ilişkin branşlarda teknik eğitim veren kurumlar ile bunların Cumhuriyet döneminde mobilya üretiminin bir 
sektör haline gelmesindeki katkıları ve yansımaları incelenecektir. 
Anahtar Kelimeler: Mobilya, Mobilya endüstrisi, Türk mobilyası, Tasarım 
   

 

1 Introduction 

Reinforcement elements, which were used in traditional 
housing places that met the daily needs of humans within 
housing and acted as furniture, were comprised of diwans and 
wardrobes. Western style furniture were not common in 
Ottoman housings and palaces until the 19th Century. However, 
low seats were utilized as movable indoor furniture and were 
manufactured in small workshops in the Ottoman period. 
Various manufacture application and adornment techniques 
(such as mother-of-pearl, Adrianople-style, Eyüp-style, 
carpenter-style etc.)  were utilized in the production of seats 
that had many different forms and uses such as for eating, for 
dessert/fruit, for compote, for shaving and so on [1]. Seats that 
were made with the mother-of-pearl style and named as 
damaskeen were used widely not only in the Ottoman Empire, 

but also in Europe. These seats were also utilized in the 
acceptance of ambassadors. Much information can be found in 
the archives of Topkapı palace regarding the manufacture and 
use of western style seats in the Ottoman. Said information 
dates back to 1680. According to the palace registry records, 
these seats were produced in Istanbul [1]. 
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Picture 1. The seat of Sultan III. Ahmed in Topkapı Palace [2]. 

Seats and chairs as furnishing started being utilized more 
commonly in the Ottoman Palace as of the 18th Century 
(Picture- 1). Some information on the seat manufacture and 
repair can be found in the archive registries of said era. In the 
archive registries are the documents, which state that funds 
were appropriated for a carpenter-style seat in 1730, that a 
carpenter-style seat originating from the harem was re-covered 
in gold-leaf and its velvet upholster was renewed in 1736, and 
that seats were produced for the Topkapı Palace in 1747 [1]. It 
is known that the French artist Antoine Ignace Melling 
manufactured seats for Hatice Sultan, sister of Sultan III. Selim. 
Westernization movements in the 19th Century led to the 
Ottoman community being influenced by the European culture, 
life, art and literature. Through time, social conventions and 
life-style have been re-shaped starting from the aristocracy 
within the Ottoman community. This re-shaping manifested 
itself initially by the use of western style furniture in palaces, 
and then spread to the housings of aristocracy and then 
ordinary people’s houses. Diwans left their place to seats, chairs 
and sofas. The eating etiquette of the floor table was abolished; 
dining tables and seats, showcases and buffets, nightstands for 
dining rooms, beds and wardrobes for bedrooms were 
allocated [3].     
These westernization movements were essentially given a go 
by the changes and novelties brought in by Sultan II. Mahmud. 
He brought much furniture from Europe to be used in the 
Ottoman Palace. There are recorded European seats in the 
Istavroz Palace in 1835 and in the Sadabad Palace in 1839. 
Western style decorations were completely dominant in 
palaces and housings in the Sultan Abdülmecid period; the 
Dolmabahçe Palace was furnished by living-room suites in the 
styles of 15th Louis and 16th Louis. Products appropriate for 
the furnishing and interior design projects drawn by the Italian 
architect D’aronco were bought into this palace mainly from 
France, and then some from Italy, Austria and America. The 
decorator of the Paris Opera, Séchan was tasked with 
decorating the Sultan’s Quarters and a big portion of the palace 
was filled with materials brought in from France under the 
suggestions of Séchan and painter Monsieur Meinz. In the 
decoration of the Yıldız Palace, the upholsterer Leon worked in 
between 1879-1880, Sarkis Balyan in 1889, and D’Aronco in 
1898 [4]. Style of furniture shifted from the Eyüb-style and 
Adrianople-style to European. Furniture catalogs for palaces 

were brought in from abroad and the preferred ones were 
purchased. Later on, furniture and furnishing shops were 
opened in Pera and Galata, in which the furniture brought in 
from abroad were put up to sale. Furniture manufactured in the 
following workshops; Mihal Raftakis, Stamatis Vulgaris, Tubini 
(1875), Narliyan (1893), Daryios Patriyanu (1893), Fokelstein 
(1897), Kortesi Biraderler (1902), Jean Balatti, Leon 
Friedmann, Hakkı Usta, Mora Biraderler, Roupen Bedrossian 
were sold in the following shops; Psalty (1867), Haraçcı, Bon 
Marchè, Narsis Narlıyan, Cosmo Vuccino ve Ortakları, Garrus 
Kardeşlerin Mevlevihane Mobilya Mağazası, Breuil, İngiliz 
Pazarı, Baker ve Hayden Mağazası (1910), Leon Rosenthal, 
from which furniture of the Yıldız Palace were purchased, and 
Maison Demilleville [3]. 
Some of the furniture manufactured for the palaces was 
produced by the workshop founded within the body of the 
Yıldız Palace; this workshop’s contribution to the furniture 
manufacture within the Ottoman community is widely known. 

2 Western Style Furniture Manufacture in Ottoman 
Period 

When looked at the furniture manufacture in the Ottoman, it 
can be seen that products were generally created in small 
workshops named as “kaplamacı” (veneerer), “çatmacı” 
(brocaded velvet maker), “kutucu” (box maker), “kürsücü” 
(rostrum maker), where a fixed and small number of movable 
manufactures were made; and that more equipped workshops 
were founded to provide western style furniture, these 
workshops were then made into factories via proper education 
as of the 19th Century. The carpenters that produced in 
western style were known as “ebenist” as derived from the 
French word ébéniste (ebony), or “Tavşan” as derived from the 
German word Tauschieren (damascening) in the 19th Century 
Ottoman [5]. Tamirhane-i Hümayun (imperial workshop) was 
the most important one of these workshops. 

2.1 Tamirhane-i Hümayun and Sultan II.Abdülhamid 

As a requirement of the Ahi-order and Futuwwa, both of which 
are an important aspect of the Turkish-Islam tradition; every 
Ottoman Sultan were educated in fields of crafting and fine arts 
when they still were princes. As a direct result of this, Sultan II. 
Abdülhamid was trained as a carpenter, aside from his regnal 
possessions. Being an all-around innovator, he played a 
pioneering role in western style furniture and indoor use of this 
furniture. He himself made some of the western style furniture 
to decorate his palace with and send them to important people 
as gifts (Picture- 2) [6]. He was trained in carpentry by his 
father Sultan Abdülmecid, who was a good carpenter himself, 
and Halil Efendi, who worked with his father. II. Abdülhamid 
had European furniture catalogs brought in and produced the 
furniture in those catalogs in his workshop [6]. 
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Picture 2. Sultan Abdülhamid in his Workshop [7]. 

To meet the wooden furniture need of the Yıldız palace, a big 
furniture manufacture workshop was created in the name of 
“Tamirhane-i Hümayun” within the body of Hazine-i Hassa 
(private treasury of the Sultan). The essential purpose of this 
workshop’s creation was Sultan’s discomfort with the stress on 
the state treasury, which was caused by abroad palace furniture 
purchases due to their regular change and renovations. This 
workshop was responsible for the repair and production of 
many commodities connected primarily to the Sultan’s 
quarters, Harems’ quarters, princes’ quarters, other places of 
the Yıldız palace and other palaces as well [8].   
Every work related to the repair or manufacture of a 
commodity is relayed to Tamirhane-i Hümayun and its minister 
with an official paper on Sultan’s order. This work would be 
then sent to the foreman by the minister. Foreman would 
determine the costs of the job, how long it would take which 
proceedings it would have to go through and how many people 
would be needed. After a product was finished by the 
workshop, a committee of engineers would control the said 
product and deliver it to the right address after inspection. 
Aside from the method above, no other product or process 
would be undertaken by the workshop. This production 
process tells us that Tamirhane-i hümayun acted as a factory 
rather than a simple workshop [8].  
Sultan founded this workshop, which was the first 
comprehensive furniture manufacture workshop in the 
Ottoman period under the incentive from the Austrian 
furniture artist Karl Jansen. 60 workers labored in this 
workshop, most of which were foreigners. Two of the most 
prominent craftsmen were German (painter Meinz and director 
Herman Yung). Feryal İrez gave credit to foreign master 
craftsmen such as upholsterer Monsieur Leon, cornice crafter 
Friedmann, Monsieur Franko, Monsieur François from the 
workshop in her work [9]. This carpenter’s shop employed only 
those who graduated with a high-enough degree from the 
Istanbul School of Manufacturers. Carpenter’s shop director 
was Taşköprülü Mehmet Efendi. He was trained by this 
workshop and was the first person to manufacture a piano in 
Ottoman [6]. After Sultan was dethroned, Mehmet Efendi was 
removed from the Yıldız Palace and he went back to Kastamonu 
to work there as a wooden works teacher in the Kastamonu 
Arts School. Another master craftsman whom Sultan worked 
with was Yüzbaşı Tahir Bey, father of Kemal Tahir. Mihal 
Raftakis and Stamatis Vulgaris also labored in this workshop as 
master craftsmen; afterwards they continued furniture 
manufacturing in their own workshops. Kayserili (caesarean) 

Salih Bey, Giritli (Cretan) Mustafa, Rupen Ağa and kalemkar 
İbrahim Ağa are reported among other master craftsmen to 
have worked there [6]. 
In 1888, a steam engine at 35 horsepower and a bench plane 
powered with steam power were purchased into this 
workshop. Numerous hand saws and tools were shipped from 
Germany and Japan. These hand saws and tools were not only 
utilized in Tamirhane-i Hümayun, but also were distributed to 
other small workshops in the market and were widely used 
(Picture-3,4) [6]. 

 
Picture 3. II. Abdülhamid’s furniture workshop in Yıldız Palace 

[10]. 

 
Picture 4. Carpenter’s Shop in Palace- Tamirhane-i Hümayun 

[11]. 

Youth of the era preferred to work as civil servants, soldiers or 
ulama rather than scientists or tradesmen; this circumstance 
led to a lack of arts, crafts, industry, science and their 
development according to the Sultan II. Abdülhamid. As a 
result, he created the said workshop to encourage others to 
contribute, among other novelties he had brought in. To act as 
an incentive for the youth, workers of this workshop were 
presented with Order of the Mejidie, Order of Glory and Order 
of Manufacture [6].   
Majority of the furniture manufactured in this workshop are 
furniture whose creators and dates are written on embedded 
brass plates. Furniture produced by the workshop was 
recorded. There are registries and documents related to them, 
which can be found in the Prime Ministry Ottoman Archives. 
There are important properties of the furniture of Tamirhane-i 
Hümayun such as multi-functionality, mobility, inclusion of 
traditional arts (mother-of-pearl, damascening, Ottoman 
motives etc.). This furniture played a prominent role in the 
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propagation of the furniture known as “Eyalet Üslubu” 
(provincial style) throughout the nation.   

2.2 Other Institutions that Manufactured Western Style 
Furniture 

Western style movable commodities like seats, beds were 
rarely used indoors in Ottoman; rather low seats, chests, 
drawers, reading desks, hanging shelves were produced as 
movable commodities in small workshops, as mentioned 
before. 
The miniature displaying seat-makers and chest-makers in the 
Surnâme-i Hümayun (Imperial Festival Books) is the proof of 
furniture manufacture in that era (Picture-5) [12]. However 
they were used in old Turkish coffee-shops and gardens. This 
furniture had no armrests and backrests, or had short 
backrests. The legs of this furniture were wooden and their 
seats were made of cane (Picture 6, 7) [5]. These low seats 
without backrest and armrest were known as “kürsü” 
(rostrum). The manufacturers of low seats were named as 
“iskemleci” (low seat maker) or “kürsücü” (rostrum maker). 
The entirety of various crafts such as shoe making, seat making, 
ironworking, weaving conducted in small workshops in the 
Ottoman was known as “Hirfet” (craftsman). In the early 19th 
Century, furniture manufacture was carried out in small 
workshops based around the sense of Hirfet. In his work, 
Faroqhi writes the inception of western style furniture 
production in Istanbul in the 19th Century [13]. 

 
Picture 5. Low seat makers & Chest makers, Surnâme-i 

Hümâyûn, 1582 (detailed images from TSM H.1344, y. 294a ve 
y. 370a) [12]. 

 
Picture 6. Seats of coffee-shops in Istanbul [14]. 

 
Picture 7. Seats used in coffee-shops in Ottoman [14]. 

It is important to emphasize that international fairs that the 
Ottoman Empire took place in terms of furniture manufacture 
had vital contributions in that regard (Picture-8). 

 
Picture 8. Native manufactured furniture showcased in 

Turkish Pavilion in 1893 Chicago World’s Fair [15]. 

1851 London International Exhibition, 1855, 1867 and 1889, 
1900 Paris Exhibitions, world fairs in London 1862, Vienna 
1873 and Chicago 1893 gave Ottomans the opportunity to show 
their crafting and furniture manufacture capabilities. At the 
same time, they were influenced by what other countries 
presented in said fairs and exhibitions, this brought along 
improvements in furniture manufacturing [16]. 
Due to the financial and presentational profits gained by fairs, 
the first-ever Sergi-i Umumi-i Osmanî (Ottoman General 
Exposition) was opened in the period of Sultan Abdülhaziz. This 
was the first world fair to be held in the Ottoman. This event 
happened due to the personal visit of Sultan Abdülhaziz to the 
International Paris Fair in 1867. After the world fairs, the medal 
winning lounge suits and other household commodities were 
brought to Istanbul especially by Levantine tradesmen and 
were put up to sale [17].   
Aside from these developments, the grand opening of Sanayi-i 
Nefise Mektebi (High School of Fine arts) in 1882 was the 
inception of education in decorative arts along with art history, 
architecture and fine arts; which was an important 
improvement in regards to furniture design. 
When the 19th Century was nearing its end, there were many 
furniture producers in Istanbul, most of who were foreigners. 
Best wooden craftsmen were from Armenian and Greek origins. 
They manufactured the furniture that they saw in western 
pattern books [18]. There were 51 carpenter shops, 28 
furniture shops and a single company that produced garden 
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furniture according to the Istanbul commerce yearbook; these 
yearbooks were named as Salname (almanac) [19].      
As mentioned before, the most famous furniture factories were 
Mihal Raftakis, Stamatis Vulgaris, Tubini, Narliyan, Daryios 
Patriyanu, Fokelstein, Kortesi Biraderler, Jean Balatti, Leon 
Friedmann, Hakkı Usta, Mora Biraderler, Roupen Bedrossian. 
These brands produced furniture for the palace, made 
mentions of this in their advertisements. For example the brand 
Roupen Bedrossian, which produced for the Yıldız Palace, 
expressed their specialty in luxury furniture on their ads and 
announcements. These brands used terms such as “Sultan’s 
Carpenter, Upholsterer” as a sign of prestige. Another 
important proof of how much furniture manufacture was 
valued can be linked to the fact that Sultan II. Abdülhamid 
placed his signature on the advertisements, bills, and 
documents of these factories [19] [16].  
Industrial schools had big contributions to the development of 
furniture production in the 19th Century Ottoman. Vocational 
education institutions were opened for two reasons; first was 
the effect of Westernization as of late 18th Century, second was 
the insufficiency of the guild system in the Ottoman Empire in 
training qualified workers, which fell short in competing 
against western countries. To train expert workers in these 
schools, students were sent to Europe. Also, as stated before, 
master craftsmen who labored in the Tamirhane-i Hümayun 
were assigned to art schools. Zeytinburnu Armory Factories 
and Industrial Schools (1848) were opened. These industrial 
schools were pioneered by workhouses. The state decided to 
open an industrial commission named as the “Islah-ı Sanayi 
Komisyonu,” after it had became evident that the Ottoman 
industry could not hold a candle against the European industry 
thanks to the industrial exhibition of 1863 in Istanbul. This 
commission aimed to create competition against foreign 
commodities in the Ottoman market, receive support from 
efficient countries by founding powerful industrial institutions, 
start mass-production by exporting raw materials, train 
qualified workers by opening proper schools in every art 
branch. To this end, schools with departments of tailoring, 
shoe-making, bookbindery, photography, upholstery, weaving 
and furniture business were primarily opened. After the Niš, 
Russe (1865) and Sofia workhouses, other industrial schools 
were opened in places in the following order; Izmir (1868), 
Bursa (1868), Kastamonu (1868), Bosnia (1868), Erzurum 
(1869), Diyarbakir (1870), Adrianople, Adana, Aleppo, Kosovo, 
Sivas, Tripolitania, Bitola, Shkodër, Thessaloniki, Damascus, 
Baghdad and Konya [20], [21].    
The Istanbul Industrial School was opened in Sultanahmed in 
1868. Ironworking, foundry, machinery, architecture, mining, 
shoe-making and woodworking were taught in this school. 20 
attendees of this school were sent to Europe for education. 
There were books regarding woodworks manufacture written 
in this school, which were utilized widely in manufacture as a 
reference source. The students that passed their 1st grade 
exams received the degree of “apprenticeship”, ones that 
passed 2nd, 3rd and 4th grade exams received the 
“journeyman’s certificate” and the ones that finished the last 
grade received the right of “craftsmanship.” Students who 
finished their education in this school with high degrees were 
given financial/vocational aid. After graduating from the Izmir 
Industrial School, Bedros Efendi became one of the master 
craftsmen of an important furniture workshop [20]. 
After the notice of second constitutionalist period (1908), 
industrial schools were altered into art schools. March 13, 1913 
was the day, when art schools were opened under the 
“Umumiye-i Vilayet Kanunu” (general provincial law). Students 

of these schools were sent to Germany for education in various 
branches such as carpentry. Also experts from Germany and 
Hungary were brought in to provide education. Additionally, 
new art schools were opened in Syria, Haifa, Jerusalem, Jaffa 
and Beirut (Picture 9-10). In 1914, the department of 
decoration was opened in the Istanbul Industrial School; the 
same year also marked the inception of women’s education in 
this school. Another educational institution where production 
was realized via furniture and woodworks business education 
were American Colleges that found their place in the Ottoman 
Empire as a result of missionary activities. In said colleges, 
lectures of carpentry and woodworks were not neglected. As 
one of its important examples; the Elazığ-Harput furniture 
factories (1900) were opened under the body of American 
Colleges (Picture 11-12) [21]. 
During the WW I, the furniture manufacture dwindled, the Refik 
Bey furniture factories provided service until 1950’s, which 
was founded by Selahattin Refik Bey who was regarded as the 
sole decorator of his time [22]. 
Despite all these improvements and novelties in regards to 
creating production factories and developing them by means of 
education institutions to a level that could compete against the 
western industries in various fields and furniture business, 
Ottoman’s attempts did not hold up to task mainly due to the 
situation of politics and economics. However, all these attempts 
improved the furniture education and yielded effective results. 

 
Picture 9. Sivas Hamidiye Marangozluk Mektebi 

(Carpentership School in Sivas)- 1906 (Nazan Maksudyan, 
2014, 126) [23]. 

 
Picture 10 . Diyarbakır Sanat Mektebi (Art School in 

Diyarbakir) – 1927 [24]. 
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Picture 11 . Elazığ Harput American College Furniture 

Workshop (1900) Harput Furniture Factory – Craftsmen seen 
above: Nazaret Aghamalian and Ghazaros Melikian [ 21]. 

 
Picture 12. American College Furniture Workshop [25]. 

There were provinces in the Ottoman dense with small 
workshops due to the availability of raw materials; e.g. the 
province of Maraş. The dense greenery surrounding the said 
province caused the forestry, carpentry and furniture business 
to bloom. In the 1867 (Hegira calendar; 1284) yearbook, we can 
see that the furniture business named as woodworks was 
regarded as an important art in Maraş. In the 1882 (H.C; 1300) 
yearbook, there were recordings of low seats with springs and 
tables imitated off European wood making. In the early 2000’s, 
carpentry made up a big labor branch in Maraş. The governor 
of Maraş, Yahya Dede Paşa presented many gifts to II. 
Abdülhamid, among which there was a pair of chairs hand-
crafted by carpenters from Maraş. This can be given as a proof 
of how much furniture making was improved that had become 
a traditional mode of production in the area [26]. There also 
were yearbooks in the province of Trabzon pointing towards an 
improved carpentry in the early 1900’s [27]. All of these show 
that carpentry entered into a development process in many 
provinces.   

3 Furniture Manufacture in Republic Period 

The republic period was an era of westernization movements, 
and westernization was associated with modernization. 
Architectural works of art and their interiors make up 
important examples of the modernization reflected on the 
community in the early portions of the republican era. World-
wide famous architectural and indoor design styles were 
applied to the structures of the era with professionalism. 
Indoors were furnished in a manner suited to the western style. 
During these improvements in furniture production, furniture 
design was not neglected. Under the idea of 
“Gesamtkunstwerk” (universal artwork); architects, 

sculptureres and artists created designs for furniture. In 1927, 
students were sent to Czechoslovakia, Germany, Belgium, 
France, Italy and Switzerland for education purposes in regards 
to furniture design.  
Students upon returning from finishing their education were 
assigned to art schools in Istanbul, Ankara and Izmir to teach in 
the department of Woodworks. In 1936, the School of Technical 
Education in Ankara was opened, which included the 
departments of Woodworks & Metal Works; this helped 
develop the furniture industry. Schools of this caliber were 
opened in other provinces later on. Istanbul Maçka Vocational 
Technical School that opened in 1949 is an example of this. 
Improvements in regards to furniture education continued 
with the introduction of the Department of Industrial Design 
into the Istanbul Fine Arts Academy in 1971 and the opening of 
Istanbul High School of Industrial Arts in 1974 [28].  
In the wake of the education given in terms of woodworks 
throughout the nation, the number of furniture manufacturing 
workshops increased in many provinces. E.g.; there were 250 
carpenters recorded in the initial years of the Republic in 
Safranbolu [29]. 
Apart from the mentioned improvements, the Modernization 
movement, along with the introduction of the Republic, went on 
to affect the furniture usage among community. Local and 
foreign journals of the time influenced the household 
furnishing via western style. To exemplify local journals; 
Modern Türkiye Mecmuası (Modern Turkish Journal), Muhit 
Dergisi (Journal of Locality) can be given; as to the foreign 
journals, we can consider the following one as effectual; Ladies 
Home Journal, Woman’s Home Companion, Scherl’s Magazine 
[30]. 
Woodworks and carpentry know-how were given as education 
starting from 1930’s until today in Public Education Centers, 
and in Vestibule Schools & Village Institutes as of 1940’s. A 
student who finishes a village institute does not only become a 
primary school teacher, but also receives hands-on training in 
the fields of crafting, health, masonry, metal works, tailoring, 
fishery, apiculture, viticulture, carpentry (Picture-13). 
Carpentry and woodworks educations are still given in Public 
Education Centers even today. Among these education centers, 
the İskilip Public Education Center is the biggest one in Turkey 
and receives attraction due to its woodworks workshop 
(Picture-13) [31].   

 
Picture 13. İskilip Public Education Center Furniture 

Production Workshop [31]. 

In 1929, contemporary furniture designs were being made 
under the leadership of Austrian Professor Philip Ginther in the 
inner Architecture workshop established within the Istanbul 
Fine Arts Academy. Starting from the 1930’s, there have been 
various designs created by interior architects and designers 
such as Vedat Tek, Sedad Hakkı Eldem, Zeki Sayar, Aptullah 
Ziya, Seyfi Arkan, Fazıl Aysu; painters such as Zeki Kocamemi; 
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ceramic artists such as Füreya Koral; in the 1950’s and 1960’s, 
sculptureres such as İlhan Koman, Sadi Öziş, Şadi Çalık; and in 
the 1970’s, important designers such as Önder Küçükerman, 
Güner Mutaf as well as many more [32]. 

 
Picture 14. Furniture Education in Balikesir Village Institute 

[33].  

Turkish furniture designers attending international furniture 
contests and coming in high places was another encouragement 
factor (Picture-15). A paper written in the respective Architect 
journal regarding Nazimi Yaver Yenal was about the Furnishing 
Project Contest of the Yıldız Palace. In the 1934 written paper, 
it was stated that jury members Ernst Egli, Samih Saim, 
Selahattin Refik, who were important figures of the time, 
announced the victor to be the Nazimi Yaver’s project, which 
had sent six of them, among other important competitors such 
as Dekoratör Ginther, Vedat Ömer and furniture organizations 
such as Psalti, Kifyoti. This content “having been won by a Turk” 
became a source of joyous pride, and the fact that modern 
furniture could be designed by the Turkish received attention 
[34]. 

 
Picture 15. Nazimi Yaver’s price-winning furniture design, 

1932 [35]. 

In the 1950’s, then workshop-based furniture sector shifted to 
being fabrication-based with the industrialization process 
Turkey entered. Furniture design and manufacture was 
pioneered by the Moderno brand, which was established by 
Baki Aktar and Fazıl Aysu in 1953, and by the Kare Metal 
Corporate, which was established by Sadi Öziş and İlhan Koman 
(with the participation of Şadi Çalık later on) [36]. In the 1960’s,  
the establishing of the Interno Furniture Corporate by the 
Academy students Yıldırım Kocacıklıoğlu and Turhan 
Uncuoğlu, the simultaneous opening of a furniture and 
decoration store under the name of Form by the architects 
Ratip Erhan and Sadun Ersin, opening of the MDP (Furniture, 
Decoration, Project) by Azmi and Bedin Kozun in Ankara as well 

as the establishing of Şark Furniture brand by Selçuk Millar and 
Ali İhsan Şark, and the designs created by figures such as Turgut 
Cansever, Şevki Vanlı for this brand can be counted among the 
important phases of modern furniture production [34].  
The Sim Furniture Factory that was established in Izmir-
Ödemiş is the first mass-production furniture factory in Turkey. 
This factory overlooked the first-ever portable mass-
production in 1957 and the first manufacture of a hide-a-bed in 
1972. It is noteworthy to mention the importance of corporates 
that mass-produce furniture, and the utilization of 
contemporary products such as particle board and formica by 
their side. The first ever particle board manufacture was 
realized in 1972 in the factory established by the Kerimol 
Siblings in Istanbul, Kartal in 1954 [5].   
In the 1970’s, metal furniture and office furniture were started 
to be manufactured. Concurrently, the first furniture 
supermarket (MEDAŞ) of Turkey was opened in 1974, in 
Istanbul [28]. Turkey’s first modular and panel furniture 
production factory (Kelebek Furniture) was established in 
1978. After this date, many new institutions have been opened 
in Turkey, which provided modular/mass-production of 
furniture. The first Turkish TV-ad for furniture was aired in 
1985, and the first furniture to ever receive a TSE (Turkish 
Standards Institute) certificate was manufactured in 1987-
1988 [36]. 

 
Picture 15. Low seat production in Republic Period [37]. 

According to the temporary results of the State Statistical 
Institution’s General Census of Industry and Business 
Establishments; the number of business establishments in the 
industrial furniture sector was 29.346 in 2002, this number 
increased to 45.564 in 2009. The number of employed 
personnel in the aforementioned field was 92.567, this number 
increased to 175.091 in 2009 [38]. Business establishments in 
the furniture sector make up the 10 percent of the business 
establishments in the manufacturing industry [39]. 
According to the Turkish Statistical Institute’s data, the number 
of unregistered companies within the sector is 50-60%. The 
furniture sector in Turkey is gathered in certain places, where 
the market is dense and/or forestry products are abundant. The 
following is how the important furniture manufacture areas are 
put in a respective order based on their estimates in total 
employment; Istanbul, Ankara, Bursa, Kayseri, Izmir and 
Adana. Aside from these; Bolu, Eskişehir, Sakarya, Zonguldak, 
Trabzon, Balikesir, Antalya and Burdur are other provinces that 
produce furniture. The Masko (778 stores) and Modoko (350 
stores) locations in Istanbul are organized industrial areas, in 
which many small-sized workshops are situated. The capital 
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city Ankara has always been an important center of furniture 
manufacture. In the Siteler quarter of Ankara that was 
established in the 1960’s, there are over 10.000 companies, 
both small and big.  Bursa-İnegöl is another center of important 
furniture manufacture. Kayseri is an essential production 
center containing big institutions that yield the biggest amount 
of furniture manufacture in Turkey [40]. The volume of 
furniture manufacture increasing annually and the improved 
export has caused the international design and production 
standards to flourish and develop in the furniture business, 
Turkey developed its own standards in regards to the furniture 
design and manufacture, while staying conformant to the said 
international standards. 

4 Conclusion 

Until the 19th Century, the Ottoman community, where the life-
sustaining indoor needs of the people were met with a very 
small number of movable objects, was a place of small-sized 
workshops that manufactured in limited varieties such as low 
seat, reading desk, drawer, and chest manufactures. The 
crafting groups named as the “Hirfet” was at the foreground, 
until the Westernization movements in the 19th Century began 
affecting the habits of furniture usage. Western style sitting 
furniture was seldom to come by in the Ottoman palaces, 
despite the fact that furniture was shaped based on the habits 
and traditions that naturally came with the nomadic life-style. 
The western style furniture spread to the society’s every layer 
starting from the aristocracy and the western style furniture 
manufacture began as a result of the Westernization 
movements in the 19th Century. In this regard, innovator II. 
Abdülhamid and his creation Tamirhane-i Hümayun were the 
pioneers. Tamirhane-i Hümayun provided service as a factory 
with its own administrative structure, rather than a furniture 
workshop attached to the palace. The master craftsmen 
working in this workshop established their own workshops 
and factories later on, which helped the furniture manufacture 
mature. The furniture catalogs and tools that were brought in 
from abroad for the Tamirhane-i Hümayun were utilized by 
these workshops as well, which in turn improved the furniture 
manufacture. Many new furniture shops and stores were 
opened to operate as furniture retailers. 
Westernization movements brought novelties in terms of 
education such as Workhouses, Industrial Schools and 
American Colleges; these included departments such as 
carpentry, woodworks, upholstery; the said changes helped the 
furniture manufacture develop. In 1882, the opening of Sanayi-
i Nefise Mektebi (High School of Fine Arts) and the inclusion of 
furniture design in the department of Decorative Arts by the 
school was one of the most important phases undertaken in 
that regard.   
These developments in terms of furniture manufacture 
observed in the last portion of the Ottoman Empire were 
carried on by the Republic era. The improvements and effects 
reflected in education were continued by the Public Houses, 
Vestibule Schools and Village Institutes. The fact that Sanayi-i 
Nefise Mektebi provided service even in the Republic era under 
the name of Istanbul State Fine Arts Academy caused technical 
schools to open mainly in Ankara and Istanbul, and studies 
were conducted in the field of manufacture by assigning many 
furniture designers to these schools.  
In the Ottoman period, the international relationships in the 
furniture business that were developed with export, fairs and 
exhibitions held up into the Republic era. Today, the furniture 
sector makes up an important export branch that is centered on 

Istanbul, Ankara, Bursa, Kayseri, Kocaeli, Izmir and Adana. The 
workshops that function mostly via traditional methods in the 
Turkish furniture industry are governed by small-sized 
business entities. However, middle and big-sized business 
entities started participating as of the 1990’s, thereby 
increasing the nation’s manufacture capital by 3% and 
providing important information. Turkish furniture sector 
production output and the export are estimated to reach 25 
billion in 2023 and 10 billion dollars, respectively; these 
numbers can be reached when the following is considered: 
estimate amounts of furniture manufacture, number of 
producing companies, production outputs, selling prices, 
export output, extent of the building trade, and the off-the-
record behavior shown in the sector. Increasing ever since 
2001, the Turkish furniture sector has a lot of potential for 
further growth, as it ranks at the 19th place in the worldwide 
furniture export with its 1,9 billion dollar worth export capacity 
to 214 nations, and ranks at the 14th place in Europe [38]. 
Without a doubt, all these improvements mentioned above 
stem from the attempts undertaken in the Ottoman period.   

5 References 

[1] Şehsuvaroğlu, H., “Eski İskemle ve Koltuklara Dair”, 
http://earsiv.sehir.edu.tr:8080/xmlui/bitstream/handle/
11498/17687/001583556010.pdf?sequence=1&isAllowe
d=y, erişim tarihi: 27.06.2015. 

[2] http://ekitap.kulturturizm.gov.tr/Eklenti/13930,cbtaht-
3pdf.pdf?0, erişim tarihi: 27.06.2015.  

[3] Demirarslan, D., “Batılılaşma/ Modernleşme Sürecinde 
Türk Barınma Kültüründeki Değişimin İstanbul Kent 
Dokusuna Yansımaları”, 7. Uluslar arası Türk Kültürü 
Kongresi Türk ve Dünya Kültüründe İstanbul, Atatürk 
Kültür, Dil ve Tarih Yüksek Kurumu Atatürk Kültür Merkezi, 
5-10 Ekim 2009, Ankara. 

[4] https://www.tbmm.gov.tr/yayinlar/brosurler/yildiz-sale-
2014.pdf, erişim tarihi: 27.06.2015. 

[5] Emiroğlu, K., Gündelik Hayatımızın Tarihi, Dost Yay. 
Ankara, 2001. 

[6] Demirarslan, D., “Sultan Abdülhamid Han’ın Mobilya 
Sanatına İlgisi”, Sultan II.Abdülhamid Sempozyumu, Bildiri 
kitabı, TTK, Ankara, 3. Cilt, 2014, s: 159-200. 

[7] Tahire Kalender Arşivi 
[8] Terzi, A., Hazine-i Hassa Nezareti, Türk Tarih Kurumu, 

2000, Ankara. 
[9] İrez, F., XIX. Yüzyıl Osmanlı Saray Mobilyası. Atatürk Kültür, 

Dil ve Tarih Kurumu Atatürk Kültür Merkezi Yayını, Ankara, 
1988. 

[10] Ahmet Özgür Türen Arşivi 
[11] Türkoğlu, S.,  “Marangoz Padişah Sultan II. Abdülhamid”, 

Antik Dekor Dergisi, Sayı: 50. 
[12] Arıburun, L.N. E., 19. Yüzyil Osmanli Saray Mobilyaları: 

Batılılaşma Etkisi ve Biçimsel Açıdan Yemek Kültüründeki 
Değişim Süreci, İTÜ, Dr. Tezi.2012. 

[13] Faroquhi, S. Osmanlı Kültürü ve Gündelik Yaşam. Tarih 
Vakfı Yurt Yay.2002, İst. 

[14] http://www.tariharastirmalari.com/kahvehaneler.html, 
erişim tarihi: 27.06.2015. 

[15] http://www.etsm.org.tr/etsm/index.php?r=kronoloji/vie
w&id=140, erişim tarihi: 27.06.2015. 

[16] Küçükerman, Ö., “Osmanlı İmparatorluğu’nda Mobilya- I”. 
Tombak Antika Kültürü Koleksiyon ve Sanat Dergisi, 1998, 
Sayı 21, s. 22-30. İstanbul.   

[17] Akın, N., 19.yy.’ın İkinci Yarısında Galata ve Pera, 2002, 
Lİteratür Yay. İst.  



 
 
 
 

Deniz DEMİRARSLAN 
IFC 2016 International Furniture Congress 13-15 October 2016 

 

385 
 

[18] Artukoğlu, P., “Batılılaşma’nın Osmanlı  Aile Yaşamındaki 
İzleri”, 7. Uluslar arası Türk Kültürü Kongresi Türk ve 
Dünya Kültüründe İstanbul, Atatürk Kültür, Dil ve Tarih 
Yüksek Kurumu Atatürk Kültür Merkezi, 5-10 Ekim 2009, 
Ankara 47-57). 

[19] Semiz, Y., Kuş, R., “Osmanlı’da Mesleki Teknik Eğitim, 
İstanbul Sanayi Mektebi, 
http://turkoloji.cu.edu.tr/GENEL/yasar_semiz_recai_kus_o
smanlida_mesleki_teknik_egitim.pdf, erişim tarihi: 
27.06.2015. 

[20] Yıldırım, M.A., “II. Meşrutiyet Devrinde Vilayet Sanayi 
Mekteplerini Yeniden Yapılandırma Girişimleri: Vilâyât 
Sanayi Mektepleri Tertibatı,”, 
http://dergiler.ankara.edu.tr/dergiler/18/1744/18525.pd
f, erişim tarihi: 27.06.2015. 

[21] http://www.houshamadyan.org/en/mapottomanempire/
vilayetofmamuratulazizharput/harputkaza/economy/trad
es.html, erişim tarihi: 27.06.2015. 

[22] [22] Tosun, Ç., B., Özsu, A.C.,  “Cumhuriyet Döneminin Art 
Deco Mobilya Tasarımları: Selahattin Refik Sırmalı ve 
Atatürk’ün Çalışma Odası”,  Ankara Araştırmaları Dergisi  
Journal of Ankara Studies,  2(2), 216-235, Aralık/December 
2014. 

[23] Özlem Çiçek Kaya Arşivi. 
[24] http://www.bilinmeyendiyarbekir.com/tarihte_egitim.ht

ml, erişim tarihi: 27.06.2015 
[25] http://www.ebay.com/cln/mlmetalsmith/posted/101349

875011, erişim tarihi: 27.06.2015. 
[26] Şahin,H., “Osmanlı Döneminde Maraş’ta İktisadi Faaliyetler: 

19. Yüzyılın Sonu ve 20. Yüzyılın Başlarında” , Gaziantep 
Üniversitesi Sosyal Bilimler Dergisi 
(http://sbe.gantep.edu.tr) 2011 10(3):1057 -1076.. 

[27] Öztel, M., “Osmanlı Devleti’nde Sosyoekonomik Yapısıyla 
Öne Çıkan Vilayet ve Sancakların Kamu Maliyesindeki Yeri 
ve Önemi  (1325-1327/1909-1912)”, Maliye Dergisi, Sayı 
160  Ocak -Haziran 2011, 204-227. 

[28] http://www.datumm.org/tr/firma?id=12, erişim tarihi: 
27.06.2015. 

[29] Çınar, H., “An Overview of the Furniture Design Education 
and the Furniture Industry in Turkey”, Education and 
Science 2005, Vol. 30, No 137 (82-88).  

[30] Yazıcıoğlu, H., Safranbolu Tarihi, Şa-To Türkiyat Yay. İst., 
2001. 

[31] Özer, İ., Batılaşma ya da Batılılaşma , Truva yay., İst, 2005. 
[32] http://www.yaylahaber.com/iskilip/iskilip-halk-egitim-

yeni-binasina-tasindi.htm, erişim tarihi: 27.06.2015. 
[33] Murat Çobanoğlu Arşivi 
[34] Şumnu, U. erken Cumhuriyet Döneminde Mobilya. İç 

Mimarlar Odası Yayını, Ankara, 2013. 
[35] Arkitekt Dergisi, 1932. 
[36] Demirarslan, D.. “Standardization of Furniture Design and 

Production in Turkey”, 12th International Conference 
Standardization, Protypes and Quality: A Means of balkan 
Countries’ Collaboration. 22-24 October 2015, 355-360. 

[37] https://scontent-frt3-1.xx.fbcdn.net/v/t1.0-
0/s526x395/12795375_1054436134597955_103517799
7480138088_n.jpg?oh=e68bee1add51e51f82f3f9ca67f10f
dc&oe=57CAAF3F, erişim tarihi: 27.06.2015. 

[38] TOBB, Türkiye Mobilya Ürünleri Meclisi Sektör Raporu, 
2012. 

[39] ÇKA, Mobilya Sektörü Araştırma Analiz Raporu, 2014: 17. 
[40] OAIB, Mobilya Sektör Raporu, 2011, 8. 



 
 

 

386 
 

EVALUATION OPPORTUNITIES OF IMPREGNATED PRODUCTS CONTAINING 
CREOSOTE THAT COMPLETED THE SERVICE LIFE IN WOOD PLASTIC 

COMPOSITES (WPCs): SURFACE CHANGES UNDER ACCELERATED 
WEATHERING 

Selcuk AKBAS1*, Ali TEMIZ 2, Engin Derya GEZER 2, Gaye KOSE DEMIREL 2 

1Artvin  Coruh University, Faculty of Forestry, 08000, Artvin, Turkey 
selcukakbass@gmail.com  

2Karadeniz Technical University, Faculty of Forestry, 61080, Trabzon, Turkey 
temiz@ktu.edu.tr , engine_gezer@yahoo.com , gaye.kose@hotmail.com  

 
 
 
 

 
*Corresponding author 

 

 
Abstract   

Concerns about the safety and environmental impacts of impregnated recovered wood have increased in recent years and so has also research into 
methods to solve the handling problem of this important material. Despites many attempts have been done to solve the problems related to out-service 
treated wood, a few studies were done to utilize them to produce WPCs as filler. The production of wood plastic composites (WPCs) in the thermoplastic 
industry has gained much acceptance in recent years and is expected to keep growing. This type of composite material has become an important family 
of engineering materials due to the increasing need for sustainable, recyclable and renewable materials. In this study, accelerated weathering 
performances of Wood-Flour/High Density Polyethylene Composites produced in order to the recycle and remediate of creosote treated poles removed 
from service were investigated. According to the parameters obtained in accelerated weathering test the WPCs produced from creosote treated wood 
powder showed the important performance (moisture content, discoloration, roughness, hardness, gloss). 
Keywords: Creosote, Recycle, Remediation, Wood Plastic Composites, WPCs, QUV 
   

 

HİZMET ÖMRÜNÜ TAMAMLAMIŞ KREOZOT İÇEREN EMPRENYELİ 
ÜRÜNLERİN ODUN PLASTİK KOMPOZİTLERİNDE (OPK) DEĞERLENDİRME 

OLANAKLARININ ARAŞTIRILMASI: BENZETİLMİŞ DIŞ ORTAM SONRASI 
YÜZEYSEL DEĞİŞİMLER 

Özet   

Atıl haldeki emprenyeli ahşap malzemelerin çevresel etkileri ve güvenliği üzerine son yıllarda endişeler artması sonucu çalışmalar bu soruna 
yoğunlaşmaktadır. Atıl halde kalan ve hizmet süresi sona eren ahşap malzemeler, her ne kadar birçok çalışmaya konu olsa da çok azında OPK üretiminde 
kullanılabilirliğe vurgu yapılmıştır. Termoplastik sektöründe Odun Plastik Kompozit (WPCs) üretimi, son yıllarda büyük ölçüde kabul görmekte ve 
uygulama açısından her geçen gün büyümektedir. Sürdürülebilir, geri dönüştürülebilir ve yenilenebilir malzeme olmaları nedeniyle OPK’lar mühendislik 
malzemelerinin önemli bir üyesi haline gelmiştir. Bu çalışmada, hizmet ömrünü tamamlamış kreozot içeren emprenyeli tel direklerinin geri dönüşümü ve 
remidasyonu amacıyla üretilen Odun Unu/Yüksek Yoğunluklu Polietilen Kompozitlerin benzetilmiş dış ortam performansları incelenmiştir. Benzetilmiş 
dış ortam testleri sonrası elde edilen parametrelere göre (rutubet, renk, pürüzlülük, sertlik ve parlaklık değişimleri)  kreozot içeren emprenyeli odun 
unları ile üretilen OPK’larda yüksek performans gözlenmiştir. 
Anahtar Kelimeler: Kreozot, Geri Dönüşüm, Remidasyon, Odun Plastik Kompozitleri, WPCs, QUV 
   

 

1 Introduction 

Wooden materials must be definitely put through the 
impregnation process in order to lengthen their service life. 
Otherwise, this means economic loss. According to FAO (the 
Food and Agriculture Organization of the United Nations), the 
economic damage that occurs in buildings due to deterioration 
is equal to the unit cost of the material used. On average 30 
million m3 of wood are impregnated each year in wood 
protection industry around the world, and approximately 500 
thousand tons of impregnated products are consumed [1], [2]. 
Water-based impregnating agents containing copper together 
with organic-based PCP (pentachlorophenol) and creosote of 

oily character are among the most important wood protection 
substances in the protection of wooden materials. Thus, wood 
protection sector entered into an important metamorphosis 
with the use of the chemicals having a high toxic effect. For 
instance, although the use of creosote used as an impregnating 
agent for 2 centuries has been limited in many areas, its use in 
railway traverses continues and it is not abandoned in this area. 
Such that its price has doubled in recent years. The use of 
creosote was allowed until 2018 in Europe. Thereafter is 
controversial and not clear [3]. Impregnated products 
containing Creosote, the service life of which has ended, and 
CCA (makes up 85% of the waste impregnated wood) can be 
reused in bridges, fences, and many other areas. Nevertheless, 
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serious limitations have been introduced after implementing 
2001/90/EC and 2003/2/EC (classification of the waste wood 
containing creosote and CCA impregnation substances as a 
hazardous material) directives. The service life of more than 35 
million utility poles in Europe (45% creosote, and 39% CCA) 
ended. Furthermore, 8 thousand utility poles are replaced this 
way each year (ETNO, 2007; ECD, 2008; Gezer et al., 2015). 
Impregnated wooden materials are stored without any 
protection process in insecure areas or directly used as 
firewood as there is no legislation in our country on how to 
dispose of these materials that have completed their service 
life. Thus, the mixing of the heavy metals and toxic chemicals 
they contain with soil and drinking water over time causes 
serious environmental problems as well as threatens human 
health. Implementation of the methods that will minimize 
environmental pollution has become compulsory with the 
increase in the value attributed to ecologic balance nowadays 
and the entry into force of protective measures. Consequently, 
in many countries, it is necessary to recycle the products 
containing impregnation substances (utility poles used in 
transmission lines, poles used in the areas in contact with sea 
water, wooden products used in parks and gardens, etc.) 
without damaging the environment after they have been used 
and completed their service life. One of the recycling systems in 
question is wood plastic composites (WPCs). WPCs are 
superior materials produced with the help of various systems 
(extrusion, injection, press molding) strengthened using 
adaptive agents and additives according to the place of use, 
where wood particles are trapped with the melting of plastic. 
As filler, not only wood but all other materials of lignocellulosic 
structure, agricultural waste and materials of fibrous structure 
are included in this definition [4-7]. WCPs were first produced 
in 1916 as a gearshift in Rolls-Royce cars by bringing together 
phenol-formaldehyde and wood powders (bakelite). Its 
modern production became widespread in the 1970s in Italy, 
and then all around the word by being produced in the USA in 
the 1990s. Although wood thermoset composites date back to 
the early 1900s, thermoplastic polymers are regarded quite 
new in WPCs. In 1983, the inner bodies of American Woodstock 
company cars were produced using polypropylene (PP) and 
wood powders using the extrusion system. Thereafter, WPCs 
started to be preferred instead of many products. Today, 
wooden plastic composites have become a dynamic industry 
branch as construction elements [6], [8]. WPC industry 
obtained a market of 3.9 billion dollars in the USA in 2005. This 
market includes many products such as deck production, 
fences, insulation materials, garden furniture, window profiles 
and doors. Apart from these, it became the most popular 
product type especially in marine construction elements, yacht 
flooring, railway traverses, and many areas of use that are in 
contact with soil. Many superior qualities such as having a very 
good dimensional stability, high mechanical and thermal 
resistance properties, resistance against UV lights, resistance to 
biotic pests, production efficiency, raw material diversity, and 
continuity can be listed as the reasons for its having such a wide 
area of use when compared to alternative products. WPC is also 
an important transformation tool in solid waste management. 
Plastics, which make up 11.8% (500,000 tons) of 246 million 
tons of solid waste in the USA, are considered within the scope 
of this industry branch. In 2004; 8.25 million tons of plastic in 
Western Europe and 35 thousand tons of plastic in New 
Zealand were used in the production of WPCs in the same way 
[6], [8], [9]. In the last 20 years, WPC has been frequently used 
in construction elements, automobiles, floorings, and fences. As 
a new generation engineering product, WPCs have many 

advantages such as ease of processing, colourability, dye 
affinity, having good surface properties (surface roughness, 
brightness, etc.), being/looking natural, being water-repellent, 
etc. However, they may decay as wooden materials as a result 
of lignocellulosic fill materials they contain, be exposed to 
termite attack or degrade under the UV light. Thus, WPCs are 
supported with additives that are suitable for their place of use. 
It is considered that adding wood protection materials or 
including the impregnated inactive wood in WPC production 
will be a solution for the unwanted properties of WPCs [9]-[13]. 

2 Materials and Methods 

2.1 Materials 

In this study, removed wooden utility poles after using 26 years 
were provided by Turkey Electricity Distribution Corporation/ 
Artvin. The wooden posts treated with creosote were Scots pine 
(Pinus sylvestris L.). Virgin Scots pine wood flour as a control 
was also used in order to compare the wood plastic composites 
produced using creosote treated and remediated wood flour. 
Recycled and granulated high density polyethylene (R-HDPE) 
was supplied by Ayan Plastic co.ltd. Maleic anhydrite grafted 
polyethylene (MAPE-Clariant Licocene PE MA4351-GR) as a 
coupling agent was commercially (Clariant) obtained. 

2.2 Determination of Creosote Content 

The amount of creosote was determined according to the 
AWPA A6 [14]. Three different parts of poles which were 
bottom (3m), middle (6m) and upper (9m) by the 10 cm thick 
cylinders were taken for extraction process. The air dried wood 
flours (Wf) were grinded into small particles using Willey mill. 
Then grinding Wf was screened to 60 mesh (250 µ). 200 ml 
solvent (toluene) and 2 ml deionized water in a 500 ml flask 
was placed extraction system in a heating oven at 125±5 °C.  5 
gr Wf was placed in an extraction cartridge for 6 hours. The 
creosote content %C: 
𝐶 = [(w1 –w2 − w3)/w2] × 100 (1) 

where w1 is the weight before extraction (g), w2 is the weight 
(100 °C) after extraction (g) and w3 is the amount of water in 
the wood (g), (1,00 ml=1). 

2.3 Remediation 

Particles were generated from creosote treated wood poles and 
ground in a laboratory scale grinder to pass a screen of mesh 
size 60 in total 2 kg. Ground creosote treated wood was stored 
in an airtight jar for remediation. Then, wood samples were 
exposed n-Hexane solution at 68 °C for 4 hours in soxhlet 
extraction system. After all, the samples were subjected to 
washing with acetone and ethanol, respectively. 

2.4 Determination of Polycyclic Aromatic 
Hydrocarbons (PAH-18) 

Creosote treated sawdust samples were analyzed by GC/MS 
analysis to determine the initial PAH content. After remediation 
process, especially benzo(α)pyrene and PAH (18 
components) defined by US-EPA (US Environmental Protection 
Agency) were determined by GC/MS. 

2.5 Preparation of Compression Molded Wood Plastic 
Composites 

The air dried wood flours were grinded into small particles 
using Willey mill. Then grinding Wf was screened to 40 and 60 
mesh size particle and dried to oven-dry moisture. The selected 
wood flour was dried for 24 h at 103 ± 2 °C. It was then mixed 
with the R-HDPE in a high-intensity laboratory mixer (Shini 
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SVM-80U, China) according to Table 1. This mixture was 
compounded in a single-screw laboratory extruder (Rondol 
linear 30, UK, L/D ratio 30:1). The temperature profile set 
toward the die end for 170-175-180-190 ᵒC. Screw speed 
calibrated at 100 rpm. The experimental design of the study is 
presented in Table 1.  

Table 1. Composition of the Polymer Composites. 

Material Polymer  
Coupling 

Agent (%) 
WF 
(%) 

Group  
ID 

Creosote 
Treated Wood 

Flour 

R-HDPE 

0 
30 K30PE%0 
40 K40PE%0 

50 K50PE%0 

3 

30 K30PE%3 

40 K40PE%3 

50 K50PE%3 

Control (Virgin 
Pine) 

0 

30 S30PE%0 

40 S40PE%0 
50 S50PE%0 

3 
30 S30PE%3 
40 S40PE%3 

50 S50PE%3 

Remediated 
Wood Flour 

0 50 E50PE%0 

3 50 E50PE%3 

Extruded samples were collected, and granulated into pellets 
by Rondol 3212. Finally pellets were compressed by using 
teflon sheet into 5 x 160 x 170 mm size composites for 4 min 
175 ᵒC at 8,5-10 MPa . Manufacturing process is summarized 
Figure 1. 12 sheets were produced for each group and sized 
according to the relevant standard. 

 

Figure 1. Manufacturing process. 

2.6 Artificial Weathering 

WPCs specimens were cut from extrudates whose dimensions 
5 x 75 x 105 mm (thickness x wideness x length) were 
dependent on the standard testing methods used. Artificial 
weathering experiment was performed in a QUV weathering 
device (Q - Lab, USA) equipped with eight UVA 340 lamps 
according to principles of ASTM G154 [15] standard. Specimens 
were exposed with 45° angle to cycles of 8 h UV-light irradiation 
followed by condensation for 4 h in QUV device at three periods 
(500 h, 1000 h and 1500 h). The average irradiance was 0.89 
W/m2 at the maximum intensity of 340 nm wavelengths (λmax 
= 340 nm). The temperature at the light irradiation period and 
at the condensation period was 60°C and 50°C, respectively. 
Since the moisture content is an important parameter affecting 
the properties of WPCs, specimens were conditioned at 20°C 
and 65% relative humidity until constant weight was achieved 
before and after artificial weathering experiment. Therefore, 
moisture, weight, surface roughness, color, hardness and 
glossiness measurements were performed on conditioned 
specimens and the measurements were not affected by having 
different moisture content of specimens before and after 
weathering. 

2.7 Moisture Changes and Weight Loss 

Weight and moisture changes of WPCs which are exposed to 
weathering were determined by percentage. At the end of the 
exposure time, the specimens were dried at 103±2 °C’ for 
calculation of the mass loss. Weight and moisture changes were 
calculated using following: 

𝑅% = [(mr –m0)/m0] × 100 (2) 
𝑀𝐿% = [(mBT –mAT)/𝑚BT] × 100 (3) 

where R is the moisture changes %, mr is the weight after 
exposure (g), m0 is the weight before exposure (g), MS is the 
mass loss %, mBT is the dried weight before test (g) ve mAT: mBT 

is the dried weight after test. 

2.8 Surface Roughness 

TR100 (TIME) instrument was employed for surface roughness 
measurements according to ISO 4287 [16] standard. Two 
roughness parameters which are mean arithmetic deviation of 
profile (Ra) and arithmetic mean of the most 5 point height-low 
irregularities. The cut-off length was λc=2.5 mm, the sampling 
length was 12.5 mm, the detector tip radius was 10 µm and 
diamond-tipped scan detector with 90º angled was used in the 
surface roughness measurements. Test was performed with 
speed of 0.5 mm/sec to perpendicular on the surface. 

2.9 Color Measurements 

The surface color of the WPCs was determined according to ISO 
7724 [17]. Konica Minolta CM-2600d spectrophotometer was 
used for color measurements and parameters were calculated 
by CM-S100w SpectraMagic NX Lite software. The three color 
parameters were defined in 1976 by the Commission 
International de i’Eclairage (CIELAB) color system [18]. As 
defined by the CIE, L* is represent the lightness, and a* and b* 
are the chromaticity coordinates. The color coordinates for 
control and weathered materials were meausure in triplicates. 
Color change (E*) of the weathered samples was then 
calculated from Equations (4, 5). 

L* = Lf*-Li*, a* = af*-ai* ve b* = bf*-bi* (4) 

E* = 
222 *** baL   (5) 

Where, -f and -i denote the values before and after UV exposure, 
respectively. An increase in L* indicates lightening of the 
samples. An increase in a* represents a color shift towards red 
while a decrease a shift towards green, while an increase in b* 
is a shift towards yellow and decreasing a shift towards blue. 
Color changes were monitored after 500 h, 1000 h and 1500 h 
of the UV light exposure. Low E* value shows the lower change 
on surface color. 

2.10 Surface hardness 

The surface hardness of WPCs was measured as the König 
hardness according to ASTM D 4366 [19]. Pendulum Hardness 
Tester (Gardner) was used for hardness measurements and 
calibration test machine was made in the prior and 
measurement range. Wood specimens were placed on a panel 
table, and a pendulum was placed on the panel surface. Then, 
the pendulum was deflected through 6° and released, at the 
same time, a stopwatch was started. The time for the amplitude 
to decrease from 6° to 3° was measured as König hardness. 
Changes were monitored after 500 h, 1000 h and 1500 h 
exposure weathering.  

2.11 Gloss Measurements 

Surface gloss of the composites during the weathering was 
determined with a gloss meter (BYK/Micro-TRI-Gloss) 
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according to the ASTM D523 [20] standard with test angle of 
20°, 60°, 85°. Calibration test machine was made in the prior 
and measurement range with smooth black glass surface 
(refractive index 1.567, brightness 100 for each geometry). 
Gloss values were averaged from measurements on four 
different locations, one of which was at the center of the 
samples. 

3 Results and Discussions 

3.1 Creosote Content and Remediation 

Creosote content of removed wooden utility poles was obtained 
39% (retention 62 kg/m3) according to standard. Roliadi et. al 
[21] found that weathering of the poles had caused reduction in 
creosote content so that the residual content of the outer and 
upper portions of the poles was lower than the inner and 
bottom portions. Of the Creosote-PAHs components with n-
Hexane extraction were analyzed GC/MS. As extraction 
efficiencies of PAH content and benzo(α)pyrene were 66% 
and 62%, respectively. PAHs are hydrocarbon compounds 
which contain two or more benzene rings. They are ubiquitous 
in the environment and are suspected or known mutagenic and 
carcinogenic [22].  

3.2 Moisture Changes and Weight Loss 

The moisture (relative humidity) exchange % that occurred in 
WPC groups during accelerated weathering test and the weight 
loss values % at the end of the test are presented in Figure 2. 

 

Figure 2. Moisture changes and weight losses. 

Accordingly, the moisture exchange and weight loss in the 
creosote groups were lower compared to the remediation and 
control groups. It was observed that the moisture content 
usually increased depending on the time. At the end of the test, 
the lowest weight loss in the K30PE%3 (1,5%) and the highest 
weight loss in the E50PE%0 (4,9%)were observed in HDPE 
groups. It was observed that the moisture content and weight 
loss in WPCs increased with the increasing wood ratio, and they 
decreased with the addition of compatibilizer. The weight loss 
in the remediation group was decreased by 18% in YYPE 
groups with the addition of compatibilizer. WPC materials have 
many advantages compared to alternative materials and are 
gradually increasing their market share in the industry. 
Scientific studies focus on the durability of these products 
which are increasingly becoming widespread in the places of 
use. There are quite limited numbers of studies on the outdoor 
test of WPCs, which is called “weathering” [23]. There are 3 
main factors affecting WPCs in the outer environment. These 
are water, UV, and temperature under the influence of sun 
intensity (solar radiation). The dimensional stability of WPCs 
becomes unstable through water intake, and WPCs become 
open to biological activity. It has been concluded in many 
studies that the effect of destroying fungi is directly associated 
with the moisture content in WPCs [24]. The fact that WPCs are 
open to moisture exchange, which is explained by diffusion 

theory, significantly affects the physical and mechanical 
properties of the material. In addition, it lowers resistance 
values against biotic factors as a result of high moisture 
increase. Therefore, the high bonding strength between the 
wood and the polymer matrix using compatibilizer agent 
provides dimensional stability and improves the mechanical 
properties. In their study, Adhikary et al. [25] decreased water 
intake by 79% by adding 5% compatibilizer agent in samples 
which were at the ratio of 50:50 (PP:wood). However, water 
intake ratios increased by 70% in the same WPC samples after 
the weathering test. Therefore, it could be said that 
compatibilizer agent activity decreased during the weathering. 
In the place of use of WPCs, chalking, color change, and a 
decrease in resistance values occur due to the biotic and abiotic 
factors, and weight losses occur as a result of the degradation 
of the polymer by the UV effect [26]. 

3.3 Surface Roughness 

Surface roughness results are presented in Figure 3. 

 

 

Figure 3. Surface roughness. 

According to results at the end of 1500 hours, the lowest Ra 
(2,1) and Rz (23) and the highest Ra (5,3) and Rz (47) occurred 
in the K30PE%3 and S50PE%0, respectively. Roughness of 
creosote groups was prominently lower than control groups. It 
was observed that the surface roughness usually increased 
depending on the time. Roughness rates were decreased with 
addition compatibilizer agent. WPC products are quite often 
preferred in decks, fences, headwalls and building elements 
because they are aesthetically superior to other materials. In 
outdoor conditions, surface (roughness) and color properties 
are among the most affected parameters from the aesthetical 
aspect. The surface properties are also largely changed in 
outdoor conditions, and surface micro cracks occurring after 
accelerated and natural weathering tests are highlighted in 
many studies [27]. Although the initial roughness values of the 
WPCs with the same amount of wood flour are very close to 
each other, it was seen that these values increased rapidly with 
the effect of the weathering. Furthermore, the homogeneous 
distribution of the wood particles explains the reason for the 
gradual increase in roughness values (Fig. 3). Similarly, 
Wechsler and Hiziroglu [28] determined that the fact that WPCs 
produced with wood flour are rougher than fiber composites is 
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associated with the particle sizes. It is known that the surface 
properties are improved with the use of compatibilizer agent 
(Fig 3). In the study carried out with waste PP, Adhikary et al. 
[25] achieved lower roughness values in the groups with 
compatibilizer addition at the end of 2000 hours within the 
context of the accelerated test. In many studies, it has been 
determined that the agents in question increase the density in 
WPCs, hence the surface properties are improved because 
porosity decreases [29]. 

3.4 Color Measurements 

The color changes of WPCs are shown in Figure 4.  

 

Figure 4. Color changes. 

Accordingly, regarding the color change (E*) at the end of 
1500 hours, the lowest ratio occurred in the K30PE%3 and the 
highest ratio occurred in the S50PE%0. In the weathering test 
periods, E* values increased in the 500 hour and 1000 hour 
periods, and no significant change occurred after 1500 hours. 
In addition, E* values were lower in the groups containing 
creosote compared to the control groups. Color change (E*) 
values increase in parallel to the wood ratio in the composite 
but decrease with the addition of compatibilizer. In 
remediation groups, color change ratios, a decrease of 22% was 
observed in YYPE in the compatibilizer addition. WPC industry 
is enhancing its market segment with each passing day with 
new products to be used in outdoor decoration works, 
construction elements and building materials [30]. Therefore, 
the outdoor durability of these materials throughout the period 
of service has become an important issue. WPCs are recyclable 
eco-friendly materials with their production from waste wood 
and waste plastic. However, especially their resistance against 
outer environmental factors is very low. Therefore, the color 
change, calcification and dimensional changes of OPKs have 
been the subject of many studies [31]. It has been determined 
that the presence of wood in WPC accelerates the photo-
degradation, and it is further affected by the outer environment 
compared to pure polymers. Although all components of wood 
are open to photo-degradation, the chromophore groups or 
carbonyl groups in lignin that represents the wood by 25-30% 
and absorbs 80-95% of the UV rays cause this. Similarly, Filson 
et al. [32] associated the color change in WPC with the decrease 
of conjugated ketones and lignin with the UV effect and the fact 
that the cellulose has been nearly undamaged. The presence of 
water along with UV rays has a greater deforming effect 
compared to the presence of UV ray alone [33]. This mechanism 
is explained by the deeper penetration of the UV rays from the 
micro-cracks formed on the surface of WPC and the large 
degradation of the inner matrix in case of the moisture 
exchange in wood cells [30]. In this way, it is ensured that the 
WPC groups containing lower moisture with the effect of the 
compatibilizer are exposed to lower photo-degradation 
compared to the control groups (Fig 4). The wood cells in WPC 
are swollen with the water intake, and thus UV rays can enter 

into the WPC matrix. Therefore, the bond between water intake 
and wood/polymer matrix in the amorphous regions in 
microfibrils is damaged and significantly decreases the physical 
and mechanical resistances of WPC [34]. The main reason for 
the color change in WPCs is an increase in light stability in the 
CIELAB color mechanism (L*), that is to say, an increase in 
color lightness, and also the fact that it increases the total color 
change (E*) [25]. Firstly a rapid increase, then remaining 
stable and finally a rein crease in E* ratios are sometimes 
observed in weathering tests. Sometimes, it is seen that there is 
a decrease in E* values. In the study carried out by Homkhiew 
et al. [35] who concluded that the color change increases with 
the increasing wood ratio, the color change in WPC is explained 
by 3 stages. In the samples, a rapid photo-degradation and then 
a darkening/blackening occur at the first stage of the 
weathering; and color fading occurs again in the samples 
exposed to the weathering for a long time. It has been 
emphasized in studies carried out that the main reason for the 
photo-degradation (increase of E*) formed in the process is 
caused by the lignin in wood, and the darkening/blackening 
(decrease of E*) was due to the surface oxidation in WPC [36]. 
The color change was higher in remediation groups compared 
to creosote groups. Its reason is considered to be the solvent 
used and the extraction type. In the study carried out by Hung 
et al. [37] bamboo was made more hydrophobic by chemical 
modification, and it was used in WPC production. In the natural 
weathering test performed, it was determined that WPCs 
produced using acetylated bamboo changed color more highly 
compared to the control groups. As a result of this study, it was 
determined that the wood cell components decreased the 
resistance against UV as a result of the chemical treatment. 

3.5 Surface hardness 

The surface hardness values are presented in Figure 5. 

 

Figure 5. Hardness changes of WPCs 

Accordingly, in YYPE groups at the end of 1500 hours, the 
lowest hardness value occurred in the S50PE%0 (11%), and the 
highest value occurred in the K30PE%3 (33%). The hardness 
values decreased depending on the time in the accelerated 
weathering test periods. In addition, the hardness value in 
groups containing creosote was higher compared to the control 
groups. It was determined that the hardness values generally 
decreased when the wood ratio increased. The suitability of 
WPC products to the place of use largely depends on its physical 
and mechanical properties such as bending, tension, shock, 
hardness, density and water intake. The hardness value, which 
is an important property in responding and distributing 
pressure in the products used as a construction element, is also 
closely associated with bending and tensile strengths [38]. 
Decreases in hardness values are observed depending on the 
extension of the time of being exposed to weathering. However, 
it is an expected situation that decreases occur in hardness 
values as a result of the decrease in the number of polymer 
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chains on the surface with the increase in the wood ratio. The 
micro cracks occurring on the surface are the reason for sudden 
decreases in hardness values, and this situation is caused by the 
ruptures in the polymer chain. The mechanical properties also 
decrease as the ruptures in the chain increase [35]. The high 
hardness values in the creosote groups are considered to be 
due to the presence of hydrocarbon compounds in its content. 
Because, it has been determined in studies carried out that the 
carbon black used as a pigment increases the hardness ratio 
and has a good color protector and UV resistance [39]. 

3.6 Gloss Measurements 

The gloss values are presented in Figure 6. Accordingly, in 
HDPE groups at the end of 1500 hours, the lowest gloss value 
occurred in the K30PE%0 (1,2), and the highest value occurred 
in the S30PE%3 (6,0). In the accelerated weathering test 
periods, a significant decrease was observed in gloss values 
after the first 500 hours depending on the time. In addition, 
although the gloss values were higher in the groups containing 
creosote compared to the control groups at the beginning of the 
test, they became lower at the end of the test. It was determined 
that the gloss values usually decreased when the wood ratio 
increased, the highest decrease occurred in the groups 
containing 50% wood flour. It could be said that a slight 
increase occurred in gloss values along with the compatibilizer 
addition. There was an increase of 57% in HDPE in initial gloss 
values along with the compatibilizer addition in the 
remediation groups. 

 

Figure 6. Gloss changes of WPCs 

Gloss is a property which is associated with surface smoothness 
and represents the material's degree of reflecting the light. In 
the accelerated weathering test, it is seen that there was a high 
decrease especially with respect to the initial values. In a 
similar study, Peng et al. [40] subjected WPCs they produced 
with PP/wood to the 960-hour QUV weathering. At the end of 
the test, they emphasized that a high decrease occurred in all 
groups with respect to the initial values. This can also be seen 
with the naked eye in the photos taken at the end of the test. It 
was determined in studies carried out that the fluidity degree 
of the mixture in the extrusion system also affected the gloss. 
The calcification/chalking of polymers and the protrusiveness 
of the wood particles affect the brightness ratios. It was seen 
that there was no significant decrease in gloss values after 1000 
hours. Similar results were also obtained in the study carried 
out by Peng et al. [41], the brightness values decreased in WPC 
groups as the time of being exposed to UV extended. Although 
higher values were obtained in the initial brightness values in 
all groups, a high decrease was observed with the effect of UV. 
Therefore, it could be said that lignocellulosic filling materials 
cause a faster degradation of the polymer and decrease in gloss 
values [41]. 

4 Conclusion 

Remediation efficiency of creosote treated wood and WPCs 
performance (moisture content, weight loss, roughness, 
discoloration, hardness and gloss measurements) under the 
accelerated weathering conditions were studied. The results 
can be summarized as follow: 
-As extraction efficiencies of PAH content and benzo(α)pyrene 
were 66% and 62%, respectively. 
-The moisture exchange and weight loss in the creosote groups 
were lower compared to the remediation and control groups. 
- Roughness of creosote groups was prominently lower than 
control groups. 
-E* values were lower in the groups containing creosote 
compared to the control groups. Color change (E*) values 
increase in parallel to the wood ratio in the composite but 
decrease with the addition of compatibilizer. 
- The hardness values decreased depending on the time in the 
accelerated weathering test periods. 
- A significant decrease was observed in gloss values after the 
first 500 hours depending on the time. In addition, although the 
gloss values were higher in the groups containing creosote 
compared to the control groups at the beginning of the test, 
they became lower at the end of the test. 
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Abstract   

The performance of the connectors is one of the most important research topics in the field of knockdown box type furniture. Studies are carried out using 
diagonal compression, diagonal tension and bending tests on “L” and “T” type corner joint samples. In generally test samples were prepared without  back 
panel. This paper gives a visual evaluation of the deformations on “L” type corner joint samples (with back panel and without back panel) as a result of 
diagonal compression and tensile tests. For this purpose particleboard and medium density fiberboard surfaced with synthetic resin sheet and various 
connectors, back panels, back panel joint techniques were used to prepare the samples. It can be concluded that the deformation characteristics of samples 
of back panel mounted have different than the samples of without back panel. 
Keywords: Back panel, Box type furniture, Connector, Demountable furniture 
   

DEMONTE KUTU MOBİLYADA ARKALIĞIN DEFORMASYONLARA ETKİLERİ  
Özet   

Bağlantı elemanlarının performansları demonte kutu mobilya alanında önemli çalışma konularından biridir. Çalışmalarda arkalıksız olarak hazırlanan 
“L ve T” tipi köşe birleştirme örnekleri üzerinde diyagonal basınç, çekme ve eğilme deneyleri yapılmaktadır. Bu çalışmada “L” tipi arkalıklı ve arkalıksız 
olarak hazırlanan örneklerde diyagonal basınç ve çekme deneyleri sonucunda oluşan deformasyonlar incelenmiştir. Deney örneklerinin hazırlanmasında 
melamin kaplı yonga levha (MKYL) ve lif levha (MKMDF) gövde malzemesi olarak kullanılırken; farklı gövde bağlantı elemanları, arkalıklar ve arkalık 
bağlantı elemanları ile deney deseni genişletilmiştir. İncelemeler sonucunda arkalıklı ve arkalıksız örneklerde ki deformasyonların karakteristik olarak 
farklılıklar gösterdiği tespit edilmiştir. 
Anahtar Kelimeler: Arkalık, Kutu mobilya, Bağlantı elemanı, Demonte mobilya 
   

 

1 Introduction 

Various construction techniques are employed in the joints of 
cabin-type furniture. Today, the lower storage and 
transportation costs secured by mass-produced furniture and 
the need to quickly deliver goods to customers have imposed 
ready-to-assemble type production for many types of furniture 
[1,2,3]. Apparently, especially for voluminous furniture that is 
not conducive to transportation in installed form, ready-to-
assemble type production is a necessity [4]. 
In studies in the field of demontable furniture, the efficiency of 
connectors was investigated by applying diagonal compression, 
diagonal tension and bending tests on “L” and “T” type corner 
joint samples [5-13]. It was also observed that the dimensions 
between connectors and hole plans were among topics 
investigated by employing the same test methods [14-17]. The 
studies on assembled (adhesive-screw jointed) furniture 
served as an important benchmark and foundation for studying 
furniture produced by using disassembled connectors [1,4,18-
20]. 
In the case furniture, the determination of the effects of back-
paneled and non-back-paneled corner joints and different back 
panel materials on total case strength is an important issue 
regarding case stability [4]. Atar and Özçifçi (2008) studied the 
effects of back panels and screws on the corner joints of case-
type furniture. Massive-edged or non-massive-edged 
particleboards and MDF were used on the body of the test 

samples, which were produced with adhesive and dowel-type 
joints, and these samples were subjected to tension and 
compression tests under static loads. Back panel construction 
was used for examination as mortise-tenon and overlapping 
joints of 4 mm plywood. The results revealed that the highest 
strength was yielded by the fiberboard samples which 
produced through mortise-tenon construction [21]. 
Back panel assembly, among the most important problems 
encountered during the service life of furniture became a 
practical operation with the application of back panel 
connectors. Employing back panel connectors also allows the 
production of small-sized back panels that are convenient for 
disassembled product packing styles. Different back panel and 
back panel connector combinations are employed in the mass-
produced furniture available on the market today. Effects to the 
system, behavior under load and the interaction of those 
elements (back panels, body panels, connectors) should be 
investigated in detail.  
This paper gives a visual evaluation of the deformations on “L” 
type corner joint samples (with back panel and without back 
panel) as a result of diagonal compression and tensile tests. 

2 Materials and Methods 

To prepare the test samples, particleboard surfaced with 
synthetic resin sheet (PBlam) of 18 mm thickness complying 
with the TS EN 312 and TS 1770 standards, and medium 
density fiber board surfaced with synthetic resin sheet 
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(MDFlam) of 18 mm thickness complying with the TS 64-3 EN 
622-3 and TS 1770 standards were used as body materials. 
PBlam of 8 mm thickness complying with the TS EN 312 and TS 
1770 standards, rotary-cut veneer coated eyong plywood of 4 
mm thickness complying with the TS EN 636 standard, and 
MDFlam of 4 mm thickness complying with the TS 1770 
standard were used as back panel materials. 
In the corner joints of the test samples, 2 types cam connectors 
(Fig. 1,2) were employed. Hole plans were prepared complying 
with the 32 mm hole system and at each corner, two connectors 
along with two guiding plastic dowels of Ø8 mm, 35 mm length 
that stayed outside were employed.  

 
Figure1.Eccentric connector 1 (Minifix) [22]. 

 

 
Figure2.Eccentric connector 2 (Blum) [23]. 

In the assembly of the back panels for the test samples, the same 
inside and outside connectors were employed as for 
constructions requiring back panel insertion through by the 
canals (groove) along the panels (Fig. 3, 4). 

 
Figure3.Inside back panel connector [24]. 

 
Figure4.Outside back panel connector [25].  

To prepare the test samples 2 different body materials, 3 
different back panels, 2 different connectors and 2 different 
back panel connectors were used. Totally 54 types of samples 
(including the samples that without back panel) were 
produced. The test sample had been given in Fig. 5. and Fig. 6. 

 
Figure5.Test sample (with back panel - (mm)). 

 
Figure6.Test sample (with back panel). 

The deformations were determined by the static load 
application method at drawing speed of 2 mm/min. The 
diagonal load applying test device used for the samples shown 
in Fig. 7 and Fig. 8. 

 
Figure7.Diagonal compression test.  
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Figure8.Diagonal tension test.  

3 Results 

The load have been applied until any deformation occured on 
panels or connectors. After the maximum load is detected 
deformations explained in comparative. 

3.1 Deformations of Diagonal Compression Samples  

Splitting have been identified around of the connecting 
elements dowel on diagonal compression samples of without 
back panel. It has seen that the deformations of samples of 
mounted with minifix were deeper than the samples of 
mounted with blum (Fig. 9). Splittings of PB samples were 
deeper and fragmented than MDF samples shown in Fig. 9. 

 
Figure9.Deformations of without back panel samples.  

In MDF back-paneled samples, the deformation of formed in the 
region of the dowel of connecting element has been found to be 
the same character with the without back panel samples. In PB 
back-paneled samples and some of plywood back-paneled 
samples, splitting have been identified on body materials 
around the connection element of close to the back paneld. This 
deformation may be due to the load of the vertical direction on 
connector’s shaft axis when the back panel non-deformed. 
Deformations of the region of connectors in Fig. 10. 

 
Figure10. Deformations of the region of connectors. 

It was observed that MDF back panels and some of plywood 
back panels was broken perpendicular to the load axis. The PB 
back panel has not been any deformation (Fig. 11) 

 
Figure11.Deformations of back panels.  

It was observed that the back panel was effective on the 
deformation of the back panel connectors. Any deformation 
was not determined on both connection elements because of 
bending of the MDF back panel (Fig. 12). 

 
Figure12.Bending of MDF back panel.  

 
Different deformations in the inside back panel connectors 
have been identified in plywood back-paneled samples. It was 
found that the deformations vary by the body material (Fig. 13). 
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Figure13.Deformation of body panel on plywood back paneled 

sample.  

It was seen that the deformations of inside back panel 
connectors are more than the others, in PB back-paneled 
samples (Fig. 14). 

 
Figure14.Deformation of inside back panel connectors 

3.2 Deformations of Diagonal Tensile Samples 

Ruptures have been identified around of the minifix dowel on 
tensile samples of without back panel. It was seen that these 
deformations of samples of PB were deeper than the samples of 
MDF and the dowels of MDF samples (Fig. 15).  

 
Figure15.Deformations of without back panel samples 

It was seen that the blum’s shaft have been dislocated to 
eccentric fixing component, in MDF samples. In PB samples, 
dislocating  determined on connecting elements dowels (Fig. 
16). 

 
Figure16.Deformations of without back panel samples 

It was observed that the back panels and body panels were 
effective on the deformation of the back panel connectors. In 
MDF and plywood back paneled samples, crack and fracture 
were detected along the screw axis of inside back panel 
connector on the body material (Fig. 17).  

 
Figure17.Deformations of plywood back panel samples 

It was seen that these deformations of samples of PB back 
paneled were smaller than the others, because of depth of the 
screwing on body panel (Fig. 18).  

 
Figure18.Deformations of PB back panel samples 

It was not detected any deformation on body mounting points 
and on inside back panel connectors, in PB-body samples with 
MDF backpanel. However dent was detected in the region of the 
back panel mounting hole (Ø10 mm) shown in Fig. 19. 

 
Figure19.Deformation of back panel mounting hole 

In PB and plywood back paneled samples, crack and fracture 
were detected on body panel (in the region of the body 
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mounting points of back panel connectors) shown in Fig. 20. 
and Fig. 21. 

 
Figure20.Deformation of body mounting points of back panel 

connectors (PB body) 

 
Figure21. Deformation of body mounting points of back panel 

connectors (MDF body) 
It was not detected any deformation on body panel (in the 
region of the body mounting points of back panel connectors) 
in MDF-body samples with all back panels (Fig. 22). 

 
Figure22. Deformation of inside back panel connectors  

(MDF body) 

4 Conclusion 

It was seen that the dowel holding ability of body material was 
effective on deformations of samples of without back panel. On 
the other hand back panel materials and back panel connectors 
were effective on deformations of back paneled samples. 
Different deformation have been identified on body materials 
around of connector of close to the back panel, in diagonal 
compression samples. It could be said that two connectors in 
the same corner were exposed to different load. 
As a result, it has been found that the back paneled samples 
have important contributions on investigating of effects to the 
system, behaviors under load and the interaction of all 
elements (back panels, body panels, connectors) in demontable 
box type furniture. 

5 References 

[1] Efe, H.,Özen, E.,Danacı, E., Kasal, E. and Demirci, S., 
“Determination of the Moment Performance of Minifxed 
Corner for Case Construction Furniture ”, Journal of 
Forestry Faculty of Kastamonu Univ, 14. 1., 15-23, 2014. 

[2] Kasal, A., “The Strength Performance of Sofa Frames 
Constructed of Solid Wood and Wood Composites”, PhD. 
Thesis, Gazi Unv. Institute of Science and Technology, 
Ankara, 7-15, 2004. 

[3] Kasal, A., Efe, H., and Erdil, Y.Z., “Determination of the 
Strength of The Ready to Assemble Sofa Frames With 
Finite Element Analysis”, Gazi Unv. Journal of Science, 10. 
4., 411-422, 2007. 

[4] Yesil, H. and Altunok, M., “Determination of Cost vs. 
Performance Relationships for Disassembled Case 
Furniture”, III. National Furniture Congress, 2015. 

[5] Efe, H., and Kasal, A., “Bending Strength Properties of 
Corner Joints in Case Construction of Furniture”, Gazi Unv. 
Journal of Technology, 4. 4., 33-45, 2000. 

[6] Güray, A., Kılıç, M., and Özyurt, A., “Investigation of the 
Effects of Different Edge Joint Elements on Diagonal 
Tensile Strength in Furniture Edge Joints”, Pamukkale 
University Journal of Engineering Science, 8. 1., 131-137, 
2002. 

[7] Vassiliou, V., and Barboutis, I., “Screw withdrawal capacity 
used in the eccentric joints of cabinet furniture connectors 
in particleboard and MDF”, The Japan Wood Research 
Society, 51. 6., 572-576, 2005. 

[8] Tankut, N., “Moment resistance of corner joints connected 
with different RTA fasteners in cabinet construction”, 
Forest Product Journal, 56. 4., 35-40, 2006. 

[9] Efe, H. and İmirzi, H.Ö., “Mechanical Behaviour Properties 
of Various Fasteners Used in Furniture Production”, Gazi 
Unv. Journal of Polytechnic, 10. 1., 93-103, 2007. 

[10] Ozciftci, A., Kılıcalp H. and Toker H., “Determination of 
strenght properties of some modular jointing elements 
used in case fornitures”, Journal of Technology, 11. 1., 45-
47, 2008. 

[11] Kureli, I. and Altunok M., “Determination of mechanical 
performances of the portable fasteners used on case 
furniture joints”, Afr J. Agric Res, 6. 21., 4893-490, 2011. 

[12] Demirci, S., Efe, H., Kasal, A., İmirzi H.O., and Ozen E., “The 
Moment Capacity of Disassembled “L” Type Furniture 
Corner Joints Produced with Various Connection 
Elements”, Kastamonu Unv. Journal of Forestry Faculty, 11. 
2., 138-145, 2011. 

[13] Yeşil, H., Altunok, M. and Özalp, M., “Experimental setups 
on sample case furniture”, The XXVIITH International 
Conference Research for Furniture Industry, 17-18, 2015. 



 
 
 
 

Huseyin YESIL, Mustafa ALTUNOK 
IFC 2016 International Furniture Congress 13-15 October 2016 

 

398 
 

[14] Simek M., Haviarova E. and Eckelman C., A., “The effect of 
end distance and number of ready-to-assemble furniture 
fasteners on bending moment resistance of corner joints”, 
Wood Fiber Science, 42. 1., 92-98, 2010. 

[15] Cetin Yerlikaya, N., “Investigating For Strength Values and 
Optimum Drill Plans on at the Ready to Assemble”, PhD. 
Thesis, K.T.U. Institute of Science and Technology, 53-134, 
2010. 

[16] Cetin Yerlikaya, N., “The Effect of Dowel and Minifix on the 
Bending Moment in the Cabinet-type Furniture”, Artvin 
Çoruh Universty Journal of Forestry Faculty, 14. 1., 36-49, 
2013. 

[17] Malkocoglu, A., Cetin Yerlikaya, N. and Cakiroglu, F.L., 
“Effects of number and distance between dowels of ready-
to-assemble furniture on bending moment resistance of 
corner joints”, Wood Research, 58. 4., 671-680, 2013. 

[18] Eckelman, C.A. and Rabiej, R., “A Comprehensive method of 
analysis of case furniture”, Forest Product Journal, 35 (4), 
62-68, 1985. 

[19] Kasal, A., Zhang, J., Yuksel, M. and Erdil, Y.Z., “Effect of 
screw sizes on load bearing capacity and stiffness of five-
sided furniture cases constructed of particleboard and 
medium density fiberboard”, Forest Product Journal, 58 
(10), 25-32, 2008. 

[20] Imirzi, H.O. and  Efe, H., “Strength properties of case type 
furniture produced with different construction techniques 
and panel thicknesses”, XXVIth International Conference 
Research for Furniture Industry, Poznan University, 41-48, 
2013. 

[21] Atar, M., and Ozcifci, A., “The effects of screw and back 
panels on the strength of corner joints in case furniture”, 
Materials and Desingn, 29, 519-525, 2008. 

[22] Aslan, E., “Determination of the Moment Performance of 
Minifxed Corner for Case Construction Furniture”, M. Sc. 
Thesis, Gazi Unv. Institute of Science and Technology, 26, 
2006. 

[23] http://www.hettich.com/blaetterkataloge/TA_2014/tr_T
R/blaetterkatalog/index. 
html?essionId=7250C141E66DFA51D92AF2BA05C122A
E&startpage=1105, (Access Date: 10.10.2014). 

[24] http://www.produkte24.com/cy/koetter-siefker-
3119/hettich-katalog- 2008-13.html,    (Access Date: 
10.10.2014). 

[25] http://arzunalburiye.com/urundetay.6028.PLS%20BLU
M%20BA%C4%9ELANTI.html, (Access Date: 10.10.2014). 
 



 
 

 

399 
 

RISK ASSESSMENT IN KIRIKKALE DISTRICT SMALL SIZED FURNITURE 
MANUFACTURING WORKSHOPS 

Onur ÜLKER1*, H. Ender ERDEM 2 

1Interior Architecture and Environmental Design Fine Arts Faculty, Kırıkkale University, Kırıkkale, Turkey 
ulker79o@hotmail.com  

2Furniture and Decoration Department Vocational Tech. School, Kırıkkale University, Kırıkkale, Turkey 
herdemerdem@yahoo.com 

 
 
*Corresponding author 

 

 
Abstract   

In Kırıkkale, most of furniture production facilities (carpentry, in door parquet, door production, upholstery) are manufactured in small workshops (5 
person or less), where most activities are performed manually. This study was conducted among workers of small furniture workshops to determine 
prevalence of musculoskeletal symptoms and to assess ergonomic working conditions to identify major risk factors associated with musculoskeletal 
symptoms. In this study, 46 randomly selected furniture workers participated. The IAPA questionnaire and an ergonomics checklist consisting of 6 sections 
were used as data collection tools. An index was calculated for each section of the checklist. Action categories indicating the priority of corrective measures 
were also defined. The highest prevalence of symptoms was reported in the knees, lower back and wrists/hands.. It was found that manual handling 
machines, heavy wood materials, poor workstation design, uneducated workers, dust and dirty air and awkward working postures were associated with 
the reported symptoms in these regions. Poor general working conditions and work organization showed association as well. Any interventional measures 
should focus on these workshops. 
Keywords: Furniture Manufacturing, Ergonomics, Woodworking, Kırıkkale 
   

KIRIKKALE İLİNDE FAALİYET GÖSTEREN KÜÇÜK ÖLÇEKLİ MOBİLYA 
ATÖLYELERİNDE RİSK DEGERLENDİRİLMESİ 

Özet   

Kırıkkale’de mobilya imalatı genellikle küçük ölçekli mobilya atölyelerinde(marangozhane, parke imalatı, kapı pencere imalatı, döşeme) tekil makinelerle 
yapılmaktadır. Bu çalışmada küçük ölçekli (5 kişi veya daha az çalışan) işletmelerde çalışan işçilerin ve/veya ustaların kas rahatsızlıklarını ve ergonomik 
çalışmaya uygunluklarını incelemek amacıyla risk değerlendirilmesi yapılmıştır. Çalışma kapsamında 46 adet mobilya çalışanı rastgele yöntemle 
seçilmiştir. 6 kısımdan oluşan IAPA anket yöntemi ve ergonomik araştırma listesi kullanılarak veri elde edilmiştir. Her araştırma listesi için indeks 
hazırlanmıştır. Kategoriler incelendiğinde, en çok risk altında olan vücut kısımları dizler,  bel ve bilek ve ellerdir. Sonuç olarak bireysel makineler, ağır 
keresteler, kötü planlanmış imalathaneler, tozlu ve kirli çalışma ortamları ve hantal vücut postürlerinden dolayı çalışanların risk altında olduğu 
görülmektedir. En önemli bulgu çalışma şartlarındaki düzensizlik ile iş akışının dağınıklığının risk değerini artması ve bu atölyelere standart getirilip 
müdehalede bulunulması gerekir.  
Anahtar Kelimeler: Mobilya imalatı, Ergonomi, Ağaçişleri, Kırıkkale 
   

 

1 Introduction 

Working, living, eating, recreation, storage of goods, social and 
furniture manufactured to meet cultural basic needs for daily 
life for people, such as merchandising. Turkey is promising for 
the Furniture Industry, "Turkey in the sector has the potential 
to become the third largest sector" is described as furniture 
employment in the industry with the size of our country with 
the level of production and export potential is an important 
contribution to the development of economy.  

Furniture industry is a sector that plays an important role in 
developing countries with resources and labor intensity. This 
sector is a key industry sector in many developing countries by 
2-4% of all value-added production but Turkey is small player 
in Furniture Industry around the Word (Göktaş, 2003, s:44; 
Engel, 1999, S:3-10). 

Turkish furniture industry usually works with most traditional 
method type studio has a view that the weight of the small 
businesses (Yeniçeri, 2002, s:3). As well as small-scale business 
in the last 15-20 years, the number of medium and large 
enterprises have started to rise. 

The furniture sector in Turkey, where the market is 
concentrated or dense forest products are concentrated in 
certain areas. Important furniture production regions 
according to their share in the total production; Istanbul, 
Ankara, Bursa, Istanbul, Izmir, Adana are listed as. 

Manufacturing furniture in Kırıkkale in this study generally 
small furniture workshops (carpenter, parquet production, 
manufacture of doors and windows, floors) are made with 
individual machines. This small-scale study (5 people or less 
employees) workers in enterprises and / or are made masters 
of muscle discomfort and risk assessment to examine 
compliance with ergonomic work. In the study of 46 pieces of 
furniture are randomly selected employees. 6 Scandinavian 
survey method consisting of parts and data were obtained 
using the ergonomic research list. Overview of Industry in 
Kırıkkale. 

Kirikkale city center is the city state dominated industry, other 
district centers and rural economic structure based on 
agriculture. Besides the manufacturing of public Kırıkkale large 
businesses consist of small and medium-sized enterprises of 
the private sector. MKEK Factory and TUPRAS Refinery 
occupies an important place in the province's economic 
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structure. In the public sector workers and civil servants 
employed mainly affect the commercial life, depending on the 
charge. 

Kırıkkale manufacturing industry based on the public sector; 
defense, metal and petrochemical industry intensifies, 
agricultural machines, as well as the development due to 
generally these industries in the private sector, the food and 
feed industry, soil, textiles, it has been in development as for the 
wood and furniture processing industry. Where private sector 
organizations in Kırıkkale I. Organized Industrial Zone has been 
built on 150 hectares and infrastructure work was completed 
and opened in 2001. 68 of 07 parcels I. OSB has been allocated 
to the entrepreneur. These firms 41 production and 7 inactive, 
5 building, 14 excavation and project stage. 1,800 people are 
employed in the production facility. First to be fully operational 
by the companies OSB 3,000-5,000 people will be provided 
with new jobs. 

In Kirikkale Organized Industrial enterprises are operating the 
5 factories of furniture and wood products. The largest 
company is Modalife which is working on furniture 
manufacturing. In this study only small sized furniture 
companies observed. 

2 Methodology for Ergonomic Risk Assessment 

Work-related musculoskeletal disorders have been found to be 
associated with numerous occupational `risk factors’, including 
physical work load factors such as force, posture, movement 
and vibration (Gerr et al. 1991, Kilbom 1994a), psychosocial 
stressors (Bongers et al. 1993, Bernard et al. 1994, Eklund 
1996), and individual factors (Armstrong et al. 1993). The level 
of exposure to physical workload can be normally assessed 
with respect to intensity (or magnitude), repetitiveness and 
duration. Various methods are now available for assessing 
exposure to the risks associated with work-related 
musculoskeletal disorders, or identifying potentially hazardous 
jobs or risk factors within a job. These include 

 observational methods,  

 instrumental or direct methods,  

 self-reports and other psychophysiological methods.  

2.1 Observational Methods  

From as early as the seventeenth century, methods have 
become available for recording human postures (Corlett et al. 
1979), but until the development of Priel’s method (Priel 1974), 
posture recordings had been made by means of drawings or 
photographs and supplementary narratives (Gil and Tunes 
1989). Priel’s method involves the use of a paper card called the 
Posture-gram. The analyst is required to observe, select and 
then sketch a posture of interest within a job, and then 
categorize body posture in terms of 14 different upper and 
lower limb positions relative to three orthogonal reference 
planes. 

A simpler technique for posture recording, as well as for 
posture classification, is the Ovako Working Posture Analysing 
System (OWAS), as developed by the Ovako Oy Steel Co. in 
Finland, and described in detail in several papers (Karhu et al. 
1977, von Stoffert 1985, Corlett 1995). 

The RULA system (Rapid Upper Limb Assessment) is designed 
for assessing the severity of postural loading and is particularly 
applicable to sedentary jobs (McAtamney and Corlett 1993). 

The HAMA method (Hand-Arm-Movement Analysis) was 
developed to analyse stress on hands and arms when tasks 
mainly consist of movement of the upper limbs (Christmansson 

1994). This method consists of fundamental parts, related to 
different risk factors that may infuluence work-related stress. 
These include: type of basic motion; type of grasp; position of 
the upper limb; external load; and perceived exertion. 

PLIBEL (method for the identification of musculoskeletal stress 
factors that may have injurious effects) is a screening tool 
designed to identify `ergonomic hazards’ in the workplace, via 
the use of a checklist (Kemmlert and Kilbom 1987). The 
checklist consists of questions regarding work posture, 
movements, workplace or tool design. These are answered in 
accordance with the body regions concerned, including 
neck/shoulders and upper part of back, elbows/forearms and 
hands, feet/knees and hips, and low back. 

REBA (Rapid Entire Body Assessment) is developed on the 
basis of the RULA system (Mc Atamney and Corlett 1993), but 
it is appropriate for evaluating tasks where postures are 
dynamic, static or where gross changes in position take place 
(Mc Atamney and Hignett 1995). To use the tool, the observers 
select the posture or activity to be assessed and score the body 
alignment using the REBA diagrams. This is then combined with 
a load score to form the `coupling scores’, which are further 
processed into a single combined risk score using the table 
provided. Action levels are suggested to indicate necessary 
ergonomic interventions. The QEC system (Quick Exposure 
Check for work-related musculoskeletal risks) has been 
developed by Li and Buckle (1998). The method includes the 
assessment of the back, shoulder/upper arm, wrist/hand and 
neck, with respect to their postures and repetitive movement. 
Information about task duration, maximum weight handled, 
hand force exertion, vibration, visual demand of the task and 
subjective responses to the work is also obtained from the 
worker. 

2.2 Instrumental or direct methods  

Observational techniques other than the simple pen and paper 
based methodologies have been developed, such as ARBAN 
(Holzmann 1982), VIRA (Persson and Kilbom 1983, Kilbom et 
al. 1986), ROTA (Ridd et al. 1989), TRAC (van der Beek et al. 
1992), HARBO (Wiktorin et al. 1995), PEO (Fransson-Hall et al. 
1995), and those by Armstrong et al. (1982), Armstrong (1986), 
Keyserling (1986), Wells et al. (1994) and Yen and Radwin 
(1995). These systems record work postures and activities 
either on-site with a computer, or on a videotape that is later 
analysed using a computer. Two options can be used for the 
observation: time sampling and (simulated) real-time. The 
advantages of these systems include the ability to handle 
posture data in real time, and the avoidance of observer bias, as 
body movements can be recorded without the presence of an 
observer. However, the analysis of the tape-recordings requires 
a well-trained analyst so as to characterize the work postures 
correctly. In addition, if detailed posture information is to be 
obtained, a significant amount of time is required to analyses 
the data. Moreover, in real work situations, the camera’s 
position in relation to the operator can be continuously 
changed owing to operator movement, therefore the posture 
angles observed in the videotape recording may not be the 
same as the one in the real work situation. Reports have shown 
that analysts have found it did not cult to distinguish between 
adjacent angular sectors (e.g. between `neutral’ and `non-
neutral’ posture ranges), and to evaluate upper extremity 
postures on monitor screens, particularly the elbow and the 
wrist; while the postures of the neck and the lower back seem 
to be relatively easier to evaluate (Keyserling 1986, Baluyut et 
al. 1995). 
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2.3. Self-reports and other psychophysiological methods 

The assessment of physical work load, body discomfort or work 
stress may be approached through self-report methods, taking 
such forms as `body map’ (Corlett and Bishop 1976), rating 
scales (Shackel et al. 1969). The general findings of these 
reviews are that the subjective assessment of body strain and 
discomfort has been the most frequently used form due to the 
ease of use and apparent face validity. A questionnaire 
approach appears to be the most common method used within 
epidemiological studies that attempted to assess postural load 
on the back (Burdorf 1992). Subjective perception methods are 
so popular that some authors even maintain that `If the person 
tells you that he is loaded, then he is loaded and effortful 
whatever the behavioral and performance measures may show’ 
(Moray et al. 1979: 105). However, subjective ratings are prone 
to many influences other than the task or workplace 
investigated (Rantanen 1981). Localized comfort ratings, for 
example, may reduce response variability and obscure the 
overall experience of the user. Studies have also shown that the 
self-report approach has a too low validity (Burdorf and Laan 
1991) and reliability (Wiktorin et al. 1993) in relation to the 
needs for ergonomic interventions. 

3 Explaining the Self Reporting for Ergonomic Risk 
Assessment Technique 

In this study Industrial Accident Prevention Association sef 
sutdy Ergonomics Risk Assessment observation technique was 
used. In fıgure 1 Ergonomics Risk Assessment observation 
technique layouts were shown.  

Table 1. Ergonomics Risk Assessment observation technique 

Risk Factor Potential Risk High Risk 

Contact Stress 
  

Repetition 
  

Grip Force 
  

Lift / Lower Force 
  

Awkward Posture 
  

Vibration  
  

In this this technique 6 different stress points could observe, 
with observation risk factors checked as potential risk or high 
risk. Before using industrial accident prevention association 
technique, observers should read headlines,  

1.  Write in the job title or task, date and name of 
person(s) completing this Ergonomic Risk 
Assessment above. 

2.  Observe and consult with a representative sample of 
workers and those workers with signs and symptoms 
of RSI who perform the specific job task. 

3.  Read across the page under each risk factor and 
determine if all of the conditions in that row are 
present in the work activities. 

4. Check the box    to indicate that a “high” risk of RSI 
injury exists if all conditions are present. Make any 
appropriate notes to clarify specific details. 

5.  Complete the Risk Factor Summary Table.  

6.  A “high” risk task requires that controls be 
implemented without delay. Controls should 

eliminate, or if that is not practicable, minimize the 
risk of RSI. 

7.  If the risk remains “potential,” controls should be 
developed to minimize the risk of a RSI. 

 Note Duration:  

– Duration (e.g., 2 hours total per day) refers to the total time 
per day the worker is exposed to the risk factor(s), not the 
duration of the work activity that includes the risk factor(s).  

– However, when duration is associated with repetition (e.g., 
using the same motion every few seconds) or frequency (e.g., 
more than once per minute), it refers to duration per day of the 
repetitious task.  

– If exposure to a risk factor (e.g., 2 hours total per day) is 
continuous, the risk will be significantly greater than 
intermittent exposure distributed over a shift. 

Table 2 Contact Stress observation table (IAPA, 2007) 

Body 
Part 

Physical Risk 
Factor 

Duration  Visual 
Aid 

Mark 
here to 
indicate 
high risk 

Hands  Using the hand 
as a hummer 
more one per 
minute 

More than 2 
hrs. Total per 
day   

Knees Using the knee 
as a hummer 
more one per 
minute 

More than 2 
hrs. Total per 
day 

  

Table 3 Repetition observation table (IAPA, 2007) 

Body Part Physical Risk 
Factor 

Combined 
with  

Duration  Mark 
here to 
indicate 
high risk 

Neck  

Shoulders 

Elbows 

Wrists 

Hands 

Using the same 
motion with 
little or no 
variation every 
few seconds 

No other 
risk factors 

More 
than 6 
hrs. 
Total 
per day  

 

 

 

 

 

 

 

 

Wrists 

Hands 

Using the same 
motion with 
little or no 
variation every 
few seconds 

Wrists bent 
in  

= 30° 
flexion or, 

= 45° 
extension 
or,  

= 30° ulnar 
deviations 

More 
than 2 
hrs. 
Total 
per day 

 

 

Intensive 
keying with the 
hands or 
fingers in a 
rapid, steady 
motion with 
few 
opportunities 
for temporary 
work pauses  

Wrists bent 
in  

= 30° 
flexion or, 

= 45° 
extension 
or,  

= 30° ulnar 
deviations 

More 
than 4 
hrs. 
Total 
per day 

 

 

No other 
risk factors 

More 
than 7 
hrs. 
Total 
per day 
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Table 4 Grip Force observation table (IAPA, 2007) 

Body 
Part  

Physical  

Risk  

Factor  

Combined  

with  

Duration  Visual 
aid 

Mark 
here to 
indicat
e High 
Risk  

Arms 

Wrist 

Hands 

Pinch 
gripping 
unsuppor
ted 
objects 
waiting  

1 kg or 
more one 
hand 

Highly 
repetitive 
motion 

3 hours or 
more 
total per 
day  

 

 

Wrists 
bent in  

= 30° 
flexion or, 

= 45° 
extension 
or,  

= 30° ulnar 
deviations  

More than 
3 hours 
total per 
day  

 

 

No other 
risk factors 

More than 
4 hours 
total per 
day 

  

Arms 

Wrist 

Hands 

 Highly 
repetitive 
motion 

3 hours or 
more 
total per 
day  

 

 

Wrists 
bent in  

= 30° 
flexion or, 

= 45° 
extension 
or,  

= 30° ulnar 
deviations  

More than 
3 hours 
total per 
day  

 

 

No other 
risk factors 

More than 
4 hours 
total per 
day 

  

Lift/Lower Force Assessment, used to assess forceful exertion 
due to lifting/lowering force. Weight limits in this document 
represent “high” risk that require controls without undue delay. 

Lift/Lower Force Assessment can be calculating by 5 steps 

1. Step: Find the actual weight of the object that the 
employee lifts. 

2. Step:  Unadjusted Weight Limit. Determine the most 
awkward hand position during the lift/lower task. Mark 
that spot on the diagram below. The number in that box is 
the Unadjusted Weight Limit. 

3. Step: Find the Limit Reduction Modifier, find out how 
many times the employee lifts per minute and the total 
number of hours per day spent lifting. 

4. Step: Calculate the Weight Limit Start by copying the 
Unadjusted Weight Limit from Step 2 Unadjusted Weight 
Limit (step 2) =_____________ 

If the employee twists more than 45 degrees while lifting, 
reduce the Unadjusted Weight Limit by multiplying by 0.85. 
Otherwise, use the Unadjusted Weight Limit 

Twisted Adjustment = _____________  

Adjusted Weight Limit = _____________ 

Multiply the Adjusted Weight Limit by the Limit Reduction 
Modifier from Step 3 to get the 

Weight Limit. 

Limit Reduction Modifier (Step 3) =_____________ 

Actual Wright = ______ Weight Limit = ______ 

5. Step: Is this a Hazard?  

Compare the Actual Weight lifted from Step 1 to the calculated 
Weight Limit in Step 4. If the Actual Weight (Step 1)  

Weight Limit (Step 4) then the lift is “high” risk and requires 
controls without undue delay to the degree that it is practicable. 
If the Actual Weight is below the Weight Limit, the risk is 
“moderate” and requires consideration for control. 

Figure 1. Determine the Unadjusted Weight  

Limit (IAPA, 2007) 

 
Table 5. Limit Reduction Modifier Table (IAPA, 2007) 

How many lifts per 
minute? 

For how many hours per day?  

1 hr or less 1 hr to 2 hrs 2 hrs or 
more 

1 lift every 2-5 min 1.0 0.95 0.85 

1 lift every min.  0.95 0.90 0.75 

2-3 lifts every min. 0.90 0.85 0.65 

4-5 lifts every min. 0.85 0.70 0.45 

6-7 lifts every min. 0.75 0.50 0.25 

8-9 lifts every min. 0.60 0.35 0.15 

10+ lifts every min. 0.30 0.20 0.00 
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Table 6. Awkward Posture Table (IAPA, 2007) 

Body Part Physical  

Risk  

Factor 

Duration  Visual 
Aid 

Mark 
here to 
indicate 
high 
risk 

Knees Squatting More than 
4 hrs. 
Total per 
day  

 

Kneeling  More than 
4 hrs. 
Total per 
day 

 
 

Shoulders Working with 
hand above 
shoulder/ head 

More than 
4 hrs. 
Total per 
day  

 

Repetitively 
raising the hand 
above the 
shoulders/ 
head  

More than 
4 hrs. 
Total per 
day 

 
 

Neck Working with 
the neck bent 
forward more 
than 30° 

More than 
4 hrs. 
Total per 
day 

 
 

Back Working with 
the neck bent 
more than 30° 

More than 
4 hrs. 
Total per 
day  

 

Working with 
the neck bent 
more than 45° 

More than 
2 hrs. 
Total per 
day 

 
 

Vibration Risk Assessment can calculate with 4 steps. 

1. Step: Find the vibration value for the tool. The 
vibration value will be in units of meters per second 
squared (m/s2). On the graph below find the point on 
the left side that is equal to the vibration value. 

2. Step: Determine how many total hours per day the 
employee is using the tool and find that point on the 
bottom of the graph. 

3. Trace a line in from each of these two points until they 
cross. 

4. If that point lies in the crosshatched “High Risk” area 
above the upper curve, then the vibration exposure is 
“high risk” and requires controls without undue delay. 
The vibration must be reduced below the high risk 
level or to the degree technologically and 
economically feasible. If the point lies between the 
two curves in the “Caution” area, then the job is of 
“moderate risk” and may merit controls to minimize 
the risk of RSI. If it falls in the “Low” area below the 
bottom curve, then no further steps are required. 

Figure 3. Vibration Risk Value (IAPA, 2007) 

 
Note: The caution limit curve (bottom) is based on an 8-hour 
energy equivalent frequency-weighted acceleration value of 2.5 
m/s2. The high risk limit curve (top) is based on an 8-hour 
every-equivalent frequency-weighted acceleration value of 5 
m/s2. 

4 Results and Discussion 

Risk assessment of furniture workers were given below in table 
7, 

Table 7. Risk assessment for furniture worker’s works on   
Circle saw, planer, band saw 

Risk Factor Potential Risk     High Risk  

Contact Stress % 4.34  

Repetition % 14,72  

Grip Force % 49,91            

Lift/Lower Force % 67,27            

Awkward Posture % 71,61            

Vibration % 2.17  

Table 7 shows that Awkward Posture is a maximum potential 
risk as % 71,61 and lift/ lower force is highest risk factor as % 
47,74. Minimum potential risk factor occurs in vibration. Lift / 
Lower Force and Awkward posture are the most important risk 
working postures in furniture production.  

In small companies, furniture workers use 3 main machines 
such as saw mill, thickness planer and band saw. These are 
most popular working points every kind of furniture 
production. That’s is the reason for Lift / Lower Force and 
Awkward posture are the most important risk working 
postures in furniture production. 
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Table 8. Awkward posture results combination of Circle saw, 
planer, band saw 

Knees Squatting 

 

% 28.21 

Kneeling  

 

% 21.71 

Shoulders Working with hand  

above shoulder/ head 
 

% 10.85 

Repetitively raising the  

hand above the 
shoulders/ head   

% 6.51 

Neck Working with the neck  

bent forward more than 
30° 

 

% 19.53 

Back Working with the neck 
bent  

more than 30°  

% 21.71 

Working with the neck 
bent  

more than 45°  

% 19.53 

During working on Circle saw, planer and band saw.  We 
research awkward postures, the squatting posture and working 
with the neck bent more than 30° high riskier than other 
awkward postures.  

Workers should find new working methods for squatting and 
back posture. They are under risk by their working positions. 

Table 9. Grip force results combination of Circle saw, planer, 
band saw 

 Arms 
wrists  

hands  

Pinch gripping 
unsupported objects 
waiting 1 kg or more 
one hand 

 

% 17.36 

Pinch gripping with 
a force of 2 kg or 
more one hand 

% 13.02 

Arms 
wrists  

hands 

Pinch gripping 
unsupported objects 
waiting 5 kg or more 
one hand 

 

% 8.68 

Pinch gripping with 
a force of 5 kg or 
more one hand 

% 10.85 

Observation of Grip force results combination of Circle saw, planer, 

band saw shows that Pinch gripping unsupported objects waiting 
1 kg or more one hand riskier than other grip force 
observations.  During working with circle saw and planner 
machine, workers pinch gripping unsupported objects waiting 
1 kg or more one hand.  
 

 

Table 10. Lift/Lower Force Results 

Machine Posture  0 cm 18 cm 30 cm 

Circle 
Saw  

Above 
shoulder 

% 2.17 % 0 % 2.17 

Waist to 
shoulder 

% 13.02 % 15.19 % 17.36 

Knee to waist % 32.55 % 41.23 % 36.89 

Below knee % 0 % 0 % 2.17 

Planer Above 
shoulder 

% 0 % 2.17 % 0 

Waist to 
shoulder 

% 23.87 % 49.91 % 75.95 

Knee to waist % 2.17 % 6.51 % 4.34 

Below knee % 0 % 0 % 2.17 

Band 
Saw  

Above 
shoulder 

% 2.17 % 2.17 % 0 

Waist to 
shoulder 

% 10.85 % 23.87 % 30.38 

Knee to waist % 49.91 % 97.65 % 75.95 

Below knee % 2.17 % 6.51 % 13.02 

Observation of Lift / Lower force results circle saw shows that 
knee to waist with 18 cm riskier (% 41,23) than other lift/ 
lower force results. Observation of Lift / Lower force results 
planer machine shows that waist to shoulder with 30 cm riskier 
(% 75,95) than other lift/ lower force results. Observation of 
Lift / Lower force results band saw machine shows that knee to 
waist with 30 cm riskier (% 75,95) than other lift/ lower force 
results. The riskier results for lifting / lower force found in knee 
to waist and waist to shoulder. Workers should use assistant 
working machines for lifting.  

5 Conclusions  

From the results obtained in this study, the following main 
conclusions can be drawn:  

The maximum risk found in Lift / Lower Force results 
observations, in Planner machine waist to shoulder lifting 
riskier than others, and also in band saw knee to waist found 
high riskier. With awkward posture results combination of 
circle saw, planer and band saw shows that squatting and 
kneeling occurs risky posture for knee. Working with the neck 
bent more than 30° and 45° are risky for back.  

Grip force, vibration and repetition results combination of 
Circle saw, planer, band saw shows less risk than other 
observation techniques. With this results workers should find 
assistance machines for their risky working postures. 
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Abstract   

This study evaluated the lateral resistance of face-to-face two-row vertically-aligned multi-staple joints constructed of Turkish beech and Yellow Pine. 
Mean lateral shear resistances of joints in two different wood species were compared. Based on the results, increasing density of wood specie increased 
ultimate lateral shear resistance of the face-to-face two row multi-staple furniture joints. The ultimate lateral shear resistance load increased significantly 
as the number of staples increased from 4 to 6 with an increment of 2. Mainly, joint specimens indicated failure mode of staple legs withdrawing from 
main members along with staple legs bending and materials crushing in the contacting side of both main and side members. 
Keywords: Staple, Shear, Resistance, Turkish beech, Yellow pine, Joint. 

   

KAYIN VE SARIÇAM ELEMANLARININ YÜZYÜZE ZIMBALANMASIYLA 
OLUŞTURULAN BİRLEŞME YERLERİNİN STATİK DAYANIMLARI  

Özet   

Bu çalışmada , Türk kayını ve sarıçam odunu kullanılarak hazırlanmış elemanları(kayıtları) düşey yönde iki sıra halinde çok zımba uygulayarak 
oluşturulmuş birleştirme yerlerinin statik direnç değerleri ele alınmıştır. Ortalama makaslama direnç değerleri iki farklı ağaç türü için kıyaslanmıştır. 
Sonuçlara göre, ağaç türünün yoğunluğunun artması yüzyüze gelen elemanların iki sıra halinde çoklu zımbalanmasıyla oluşturulmuş birleşme yerlerinin 
maksimum makaslama direnci değerlerini arttırmıştır. Zımba sayısının 4 ten 6 ya ikişer artması maksimum makaslama direncini artırdığı istatistiksel 
anlamda önemli bulunmuştur. Çoğunlukla birleşme yerlerindeki ana eleman ve yan elemandan zımbanın çıkması, zımba bacaklarının eğilmesi,ve ana ve 
yan elemanlarda zımbanın olduğu kısımlarda oluşan ezilmeler arıza modları olarak gözlemlenmiştir.  
Anahtar Kelimeler: Zımba, Makaslama, Direnç, Kayın, Sarıçam, Birleşme yeri. 

   

 

1 Introduction 

Since power-driven staples are fast and easy to assemble joints 
in upholstered furniture frames constructed of wood and wood 
based-panel composed, the staple is one of the most commonly 
used fasteners for joining structural members in upholstery 
furniture [1]. The connectors of upholstered furniture frame 
such as glue or mechanical fasteners (staple or metal plate) are 
simply subjected to tensile forces only, or lateral shear forces 
only, or a combination of tensile and lateral shear forces 
regardless of how complicated loads are applied to an 
upholstered furniture frame. In the case of staple connected 
gusset-plate joints, the staples are subjected to face lateral 
shear withdrawal forces. Therefore, the essential fastener 
holding capacity, such as lateral shear resistances, of a material 
needs to be known. Limited information is available for 
strength properties of lateral shear resistance of joint in 
Turkish beech and Yellow pine. 
Yadama et al. (2002) investigated effects of the number of 
staples on the lateral resistance of stapled joints in selected 
solid wood and wood-based materials. The mean specific 
gravity of values was as follow: red oak 0.7, Eastern cottonwood 
0.49, yellow poplar 0.51, sweet gum 0.59, MDF 0.78 and OSB 
0.74. Experimental results indicated that number of staples 

positively affected the joint resistance to lateral loads; however, 
the relationship was not linear for most materials. The mean 
ultimate lateral load values of the joints in Eastern cottonwood 
were 347, 698, 1646, and 3060 N for the number of staples 1, 2, 
4, and 8, respectively. The spacing effect on the lateral 
resistance of joints in OSB was not statistically significant. In 
general, joints with higher density members provided the most 
resistance to lateral loads [2]. 
Zhang and Maupin (2004) studied face lateral resistance of 
face-to-face multi-staple joints in furniture-grade, 19-mm-h-
thick 5-ply southern yellow pine plywood. The specimens were 
constructed with a fastened member and a fastening member 
of the same type material that were combined with staples. 
Experimental results indicated that the face lateral withdrawal 
resistance of one-row vertically-aligned multi-staple joints in 
pine plywood increased significantly as the number of staples 
increased from 2 to 5 staples with an increment of one.  Mean 
ultimate face lateral resistances of one-row vertically-aligned 
multi-staple joints in pine plywood ranged from 569 to 1,425 
with coefficients of variation ranging from 7 to 12 percent [3].  
Demirel et al (2013) studied the lateral resistance of face-to-
face OSB joints connected with one 16-gauge coated staple and 
one row of vertically aligned 16-gauge coated staples. 
Experimental results from single staple-connected joints 
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indicated that the face strand orientation of OSB materials had 
no significant effect on the joint lateral resistance. OSB density 
had a significant effect on the joint lateral resistance. The 
results of face-to-face joints connected with two rows of staples 
indicated the joint lateral resistance is governed by material 
core density. The joint lateral resistance increases significantly 
as the number of staples increases from two to four with an 
increment of one [4].  
Demirel et al. (2014) studied on the ultimate lateral resistance 
of face-to-face joints connected with two rows 16-gauge coated 
staples in three oriented strand boards (OSB) of different 
densities. Results showed that ultimate lateral resistance of the 
face-to-face OSB joints significantly increases as the number of 
staples increases from two to eight with two staples increment. 
The face-to-face OSB joints constructed of a higher density 
material yielded a higher ultimate lateral resistance, but the 
significant increase in ultimate lateral resistances due to 
increase in material density depended on the number of staples 
used. The increase in the ultimate lateral resistance became 
more sensitive to material density increase once the number of 
staples used was six and higher [5]. 
The main objective of this study was to evaluate and compare 
the face lateral shear resistance capacities of multi-staple 
connected joints in two different wood materials.  Therefore, 
the specific objectives of this study were to: 1) evaluate wood 
type (specie) on the face lateral shear resistance of two-row 
multi-staple joint; and 2) investigate the additive efforts of 
staples and wood specie effects on the face lateral shear 
resistance of two-row multi-staples joints. 

2 Material and Methods 

2.1 Material  
In this study, 19-mm--thick Turkish beech and Yellow pine 
were used as main members to evaluate and compare their 
resistances to lateral shear loads. 50 by 50-cm-size sheet of 
plywoods were produced with one center ply and aligned 
parallel to face plies, and two plies adjacent to face plies aligned 
perpendicular to the face and so on. Total ply numbers of a 
plywood was 9. The staples used were SENCO 16-gage 
galvanized chisel-end-point types with a crown with of 11,1 
mm and leg length of 38 mm. The leg width of staples was 1,57 
mm, and thickness was 1,40 mm. The staples were coated with 
Sencote coating, a nitro-cellulose based plastic. 
2.2 Specimen Configurations 
The general configuration of a face-to-face two-row multi-
staple joint specimen in this study is shown in Figure 1. The 
specimen consisted of two principal structural members, a 
main member and a side member, assembled by staples. The 
staples were arranged symmetrically on side member in 
vertical directions.  

 
Figure 1.  The general configuration of a face-to-face two-row 

multi-staple connected joint specimen. 

 
2.3 Experimental Design 
A complete 2×2 factorial experiment with 5 replicates per 
combination was conducted to evaluate the additive effects of 
staples on the lateral shear resistance of face-to-face two-row 
multi-staple joints. The two factors were wood specie (Turkish 
beech, Yellow pine) and number of staple (4 and 6). Therefore, 
a total of 20 joint specimens were tested. The multi-staple 
placement patterns for each staple number level are given in 
Figure 2. 
 
 

 
Figure 2. Diagram showing the placement of staples in the two 

joint specimens connected with two-row vertically-aligned 
multi-staples of: a) four and b) six. 

 
 
2.4 Specimen Preparation 
One hundred seventy eight by 292 mm size 20 members were 
cut from the 5 by 20 by 300 cm long lumbers using a rip saw 
and the radial arm saw. Beside these members, 51×152 mm size 
20 plywood gusset plates for vertical alignment were prepared 
from one type plywood panel. Gusset plates were attached to 
wood rails using 4 and 6 staples for two-row multi-staple joints. 
Prior to the joint construction, all cut wood materials and 
plywood blanks were conditioned in a 8% equilibrium 
moisture content chamber. For staple connected joints, SENCO 
16 gauge staple gun was used to drive staples into wood 
materials with pressure of 4.83 bar.  

2.5 Testing 

Figure 3a shows the apparatus for evaluating the lateral shear 
resistance of face-to-face two-row vertically aligned multi-
stapled joints. All joints were tested on a MTS Universal testing 
machine at a loading rate of 2.5 mm/min in reference with 
ASTM D 1761 [6]. In preparation, the specimens were first 
placed to testing platform vertically. Secondly, two metal plates 
were placed both in front and back side of the testing sample. 
The last step of the setup was squeezing these two plates from 
both right and left side in order to keep specimen still during 
testing as shown in Figure 3b.  
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Figure 3. A test specimen a) front view, b) back view 
 

After setting up the test, the vertical load was calibrated for 
initiation of the test, and then the lateral resistance of face-to-
face joint test was conducted for two-row vertically-aligned 
multi-staple joints. Ultimate lateral shear load, load-
displacement curves, and specimen failure modes were 
recorded.  
 

3 Results and Discussion 

 
Moisture content values of Turkish beech and Yellow pine were 
set 8 percent.  Density values averaged 0.58 and 0.43 g/cm3 
with their corresponding COV of 4 and 4 percent for Turkish 
beech and Yellow pine materials, respectively.  Mean density 
comparisons indicated that the densities of two wood species 
were significantly different with 0.0162 LSD value based on SAS 
analysis.   

3.1 Load-Displacement Curves 

Typical load-displacement curves of face-to-face two-row multi 
staple joints is illustrated in Figure 4. As shown in the figures, 
after ultimate lateral resistance point, failure slowly happened 
because of staple connection which slightly separate main and 
side members from each other not like glue connection which 
separates sharply [7]. 

 

 
Figure 4: Typical load-displacement curve of the joint 

constructed from a) Turkish beech, b) Yellow pine. 
 

3.2 Mean Ultimate Lateral Shear Loads and 
Comparisons 

Mean ultimate lateral shear resistance loads of face-to-face 
two-row multi-staple joints and their coefficients of variation 
are summarized in Table 1.  Each value represents a mean of 5 
specimens tested.  In general, joint specimens failed with the 
mode of staple legs withdrawing from main members along 
with staple legs bending and materials crushing in the 
contacting side of both main and side members as shown in 
Figure 5. 
 

(a) (b) 
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Table 1. Mean ultimate lateral shear resistance loads of face-
to-face two-row multi-staple joints. 

 

 
 

 
           
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. A failure mode of a tested specimen 
 
A two-factor analysis variation (ANOVA) general linear model 
procedure was performed for individual joint data to analyze 
main effects and their interactions on the mean ultimate lateral 
shear resistance loads of face-to-face two-row multi-staple 
joints constructed from Turkish beech and Yellow pine. The 
ANOVA result indicated that the two-factor interaction, wood 
specie × the number of staples, was not statistically different at 
the 5 percent significance level.  All main effects, wood specie 
and the number of staples, were statistically significant.  
Therefore, the main effects were further analyzed.  

 
3.2.1 Wood Specie Effect 
Table 2 shows in general joints constructed with Turkish beech 
had a higher ultimate lateral shear resistance load than the 
joints constructed from Yellow pine. This is because Turkish 
beech wood has higher density compared to Yellow pine wood. 
The higher material density might let the higher staple holding 
capacity. This results is consistent with one of the author’s 
previous studies on face lateral resistance of OSB joints 
connected with two rows of 16-gauge coated staple [5]. Based 
on that study, mean ultimate lateral resistance load increases 
as the main member material density increases. 

 

Table 2. Mean comparisons of ultimate lateral shear resistance 
loads face-to-face two-row multi-staple joints for each of wood 

specie. 

 
3.2.2 Staple Number Effect 
Table 3 shows that the number of staples positively affected the 
ultimate lateral shear resistance load of face-to-face two-row 
multi-staple joints both in Turkish beech and Yellow pine.  The 
ultimate lateral shear resistance load increased significantly as 
the number of staples increased from 4 to 6 with an increment 
of 2. This result is also consistent with one of the author’s 
previous studies on face lateral resistance of OSB joints 
connected with two rows of 16-gauge coated staple [5]. In that 
study ultimate lateral resistance load of face-to-face OSB joints 
increased significantly as the number of staples increased from 
two to eight with increment of two. 

 
Table 3. Mean comparisons of ultimate lateral shear resistance 

loads face-to-face two-row multi-staple joints for each of 
number of staple. 

4 Conclusion 

In this study, the lateral resistances of face-to-face two-row 
vertically-aligned multi-staple joints constructed of Turkish 
beech and Yellow Pine were investigated. Results showed that 
the joints constructed from Turkish beech indicated greater 
ultimate lateral resistance than the one of joint constructed 
from Yellow pine due to having higher density value. The 
number of staples positively affected the ultimate lateral shear 
resistance load of face-to-face two-row multi-staple joints both 
in Turkish beech and Yellow pine. In general, joint specimens 
failed with the mode of staple legs withdrawing from main 
members along with staple legs bending and materials crushing 
in the contacting side of both main and side members. 
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Abstract   

The treatment with fire retardant chemicals is the most effective process to protect wood and wood based products from fire is. Therefore, use of fire 
retardant chemicals has been increased. However, the fire retardant chemicals have an effect on other physical, mechanical and some technological 
properties of the materials treated with them. In this study, it was examined that the effect of various fire retardant chemicals in different concentrations 
on mechanical properties of plywood. Alder (Alnus glutinosa subsp. barbata ), poplar (Populus deltoides) and Scots pine (Pinus sylvestris L.) were used as 
wood species; zinc borate, monoammonium phosphate and ammonium sulfate were used as fire retardant chemicals and UF resin was used as adhesive. 
The veneer sheets were treated with immersion method and chosen three different concentrations as 5%, 7% and 10% aqueous solutions. Mechanical 
properties of plywood panels such as shear strength, bending strength, modulus of elasticity of the plywood panels were determined according to TS EN 
314-1, TS EN 310, respectively. As a result of this study; it was found that all of mechanical strength values of panels produced with the veneers treated 
with fire retardant chemicals were less than those of control panels and the values decreased with increasing the concentration of solution. 
Keywords: Fire Retardant, Plywood, Concentration, Mechanical Properties 
   

FARKLI KONSANTRASYONLARDAKİ ÇEŞİTLİ YANGIN GECİKTİRİCİ 
KİMYASALLARIN KONTRPLAKLARIN MEKANİK ÖZELLİKLERİ ÜZERİNE 

ETKİSİ 
Özet   

Yangın geciktirici kimyasallar ile emprenye işlemi, ahşap ve ahşap esaslı ürünlerin yangından korunmasında çok etkili bir işlemdir. Bu yüzden, yangın 
geciktirici kimyasalların kullanımı tüm dünyada artmaktadır. Ancak, yangın geciktirici kimyasallar, uygulanmış oldukları malzemelerin fiziksel, mekanik 
ve diğer bazı teknolojik özellikleri üzerinde bir etkiye neden olmaktadır. Bu çalışmada, farklı konsantrasyonlardaki çeşitli yangın geciktirici kimyasalların, 
kontrplakların mekanik özellikleri üzerine etkisi araştırılmıştır. Ağaç türü olarak, kızılağaç (Alnus glutinosa subsp. barbata), kavak (Populus deltoides)  
ve sarıçam (Pinus sylvestris L.) kullanılmıştır. Yangın geciktirici kimyasal olarak çinko borat, monoamonyum fosfat ve amonyum sülfat ve tutkal türü 
olarak da ÜF kullanılmıştır. Kaplama levhaları daldırma metoduna göre emprenye edilmiş ve %5, %7 ve %10 olmak üzere üç farklı çözelti 
konsantrasyonları seçilmiştir. Kontrplak levhalarının mekanik özelliklerinden çekme-makaslama direnci; TS EN 314-1 standardına göre, eğilme direnci 
ve elastikiyet modülü ise TS EN 310 standardına göre belirlenmiştir. Bu çalışmanın sonucunda, yangın geciktirici kimyasallar ile emprenye edilmiş 
kaplamalardan üretilen kontrplakların tüm mekanik direnç değerleri, emprenye edilmemiş kontrol grubu levhalarından daha düşük bulunmuştur ve 
değerler, konsantrasyon miktarının artmasına bağlı olarak azalmıştır. 
Anahtar Kelimeler: Yangın Geciktirici, Kontrplak, Konsantrasyon, Mekanik Özellikler 
   

 

1 Introduction 

Wood and wood based panels have long used a material in the 
construction industry because they have a great durability, high 
strength and versatility [1]. Plywood, being a wood based 
product, one of the most important building and furniture 
materials [2]. Plywood has some advantages when compared to 
solid wood and other wood panels. Physical properties of 
plywood are better than other wood panels. Bending strength 
and screw holding capacity of plywood is very high, and it is 
resistant to deformation disorders such as distortion or 
twisting. Since plywood has a homogeneous structure, its 
shrinkage and expansion are much less than solid wood [3].  
There are some unfavorable characteristics of the plywood 
similar to wood and other wood-based composite panels. It can 
be combusted easily, and this is one of the undesired 
characteristics of plywood [4]. 
The flammability and combustibility properties of such a solid 
material can be reduced recommended several treatments [5]. 
The treatment with fire retardant chemicals is the most 
effective process to protect wood and wood based products 

from fire is. Therefore, use of fire retardant chemicals has been 
increased. It has also risen due to awareness of environmental 
protection and consumer safety, requirement standards to 
flame retardants have been raised accordingly. Moreover, 
capability and properties of fire retardant chemicals such as 
being harmless to human, animals, and plants and less release 
of smoke and toxic gases when burned are important 
parameters for consumer to select a fire retardant chemical. It 
was also shown the fire retardant chemicals have an effect on 
other physical, mechanical and some technological properties 
of the materials treated with them. Inorganic based fire 
retardant chemicals are extensively used in forest industry 
because they have both good thermal stability, less release of 
smoke, corrosive toxic gases and less strength loss [6], [7]. 
In this study, it was examined that the effect of various fire 
retardant chemicals in different concentrations on mechanical 
properties of plywood. 
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2 Material and Methods 

2.1 Material  

In this experimental study, 2 mm-thick rotary cut veneers with 
the dimensions of 500 mm by 500 mm were obtained from 
poplar (Populus deltoides), alder (Alnus glutinosa subsp. 
barbata) and Scots pine (Pinus sylvestris L.) logs. While the alder 
and poplar veneers were manufactured from freshly cut logs, 
Scots pine logs were steamed for 12 h before veneer 
production. The horizontal opening between knife and nosebar 
was 85% of the veneer thickness, and the vertical opening was 
0.5 mm in rotary cutting process. The veneers were then dried 
to 6–8% moisture content with a veneer dryer. After drying, 
veneer sheets were treated with some fire retardant chemicals. 
For this aim, 5, 7 and 10% aqueous solutions of zinc borate, 
monoammonium phosphate (MAP) and ammonium sulfate 
were used. The veneers were subjected to re-drying process at 
110°C after they immersed in the fire retardant solutions for 20 
min. The retention level for each treatment solution was 
calculated with the following equation, and they were 
presented in Table 1.  

Table 5. Retention levels of fire retardant chemicals. 

Wood 
Species 

Fire Retardant 
Chemicals 

Aqueous 
Solutions 

(%) 

Retention 
Levels 

(kg/m3) 

Poplar 

Zinc Borate 
5 17,118 
7 20,854 

10 30,243 

MAP 
5 11,233 
7 14,219 

10 19,514 

Ammonium 
Sulfate 

5 9,705 
7 11,594 

10 14,660 

Alder 

Zinc Borate 
5 16,324 
7 20,107 

10 29,053 

MAP 
5 10,233 
7 14,595 

10 18,601 

Ammonium 
Sulfate 

5 9,781 
7 11,350 

10 15,254 

Scots pine 

Zinc Borate 
5 13,800 
7 19,915 

10 26,420 

MAP 
5 12,689 
7 18,033 

10 23,402 

Ammonium 
Sulfate 

5 11,578 
7 17,553 

10 24,993 

 

𝑅 =
𝐺 × 𝐶

𝑉
× 10 

(1) 

where 
R = Retention level (kg/m3) 
G = treatment solution absorbed by the sample 
C = preservative or preservative solution in 100 g treatment 
solution. 
V = volume of sample in cm3 

2.2 Plywood Manufacturing 

Three-ply-plywood panels with 6 mm thick were manufactured 
by using urea formaldehyde resin. The formulations of adhesive 
mixture used for plywood manufacturing are given in Table 2. 
Veneers sheets were conditioned to approximately 5–7% 

moisture content in a climatization chamber before gluing. The 
glue mixture was applied at a rate of 160 g/m2 to the single 
surface of veneer by using a four-roller glue spreader. Hot press 
pressure was 12 kg/cm2 for alder and 8 kg/cm2 for scots pine 
and poplar panels while hot pressing time and temperature 
were 6 min and 110ºC, respectively. Two replicate panels were 
manufactured for each test groups. 

Table 2. The formulations of UF glue mixture used for the 
manufacturing of plywood. 

Glue Type Ingredients of Glue Mixture Parts by 
weight 

UF 

UF resin  
(with 55% solid content) 

100 

Wheat flour 30 
Hardener - NH4Cl  

(with 15% concentration) 
10 

2.3 Methods 

The shear strength of plywood panels was determined 
according to TS EN 314-1 with a universal testing machine [8]. 
Samples manufactured with UF resin were tested after 
immersion in water at 20 ºC for 24h. Twenty-five specimens 
were used for the evaluation of shear strength tests. 

The bending strength and modulus of elasticity of plywood 
panels was determined according to TS EN 310 with a universal 
testing machine [9]. Sixteen specimens were used for the 
evaluation of shear strength tests. 

3 Results and Discussion 

The effect of zinc borate, MAP and ammonium sulfate on the 
mechanical properties of plywood produced from poplar, alder 
and scots pine veneers is shown in Table 3 and 4.  

Table 3. Shear strength mean values of plywood panels 

Wood 
Species 

Fire Retardant 
Chemicals 

Aqueous 
Solutions 

(%) 

Shear Strength 
(N/mm2) 

X S 

Poplar 

Control - 1,561 0,16 

Zinc Borate 
5 1,421 0,15 
7 1,370 0,25 

10 1,235 0,30 

MAP 
5 1,270 0,15 
7 1,231 0,12 

10 1,168 0,13 

Ammonium 
Sulfate 

5 1,256 0,26 
7 1,186 0,24 

10 1,170 0,13 

Alder 

Control - 2,219 0,21 

Zinc Borate 
5 1,956 0,51 
7 1,882 0,35 

10 1,871 0,27 

MAP 
5 2,158 0,43 
7 1,779 0,37 

10 1,593 0,18 

Ammonium 
Sulfate 

5 1,909 0,40 
7 1,798 0,24 

10 1,675 0,15 

Scots 
pine 

Control - 1,115 0,11 

Zinc Borate 
5 1,070 0,20 
7 1,032 0,17 

10 0,962 0,17 

MAP 
5 0,833 0,07 
7 0,798 0,09 

10 0,793 0,09 

Ammonium 
Sulfate 

5 0,876 0,16 
7 0,759 0,19 

10 0,734 0,10 

X: arithmetic mean, S: Standard deviation 
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The results listed in Table 3 show that shear strength values of 
fire retardant-treated plywood panels were less than that of the 
untreated control panels. The shear strength values decreased 
with increasing the concentration of solution. In spite of this 
drop in shear strength, the shear strength of the fire retardant- 
treated Poplar and alder plywood panels still met the 
requirements of the DIN 68705-3 standard. However, the most 
of shear strength values of Scots pine plywood panels were less 
than 1 N/mm2 determined according to DIN 68705-3 [10].  In 
literature, it was stated that the reasons for the reduction in 
shear strength of fire-retardant plywood could be related to the 
acidity of fire retardant could influence the strength of the 
veneers; The poor compatibility between fire retardant and UF 
adhesive and the fast curing rate of the UF adhesive, accelerated 
by fire retardant, could, theoretically, prevent a direct and 
effective contact between the veneer and the UF adhesive, and 
hence affect the penetration of UF adhesive into the veneer 
[11]. The second drying process performed after the 
impregnation may also contributed to decrease in shear 
strength. Aydin (2004) indicated that the impregnation 
material layer in the form of crystal remaining on the veneer 
surface after drying affected adversely wettability with glue 
and so the shear strength values decreased [12]. 
Table 4. Bending strength and modulus of elasticity mean 
values of plywood panels 

Sp
ec

ie
s Fire 

Retardant 
Chemicals 

Aqueous 
Solutions 

(%) 

Bending 
Strength 
(N/mm2) 

Modulus of 
Elasticity 
(N/mm2) 

X S X S 

P
o

p
la

r 

Control - 74,87 7,22  5220 367 

Zinc Borate 

5 70,87 3,42 4891 306 

7 64,04 3,90 4516 270 

10 60,71 6,08 4368 307 

MAP 

5 71,84 5,42 4969 380 

7 71,31 3,08 4948 226 

10 67,98 7,71 4703 384 

Ammonium 
Sulfate 

5 66,15 4,24 4610 247 

7 61,67 7,02 4596 398 

10 60,18 6,49 4584 299 

A
ld

er
 

Control - 99,75 4,87 8196 348 

Zinc Borate 

5 95,68 6,79 7819 720 

7 87,50 7,55 7585 304 

10 87,88 8,30 7577 727 

MAP 

5 96,04 3,23 7897 692 

7 95,12 5,41 7864 661 

10 94,50 2,67 7744 452 

Ammonium 
Sulfate 

5 92,12 7,45 7748 654 

7 91,71 2,20 7678 736 

10 90,79 3,62 7594 705 

Sc
o

ts
 p

in
e 

Control - 70,04 5,74 5258 239 

Zinc Borate 

5 64,86 15,22 4840 426 

7 63,68 4,68 4820 410 

10 58,23 6,31 4267 394 

MAP 

5 64,96 10,75 4654 605 

7 64,30 5,44 4757 262 

10 56,76 5,65 3956 405 

Ammonium 
Sulfate 

5 61,63 5,55 4856 439 

7 62,48 2,32 4857 577 

10 59,47 7,06 4716 383 

X: arithmetic mean, S: Standard deviation 

 
The results listed in Table 4 show that bending strength and 
modulus of elasticity values of fire retardant-treated plywood 
panels were less than that of the untreated control panels. The 

bending strength and modulus of elasticity values decreased 
with increasing the concentration of solution. In spite of this 
drop in bending strength and modulus of elasticity, the bending 
strength and modulus of elasticity values of the fire retardant-
treated plywood panels still met the requirements of the DIN 
68705-3 standard [10].  In literature, it was stated that the fire 
retardant chemicals caused reduction of bending strength and 
modulus of elasticity [13]-[16]. 
Among the fire retardant chemicals, zinc borate generally 
caused less decrease in shear strength than the other chemicals 
for all of wood species. MAP generally caused less decrease in 
bending strength and modulus of elasticity than the other 
chemicals for all of wood species. However, the less decrease 
for modulus of elasticity values of Scots pine panels was obtain 
from ammonium sulfate. 

4 Conclusions 

This study indicated that all of mechanical strength values of 
panels produced with the veneers treated with fire retardant 
chemicals was less than those of control panels and the values 
decreased with increasing the concentration of solution. 
As a result, mechanical properties of the panels can be 
adversely influenced by increased concentrations of fire 
retardants. Therefore, chemical concentration should be 
carefully adjusted to provide sufficient fire retardant chemicals 
for treated plywood while also providing minimal negative 
effects on its mechanical strength values. Further studies 
performed to use treatment of the panels should evaluate more 
than three concentrations of chemicals to attain a better 
understanding of the effect of treatment variables on the 
mechanical properties of the panels. 
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Abstract   

This study aims to determine the effects of turn color and varnish processing on wood material  is the collapse time on the combustion. For this purpose, 
samples prepared from wood of Oriental beech (Fagus orientalis Lipsky) and Scoth pine (Pinus sylvestris Lipsky) according to ASTM D 358, were covered 
with waterbased, synthetic, polyurethane and acrylic varnishes after bleaching with 18 % solution of sodium hydroxide (NaOH), hydrogen peroxide (H2O2), 
calcium hydroxide (Ca(OH)2) and sodium silicate (NaSiO3). The collapse time on combustion of repared samples were determined according to ASTM E 
160-50. According to the result of reseach, collapse time according to interaction of wood types was gained the highest time Oriental beech (877.6 sn), the 
lowest time Scotch pine (570 sn), according to varnish types was gained the highest time polyurethane (776.7 sn), the lowest time waterbased (563.1 sn), 
according to bleacher types was gained the highest time R5 (800.3 sn), the lowest time R2 (645 sn). According to interaction of wood types, bleacher and 
varnish types was gained the highest time Dk+R4+Sb (1260 sn), the lowest time Dk+R3+Sn (630 sn). If needed a late collapse in the burning area it can be 
expected to consider these cases. 

Keywords:Bleaching, varnishes, wood materials, combustion properties 
   

DOĞU KAYINI VE SARIÇAM ODUNLARDA RENK AÇMA VE VERNİKLEME 
İŞLEMLERİNİN YANMADA YIKILMA SÜRELERİNE ETKİLERİ  

Özet   
Bu çalışma, ağaç malzemede renk açma ve vernikleme işleminin yanmada yıkılma sürelerine etkilerini belirlemek amacıyla yapılmıştır. Bu maksatla;  
Doğu kayını (Fagus orientalis Lipsky) ve sarıçam (Pinus sylvestris Lipsky) odunlarından ASTM D 358’e göre hazırlanan örnekler sodyum hidroksit (NaOH), 
Hidrojen peroksit (H2O2), kalsiyum hidroksit (Ca(OH)2) ve sodyum silikat (NaSiO3)’ın %18’lik çözeltisi ile renk açma işlemi yapıldıktan sonra ASTM D 3023 
esaslarına göre su bazlı (Sb), sentetik (Sn), Poliüretan ve Akrilik vernikler ile kaplanmıştır. Hazırlanan örneklerin yanmada yıkılma süreleri ASTM E 160-
50’ye göre belirlenmiştir. Sonuç olarak yıkılma süresi (sn) ağaç türü düzeyinde en yüksek Doğu kayınında (877,6 sn), en düşük sarıçamda (570 sn), vernik 
düzeyinde en yüksek poliüretan (776,7 sn) de, en düşük su bazlı (563,1 sn), renk açma maddesi düzeyinde en yüksek R5 (800,3 sn) de, en düşük R2 (645 sn) 
de bulunmuştur. Ağaç türü, renk açma çözeltisi ve vernik etkileşimine göre en yüksek Dk+R4+Sb (1260 sn), en düşük Dk+R3+Sn (630 sn) bulunmuştur. 
Buna göre yanmada yıkılmanın geç olması beklenen alanlarda bu durum dikkate alınabilir. 
Anahtar Kelimeler:Yanma özellikleri, renk açma, vernikler, ağaç malzeme 
   

1 Introduction 

Today, architects are needed because of the sensitivity of 
security against fire, designers, building materials, furniture 
and wooden factories stresses a focus on the most effective way 
to ensure the fire resistance of wood. The impregnated wood is 
applied next to the burning properties of known, varnishing, 
painting and so on. Determination of the effect on the fire 
resistance of various processes is of paramount 
importance.The smell of tree species, taste, physical 
characteristics such as different colors and patterns. Wood 
discoloration injuries in live wood, dead knot formation, 
disease, and so on. cause oxidation or heartwood of some of the 
chemicals in the wood in old age or as a result of the formation 
of the tannic contact with metals and wood consisting 
discolorations occur next [1]. Also, the annual growth rings of 
trees due to the difference in density of the material (summer 
wood, spring wood) color differences may occur. 
The color of the furniture, shape, size, form and balance is so 
important. carpet used in interior decoration, curtains, etc.. 
textile wall, ceiling and floor coverings are required to be 

compliant. While most of the color of the wood in its natural 
state can not always meet the needs of this kind. Therefore, the 
bleaching process in the desired surface before surface 
treatment may be provided for color matching [2]. 
Uysal and colleagues at work, beech, oak, pine and ash wood 
were varnished after the bleaching process. NaOH + H2O2, 
NaOH + Ca(OH)2 + H2O2 solution of a strong, and HCl solution of 
HCIO have reported poor decolorizing [3]. 
Uysal and colleagues at work, NaOH + H2O2, NaOH + Ca(OH)2 + 
H2O2, HCIO and HCI with bleached ash, pine, the beech and oak 
wood has examined the changes occurring in the static bending 
strength. The test results; The more acidic the reduction in 
bending resistance has determined that the cause of the 
characters HCIO and HCl solution [4]. 
Scots pine and beech examples of experiments that prepare the 
wood sodium sulfate, sodium tetraborate, copper sulfate, 
potassium nitrate, immersion and pressure with zinc sulfate 
has impregnated with the methods applied, lower the 
combustion of the samples impregnated by immersion method 
properties, stated that he had more positive results of those 
impregnated by pressure method [ 5]. 
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Ozcifci of C2O4H2, NaOH, H2O2, using NH3 and HCl solution, 
investigated the burning properties of sessile oak wood that 
lightens. The results of this study, most weight loss NaOH, the 
maximum increase in temperature and the amount of CO2 
C2O4H2, while the maximum amount of ash is generated in 
NaOH solution [6]. 
In this study, Oriental beech (Fagus orientalis Lipsky) and Scots 
pine (Pinus sylvestris Lipsky) of bleaching and varnishing 
process, flame-welded, not welded and while the effects of the 
collapse in flame burning ember state were investigated. 

2 Materials and Methods 

2.1. Wood Materials 

Research in our country pine furniture and widely used in the 
decoration industry Scots pine (Pinus sylvestris Lipsky) and 
Oriental beech (Fagus orientalis Lipsky) were chosen as 
experimental material wood. The woods used in the 
experiments were obtained randomly from the market. 
2.1.1. Preparation of test samples 

Examples 1st class wood material, straight grained, knot-free, 
crack-free, color and density without charge, so that it is 
perpendicular to the growth rings on the surface and the 
sapwood part of ASTM D 358 and prepared in accordance with 
TS 53 principles [7 and 8]. Test specimens were 200C and 65% 
relative humidity conditions until they reached 12% moisture 
content [9]. Air dry the moisture in samples 13 x 13 x 76 mm 
(radial x tangential x length) were prepared in size. In the study, 
1woodtype, 4 varnish varieties +1 control, 5 bleaching solution 
+1 control, 3 groups and including 24 units in each group for 
each parameter (1 x 3 x 4 x 3 x 24) of experiment samples total 
864 pieces were used. 

2.2. Bleaching 

2.2.1. Decolorizing chemical substances 

Groups with 18% solution given in the table prepared test 
samples are subjected to bleaching process. As decolorizing, 5 
solution with 7 differentgroups were established (Table 1). 

Table 1.Solution groups used in the bleaching 

CHEMICALS NEUTRALIZATION 

NaOH+H2O2 (R1) 

Distilled Water 
Acetic acid  

(CH3COOH) 

NaOH+Ca(OH)2+H2O2 (R2) 

NaSiO3+H2O2 (R3) 

Na2S2O5 +H2C2O4(R4) 

KMnO4+Na2S2O5+H2O2(R5) 

Chemicals to be used in bleaching process, according to the 
characteristics and weight (mg) or by volume (VML) 18% was 
prepared. For this purpose, for which the solid state; 

𝑀𝑔 =
𝑀ç . 𝑀/𝑀% 

𝑆%
 

𝑀𝑔  =  Amount of solution (g) 

𝑀ç   =  Preparing the required amount of solution (g) 

𝑀/𝑀%  =Weight percent solution of the desired 
S%  =  Substance impurity rate (%)  

To liquid form;𝑉𝑚𝑙 =
𝑉ç .𝑉/𝑉%

𝑆.𝑑%
 

Vml = Amount of solution (ml) 
Vç = Amount of preparation required solution (ml) 
V/V% = Volume percentage of the desired solution 
d = Density of solution (g/cm3) were used equation [2] 

Prapering solutions, sponge powder later to assay samples 
taken parallel to the first fibers and other fibers in the direction 
parallel to the fiber again, at 100±10ml/m2 was applied. 
Forming the solution ingredients are separately driven, the 
second solution after waiting 1-3 minutes to increase the effect 
of the proposed agent was applied first. 7 decolorizing used in 
these experiments as measured by pH paper chemicals, the pH 
is given in Table 2. 

Table 2. Decolorizing pH of the chemical 

DEPIGMENTING 
CHEMICALS 

Ph (25 °C) 

NaOH 14 

H2O2 4 

Na2S2O5 5 

Ca(OH)2 10 

H2C2O4 2 

NaSiO3 12 

KMnO4 12 
To increase the penetration depth after bleaching is completed 
after standing for 2 days at room temperature, neutralization 
was carried out with acetic acid and water. After this operation, 
air drying of the samples (12%) are provided to reach the 
moisture. The surfaces before varnishing took lightly sanded. 
After applying the process of opening the sample color surface 
treatment to be made available temperature of 20°C and 
relative humidity is until they reached the equilibrium within 
65% in a conditioning cabinet. ASTM D 3023 were conducted 
according to the example of varnishing. According to this 
process lightly sanded to eliminate swelling of fiber surfaces 
will be in operation after the dust varnishing the manufacturer 
has complied with the recommendation. The amount of 
varnish, the manufacturer recommends observing the amount 
of varnish to be applied is determined by weighing the 
analytical precision of 0.01. 
Water-based varnish application; the manufacturer in 
accordance with the proposals, filling without floor and left to 
dry for 10% water mixed with high-pressure spray gun with for 
9% moisture applied as three cross-fold 20 ± 2 °C temperature, 
65% ± 3 relative humidity in three weeks. 
Synthetic varnish, for example, the firm, has been 3 times as 
long bristled brush. The first floor of the wood pores with 
synthetic lacquer thinner to penetrate well was applied after 
diluting 15-20%. If the application to other floors, synthetic 
thinner by granting a period of 24 hours between coats 10-15% 
thinned done sanding with 220 sandpaper roughness was 
adopted after the dust. 
Acrylic and polyurethane varnish application is made the same. 
pollination in the direction parallel to the fibers in the form of 
sanding sealer is applied to the sample. Then the normal (cross 
fold) samples varnishing the embodiment is allowed to dry for 
24 hours. The dried samples, 220 and 320. using an equal 
amount of water, sand is sand on a flat surface and sand wedge. 
weight after the dust of ± 0.01 g precision weighed on the 
analytical balance and was allowed to dry topcoat applied to the 
1st floor. water surface with No. 400 1st floor sanding after 
application to vary the layer thickness on lightly sandpapered 
evenly 2nd floor topcoat was applied [10].
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2.4. Test Methods 

2.4.1. Combustion test 

For combustion tests, ASTM E 160-50 [11] principles are 
adhered to. 24 samples in the experiment were burned and 
sequenced 12 times in the top of the prism-shaped upper frame 
(Figure 4.4). The bottom outlet of the flame height maker type 
device empty 25 ±1.3cm, the gas pressure in the manometer 0.5 
kg/cm² to be kept constant. A thermocouple mounted at the 
shaft portion of the gas burnt, so that a temperature of 315 ±8 
°C is continuously checked. Measurements induced combustion 
flame is carried out in three stages, namely in case of 
spontaneous combustion and coal burning. Flame-induced 
burning time, as external lights covers the period of the test 
sample the first 3 minutes. Self-burning time, while he 
continued to test samples after closing the flame until the flame 
burning, until the dissolution of the flaming combustion time; It 
is defined as a glow combustion. 

 

Figure 1. Combustion tester 

a. Mica glass, b. Sled end, c. Begin guide, d. Sledge, e. Potentiometers or 
millivoltmeters input, f. Wood samples, g.Wireframe, 8. Begin (maker 
type) A. 270 mm. B. 430 mm. C. 295 mm. D. 305 mm. E. 38 mm. 

2.5. Data Analysis  

In statistical evaluation, self-induced, was used as a data 
duration of the self-destruction and combustion embers state 
parameters. data, statistical evaluation program in MSTAT-C, 
multiple analysis of variance (ANOVA) is applied and significant 
difference between the groups came out, the difference 
between the mean values were compared with Duncan test. 
Thus, the success of ranking and between the factors taken into 
trial, least significant difference (LSD) is determined by the 
homogeneity of the group divided by the critical value. 

3 Results& Discussion 

3.1. Collapse Time (sec) 

The average values for the collapse time in Table 3, tree species, 
bleaching solution and variance analysis results regarding the 
effects of the collapse of varnish kind of time is given in Table 4. 

Table 3. The average values for the collapse time (s) 

WOOD TYPE X HG* 

Oriental beech (I) 
Scots pine (II) 

877.556 
570.000 

A 
B 

BLEACHING SOLUTIONTYPE X HG** 

Control (Kç) 
NaOH+H2O2 (R1) 
NaOH+Ca(OH)2+H2O2 (R2) 
NaSiO3+H2O2 (R3) 

NaHSO3+H2C2O4 (R4) 

KMnO4+NaHSO3+H2O2 (R5) 

748.00 
698.70 
645.00 
678.0 

772.70 
800.33 

ABC 
BCD 

D 
CD 
AB 
A 

VARNISHES X HG*** 

Control (Kv) 
Water-based varnish (Sb) 
Synthetic varnish (St) 
Polyurethane varnish (Pü) 
Acrylic varnish (Av) 

819.7 
563.1 
700.3 
776.7 
759.2 

A 
C 
B 
A 

AB 

*LSD= 14.94, ** LSD= 72.53, *** LSD= 23.65 

Collapse time; the highest beech, R5 and polyurethane varnish, 
the lowest pine, R2 and found to have a water-based varnish. 
R4 and R5 except the bleaching solution has shown to reduce 
the duration of effect varnishes with others. 

Table 4. Wood type, bleaching solution and variance analysis 
results regarding the effects of the temperature of the 

combustion flame borne varnish varieties 

Variance 
Source FD 

Sum of 
Squares 

Squares 
Average 

F 
Value 

P<0,05 
SIG. 

Factor A 
Factor B 
AB 
Factor C 
AC 
BC 
ABC 
Error 

1 
4 
4 
5 
5 
20 
20 
120 

4256568.8 
1426997.7 
8511631.1 
533091.11 
412171.11 
7527375.5 
8244662.2 
2415733.3 

4256568.8 
356749.44 
2127907.7 
106618.22 
82434.222 
376368.77 
412233.11 
20131.111 

211.44 
17.721 
105.70 
5.2962 
4.0949 
18.695 
20.477 

0.0000 
0.0000 
0.0000 
0.0002 
0.0018 
0.0000 
0.0000 

Wood species, effects on the duration of the fall of the bleaching 
solution and varnish varieties were significant in statistical 
terms (α=0.05). DUNCAN test results are conducted to 
determine that significant differences between groups which 
are given in Table 5. 

Table 5. Duncan test results for the collapsetime 

Process 
Type 

X HG* Process 
Type 

X HG* 

I+Kç 
I+R1 
I+R2 
I+R3 
I+R4 
I+R5 
I+Sb 
I+R1+Sb 
I+R2+Sb 
I+R3+Sb  
I+R4+Sb 
I+R5+Sb 
I+St 
I+R1+St 
I+R2+St 
I+R3+St 
I+R4+St 
I+R5+St 
I+Pü 
I+R1+Pü 
I+R2+Pü 
I+R3+Pü 
I+R4+Pü 
I+R5+Pü 
I+Av 
I+R1+Av 
I+R2+Av 
I+R3+Av 
I+R4+Av 
I+R5+Av 

600 
583.3 
1000 
960 
676.7 
826.7 
1050 
1230 
1060 
930 
1260 
1227 
1180 
1123 
0.000 
630 
1160 
690 
1120 
770 
880 
690 
1020 
1150 
750 
710 
680 
680 
780 
910 

OP 
P 
BCDEFGHIJ 
CDEFGHIJK 
MNOP 
HIJKLMNO 
BCDEFGHI 
ABC 
BCDEFGH 
DEFGHIJK 
AB 
ABC 
ABCD 
BCDEFG 
Q 
NOP 
ABCDE 
LMNOP 
BCDEFG 
IJKLMNOP 
EFGHIJKL 
LMNOP 
BCDEFGHI 
ABCDEF 
JKLMNOP 
KLMNOP 
MNOP 
MNOP 
HIJKLMNO 
DEFGHIJK 

II+Kç 
II+R1 
II+R2 
II+R3 
II+R4 
II+R5 
II+Sb 
II+R1+Sb 
II+R2+Sb 
II+R3+Sb  
II+R4+Sb 
II+R5+Sb 
II+St 
II+R1+St 
II+R3+St 
II+R2+St 
II+R4+St 
II+R5+St 
II+Pü 
II+R1+Pü 
II+R2+Pü 
II+R3+Pü 
II+R4+Pü 
II+R5+Pü 
II+Av 
II+R1+Av 
II+R2+Av 
II+R3+Av 
II+R4+Av 
II+R5+Av 

980 
840 
980 

0.000 
980 
1410 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
900 

0.000 
0.000 
960 
890 
870 

0.000 
800 
960 
970 
960 

0.000 
900 
930 
890 
960 

0.000 
920 

CDEFGHIJK 
GHIJKLMN 
CDEFGHIJK 
Q 
CDEFGHIJK 
A 
Q 
Q 
Q 
Q 
Q 
Q 
DEFGHIJKL 
Q 
Q 
CDEFGHIJK 
EFGHIJKLM 
FGHIJKLMN 
Q 
HIJKLMNOP 
CDEFGHIJKL 
CDEFGHIJKL 
CDEFGHIJKL 
Q 
DEFGHIJKL 
DEFGHIJKL 
EFGHIJKLM 
CDEFGHIJK 
Q 
DEFGHIJKL 

*LSD =229,4 

Collapse time, the wood species were effective bleaching 
materials and interaction in terms of varnish highest I + R4 + Sb 
(1260 seconds), the lowest I + R3 + St (630 seconds) were also 
obtained. According to this; it did not collapse in the sample of 
the 0.000 value. The corresponding graph is shown in Figure 4. 
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Figure 2. The process according to the kind of collapse time in 
wood 

4 Conclusion 

Collapsed to time; wood species in the longest beech (877.6 
seconds), the lowest pin (570 sec), bleaching materials in the 
longest R5 (800.3 seconds), as soon R2 (645 sec) also, the 
varnish sort the longest polyurethane varnish (776.7sn) lewest 
the water-based varnish (563.1 yield) as.Accordingly, the effect 
of reducing the time showed destruction varnishes. Bleaching 
of equipment except R5 and R3 reduces the period showed a 
fall of others. Beech has been successful time in terms of the 
destruction of more than pine. 
Oriental compared with scots pine has given up by 35.1% 
longer than the duration of collapse. According to the control, 
for example, water-based varnish 31.4% synthetic 
varnish14.6%, polyurethane varnish 5.3% and acrylic 7.4% 
lacquer showed effect of reducing the time collapse. According 
to the control, for example, R16.6%, R23.8%,  R3 9.4%, reducing 
by R45.2%, R5 6.6%,  showed an increasing effect on the 
duration of collapse. 
Combustion time, depending on the wood types, varnish types 
and bleaching materials according to the interactions, longest I 
+ R 4 + Sb (1,260 sec) for the lowest I + R3 + St (630 sec) was 
obtained. According to these precious samples obtained in the 
0.000 collapse did not occur. In this case the risk of fire, it can 
provide significant advantages in areas where the collapse. In 
addition, the use of scotch pine wood with varnishes of the 
bleaching solution, the risk of destruction of the material, said 
that the effect of increasing the cobustion time. 
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Abstract   

The furniture used by Turks started to become widespread during the period of Abdulmecit II with the help of Westernization policies. 
The most obvious evidence of this situation can be seen in the planning and furniture selection in Dolmabahçe Palace. While the Topkapı 
Palace represents the nomadic culture in East, Dolmabahçe Palace reflects the Western culture including rococo and baroque. Although 
the Ottoman space tradition gave way to a life with furniture over time, the people weren’t able to adapt to this change completely. The 
most crucial reasons of this situation were sitting, eating and resting on the floor, which were the habits originated from the nomadic 
culture. Hide-a-bed sofa as furniture was accepted by the society because of its familiar to nomadic culture. In this point, the relationship 
between the concepts of hide-a-bed sofa and nomadism was evaluated within the study.   

Keywords: Nomadic Life, Settled Life, Furniture, Hide-a-Bed Sofa 
   

 

ÇEKYAT: GÖÇEBE HAYATTAN YERLEŞİK HAYATA GEÇİŞİN TÜRK MOBİLYA 
ENDÜSTRİSİNE ETKİSİ 

Özet   

Türklerde mobilya kullanımının yaygınlaşması II. Abdülmecit zamanında batılılaşma politikası ile ortaya çıkmıştır. Bunun en bariz 
örneğini de Dolmabahçe Saray’ındaki mekan düzenlemesinde ve mobilya seçimlerinde görebiliriz. Topkapı Saray’ı ne kadar doğudaki 
geleneksel göçebe kültürüne benziyorsa, Dolmabahçe o kadar rokoko ve barok esintili batı kültürüne benzemektedir. Osmanlı mekan 
geleneği zamanla değişip, yerini mobilyalı yaşam almaya başlasa da halk, bu değişime tam olarak adapte olamamıştır. Göçebe kültür 
alışkanlığı olan yerde oturma, yerde yeme ve yerde yatma bunun en büyük sebeplerinden biridir. Mobilya olarak çekyat, göçebe kültürüne 
yakınlığından dolayı halk tarafından kabul görmüştür. Bu noktada çekyat ve göçebe kavramı arasındaki bağ incelenmiştir. 

Anahtar Kelimeler: Göçebe Hayat, Yerleşik Hayat, Mobilya, Çekyat 
   

 

1 Introduction 

The Turks that had a life based on nomads culture, had lived as 
to a life style with almost unfurnished for long years and all the 
furniture was formed by moved easily and not loaded during 
long travel. These communities, which used to live in changing 
conditions frequently, could carry flexible and easily 
transportable items such as mattress, quilt, since they had a 
living space in big tents in a word marquee. Nomads life style of 
the Turks for long years complicated to adapt into furnished 
life. However, hide-a-bad sofa that used widely in Turkey, 
adapted into Turkish culture without difficulty, easily and 
quickly because of its closeness to Turkish life style. In this 
context, the objective of the study is to evaluate the place of 
hide-a-bad sofa in Turkish nomadic culture.  

The study is consisted of three chapters. In the first chapter, 
short historical knowledge of furniture sector in Western and 
Turkey, in the second chapter, the relationship between the 

concepts of nomads and culture and hide-a-bad sofa are 
examined. Conclusion is reported in the last chapter.  

2 Short Historical Knowledge of Furniture Sector 
form Past to Present  

The word of furniture has entered to Turkish and many 
languages from the Latin word of mobilis (mobile), Italian 
“mobili” and French “meuble” [1].  
Andrianou [2] defines furniture as transportable, functional or 
decorative home objects. Home furniture was used just as 
functional in history; however its usage evolved from period to 
period. Today, it is not impossible to define the usage of these 
objects just as functional or decorative. The evaluation of 
furniture usage, which has complicated relationships with 
users as well as social environment, is required a historical and 
social viewpoint [3].  
The furniture has already been used by Western nations before 
being used by the Turks. The most crucial reason of that is the 
nomadic life of the Turks. Furniture has been able to seen in 
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Turkish homes with the transition to permanent settlement. 
Herein, the concept of nomads is remarkable, by the reason of 
being an important factor that effect on Turkish furniture 
sector.  
Historical development of furniture usage is embraced with 
two parts as in Western and Turkey, in this chapter.  

2.1 Furniture History in Western 

The existence of furniture proves that human pass to a social 
order by evading animalistic behaviors and the furniture has 
the characteristics of environment that belongs to permanent 
settlement contrary to nomads. It indicates us as aforesaid 
above that home furniture has become widespread in Western 
earlier than Eastern that had a nomads culture.  
The first examples of furniture could be seen in Egypt. Current 
furniture has reached today. The tradition of Mausolea was 
appeared because of the belief in continuance of life after death 
and the furniture was buried with the royal family member. 
However, the information about the usage of the furniture by 
the community could be obtained. The usage of the furniture 
did not exhibit large changes in Greek and Roman periods.  
The furniture began to be seen as a branch of art in mediaeval 
Western and it was assumed as objects that indicated wealth 
and status of the owner. The furniture expressed a luxury life 
for people, who had a low income level and life with the aim of 
surviving [4]. 
The greatest change in the history was experienced in 
production technologies and social construction after 18th 
century, especially in Victorian period; the furniture that has 
been supposed as the status symbol and costly due to its hand- 
crafted production, stated to be produced affordably with the 
industrial revolution thus and so its usage has become 
widespread [5]. 
Production methods have changed as well as the product itself 
with industrialization and mechanization [6]. Industrial 
revolution provides to be able to afford carved furniture that 
produced with machine similar to hand- crafted furniture 
cheaply for non-wealthy part of the society [7].   

2.2 The History of Furniture in Turkey 

Currency of the furniture usage in Turkey is related closely to 
modernization process of the society and this process is 
accelerated with the enhancing communication opportunities. 
Today, the furniture is used absolutely in every home especially 
in cities. 
The furniture types such as table, chair, credenza, and 
nightstand were not confronted since the recent period of 
Ottoman. People sit down lox cedars,  ate in floor 
tables and used half- covered shelves and inbuilt cupboards 
that formed by wooden material [8]. 
The usage of furniture by Turkish people rose in the time of 
Sultan Abdulmecid II with the western policy. The most obvious 
example of that can be seen in Dolmabahçe Palace in place 
arrangement and the selection of furniture. While Topkapı 
palace resembles traditional nomads culture in Eastern, 
Dolmabahçe palace reflects rococo and baroque western 
culture. Emiroglu, cites the transition of the Turks to the 
furniture usage that “the usage of European- style furniture 
gained a momentum in Ottoman Empire with the exhibition of 
furniture industry across Europe in London exhibition in 1851, 
the effects of French and British, who came to İstanbul during 
crimean war, Dolmabahçe palace that was constructed between 
the years of 1835-1855” [9]. 
One of the most important indicators of the pastiche to Europe 
is the transition to apartment life. The apartments have been 

constructed since the recent years of Ottoman, living in these 
apartments rather than detached homes was accepted as an 
crucial symbol of being western thusly, notables of the society 
preferred to live in apartment flats. The usage of western 
furniture in homes developed contemporary with the 
enhancing city life consolidated by apartments. “The concept 
and dimension of home diminished and traditional furniture 
commenced to be not appropriate for these homes with 
becoming the apartment construction” [10]. It can be observed 
as in the historical period, traditional Ottoman space had a 
metamorphosis and “life with furniture” has been maintained 
ever after [11]. However, despite the fact that people moved in 
the apartments by continuing life with furniture, they could not 
adapt to this quick change due to many different habits of 
nomads culture such as sitting down on the floor, floor table 
and sleep on the floor. Homes have two separate parts for 
sitting down of the families. One of them is saloon and the other 
one is sitting room. Sitting room is used for daily by the people, 
who cannot get over the effects of traditional culture and saloon 
is space, where is used to be entertained the guests and has 
expensive and a lot of furniture.     
Ayata describes the people that could not adapt to life with 
furniture as that “sitting room reflects glass, melamine plate, 
spring mattress, old carpet, tin ashtray, simple lamp, clothing 
with undershirt and sleepwear, sitting cross- legged, very small 
dinner table and saloon demonstrates crystal glass, porcelain 
plate, luxury armchair, new carpet, dapper clothing and 
controlled behaviors by the guests. This comparison 
commentates that the family has absolutely separated two 
worlds. While sitting room means closeness, sincerity, density, 
immediateness, artlessness, comfort, familiarity, and saloon is 
the world that getting in contact with foreigners disturbing the 
family. Behaviors in sitting room are characterized as 
comfortable and sincere and saloon- specific behaviors are 
entitled as “polite, kind” and sometimes “modern”. The 
individual struggles to behave differently than daily such the 
examples as that the tea is stirred slowly, the accent is tried to 
be reformed, and cake is eaten by slicing into small bites, napkin 
is used. The word “formality” is used to define this atmosphere 
[12].   

3 The Relationship between Hide-a-Bed Sofa and 
Nomadic Culture 

3.1 The Concepts of Nomadism and Nomadic Culture 

The word of nomad has originated by “immigration-oba” or 
“immigration- ave” from Persian. The idioms of nomadic, 
migrant, migratory were used currently in Ottoman and the 
concept of migrant was identified as “an individual, who has a 
home, moves to different places seasonally”. The concepts of 
immigration, sitting down, transition and moving are used in 
Central Asia Turkish dialects [13].   
The word of nomadism as to Turkish Language Society is 
defined as the following that; 1. Being a nomad,  2. soc. a 
tradition or habit of social unity that moving regularly for 
obtaining necessary resources to live.    
Nomadism is not a transition irregularly according to citation 
of Tuncel from the book of “Housing and Settling in Anatolia 
from past to present”. Nomadism became inevitable in time due 
to the efforts of transition to permanent settlement, finding 
new cultivation areas by disposing of ineffectiveness of the land 
since they did not know fallow and needing of the animals’ 
natural vegetation. The basic indicator of nomadism is to reach 
food and water that are life sources. While the population 
increases, life sources are consumed more and number of labor 
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enhances in order to obtain more life sources. Dispersion and 
league together should not be understood as solely revulsion of 
different societies and over clustering. This characteristic is 
valid for a single society. Units in a society that connected line 
of descent, are separated from each other in order to hunt 
depending upon unsuitability of season and climate, the level of 
mobility of animals and mess of plant cover. They close up 
farther and league together in the case of being intensified of 
food and water in a certain area.     
Lives of nomads were formed as to sheepherding 
characteristics. Life style was based on the mobility at any time. 
Ipso facto nomad should have possessed a mobile, fast, light, 
practical structure. Two basic elements of immigration were 
horse and wheel. The wheel was a mobile home and horse was 
an element that provides safety for community during a 
possible war. The wheels that used for carrying human and load 
were used till modern times by pulling with powerful horses as 
mobile homes. Traveler life verged of meeting need of 
sheltering, being removed easily, transportable and being 
pitched outdoors for nomad community and the concept of tent 
has emerged [14]. Immigration is a life style for nomadic people 
and these communities move as well organized. Nomadic 
people adapt whatever conditions easily due to their nomadic 
life styles. Nomadic people carry all the necessary objects they 
need nearby. Sheds, tents and shelters named as home, stuff 
and the furniture have light, flexible and versatile legibility. 
Many of nomadic people travel for herding their animals or 
hunting. In addition to this, mobile life is the most important 
factor that generates the identity of nomadic people [15]. 
Previous settlement of the Turks before they came to Anatolia 
has all the properties of nomadism. Asia steppes are not 
appropriate to live and settle. This situation required to change 
location continuously. The concept of “location” and “feeling of 
homeland” have solved thereby land and mobility. Natural and 
inappropriate effects of steppes induced to enhance the 
concept of “a limited, protective living environment” [16].   
Open courtyards that located in the center of extant traditional 
Turkish homes confronted as the transformed style of this 
habit. The Turks came to Anatolia after the acceptance of Islam 
and they adopted sedentary life [17].      

3.2 Hide-a-Bed Sofa 

Hide-a-bed sofa is identified according to Turkish Language 
Society as “an armchair or a sofa that can be used a bed by 
opening if required” [18]. Although hide-a-bed has become 
prevalent in 1980s in Turkey, it appeared with different names 
and similar functions in Turkish furniture history.  
Turkish society spent a nomadic life during the period in 
Central Asia, yet they adopted sedentary life after their 
transition to Anatolia. They preferred the furniture that close to 
the floor thereby their earthbound lives. As the improvement 
the life requirements, life culture and required furniture began 
to differentiate and the furniture faraway floor has been in use 
[19].  
Primary elements that used for sitting and rest in furniture 
history of the Turks are cedar and sofa, cupboards for storage.  

Cedar and Dewan 

The sitting spaces are constituted by raising the most important 
sitting element, named as “cedar” in front of the windows [20]. 
Cedar is a fixed element that appropriate for sitting, lying, rest, 
however table is a mobile element that established for meals 
[21]. 
The effects of Turkish room on social life can be observed as a 
crucial instance as in sitting act. The Turks, who get used to sit 

as crossing the legs, prefer to sit on the floor, though they have 
cedars at home. Sitting elements so-called as cedar is 
interesting as being closer to the floor, since its core meaning is 
the desire to sit on the floor. Cedars are placed on window 
ledges and along walls with windows, thus made the center 
desolated by forming the sitting spaces nearby the walls [22].   
Dewan means as to Hasol’s Encyclopedic Architecture 
Dictionary that “Far. Cedar with new style, sofa without 
backrest”.   

Cupboard 

Cabinets called as cupboards service to hide many elements 
such as pillow, quilt etc. in the daytime. There are many shelves 
in cupboards with different length and shaped, even some of 
their upper side are held on the base so that it can be used as 
shelves. Thereby, cupboards have become functional wooden 
furniture, placed opposite the windowed wall of the rooms and 
inlet side, additionally it provides sound insulation between the 
places [23]. 
Abovementioned functions of the furniture such as sitting, 
sleeping and storage are supported by different elements in the 
beginning of Turkish furniture history. However, many 
functions are consisted in a only element with hide-a-bed sofa.  

3.3 Nomadic Culture with Hide-a-Bed Sofa 

The Turks were late for usage of furniture due to their nomads’ 
lives for a long. Their aim was to use a material for more than 
one after the usage of the furniture. The orientation of furniture 
usage has been similar; though different life styles have 
appeared. It is possible to read aforesaid many reasons as the 
following.  
In nomad culture; 
Being continuous travelling,  
Space uncertainty, 
Living in throng, 
In permanent settlement, 
Old cultural habits if it did not refer even to mobility, 
Narrowness of space if they even have life space, 
Progress to live in throng, 
Abovementioned reasons convey us to storable goods that 
function overly.  Thus, hide-a-bed sofa becomes appropriate 
furniture for the Turks that pass to permanent settlement. They 
can meet their needs of sleeping, sitting and storage by only a 
good. It also solves the problem of occupying a place due to 
possessing a multifunctional style.  

4 Conclusion 

Hide- a-bed sofa maintains the habits of sitting, rest and storage 
in the same place that belong to nomadic culture with the 
characteristics of sitting in the daytime, transforming into bed 
in the nights and its storage the essential materials for bed 
together. Besides, hide-a- bed sofa has a feature as a way of 
facilitating the life without waiving aforesaid habits. While 
people have to carry the materials such as pillow, quilt by 
wrapping with bed lining, hide-a- bed sofa presents a storage 
place without carrying over. The usage of hide-a-bed sofa 
emerges a particular nomadic order within the permanent 
settlement.   
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Abstract   

It is desired the wood composite materials which have broaden using areas in human residence have no negative effects on human health and environment. 
But because of formaldehyde content of most of resins used in wood based composite production, wood composite materials have been seen a threat on 
human health and environment. The formaldehyde released from wood based materials can cause irritation to eye, asthma and allergy, even more it 
affects the neural system and can cause cancer on human body. Therefore, numerous studies have been made to develop an effective method to decrease 
formaldehyde emission from the wood based panels and various methods have been tried. Unfortunately, in literature, it has not been able to find a study 
made decrease the formaldehyde emission released from wood based materials without improving the cost or decreasing the mechanical properties of 
them. In our previous study, it has been compared the mechanical properties and thermal conductivity values of polystren composite plywood panels with 
those of conventional plywood panels with urea formaldehyde and it's been seen the performance of plywood composite panels is good. The aim of the 
study was to investigate the some technological properties of polystren composite plywood produced different density polystren as a bonding material. 
Beech (Fagus orientalis, Lipsky) and alder (Alnus glutinosa subsp. barbata) veneers were used to produce polystren composite plywood. Three types of 
polystren including different density (10, 16 and 20 kg/m3) were used as binder in the manufacturing of polystren composite plywood panels. Bonding 
strength, bending strength, modulus of elasticity, density and equilibrium moisture content of polystren composite plywood panels were determined 
according to TS EN 314-1, TS EN 310, TS EN 323 and TS EN 322, respectively. Experimental results showed that mechanical properties of panels 
manufactured with low density polystren type gave generally the highest values among the all panels and these values were getting decreased with 
increasing the density of polystren. 
Keywords: Polystren Composite Plywood, Mechanical Properties, Density 
   

 

FARKLI YOĞUNLUKDAKİ POLİSTRENDEN ÜRETİLEN POLİSTREN KOMPOZİT 
KONTRPLAKLARIN BAZI TEKNOLOJİK ÖZELLİKLERİ  

Özet   

İnsanların yaşam alanlarında geniş bir kullanım alanına sahip ahşap kompozit malzemelerin insan ve çevre sağlığı üzerine olumsuz etkilerinin 
bulunmaması arzu edilen bir durumdur. Fakat ahşap kompozit malzemelerin üretiminde kullanılan tutkalların birçoğu formaldehit içeriği nedeniyle 
insan ve çevre sağlığı açısından bir tehdit unsuru olarak görülmektedir. Odun kökenli levha ürünlerinden ayrışan formaldehit; insanlarda göz yaşarması, 
nefes darlığı, alerji gibi olumsuz durumlara neden olabilmekte, hatta sinir sistemine zarar verdiği ve kansere yol açtığı belirtilmektedir. Bu nedenle odun 
kökenli levhalarda ki formaldehit emisyonunun azaltılmasına yönelik etkili metotların geliştirilmesi için birçok çalışma yapılmış ve çeşitli yöntemler 
denenmiştir. Maalesef literatürde, ahşap esaslı malzemelerin teknolojik özelliklerini azaltmadan veya maliyetini artırmadan formaldehit emisyonunu 
azaltacak halihazırda endüstriye aktarımı var olan bir yönteme rastlanılmamıştır. Tarafımızdan yapılan ön denemede, kontrplak üretiminde tutkal 
hattında tutkal yerine polistren malzeme kullanılarak elde edilen kompozit malzemenin mekanik özellikleri ve ısıl iletkenlik değerleri üre formaldehit 
tutkalı ile üretilen geleneksel kontrplaklar ile karşılaştırılmış ve iyi sonuçlar bulunmuştur. Çalışmanın amacı, yapıştırıcı malzeme olarak farklı 
yoğunluktaki polistrenden üretilen polistren kompozit kontrplakların bazı teknolojik özelliklerini araştırmaktır. Kayın (Fagus orientalis, Lipsky) ve 
kızılağaç (Alnus glutinosa subsp. barbata) kaplamalar, polistren kompozit kontrplak üretimi için kullanılmıştır. Polistren kompozit kontrplakların 
üretiminde, yapıştırıcı olarak üç farklı yoğunlukta (10, 16 and 20 kg/m3) polistren kullanılmıştır. Polistren kompozit kontrplakların,  çekme makaslama 
direnci TS EN 314-1, eğilme direnci ve elastikiyet modülü TS EN 310, özgül ağırlıkları TS EN 323 ve denge rutubet miktarları TS EN 322 standartlarına 
göre belirlenmiştir. Yapılan deneyler sonucunda düşük yoğunlukta polistren ile üretilen levhaların mekanik özellikleri tüm gruplar arasında genellikle en 
yüksek değerleri verdiği ve bu değerlerin polistren yoğunluklarının artmasına bağlı olarak azalma meydana geldiği görülmüştür 
Anahtar Kelimeler: Polistren Kompozit Kontrplak, Mekanik Özellikler, Yoğunluk 
   

 

1 Introduction 

Demanding on the wooden materials has been increasing, while 
presence of raw materials and their quality have decreased. 
Therefore, importance of wood composite materials has been 
increasing day by day. The growing the wooden products 
industry has been caused to increase the using ratio of adhesive 
[1]. Adhesive has been commonly used in the manufacturing of 
wood based materials [2]. Although, synthetic resin adhesives 

have many advantages, such as high bond strength and high 
water resistance, but most of them contain formaldehyde and a 
chemical agents that cause environmental problems [3]. The 
increasing concern over environmental pollution has forced the 
wood industry to develop environmentally friendly wood 
adhesives [4] or new bonding methods [3]. In particular, 
formaldehyde emission contents from panel products have 
been dramatically reduced over the last decades, and further 
reduction is still the subject of huge efforts applied by panel 
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manufacturers, adhesive suppliers and researchers [5], [6]. 
Formaldehyde released from plywood is a problem in terms of 
environmental pollution. Formaldehyde level released from 
wood based panels cause various diseases such as lacrimation, 
difficulty in breathing, allergy to human. Appearing in formal 
and scientific reports concerning with environment and work 
safety, the formaldehyde ratio released from wood panels using 
synthetic resins such as urea formaldehyde (UF), melamine-
urea formaldehyde (MUF)  was restricted in many countries [7]. 
Some studies suggested that formaldehyde exposure is 
associated with nasal cancer and nasopharyngeal cancer, and 
possibly with leukemia. In 1995, the International Agency for 
Research on Cancer (IARC) concluded that formaldehyde is a 
probable human carcinogen. However, in a reevaluation of 
existing data in June 2004, the IARC reclassified formaldehyde 
as a known human carcinogen [8]. It is started to prefer 
alternative adhesives or using formaldehyde scavenger 
prevented formaldehyde release in industry due to this 
disadvantage of formaldehyde based resins. Although some of 
these new adhesives have already been used in industrial 
applications, their supply is limited which may be due to the 
high modification costs or some their poor properties, for 
example, low wood resistance [9]. Therefore, the chemicals and 
adhesives will use are both cheap and easily accessible and its 
technological properties qualify according to usage of wood 
based panels [10].  
Styrofoam, also known as expanded polystyrene, is widely used 
all over the world for various purposes including thermal 
insulation, packing, coffee cups, plates, food trays, fabrication of 
car parts etc. Styrofoam has many benefits including insulating 
quality, high durability and strength. On the other hand, due to 
the presence of benzene in styrofoam and hardly biodegradable 
nature, used polystyrene foam can become a big environmental 
problem unless it is recycled. Recently, the products 
manufactured from the recycled materials are especially paid 
attention in the viewpoint of environmental problems. The 
progress of such a recycling technology of products means that 
material recycling makes the technology economically and 
environmentally attractive. Especially, disposal of expanded 
polystyrene as a large amount of material abandoned in the 
advanced countries has a major concern [11]. It was stated in 
some studies that nylon and polystren waste as adhesive 
instead of formaldehyde-based resins could use in production 
of plywood [10], [12]. 
The objective of this study was to investigate the some 
technological properties of plywood panels manufactured with 
polystyrene instead of formaldehyde based adhesives used in 
plywood production. 

2 Material and Methods 

In this experimental study, 2 mm-thick rotary cut veneers with 
the dimensions of 500 mm by 500 mm were obtained from 
beech (Fagus orientalis, Lipsky) and alder (Alnus glutinosa 
subsp. barbata) logs. While the alder veneers were 
manufactured from freshly cut logs, beech logs were steamed 
for 12 h before veneer production. The horizontal opening 
between knife and nosebar was 85% of the veneer thickness, 
and the vertical opening was 0.5 mm in rotary cutting process. 
The veneers were then dried to 5–7% moisture content with a 
veneer dryer. After drying, it was formed polystren composite 
plywood panel drafts. Polystren composite panels 
manufactured with 3 layer as shown in Figure 1. The thickness 
of polystren type used in this study was 10 mm.  The polystren 
having three different densities (10, 16 and 20 kg/ m3) was 
used for composite panel production.  

 
Figure 1. Structural design for three-layer polystren 

composite plywood panels 
Three-ply-plywood panels with 6 mm thick were manufactured 
by polystren. Hot press pressure, pressing time and 
temperature were 12 kg/cm2, 6 min and 150°C, respectively. 
Two replicate panels were manufactured for each test groups.  
The bonding strength of panels was determined according to TS 
EN 314-1 [13] with a universal testing machine. Bending 
strength and modulus of elasticity values of panels were 
evaluated according to TS EN 310 [14] standard. Density and 
equilibrium moisture content of the panels were determined 
according to TS EN 323-1 [15] and TS EN 322 [16] standards, 
respectively. 

3 Results and Discussion 

Average values for physical properties, bonding strength, 
bending strength and modulus of elasticity of polystren 
composite plywood panels are given in Table 1 according to 
wood species and density of polystren. 
 

Table 1. Technological properties of polystren composite plywood 

Wood 
Species 

Polystren 
Density 
(kg/m3) 

Density 
(g/cm3) 

Equilibrium 
Moisture Content 

(%) 

Bonding  
Strength 
(N/mm2) 

Bending  
Strength  
(N/mm2) 

Modulus of 
Elasticity 
(N/mm2) 

X S X S X S X S X S 

Beech 
10 0.667 0.02 5.221 0.46 1.68 0.19 109.04 18.51 7979.54 460.41 
16 0.657 0.02 5.647 0.36 1.50 0.09 107.68 9.70 7871.52 615.30 
20 0.649 0.02 5.073 0.23 1.49 0.26 93.42 13.10 7651.24 408.69 

Alder 
10 0.599 0.02 5.306 0.49 1.16 0.12 63.71 11.31 4293.08 556.50 
16 0.589 0.03 4.923 0.33 1.12 0.18 58.22 17.93 6025.03 908.37 
20 0.589 0.02 4.720 0.17 0.65 0.12 42.17 13.78 3649.61 697.73 

X: Arithmetic mean S: Standard deviation 

 
 

 



 
 
 
 

Cenk DEMİRKIR, Hasan ÖZTÜRK, Gürsel ÇOLAKOĞLU Hamiyet Şahin Kol, Kübra Gündüz 
IFC 2016 International Furniture Congress 13-15 October 2016 Mugla Journal of Science and Technology, Vol XX, No X, 20XX, Pages XX-XX 

 

425 
 
 

As can be seen in Table 1, It was determined that the bending 
strength of plywood panels was higher than the minimum 
values for structural purpose plywood panels (40 N/mm2) 
indicated in DIN 68705-3 [17] and APA (34,47 N/mm2) [18]. The 
MOE values of plywood were limited, with 8,500 N/mm2 up to 6 
mm thickness and 5,000 N/mm2 for panels with 6–12 mm 
thickness. The MOE values of the panels from beech veneer were 
met the values indicated the Standard, while those of panels 
from alder were not the values but for the plywood panels 
manufactured from polystren with density of   16 kg/m3. 
Bonding strength mean values obtained from the samples of all 
plywood panels were above the limit value (1.0 N/mm2) 
indicated in the EN 314-2 standard [19], except for the bonding 
strength values of plywood panels from alder veneer and 
polystren with density of 20 kg/m3. 
When the results were analyzed, all mechanical properties of the 
test panels decreased with increased density of polystren. In a 
former study, it was found that the mechanical properties of 
polystren composite plywood panels manufactured with high 
density polystren were lower than those of the composite panels 
with low density polystren [12], [20]. Because the low density 
polystren is pressed quite easily, the stronger bonds may be 
occurred between veneer sheets when the low density polystren 
used as binder type compared to high density polystren-bonded 
panels [12]. It was indicated in literature that for two wood 
adherents to be held together with maximum strength, a liquid 
adhesive must wet and spread freely to make intimate contact 
with both surfaces. Molecules of the adhesive must diffuse over 
and into each surface to make contact with the molecular 
structure of wood so that intermolecular forces of attraction 
between adhesive and wood can become effective [12], [21]. The 
press pressure influences penetration of adhesives because it is 
the driving force for hydrodynamic flow. The pressure applied 
on the adhesive will force it to spread and penetrate in to 
porous, fibrous materials and into the roughness of the surfaces. 
The bond quality is affected by the amount of adhesive 
penetration into wood substrate during manufacture of wood 
composites i.e. LVLs. An optimum adhesive penetration is 
necessary to repair processing damage of the wood surface, 
allow better internal surface Contact for chemical bonding or 
interlocking, and stress transfer between plies and provide are 
liable glue line thickness [12], [22]. 
The mechanical properties of beech plywood panels were 
determined to be higher than those of alder plywood panels. The 
properties of plywood are dependent on the quality of the 
veneer sheets, the order of layers, the adhesive types, and the 
degree to which bonding conditions are controlled during 
production. Bonding strength occurred between wood elements 
affects all mechanical properties of the wood based panel 
products [12]. 
As shown in Fig. 2, the density values of beech plywood panels 
were higher than those of the alder plywood. This effect can be 
due to the raw materials density, which affects directly the 
plywood density. Plywood density is mainly dependent on the 
density of wood species used for the panel production. The 
average density values of panels manufactured with high 
density were lower than those of panels manufactured with low 
density. Because the same press pressure was applied to the all 
test groups, the plywood panels bonded with low density may 
become thinner which cause to higher density of the panel [12]. 

4 Conclusions 

This study investigated that the some technological properties 
of panels were produced using different densities polystren as 

adhesive instead of formaldehyde-based resins used in plywood 
and the best value of polystren density was tried to determine 
for plywood produced from different wood species. As a result 
of this study; Formaldehyde-free polystren composite plywood 
has been successfully produced using polystren as wood 
adhesive. This novel plywood shows considerable mechanical 
properties. The panels produced with low density polystren 
gave the best mechanical strength values for beech and alder. 
When this study applies in the plywood industry, can provide to 
both recycle polystren waste and prevent formaldehyde release. 
Polystren composite plywood waste can be used production of 
wood plastic composite panels. 
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Abstract   

In the current environment it is possible to say that the one of the most complicated one is residential interior layout. Since a large number of functions in 
interior layout of the housing come together, residential interiors require extensive programming and solutions. 
This study aims to evaluate space use in residential interiors according to historical periods by discussing the numerous definitions of “housing” in general 
and approaches the concept of housing with reference to sheltering, as the vital need of human kind. It reveals the relations between interior space and 
furniture by analyzing the spacial properties of residential interiors from the traditional Turkish Houses up to today.   
Keywords: furniture, space use, residential 
   

 

KONUTTA İÇ MEKAN KULLANIMI BAĞLAMINDA MOBİLYA TASARIMI 
Özet   

İçinde bulunulan çevrelerden en karmaşık olanlardan birinin konut iç düzeni olduğunu söylemek mümkündür. Çok sayıda işlevin bir araya gelmesi konut 
iç mekân düzeninde yoğun bir programlamayı ve çözümü gerektirmektedir.  
Bu çalışma kapsamında, insan gereksinimleri içinde barınma ve barınmanın zorunlu bir sonucu olarak “konut” kavramları farklı tanımları ile ele alınarak; 
konutta iç mekan kullanımının tarihsel süreç içinde değerlendirilmesi amaçlanmaktadır. Bu amaçla; Geleneksel Türk Evi’nden günümüze değin, konut 
tasarımları dönem içinde gösterdikleri mekan özelliklerine göre değerlendirilecek ve bu mekanlarda kullanılan mobilyalar incelenecektir. 
Anahtar Kelimeler: mobilya, mekan kullanımı, konut 
   

 

1 Introduction 

People need to create an environment in order to fulfill their 
necessity of sheltering. Environment fulfills the physiological, 
psychological and societal needs of the people living inside, and 
it is a space that associates the physical, visual and emotional 
features with utility function. 
It is possible to state that the interior layout of housing is one of 
the most complicated environments. In consequence of the 
clustering of a wide range of functions, it is necessary to provide 
an intensive programming and solution in the interior layout of 
residentials.  

2 Space Use in Residential Areas 

It is right to start with Traditional Turkish Houses while 
examining housing environments. Examining the environment 
organization of Traditional Turkish Houses, it is possible to see 
that two basic elements constitute the structure. These are 
rooms, and hallway or sofa that is the common areas between 
rooms.  
Rooms are the volumes involving several functions therein. 
Each room is like a separate "house." It has been ensured to 
control the entrance of the room from inside with the purpose 
of protecting the privacy. The door is generally positioned on 
the corner of room and closely associated with cabinets [1]. In 
this way, it has been prevented to enter into the room from sofa 
directly, and an intermediate environment has been composed. 

 
Figure 9. Entrance of Traditional Turkish House.   

 
"Seki altı" is used for the entrance and service space where you 
enter when the door is opened and it is located one step below 
from the main room. There are cabinets in seki altı involving 
various functions such bathing cubicle, closet, furnace and lamp 
stand. The term of living space, in other words, seki, is the clean 
space that is divided from seki altı with the level difference on 
floor and ceiling and it is used by the user of housing by taking 
out his/her shoes. There is a low divan called as cedar that has 
been designed according to Turkish way of sitting [2]. 
Each room in Turkish House is a space where you can sit and 
have a talk, have a meal, lie down, have a shower and even cook. 
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In the housing that is able to fulfill all these activities, the 
cushions that are put on the weavings or cedars laid on the 
ground, are collected day-time and they are laid again at night 
and they fulfill the need of sitting and sleeping on request.  
Intended function of a given space varies depending on its use 
during the day and night. This kind of an organization requires 
the simplicity, flexibility and multifunctionality of the 
furnitures. There are fixed elements in the center of room 
space. The walls are evaluated to be multifunctional. Bathing 
and cleaning are done in the partitions called as "gusülhane" 
(bathing cubicle) that takes part in the fixed cabinet system 
inside the room. Multifunctional walls also fulfill the need of 
storing as well. In this way, it has been aimed to prevent any 
loss of field in the space. The room complies with all kinds of 
users with its flexible planning. 
 

 
Figure 2. Day and night use of the room in Traditional Turkish 

House [3].  

All the rooms in traditional houses open into the sofa. Sofa is a 
mutual circulation field that links all the spaces with each other. 
Sofa ensures the connection between rooms and the circulation 
inside the house, and it is also an area of gathering space. This 
section that is a mutual area between rooms, has been so 
effective in shaping the houses.  The location of sofa depending 
on the rooms, has determined the classification of Turkish 
houses as well [2] [4].  

 
Figure 3. Plan schema and features of Traditional Turkish 

House. 

Technologic, economic, cultural and social improvements that 
started with Industrial Revolution, led to the evolvement of the 
agriculture-based traditional living conditions and transformed 
them into temporary living conditions. The case of "apartment 
block" appeared as a symbol of a Western life with the 
declaration of republic. The order of apartment blocks that are 
the most appropriate solution for the rising need of sheltering, 
has been replaced with the Traditional Turkish Houses. In his 
writing dated 1931 named "Architect Inside the Building" 
Architect Abdullah Ziya emphasized the fact that the number of 
mansions and manor houses in which bride, groom, mother and 
father live together are reducing and the life in apartment 
blocks is foreseen for the elementary family of the 20th century. 
He describes the features of this life as follows: "It requires an 
affordable construction, it does not occupy a space and it is easy 
to be in contact with neighbors [5] 
Bozdoğan (2002), described the basic problem of 1930s as 
composing the indoor culture of a Western house [6]. With this 
purpose, the philosophy of "modernity in all areas" has been 
adopted, ties with the old society order were broken, and space 
use and furniture types have changed [7]. Tanyeli (2004) also 
emphasized the fact that indoor spaces met with Western-
origin movable furnitures with the declaration of republic, and 
he also drew the attention on the interaction between the status 
of having furniture and the matter of modernization [8].  
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New family model that appeared with the concept of 
elementary family, made the housing gain a shape. The role of 
mother, father and child gained a clarity in the family, and the 
privacy of every individual has been respected and special 
fields have been created. The function distinction that is 
foreseen by the contemporary life requires; to cook in kitchen, 
to have meal in dining room, to sleep in bedroom and to spend 
daily life in living space [9]. With respect to "rooms", the 
furnitures that developed depending on the needs of people 
and place order that has been started to be used depending on 
the functions such as "living", "bedroom", and "hall" have been 
replaced with the spaces responding all kinds of activities. Each 
action and field of action started to require various spaces. 
Separate volumes have been started to be composed by 
bathroom and toilet. Uzunarslan (2010) stated that the 
Western-origin furniture and the fiction of traditional Turkish 
space are conflicting with each other, therefore, he emphasized 
that the furniture use in Turkey started in Dolmabahçe Palace 
and Beylerbeyi Palace in accordance with the Westernization 
initiatives of Ottoman Empire. Furniture culture that started 
with palaces, began to come into prominence at the end of 19th 
century in the housings around the palace in İstanbul. However, 
they became popular with the spatial transformation of 1930s 
[10]. 
The change in the heating system also contributed to this 
spatial transformation. Furnaces that are required by introvert 
fixed order began lose their functions as the spaces started to 
be privatized. Most of the housings have been started to be 
heated by iron casting stoves.  Kinds of stoves that are the 
primary heating elements in the privatized housings, vary by 
the types of housings, status of user and spaces. For example, 
tile stoves are used in the housings of families belong to the 
income group that is defined to be "middle class". The volume 
that was defined to be "sofa" in the old order, lost its feature of 
being a mutual field and it turned into the circulation field in 
which the stoves that are the heating system of housings are 
placed. In this way, heating was ensured for the rooms opening 
onto the sofa.   

 
Figure 4. Housing schema and features of the housings belong 

to the period between 1923 and 1950. 

Central heating system that was firstly encountered in masonry 
apartment blocks in İstanbul before the declaration of republic, 
started to be popular in 1950s and has become one of the 
important elements that accelerated the transition towards 
3+1 housing system [11]. Central heating system which is one 
of the primary fittings of modern housing, is one of the 
important steps reached until today. Mutdoğan (2014) stated 
that the houses were shaped depending on the guests from 
1950s till 1980s and that the main living space was allocated 
for hosting the guests [12]. Guest rooms that account for one 
third of the total area in a housing, have been generally kept 
close due to the concerns such as polluting the space in case of 
daily use, wearing off the furnitures and heating problem. 
These spaces that are also called as halls – “salons”, are the 
private areas that are opened only for guests. Even the halls that 
belong to the low-income families have been meticulously 
furnished. In parallel with the increase of the income level of 
the family, it has been observed that the money that was spent 
for hall increased. The concept of salamanje (dining room) that 
is the symbol of status appeared in these years.  
In the same period plan schemas were frequently encountered 
that were directly connected to the bedroom of hall. A part of 
hall was used as a passageway. Therefore, it was necessary to 
pass through hall in order to reach bedrooms from the 
entrance.   
This was the period when durable consumer goods (washing 
machine and dishwashing machine) entered into our daily lives. 
This development caused an increase in the sizes of kitchen and 
bathroom in housings [12] 
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Figure 5. Plan schema and features belong to the period 
between 1950 and 1980. 

Hosting the guests lost its importance after 1980s due to the 
intensive tempo of working life. Although the concept of guest 
room started to lose its importance, one of the rooms was called 
as living room and this space was designed as a space where 
family members get together, rest, have a talk, watch TV and in 
which comfort has been prioritized.    
There are two connection spaces in the plan schema of the 
period as entrance hall and bedroom.  Entrance hall is 
connected with kitchen, hall and bedroom hall. There are 
bedrooms and bathroom in bedroom hall. The rooms were 
entirely privatized after the matter of privacy changed. 
 
 

 
Figure 6. Plan schema and features belong to the period 

between 1980 and 2000. 
 

Nowadays, instead of guests, the individuals shape the 
housings. Individuals get stuck in high blocks that are so close 
to each other that have been planned far away from green. Side 
functions such as working room, hobby room, dressing room, 
pressing room gained importance inside the housings. The 
areal sizes of the kitchens increased since they were planned as 
spaces where families spend time together in addition to the 
meals. The use of open kitchen has become popular. 
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Figure 7. Plan schema and features of housings after 2000. 

 
Spaces that were composed according to the actions in the 
housings, were planned as private spaces, half-private spaces - 
intermediate spaces and outward-oriented - and general 
spaces, and took part within the body of housing with this form.  
General spaces were furnished with decent furnitures and they 
open to the guests who come from outside. They are also the 
spaces that reflect the culture and income level of the family. It 
is possible to state the general spaces in housing units as; living 
and dining spaces, food preparation and cooking spaces, 
balcony and terraces. Living spaces in which large amount of 
the daily lives of people passed, involve the activities such as 
acceptance of guests, sitting, resting, leisure time activities and 
dining. People need to prefer the spaces that are larger, brighter 
than others, and those are in connection with outside. Living 
spaces need to be close to entrance and kitchen. They need to 
be planned far away from the private spaces of home. Parent 
bedrooms and parent kitchens, children room, working-hobby 
rooms and bathrooms can be defined as private spaces. 
Entrance, halls, corridors and sofas are the main spaces having 
the feature of connecting the general and private spaces with 
each other. 

3 Conclusion 

Within the scope of this study, several examples belong to 
various periods have been examined in order to evaluate the 
space use in residentials. Sample plan schemas and 
characteristic features have been listed in accordance with the 
examinations made.    
Rather than tackling the furniture as a singular product, the 
study emphasizes the importance of tackling the furniture as an 
element which mediates between architecture and space, 
which ensures the transition between indoor and individual on 
the basis of style and scale, which provides comfort and 
usefulness [13]. 
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Abstract   

In many regions of our country there are architecturally important constructions. With its own unique natural surrounding and 
architecture, the Eastern Black Sea region shows differences from constructions in other regions. Also, local craftsmen and folk in the 
district constructed residences compatible with harsh geographical conditions and addition to those various architectural structures by 
detailing with their skill and knowledge. Those unique structures, which is constructed entirely with own resources of the region from 
building material to work force, also ecologically increased in value in the region. Due to this reason, Eastern Black Sea Region has an 
important place in both housing settlements and housing architecture arrangements regards to sustainability and ecology. Therefore, 
the evaluation of the material usage and construction system through examining the traditional Eastern Black Sea Region houses and 
by giving as detailed as possible information about traditional houses in Black Sea district, the investigation on current state of those 
houses will contribute to transfer to the next generations. 
Keywords: The Black Sea Houses, The General Structure of the Black Sea Houses, The Architectural Features of the Black Sea Houses 
   

 

DOĞU KARADENİZ EVLERİNİN GELENEKSEL MİMARİSİ ve TASARIM 
ÖZELLİKLERİ 

Özet   

Yurdumuzun birçok bölgesinde geleneksel mimari açısından önemli yapılar bulunmaktadır. Doğu Karadeniz Bölgesi de, kendine özgü 
doğal çevresi ve mimarisi ile diğer bölgelerdeki yapılardan farklılıklar göstermektedir. Ayrıca bölgede ki yerel ustalar ve halk, zorlu 
coğrafi koşullara son derece uyumlu konutlar ve bunlara ek çeşitli mimari yapıları, kendi beceri ve bilgileriyle detaylandırarak inşa 
etmişlerdir. Yapı malzemesinden, iş gücüne kadar tamamıyla yörenin kendi kaynakları ile oluşturulan bu özgün yapılar, bölgede de 
ekolojik açıdan da önemli bir değer kazanmaktadırlar. Bu sebepten dolayı Doğu Karadeniz Bölgesi, gerek konut yerleşmeleri ölçeğinde 
gerekse konut mimarisinin düzenlenmesinde sürdürülebilirlik ve ekolojik açıdan oldukça önemli bir yer tutmaktadır. Bu nedenlerden 
dolayı, bu çalışmada, Doğu Karadeniz Bölgesi geleneksel konutların incelenmesi, malzeme kullanımı ve yapım sistemleri açısından 
değerlendirmelerin yapılması, karadeniz yöresindeki geleneksel konutlar hakkında mümkün oldukça detaylı bilgilerin verilmesi, bu 
konutların mevcut durumlarının tespitinin yapılarak gelecek nesillere aktarılması amaçlanmıştır. 
Anahtar Kelimeler: Karadeniz Evleri, Karadeniz Evlerinin Geleneksel Yapısı, Karadeniz Evlerinin Mimari Özellikleri 
   

1 Introduction 

Our home country has a significant history in architectural 
feature. The traditional houses form an important part of the 
architectural history. Terms “being passed down”, “being tried 
before” and for this reason “being preferred”, “being handed 
down from one generation to another” are accepted as key 
words in the tradition term. If we take these definitions into 
account within the context of the architecture, traditional 
usage format, traditional construction methods, traditional 
structure, traditional user, traditional material and traditional 
construction in a way covering all of those are mentioned [1].  
In many regions of our country there are significant 
constructions for traditional architecture. The eastern black 
sea region also shows great importance in the diversity of the 

traditional architecture. The unique architecture of the region 
is separated from other regions with the effect of climate and 
geographical structure. The architectural structure of the 
region is formed as a result of local folk merging materials 
found in the region with their own culture and accumulation. 
Most of these houses reached the present day. One part is 
condemned to collapse because of the neglect and the 
indifference. Besides, the characteristic texture of the region’s 
local houses in rural settlement are spoiled because of new 
constructions formed with materials that doesn’t care about 
regional conditions [1]. 
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1.1 The General Features of the Eastern Black Sea 
Wooden Architecture 

If we study traditional housing structure of the region, the 
presence of architectural identity on both the housing 
structure and the housing application is felt. The traditional 
architecture holds a rich structure in material, design and 
construction system in terms of continuity and ecology.  It is 
important to select materials that do not harm the nature, are 
local, are harmonious with climatic conditions, are heat 
permeable, don’t need much energy during the application [2].  
The important factors in Eastern Black Sea Region’s unique 
architecture are its economic, cultural, social and natural 
structure. The real purpose here is meeting the needs with 
local facilities by dwelling on the society’s needs and problems. 
As to other regions, it is quite different in respect to its natural 
structure. This situation reflects on the settlement style and 
architecture of the region, unites it with natural environment 
and exposes its own unique architectural character [3]. 
Even though it shows difference according to ethnic groups the 
cultural and social structure of the folk has many common 
sides in traditional life. It can be told from house plan features 
that the social and cultural structure shows similarities 
greatly***on a large scale, even in settlements associated with 
each other, especially the ethnic groups sustaining their life in 
the coastline.  It is understood that houses in the area 
extending from east side of Hopa to west of Trabzon derive 
from one plan type and the difference results from the change 
in the number of residence according to the size of the family. 
The skill showed in the solution of structural problems of 
standing traditional architectural samples indicates that the 
structure architecture endures old times. While the interior 
section is embroidered roughly, the coast sections is seen to be 
embroidered with carvings and motifs on the pillars, beams 
and dividing walls [4].   
The form of the housing settlement in the region is scattered. 
Sometimes there can be distances of two kilometres between 
the houses. To reach from one house to another it is necessary 
to go 15- 20 minutes and more. The uneven nature of the land 
makes it hard to contact between houses [5]. 
The coast section has a privilege over interior section in terms 
of architectural features. The plan types are quite distinct, 
venue sizes are more stable, the construction system is more 
developed. The plans generally are orientated according to the 
land slope, the view and the sun are not taken into account. 
The front side is always the one to overlook the slope no 
matter what direction it is. The main component of the plan 
scheme is the kitchen which is defined as playpen or 
magnificent. The kitchen is in the extent enough for meeting 
the other house functions. This place is also used to do chores 
like cooking, sitting, eating. There is open-sided or close porch 
in the side that overlooks the view. While some rooms of the 
house are directly connected to the kitchen, the other parts are 
connected with the porch [5].  
Mainly three types of construction system are used in the 
region. The first of them is wooden construction stacking 
system. The stacking construction system formed by wood 
imbricated horizontally without the use of pillars is mostly 
encountered in interior parts and plateaus where the wood is 
plenty. The second construction system is wood assembled or 
framed construction system. This construction system which 
is expressed with different names like assembled, wood, 
frame, wood framework is applied using pillars. The third one 
is mixed construction system. In those constructions generally 
basement is constructed by raising basic walls built with 

rubble stones and wood assembled floor is constructed over 
this [6,7]. 
The wood stacking systems is the construction system which 
generally is seen in inner parts where the forests are abundant 
in the East Black Sea region. The whole exterior and interior 
walls are built by intertwining. Over the stone base bonded 
until the basement, the technique is completed with the 
attachment of horizontal wood components left in the trunk 
condition or shaped with pit saw with methods like wolf neck, 
notching neck, verging neck and black neck in the corners. The 
wood components in this masonry are seated in overlapping 
position by leaving length of 20-30 cm; there are no other 
conveyor component in the system. The walls in the wood 
stacking system built with techniques of entirely crossing and 
without nails [5]. 
This system, which is completed with interior and exterior 
walls bonding together, is hard to make changes in the plan 
scheme, however it is possible to move somewhere else by 
disassembling the constructions. In the region it is seen that 
there are mosques that bears qualification of a monument 
apart from residences, spars and barns with wood stacking 
system.  
For the purpose of insulation from humidity the conveyers are 
located vertically up to a certain height over the stone wall 
bases in wooden framework system. If we compare the 
wooden framework with the wood stacking system, it is seen 
that the conveyer system gets lighter, the cross-sections of the 
materials used get smaller and most importantly enables the 
plan schemes to be flexible. Firstly, the floor beams, which has 
corners seated with the wolf neck tenon and the cross-section 
of 15x15 cm, are put into place in this system [5]. What 
determines the floor elevation is the heights of the pillar; the 
pillars are formed with the detail of the pillars overlapping the 
floor beam. The top beams are placed over the pillars with 
overlapping details. This construction system is shaped in 
respect to the heights of the pillars. The wooden framework 
systems can be divided into four groups as the wooden filling, 
the eye filling, the filling with amulet and “çakatura”.  Even 
though the exterior wall systems differ, the interior walls 
made in the region generally are made with the wooden filling 
system and the lathing system [5]. 
The Eastern Black Sea climate is the most substantial factor 
effecting the architectural form of the constructions. It is 
observed that the roofs are made in three forms in the region. 
These are double, triple and quartet sided roofs. The attic is 
kept high as it is used as a storehouse, the grated windows are 
put with the purpose of the ventilation [5]. 
 

1.2 Differences Separating Black Sea Houses from each 
other 

Some researchers classified Anatolian dwellings according to 
the climate, the geographical region and the materials used. 
Kuban separated Anatolian house architecture into seven 
regions considering the methods and materials besides the 
climate; stone housing architecture: The South-eastern 
Anatolia region, stone architecture with bonding timber: The 
North-eastern Anatolia region beyond Erzurum, wood-framed 
home architecture: especially Niğde and Kayseri area (old 
Cappadocia) of the Central Anatolia region, adobe 
architecture: villages and small cities of The Central Anatolia 
region, half-timbered (its conveyor system is filled with wood, 
adobe, its ground floor is multitude stone.) construction 
system: The Eastern Black Sea region, straight roofed cubic 
stone architecture: The Aegean and Mediterranean, stone 
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architecture: between coasts of Anatolia and central plateau, 
reaching from around Sivas to the west and from the interior 
Aegean to slopes of Taurus mountains and also seen in The 
Balkans [8].  
The topic, when the expansion and habitation areas of the 
civilizations in the Anatolia are observed, it is understood that 
the differences in the architecture result from different ideas 
and livings that emerged during this process. Due to being a 
bridge between world civilizations, the Anatolia brings the 
different architecture of Anatolian houses as a result. The 
architectural differences with small nuances reveal in the 
Black Sea, Aegean, Mediterranean and Marmara. For instance, 
the construction architectures reflecting the Byzantine in the 
Eastern Black Sea, the Pontus, the Armenian, the Laz and partly 
Georgian in the Central Black Sea are encountered [6]. 
The differentiation of Laz houses from the Hemşin, Georgian 
and Anatolian houses in interior and exterior spaces is the 
concrete evidence of the decisiveness of different cultures on 
the construction element [6]. The Georgian houses mainly are 
wood based, the Hemşin houses are stone based, the Laz 
houses are stone based and wood based not much as the 
Georgian houses [6]. The differences in the Laz houses result 
from Serenti, Bagen, yard at the outdoor spaces and rooms, 
connections between rooms at the interior spaces. The houses 
are in an order harmonious with the environment. While 
determining the sizes and forms of the houses, the economic 
reasons don’t have a huge role in the Laz houses.  However, the 
differences arise in the context of affectation. Because the 
construction formation is affected by natural conditions, the 
uneven land of the East Black Sea region influences 
construction system of the constructions and creates 
differences in general formation. That forms its unique 
construction system. Due to this reason, it is necessary to take 
differences between the Laz, the Georgian and the Hemşin 
houses naturally [6]. 
 

2 The Construction Materials  

The stone and the wood, which are the oldest and natural 
material, are used together as the construction materials in the 
traditional houses the region. These materials were also 
effective in the formation of the construction methods. Having 
a rainy climate, the region causes clay to be used as a binder 
not as adobe [1]. The stone material is used without exception 
on the walls that separates the living floor from the ground 
floor in the countryside of the region, on the walls of barns and 
storage spaces. 
Generally, in the production of the construction hard, resistant 
to humidity and temperature changes and long-lived non-
perishable chestnut is preferred. While this material is 
preferred more in east of Trabzon, Rize coast and inland areas, 
the trees such as elm, beech, spruce are preferred in the west 
of Trabzon and in Giresun [9].  
 

3 The Construction Methods 

The most original examples seen in the region are wooden 
frame (chassis) systems in the eastern Black Sea where the 
wood has a wide range of applications. The frame geometry 
and materials in the filling allows different external 
appearance of the constructions in the region. The stone walls 
are another example of the stacking system seen in the region.  
The wood and stone materials found all over the Eastern Black 
Sea region and their tested durability have led to be the main 
element in constructions for centuries, the walls which are 

built with these material can be grouped under four main 
headings as wooden frame walls, massive walls, wood stacking 
wall and mixed walls. 
The first of these is the wooden stacking system. It is the 
conveyer system that is built without pillars by overlapping 
the construction materials horizontally. In the Eastern Black 
Sea regions such constructions encountered in inland areas 
and generally plateaus where the wood is common. 
The construction system called assembled in a part of the 
region is called skeleton or carcass in another part. Whatever 
the name is the basic rule is to use the conveyer elements 
which transmits all structural load to the base walls vertically 
to the reverse of the wooden stacking system in this type of 
construction system. The basement is obtained by raising the 
base walls generally made with 50 cm thick rubble stone. The 
assembled construction system is built after ending of the base 
walls at a certain level. According to filling techniques the side 
is settled in three ways in assembled constructions. 
 

4 The Black Sea Houses  

4.1 The Rize Houses 

In Rize stone and wood is generally preferred as construction 
material in the traditional residential architecture. The 
preference of the wood in the region is related to its being a 
construction material which is easily found and is easily 
processed. The use of resistant species such as pine, spruce, 
beech are common. The pine in the interior section, chestnut 
in coastal areas form the most preferred construction material 
because of the easy procurement in the close environment. 
Apart from these, the less abundant species like the walnut, the 
oak, the elm also included. Alongside the wood, the 
construction material used in the second degree is the stone 
because it is less found. In addition, especially in the coastal 
areas the terracotta is also used like bricks, tiles on the roofs 
and chimneys.  
The region caused the folk's livelihood to be stockbreeding, the 
lower sections of the house to be used as stable. The folk’s 
collective living habits in the form of large families is the main 
reason for the construction of grant houses with multi-rooms. 
The kitchen section with a large cooker is the main living area 
of the house as it remains warm during the day. Through the 
doorway or the hall tou can move to the rooms. The built-in 
wardrobes, ceiling and bathroom decorations are among the 
other striking details [10]. 
The Çamlıhemşinlis, the upper portions of the mansions which 
are three-floored and made from stone are often wooden 
embroidered. In some of the ground floors of the mansions, the 
stone handwork is used, the top floors are done by stuffing 
wood among stone with the stone filling method. In some 
houses the stable is made of stone, the top floors were built 
with wooden material by applying neck crossing technique. 
The shared aspects of these constructions; generally, they all 
have central chimney and kitchen systems, the existence of the 
bathroom in the wide rooms. Most of the iron used in the 
windows and doors of the mansion were brought from Russia 
as raw and afterwards the workmanship is made by Armenian 
masters. The gold-plated door handles, the embroidered iron 
and the special paints imported also from Russia are among 
the materials used in the construction of those historic 
mansions [10]. 
The Fındıklı rural architecture generally are planned as two-
floored and the ground floor is arranged as barn, the first floor 
is arranged as the living space. The most important feature of 
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this houses, our cultural heritage, is that they built with stone 
filling method with wooden framework called “eye filling” or 
“stoneeye” in local dialect. Firstly, small rectangles using the 
crossing systems with clipping planks one another in the 
image of a rack system. The stones placed between those parts 
are large pebbles that are collected from the streams and 
shaped by cutting. The main cause of selecting for this type of 
stone that their surfaces are bright and flat, ensures that the 
aesthetics nature of architectural construction. After the 
stone-laying process, with timber framing the spaces between 
the filling stones are plastered with a kind of sture for 
insulation purposes [10]. 
 

 
Figure 10. Hacaoğlu Konağı Fındıklı [11]. 

 

4.2 The Giresun Houses 

The oldest known settlements in the city are the Giresun Castle 
and the Zeytinlik archaeological site. To keep the records of the 
registrations of immovable cultural property situated within 
the protected and determination of the missing ones were 
decided in 1986 [12]. 
The architectural features of the Zeytinlik houses has been 
examined as the side, street-yard, the plan the details and 
construction systems. Firstly, taken into account according to 
the way located on the street, later the typologies have been 
created in terms of plan and side properties. The sloping 
topography determined the entrances of the house. The 
entries are studied as the street-garden and the garden-home 
relations in terms of settlement characteristics [12]. 
Generally, the houses are two floored in the work area. As the 
ground can be + 1 floor, in the form of basement + ground+ top 
floor. The height of the basement can be shorter than the 
normal floors and as it is seated on the slope it can be 
perceived as a half-floor. There are also houses with ground + 
2 floors. This type houses are on the streets with little slope 
[12]. 
The streets are generally higher than the level of the ground 
floor of the house and garden level. The entries of the house 
are in two types: the single entry from the street, the single 
entrance from the garden and one entry from the street 
another from the garden according to street-garden-house 
relationship [12]. 
The gardens of the houses hold an important part in the 
housing settlements. The houses were built in the gardens of 
different sizes. The garden space separated by a high wall from 
the street is a cool, quiet and a place where the household 
carry on their daily lives [12]. 
The entry to the houses is usually made through the garden. 
The number of houses with an entrance on the street is very 
few. In certain examples, the separation of the entrance from 
the floor and the formation of the basement are provided by 
raising the ground floor as a half floor. The balcony on the 
upper floor covers this entry sill. If there are no bow-balcony 
or balcony on the house, the top of the entrance is left 

completely open. If the houses are not raised from the ground, 
the entrances are on the same level with garden. If there are 
no gardens at the houses, the entry is on the street level. If 
there is only one step levelled height difference between the 
interior and the exterior spaces of the house, there is no 
basement in the house [12]. 

 
Figure 11. Giresun Zeytinik Evleri [13]. 

 

4.3 The Artvin Houses  

It is possible to say that the all together position of the houses 
improved the village people’s friendships with each other, 
feelings of neighborhood, solidarity, sincerity and trust. 
Generally wooden architecture is dominant in Artvin village 
houses. Traditional Artvin village houses are two floored. In 
the downstairs there are two winter rooms and a shed. 
Because of sloping nature of the land, one or two sides of 
downstairs generally is buried under or is surrounded with a 
too thick stone wall. At least two sides are stone walls. That 
enables homes to be warm in the winter. The ceiling, the floor 
and the middle part are generally wooden. The upstairs has 
two or three rooms, a granary and a wide or narrow hall. The 
granary and rooms are made from joint wooden planks. It is 
possible to came across with rooms which we call as 
“Çakadura” in some houses. The “Çakadura” room is formed 
with perpendicular planks on all sides of it [14]. 
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Figure 3-4. Artvin houses. 

 

4.4 The Trabzon Houses 

In the past, while forming the traditional houses, the local 
people inform the craftsmen in the region with their 
suggestions in the direction of their needs, the craftsmen 
forms the traditional housing architecture with these 
suggestions and their own experiences. Those plan types and 
techniques are formed in the most appropriate way for the 
region after years of trying by craftsmen. In the lives of the 
local people there are no changes, the ways of life are changing 
very slowly and take many years. Thus, the plan schemes 
developed by the master don’t change for many years [1]. 
The slope of the land in the Sürmene region is the main factor 
shaping in the residential form. The houses are built in two or 
three floors depending on the state of the slope. While the first 
floor of the houses is used as barn, the top floors are used as 
the living floor. In some places where the slope is very plenty 
a mezzanine gained from the slope between the barn and the 
living floor is created [1]. 
 

 
Figure 12. The House of Dilaver, Village of Aksu, Sürmene 

[15]. 

 
Figure 13. The Mansion of Haşim Ağa [16]. 

 

The Use of the Floors on The Traditional Housings 

The barn floor: The barn floor is formed in the elevation 
acquired from the slope in down side of the slope in the 
regional houses where the slope is excessive. The walls of barn 
are formed from the carved stone, the rubble stone and the cut 
stone walls by using wall stacking system and the walls vary 
between 50-90 cm. Due to the inclination of the wall it is 
usually buried under the soil entirely. The barn is usually used 
solid ground floor. Introduction to the barn floor is given 
usually in the opposite direction with the introduction of 
housing [1]. 
Mezzanine: In areas where the slope is huge a mezzanine 
gained from the slope between the barn and living floor. Those 
examples encountered greatly in the region. In some instances, 
the mezzanine is used as the living floor. As for some instances, 
it is kept the same with the barn and is used as the storage [1]. 
The main floor: it is the most important floor of the 
constructions. The entering is typically made from this floor, 
the largest burden in terms of the functions is on this floor. In 
the living floor, the entry points located on both sides of the 
housing are located over the main axle. This axle is called “the 
street" [1]. 
The living floor is separated into two parts for the day and 
night use. The spaces used during the day are less bright than 
the spaces during the night, the interior is dim. While the 
laying of the parts used during the day is mostly compacted 
soil or stone, the wood flooring is used in the parts used at 
night. While the toilets in traditional housing are positioned on 
the outside, they are taken inside on the living floors [1]. 
The hybrid system is the use of different construction systems 
in the same construction. In fact, most of the constructions are 
built with mixed system in the eastern Black Sea region. Even 
though, the base and basement walls in coastal areas are from 
stacking stone, the system at the upstairs is the wood stacking 
or wood carcass. In some instances, the wood stacking and 
carcass are seen to be used together on the normal floors on 
top of the basic wall. 
 

5 Conclusion  

What is wanted in this study is the examination of the life cycle 
of the materials used in the Black Sea houses, the energy that 
they consumed during the phase before the construction, the 
construction phase and post construction following the 
principle “construction-life cycle”. 
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The stone, soil / adobe and wood materials take part in both 
construction systems and the construction materials in the 
traditional Eastern Black Sea houses. For this reason, the 
Eastern Black Sea houses has their own unique design 
features, the necessary information about the subject is 
wanted to transfer to the   house designer candidates. 
To continue the traditional existence of the physical 
environment in the region a number of studies are made. The 
examples of architecture that reached the present day are 
protected by the works of renovation and restoration. As well 
as the current situation, the projects similar to traditional 
constructions are prepared and done in the recent period. The 
wood and the stone used in the traditional construction 
system are used mostly as a coating material in side formation. 
Besides, when the side rates and the construction sizes are 
taken into consideration, it is seen that the sustainability of the 
traditional architecture is only a stylistic imitation.  
As time passes by, the change can’t be avoided with the 
changing environment conditions but when the concept of 
sustainability with change is considered together, it is 
inevitable to make positive contributions to architecture. For 
this reason, obtaining the projection and the physical 
sustainability of the natural construction is important for the 
continuity of social and cultural commitment. 
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Abstract   

In this study, the antifungal and antimicrobial property of plant extracts from henna was determined when used as an environmentally-friendly wood 
preservative. The extract was dissolved from henna (Lawsoniainermis L.) by using and ultrasound assisted method and applied to Scots pine (pinus 
sylvestris L.) , Turkish oriental beech (Fagus orientalis l.) , oak (Quercuspetraea spp.) and walnut (Juglansregia L.) wood blocks with the immersion  and 
immersion+ultrasonic assisted methods. Ferrous sülfat e (Fe2(SO4)3.7H2O), aluminum sulfate(KAl2(SO4)318H2O), copper sulfate(CuSO2.5H2O)  and vinegar 
were used for mordants, result were compared with syntheticdye. Treated blocks were exposed to Postia placenta and Trametes versicolor attacks for 16 
weeks, according the standard TS 5563-EN 113, 1996 method.  Antimicrobial activity of the extracts  was determined with the agardilution method by 
using the disk diffusion method for bacteria.  Results showed that the mordant mixes were considerably more resistant to fungal decay compared to their 
untreated and synthetic counter parts. As a result of substance henna  dye mordant  mixtures of copper sulphates showed better antimicrobial activity 
against all types  of microorganisms. As a result , it was found that henna extracts and mordant mixes could be used as wood preservatives. 
 
Keywords:Henna, antimicrobial activity, white rot, brown rot.  
   

 

ÇEVRE DOSTU AHŞAP RENKLENDİRİCİ OLARAK KULLANILAN KINA 
(Lawsoniainermis L.) BİTKİSİNİN ANTİMİKROBİYEL VE ANTİFUNGAL 

ÖZELLİKLERİ ÜZERİNE BİR ARAŞTIRMA 
Özet   

Bu çalışmada çevre ile uyumlu ağaç koruyucu malzeme olarak kına bitkisinden elde edilen ekstraktların  mantara karşı etkisi ve antimikrobiyel özelliği 
araştırılmıştır. Ekstrakt kına bitkisinden  (Lawsoniainermis L.) elde edilmiş ve Sarıçam (pinus sylvestris L.), Kayın (Fagus orientalis l.), meşe  
(Quercuspetraea spp.) ve ceviz (Juglansregia L.) deney örneklerine daldırma ve daldırma+ultrasonik yöntemleri  ile uygulanmıştır. Mordan olarak Demir 
Sülfat(Fe2(SO4)3.7H2O), Alüminyum sülfat (KAl2(SO4)318H2O), Bakır sülfat (CuSO2.5H2O) ve sirke kullanılmış , sonuçlar sentetik boya ile karşılaştırılmıştır. 
Uygulama yapılan örnekler Postia placenta ve Trametes versicolor mantarlarının bulunduğu ortama TS 5563-EN 113, 1996 standardına göre 16 hafta 
süre ile bırakılmıştır. Bakteriler için disk yayılma metodu kullanılarak antimikrobiyel özelliği belirlenmiştir. Sonuçlara göre kına bitkisinin bakır sülfat 
ile yapılan mordanlama sonucunun bütün mikroorganizmalara karşı en iyi antimikrobiyel özelliği göstermiştir.  Sonuç olarak kına ekstraktı ve karışımları 
ağaç koruyucu olarak kullanılabieceği görülmüştür. 
 
Anahtar Kelimeler: Kına,  antimikrobiyel aktivite, beyaz çürüklük, kahverengi çürüklük 
   

 

1 Introduction 

Henna (Lawsoniainermis L.), which can grow up to 2 m, is a 
plant that opened up to a bright red color from white flowers. 
The henna plant is native to North and East Africa, Madagascar, 
India and Sunda islands of Indonesia. Henna is made in addition 
to the growth of the culture as a natural.  This plant leaves are 
dried, milled and marketed triturated. It contains colorant 
named Lewson. Henna is known as dyes since ancient times. 
People hands, face, hair, paint their nails with henna and 
various parts of the body such as the painting is still continued 
in the same way. Silk has been used in different types of fibers 
such as cotton and wool dyeing. BC in Egypt hair with henna 
indigo in the year 3200 has also been used to paint black. 
Some tribes in Morocco are painted with henna baggy trousers 
worn in religious ceremonies. On some orange walls of the sixth 

and seventeenth centuries it was used as a pigment in henna 
painting. Damascus condemned the 2nd century were used in 
woolen fabrics and weaving. Mediterranean countries have 
used the first century and the 11th century, the Andalusian 
people to paint in various parts of the body. (Karadağ, 2007). 
 
Since ancient times nafural dyes have been used in dyeing. 
Indigo is one of the oldest dyes known to humans. According to 
research almost all of Egyptian mummies were wrapped in 
indigo dyed hemp fabric that has emerged (Anonymous 2012, 
Çolak et al, 2015). Nowadays many natural dyes are regaining 
attention in various scientific studies. For example ; Goktas et 
al, (20I0) investigated Muscari neglectum and Gynandriris 
sisyrinchium plant extracts for antifungal properties of 
poisonous. Tung et al. (2007) reported that the ethanol extracts 
from the bark of Acacia confusa exhibited strong antioxidant 
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activity. Yang and Clausen (2007) investigated antifungal effect 
of seven essential oils: derived-ajowan, dill weed, Egyptian 
geranium, lemongrass, rosemary, tea tree, and thyme, and their 
results indicated that these natural extracts had antibacterial 
and antifungal activity. Tascioğlu et al. (2013) investigated the 
antifungal properties of mimosa, quebracho, and pine bark 
extracts, and they reported that commercial mimosa and 
quebracho extracts can be utilized as alternative wood 
preservative chemicals against common wood decay fungi in 
door applications. Rubia tinctorium is used as a diuretic and 
stone inhibitor and is endowed with genotoxic activity. 
Antifungal activities of R. tinctorum have been previously 
researched (Manojlovic et al. 2005). It is well known that plant 
based dyes were widely used by the Turks in both central Asia 
and Anatolia throughout history (Calis et al. 2009). 
The focus of this study is on the antimicrobial effects and 
preservation of wood material against brown rot fungi, white 
rot fungi and antimicrobial activitiy by Henna extract. 

2 Material and methods  

Preparation of dyestuff  

Scots pine (Pinus sylvestris L. ) , Orienatal beech (Fagus 
orientalis L.) , Oak (Quercuspetraea spp.) and Walnut 
(Juglansregia L.) woods were chosen for this experiment. The 
samples were prepared from first class wooden materials in 
accordance with TS 2470 standarts (TS 2470 1976).  
The samples prepared with dimensions of 50 x 25 x 15 mm.  All 
specimens were conditioned at 20 +2 °C and suitable moisture 
conditions before the subsequent treatment.  
Henna were obtained from a commercial company. A weighed 
amount of henna material was extracted with distilled water in 
an ultrasonic bath ( Elmasonic X-tra 150 H) .  
In the standart procedure the ratio of mass of plant material to 
the volüme of liquid was 1:20. Extraction was performed for 
180 min, at temperature of 45 °C , and under 180 W of sonic 
power.  
Mordants were prepared by adding the following to aqueous 
solutions: 3% ferrous sulphate (Fe2(SO4)3.7H2O), aluminum 
sulphate (KAl2(SO4)318H2O), 15% copper sulphate 
(CuSO2.5H2O) and 10 % grape vinegar.  
Treatment  
Wood specimens after oven-drying (maintained at 103 ± 2 °C) 
were cooled in desiccators to determine the initial dry mass and 
store them there in order to keep them dry until impregnation. 
The air-dried wood specimens were placed into an ultrasonic 
bath container according to their intended treatments. 
Treatment procedures are given in Table 1. In the treatment 
two different methods (immersion and ultrasonic-assisted 
immersion) of dyeing were used. The weight percent gain 
(WPG) (%, w/w) due to chemical load was calculated from the 
following equation: 
 
                                   W2 – W1 
  WPG (% w/w) = -------------------- x 100  
 (1) 
                                           W1 

 
In this equation;  
W1 is oven-dry weight (g) of a wood specimen before 
impregnation and 
W2  is oven-dry weight (g) of a wood specimen after 
impregnation.  
The treated wood blocks were stored for four weeks according 
to TS 5563 EN 113 in a conditioning room at 20 ± 2 °C and 65 ± 

3% relative humidity until they reached a stable weight before 
the decay resistance tests. 
 

Table 1. Treatment Procedures 

 

Dye 
Treatment 
Method 

Sonic 
Power 
(W) 

Temperature 
(°C) 

Time 
(min) 

Natural Control 
(immersion)  
Ultrasonic-
assisted 
immersion 

--- 
300 

45 
45 

60 
60 

Synthetic 

 
Decay resistance test 
Decay resistance and antimicrobial tests were conducted in 
Mugla Sitki Kocman University, Faculty of Science, Mushroom 
Research Center Laboratory. Untreated and treated wood 
specimens were exposed to four different Basidomycetes fungi 
according to EN 113 (TS 5563) standard. In this experiment a 
white rot fungi, Trametes versicolor (L: Fr.) Pilat. (FFPRI 1030) 
and a brown rot fungi Postia placenta (Fr.) M.J. Larsen & 
Lombard (Mad-698-R) were used. Postia placenta was 
maintained on 0.39% potato dextrose agar (PDA) medium, 
while Trametes versicolor was grown on 0.48% malt extract 
agar (MEA) medium. The media was then steam sterilized at 
120 ± 2 °C for 15 min before being transferred to pre-sterilized 
petri dishes. After inoculation, the dishes were kept at 26 ± 2 °C 
and 70 ± 2% relative humidity until the media surfaces were 
completely colonized by the test fungi. The treated and 
untreated wood blocks were sterilized at 120 °C for 15 min 
after their oven-dried reference weights were determined. 5 
specimens per group were placed in pre-inoculated petri dishes 
on solid maple feeder strips to minimize direct contact with 
nutritional media surfaces. Following fungal exposure for 16 
weeks at 26 ± 2 °C and 70 ± 2% relative humidity in an 
incubator, the exposed wood specimens were weighed 
immediately after the surface mycelium was cleaned. Percent 
mass losses were calculated from the difference according to TS 
5563 EN 113 in the 103± 2 °C oven-dried weights of each 
specimen before and after the decay test (Özen et all, 2014). 
 
Mass loss (%) = [100 x (T1 – T2) / T1)]   
 (2) 
 
In this equation;  
T1 is weight of wood specimen plus remaining preservative 
after conditioning and before exposure to the test fungus, 
 T2 is weight of the wood specimen after test and after final 
conditioning. 
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Disc-diffusion assay 
Extracts were sterilized by filtration with a 0.45 μm Millipore 
filters for antimicrobial tests. Antimicrobial tests were then 
carried out by disc-diffusion method (Murray et al. 1995) using 
100 μL of suspension containing 108 CFU/mL of bacteria, 106 
CFU/mL of yeast, and 104 spore/mL of fungi spread on nutrient 
agar (NA), sabourand dextrose agar (SDA), and potato dextrose 
agar (PDA) medium, respectively.  Empty sterilized discs of 6 
mm were each impregnated with  50 μL madder root and its 
mordant mixes. The inoculated plates were incubated at 28 °C 
for 12 h for clinical bacterial strains and 48 h for yeast isolates. 
Plant-associated microorganisms were incubated at 28 °C. 
Antimicrobial activity was evaluated by measuring the zone of 
inhibition against the test organisms at 24 and 48 h. Each assay 
in this experiment was repeated twice. 
 

3 Result and Discussion 

3.1 Mass loss 

Brown rot fungi (Postia placenta) 

Mass losses of the wood type treated with extract solutions and 
exposed to Postia placenta brown rot fungi are given in Table 2. 
Untreated control specimens of Scots pine, oriental beech, 
walnut, and oak wood were severely attacked by decay caused 

by Postia placenta fungi, resulting in large weight losses. 
 

Table 2. Mass Losses of Wood Type Treated With Henna and 
Mordant Exposure to Postia placenta 

 

Extracts TM 

Weight Loss (%) 

Wood Species 

Scots pine Beech Walnut Oak 

X (SD) X (SD) X (SD) X (SD) 

Untreated --- 
26.17 
(7.68)  

29.37 
(2.26)  

18.25 
(0.82)  

9.26 
(0.61)  

Control  
(Non mordant) 

U 
22.79 
(1.33) abc 

19.17 
(2.20) 
cde 

10.35 
(3,37) 
abc 

9,53 
(3,26) 
bc 

C 
25.38 
(1.39)  

19.10 
(1.02)  

11.84 
(5.14)  

8.37 
(0.99)  

Henna + Ferrous 
U 

23.10 
(5.95)  

19.94 
(3.07)  

15.43 
(3.08)  

7.92 
(0.68  

C 
23.77 
(1.30)  

17.84 
(0.80)  

12.85 
(2.09)  

7.76 
(0.56)  

Henna + Alum 
U 

20.84 
(1.93)  

19.86 
(2.84)  

13.02 
(4.98)  

6.85 
(0.75)  

C 
21.51 
(2.36)  

19.12 
(1.25)  

14.06 
(1.31)  

7.25 
(0.65)  

Henna + Copper 
U 

25.28 
(8.82)  

23.66 
(5.39)  

11.80 
(3.65)  

9.33 
(0.95)  

C 
25.01 
(2,24)  

17.63 
(4.08)  

12.37 
(3.56)  

8.23 
(0.79)  

Henna + Vinegar 
U 

34.60 
(4.14)  

19.51 
(2.57)  

10.26 
(5.03)  

7.87 
(2.21)  

C 
26.81 
(3.07)  

19.55 
(5.78)  

12.95 
(6.02)  

7. 06 
(0.79)  

Synthetic 
U 

27.19 
(3.04)  

13.30 
(1.37)  

14.64 
(4.23)  

5.42 
(0.59)  

C 
26.09 
(4.71)  

10.48 
(2.89)  

9.19 
(4.30)  

6.11 
(0.59)  

TM: Treatment method, U: Ultrasonic, C: Classic 
 

Mean mass losses of the wood type treated Henna (Lawsonia 
inermis) with some mordants, exposed to Postia placenta 
brown rot fungi have been detected to varied. In order to find 
out factors that caused to differentiation, results of multiple 
variance analysis are given Table 3.  
 

Table 3. Multiple Variance Analysis for Mass Losses of test 
samples dyed with Henna (Lawsonia inermis) depending on 

the Postia placenta 

 

Factors 
Degrees of 
freedo m 

Mean square F-value P-value* 

A:Treatment 
method 

1 19.927 1.744   .189 

B: Wood species 3 2794.462 244.582 .000 

C: Mordant agent 4 24.198 2,118 .042 

Interaction A*B 3 12.432 1.008    .356 

Interaction A*C 4 11.963 1.047 .385 

Interaction B*C 12 43.303 3.790 .000 

Interaction A*B*C 12 18.457 1.615 .092 

Error 160 11.425   

Total 200    

 
According to Multiple Variance Analysis for Mass Losses 
depending on the Postia placenta, the interaction of mordant 
and wood type-mordant mixtures  were evaluated for brown 
rot fungi (Postia placenta) and found to be statistically 
significant (P-value<0,05). Other factors have been found to be 
statistically insignificant (P-value<0,05). 
The duncan test results , paired comparison regarding mass loss 
data depending on the Postia placenta fungi of Henna dyes on 
wood type level are given table 4. 
 

Table 4: The duncan test results of Henna dye on wood type 
level regarding mass loss data depending on the Postia placenta 

fungi 
 

Wood species 
Mean 

square 
Uniformi
ty Group 

Scots pine 24,77 D 

Beech 19,24 C 

Walnut 12,60 B 

Oak 7,92   A* 

     DUNCAN: 0,050   *Minimum mass loss (%) 
 
According to Duncan test, paired comparison  which is regarding 
mass loss data consequences of brown rot fungu effect on wood 
type level ; minimum mass loss data were detected on Oak. 
Maximum mass loss data were detected on Scots pine. 
The duncan test results , paired comparison regarding mass loss 
data depending on the Postia placenta fungi of Henna dyes on 
mordant type level are given table 5. 
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Table 5: The duncan test results of Henna dye on mordant type 

level regarding mass loss data depending on the Postia 
placenta fungi. 

 

Mordant Type 
Mean 

square 
Uniformi
ty Group 

Control 15,93 AB 

Ferrous 
sulphate 

15,90 AB 

Aluminum 
sulphate 

15,37 A* 

Copper 
sulphate 

16,37 AB 

Vinegar 17,08 B 

     DUNCAN: 0,050   *Minimum mass loss (%) 
 
According to Duncan test, paired comparison  which is regarding 
mass loss data consequences of brown rot fungu effect on 
mordant type level ; minimum mass loss data were detected in 
group that aluminum sulphate used as a mordant .Maximum 
mass loss data were detected in vinegar used as a mordant on  
the test samples. 
 

White Rot Fungi (Coriolus versicolor)  

Mean mass losses of the wood type treated with extract 
solutions and exposed to Coriolus versicolor FFPRI 1030 fungi 
are given in Table 6. 

Table 6: General statistics regarding Mass Losses of test 
samples dyed with Henna depending on White rot fungi  

Extracts  TM 

Weight Loss (%) 
Wood Species  

Scots Pine Beech Walnut Oak 

X (SD) X (SD) X (SD) X (SD) 

Untreated --- 
6.17 
(1.87)  

11.75 
(3.91)  

22.69 
(2.97)  

6.77 
(0.95)  

Control  
(Non mordant) 

U 
4,88 
(2,45)  

20,98 
(5,75)  

8,53 
(8,53)  

8,78 
(1,21)  

C 
3,36 
(0,90)  

23,36 
(2,54)  

8,64 
(1,05)  

9,62 
(3,23)  

Henna + Ferrous 
U 

3,20 
(0.75)  

18,26 
(3,18)  

9,11 
(0,48)  

5,62 
(0,75)  

C 
2,49 
(0.28)  

21,46 
(1,77)  

8,14 
(1,59)  

5,43 
(1,45)  

Henna + Alum 
U 

2,36 
(0,76)  

15,67 
(6,52)  

4,38 
(0,45)  

7,63 
(1,17)  

C 
3,24 
(0.60)  

21,94 
(3,55)  

6,57 
(4,27)  

7,51 
(1,17)  

Henna + Copper 
U 

3,92 
(0,34)  

7,93 
(0,64)  

8,24 
(1,65)  

5,62 
(0,56) 

C 
2,94 
(0,60)  

7,99 
(1,37)  

7,71 
(1,50)  

6,81 
(4,80)  

Henna + Vinegar 
U 

3,31 
(1,25)  

20,74 
(5,55)  

7,22 
(1,43)  

9,53 
(2,24)  

C 
4,53 
(2,45)  

16,84 
(3,87)  

6,22 
(1,53) 

9,57 
(1,64) 

Synthetic 
U 

5.16 
(0.77) 

16.50 
(1.88)  

8.28 
(3.99)  

6.45 
(2.26) 

C 
5.46 
(0.77)  

16.05 
(2.42)  

9.35 
(4.10)   

6.54 
(1.93) 

TM: Treatment method, U: Ultrasonic, C: Classic 

 

Mean mass losses of the wood type treated Henna (Lawsonia 
inermis) with some mordants, exposed to White rot fungi 
(Coriolus versicolor FFPRI 1030) fungi have been detected 
varied. In order to find out factors that caused to differentiation, 
results of multiple variance analysis are given Table 7.  
 

Table 7: Multiple Variance Analysis for Mass Losses of test 
samples dyed with Henna (Lawsonia inermis) depending on 

the Coriolus versicolor (FFPRI 1030). 

Factors 
Degrees of 

freedom 
Mean square F-value P-value* 

A: Treatment 
method 

1 16,359 2,437   . 121 

B: Wood species 3 1813,429 270,093 .000 

C: Mordant agent 4 136,449 20,323 .000 

Interaction A*B 3 9,203 1,371    . 254 

Interaction A*C 4 13,192 1,965 . 102 

Interaction B*C 12 78,765 11,731 .000 

Interaction 
A*B*C 

12 13,146 1,958 . 031 

Error 160 6,714   

Total 200    

According to Multiple Variance Analysis for Mass Losses 
depending on the Coriolus versicolor (FFPRI 1030), the 
interaction of wood type , mordant and wood type-mordant 
mixtures  were evaluated for white rot fungi Coriolus versicolor 
(FFPRI 1030) and found to be statistically significant (P-
value<0,05). Other factors have been found to be statistically 
insignificant (P-value<0,05). 
The duncan test results , paired comparison regarding mass loss 
data depending on the Coriolus versicolor (FFPRI 1030)  fungi of 
Henna dyes given table 8. 
 

 
Tablo 8. The duncan test results of Henna dye on wood type 

level regarding mass loss data depending on the Coriolus 
versicolor (FFPRI 1030)  fungi. 

 

Wood species Mean square 
Uniformit
y Group 

Scots pine 3,38 A* 

Beech 17,78 C 

Walnut 7,47 B 

Oak 7,46   B 

    DUNCAN: 0,050   *Minimum mass loss (%) 
 
According to Duncan test, paired comparison  which is regarding 
mass loss data consequences of white  rot fungi effect on wood 
type level ; minimum mass loss data were detected on scots pine 
. Maximum mass loss data were detected on beech. 
 
The duncan test results , paired comparison regarding mass loss 
data depending on the Coriolus versicolor (FFPRI 1030)  fungi of 
Henna dyes on mordant type level are given table 9. 
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Table 9: The duncan test results of Henna dye on mordant type 

level regarding mass loss data depending on the Coriolus 
versicolor (FFPRI 1030) 

Mordant Type Mean square 
Uniformit
y Group 

Control 11,09 E 

Ferrous sulphate 9,26 C 

Aluminum 
sulphate 

9,04 B 

Copper sulphate 6,13   A* 

Vinegar 9,59 D 

 DUNCAN: 0,050   *Minimum mass loss (%) 
 
According to Duncan test, paired comparison  which is regarding 
mass loss data consequences of white  rot fungu effect on 
mordant type level ; minimum mass loss data were detected in 
group that copper sulphate is used as a mordant .Maximum 
mass loss data were detected in control group. 
 

Antimicrobial activity 

 

Table 10 shows antibacterial activities of the henna dye and 
mordant mixes was screened for antimicrobial activities 
against selected bacteria (E. coli and S. aureus) and fungi (C. 
utilis). 

 
Table 10. Antimicrobial Activity of Henna -Mordant Mixes and 

Some Standard Antibiotics (Inhibition Zone, mm*) 
 

Extracts 
Microorganism 

Escherichia 
coli 

Staphylococcus 
aureus 

Candida 
utilis 

Control 
(Non 

mordant) 
- - - 

Rot + 
Ferrous 

0,70 0,90 - 

Rot + 
Alum 

0,75 - - 

Rot + 
Copper 

1,00 1,10 1,80 

Rot + 
Vinegar 

- - - 

Synthetic  - - - 

 

%100 Henna dye(control), henna dye-vinegar mixture didn’t 
show antimicrobial activity against bacteria used in the tests. 

Inhabition activity of the henna dye mixed with ferrous sulfate 
against Escherichia coli ATCC 25922 test microorganism and 
Staphylococcus aureus ATCC 6538/P was tested 0,70 cm and 
0,90 cm respectively. Henna dye mixed with ferrous sulfate 
didn’t show antimicrobial activity against Candida utilis 
microorganism. 

Inhabition activity of  the henna dye mixed with aluminum 
sulfate against Escherichia coli ATCC 25922 test microorganism 

was tested 0,75 cm. Henna dye mixed with aluminum sulfate 
didn’t show antimicrobial activity against Candida utilis and 
Staphylococcus aureus ATCC 6538/P microorganism. 

Inhabition activity of the henna dye mixed with copper sulfate 
against Escherichia coli ATCC 25922 , Staphylococcus aureus 
ATCC 6538/P and Candida utilis test microorganism was tested 
1,00 cm,  1,10 cm and 1,80 cm respectively. 

4 Conclusions 

According to mass loss results depending on brown rot (Postia 
placenta Mad-698-R) fungi ; 

Mass losses of scots pine colored Henna dye mixed with 
aluminum sulfate by ultrasonic method has been observed to 
decrease at the rate of 5,33   compared to control group also 
mass losses of beech wood  colored henna dye and copper 
mixture by clasic method has been observed to decrease at the 
rate of %11.74   . 

Mass losses of walnut colored Henna dye mixed with vinegar by 
ultrasonic method has been observed to decrease at the rate of 
7,99 compared to control group a. As to oak wood colored by 
clasic method,  mass losses has been shown to decrease  at the 
rate of %11.74. 

Test samples colored henna dye and mordant concentrations 
have been compared with other test samples colored synthetic 
dye. Accordingly, all mordant types (except vinegar) have 
shown beter protection than test samples colored synthetic dye 
on scots pine wood. Synthetic dye has shown better protection 
than henna dye and its mordant concentrations against brown 
rot fungi on the beech, walnut and oak.  

Without mixing any colourants, groups that mordant materials 
solutions applied and henna dye mixtures applied have been 
compared. It was observed that henna dye decreased 
protection of scot pine and increased protection of oak against 
brown-rot fungi. It did not make much of a difference in walnut 
and oak. 

According to mass loss results depending on white rot (Coriolus 
versicolor FFPRI 1030) fungi ; 

Henna dye and aluminum sulphate mixture was implemented 
to test samples by ultrasonic method and this implementation 
decreased the mass loss of beech wood at the rate of %3.81 
compared to control samples. 
Henna dye and copper sulphate mixture was implemented to 
test samples by ultrasonic method and this implementation 
decreased the mass loss of beech wood and oak at the rate of 
%3.81 and %4,15 respectively compared to control samples. 
Henna dye and aluminum sulphate mixture was implemented 
to test samples by ultrasonic method and this implementation 
decreased the mass loss of walnut at the rate of %18,31 
compared to control samples. 
 
Results showed that;  it was observed that there is no any 
significant differences between classic and ultrasonic method. 

Without mixing any colourants, groups that mordant materials 
solutions applied and henna dye mixtures applied have been 
compared. It was observed that henna dye decreased 
protection of scots pine and increased protection of oak against 
brown-rot fungi. It did not make much of a difference in walnut 
and oak. 
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According to data which was obtained from groups that 
mordant materials solutions applied and henna dye mixtures 
applied without mixing any colourants, henna dye and mordant 
mixture decreased to protection a little against white rot fungi. 

Mixture of henna dye vinegar and control didn’t show 
antimicrobial activity against  microorganisms used in study 
but mixture of henna dye and ferrous sulphate was effective 
against Escherichia coli ATCC 25922 ve Staphylococcus aureus 
ATCC 6538/P,  mixture of henna dye and aluminum sulphate 
was effective against Escherichia coli ATCC 25922, mixture of 
henna dye and copper sulphate was effective against 
Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 
6538/P, Candida utilis microorganisms. 

It was observed that synthetic dye has no antimicrobial activity. 

It was observed that colorant group showing antimicrobial 
activity decreased the mass loss more than other groups 
against brown rot fungi and white rot fungi.  
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Abstract   

Furniture design in interior design courses at Universities are often held in design studios or in theoretical classes. In theoretical classes 
the practical output of furniture production is ignored and it lacks of an important input from production. This situation is compensated 
by applied classes in wood workshops which are established with a limited variety of production techniques. As most of the industrial 
products furniture is made out of many components and materials. These are produced in industrial establishments by installation of 
required production techniques. Instead of producing a marketable product, in interior design courses the aim is to have an experience 
of furniture production due to that they do not have all possible production techniques installed in workshops. 
In this paper, a joint project between academia, which is more close to design and industry, which is more close to production will be 
discussed with a focus on benefits of this collaboration for both sides. Paper comprises an evaluation of a one term experience of interior 
design students in collaboration with laminated wood furniture factory.  
 
Keywords: Üniversite Sanayi İşbirliği, Mobilya, Eğitim 
   

 

ÜRETIM İÇİN TASARIMI ÖĞRENMEK: ENDÜSTRİ VE AKADEMİ İŞBİRLİĞİ  
Özet   

Üniversitelerin iç mimarlık bölümlerinde, mobilya tasarımı dersleri çoğunlukla iç mimari proje dersleri içinde ele alınmakta ya da farklı 
teorik derslerde işlenmektedir. Teorik olarak ele alınan ancak çıktıları pratik uygulamalarla elde edilen mobilya tasarımı eğitimi pratik 
girdilerin göz ardı edilmiş olmasıyla eksik kalmaktadır.  Bu durum iç mimarlık bölümlerinde kısıtlı imkanlarla kurulan ahşap 
atölyelerinde uygulamalı bir takım derslerle telafi edilmeye çalışılmaktadır. Bir çok endüstri alanında olduğu gibi mobilya da, pek çok 
farklı malzeme ve bileşenin bir araya gelişi ve ihtiyaca uygun üretim yöntemlerinin sanayi kuruluşlarında teşekkül edilmesiyle vücut 
bulur. Sonucunda pazarlanabilir bir üründen ziyade tasarım ve üretim sürecinin deneyimlenmesini hedefleyen iç mimarlık bölümü 
mobilya atölyeleri endüstriyel üretim imkanlarının çoğundan yoksundur.  
Bu çalışmada mobilyanın tasarım tarafına daha yakın olan akademi ile üretim konusuna daha hakim olan endüstrinin ortak bir projede 
birbirlerinden kazandıkları ortaya konulmaya çalışılacaktır. Çalışma iç mimarlık öğrencilerinin, bir dönem boyunca ahşap laminasyon 
tekniğiyle üretim yapan bir endüstri kuruluşuyla yaptıkları çalışmaların değerlendirildiği sonuçları içermektedir. 
 
Anahtar Kelimeler: University Industry Collaboration, Furniture, Education 
   

 

1 Introduction 

Furniture design is an essential part of interior design 
education. The setup of furniture design classes is mostly 
affected by the needs of the interior design profession. 
Furniture is used in interior design in two ways: 1. As an 
important object which is part of a design setup and is chosen 
from ready-made alternatives in order to achieve the desired 
aura of a space. 2. As a custom made object which is produced 
by dedicated firms and installed as a unique object by guidance 
of the interior designer. These two approaches are basis of 
furniture design classes. First approach is taught in studio 
classes in which the major factor of design is to have a 
conceptual unity. The second approach is more different than 
those verbal or visual classes therefore furniture design classes 
are mostly held on an introduction to furniture design, 

materials and production methods. In Anadolu University, 
Interior Design Department has a wood workshop for 
visualizing these introductions and having hands-on 
experience on furniture production. Wood workshop has 
essential tools for timber based production and employs 2 
craftsmen. Students design their own furniture and make them 
be produced in the workshop. Because the workshop allows 
very primitive production, students who are interested in 
further production techniques, the next stage of the class does 
not provide a new technique.  For demonstrating new 
techniques and widening up student’s imagination on design 
for production a collaboration between university and industry 
has been realized.  
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1.1 University and Industry Collaboration 

University-Industry Collaboration (UIC) is the sum of all 
activities of education, research and development and service 
which are combined methodologically and systematically. 
These activities are constructed on existing facilities of 
University (knowledge, staff, equipment…) and industry 
(experience, staff, financial resources…) for the benefit of both 
and the society. Benefits are more than the sum of the 
elements.[1] 
As seen from above explanation UIC is a mutual relationship 
which is better for motivation of both sides. This relationship is 
better explained by expectations of both sides. 
With reference to Odabaşı et al. [2] for the university these 
expectations are: 

1. Performing one of its primary missions by solving 
problems of the industry and by the way helping 
economy, 

2. Supplying substantive contributions to the university 
by having this collaboration, 

3. Extending industrial experience of university staff, 

4. Academic publishing of outcomes of this 
collaboration, 

5. Obtaining patents from suitable projects, 

6. Having more support for internship from industry. 

7. Developing student projects by the support of 
industry, by the way having students experience real 
life problems and deal with them on site. 

8. Support from industry for organizing conferences and 
academic congress in universities, where new 
developments and problems are being discussed. 

Universities have possibilities for industry: 

1. R & D for industry, 

2. Helping industry to develop technology instead of 
transferring, by the way supporting economy. 

3. Aiding industry to develop their own standards. 

4. Creating a persistent knowledge platform and saving 
it. 

5. Employing students as half or full time researchers in 
research activities, by the way they will have R&D 
abilities. 

Industry has expectations from this relationship: 

1. Solving its problems rapidly, 

2. Solving problems without employing high salary 
staff, by the way reducing costs, 

3. Solving high tech problems without setting up high 
cost laboratories. 

4. Making R&D without high costs. 

5. Obtaining knowledge from universities for applying 
EU project. 

6. Gaining support in order to obtain obligatory 
certificates for international rivalry. 

7. Bearing in mind the needs and problems of industry 
for theoretical research. 

Expectations and possibilities in the collaboration between 
university and industry does not always coincide. In most cases 
there are problems in starting and keeping the collaboration. 
These problems mostly occur for some reason. According to 
Othman et al. [3] these are important from two perspectives: 
From industry perspective: 

 The industry is unwilling to ensure financial 
contribution related with the subject, to the education 
programme. 

 It has not got sensitivity about the necessity of 
education programme and a serious contribution will 
be ensured by means of the university. 

 By interrogating the education programme which was 
formed by the universities, industry is inclined to 
think that perhaps they know all the solutions much 
more than them. 

From university perspective: 

 Educators cannot be sensible about the sensitivity of 
time limitations of the industry and developing the 
expert productive power. 

 University cannot be aware of the real problems that 
the industry is faced with and for instance, limited 
with uninterested programme and imaginary world, 

 Possibilities cannot be adequate to ensure the needs 
of the industry. 

Above mentioned facts are free from size or profession of both 
partners. Some collaborations are demanding high tech 
solutions, which depend on special laboratories and highly 
qualified staff especially those in doctorate status. These 
collaborations need contracts which support partners by 
explaining duties and benefits of both. In order to support 
collaboration, governments encourage both partners by special 
promotions. Universities set up techno cities and collaboration 
offices which deal with the legal infrastructure of this 
collaboration. These kind of collaborations have higher risks 
and higher benefits which must be kept under strict control. 
Some other collaboration is done with small scale firms (<50 
workers) and universities. In this case risks are more tolerable 
and benefits are modest. These kind of collaboration is more 
flexible, easy to start and easy to end. 

1.2 Motivation 

Interior design has two types of relation with furniture as 
mentioned before. While choosing furniture for an interior 
design project, interior designer has relation with mass 
produced products. Designers involve neither in design nor 
production of the furniture. They choose furniture from 
showrooms, shops or catalogues. At the other hand, while 
designing a unique furniture and making it be produced, 
designer involves in design and production of furniture. In this 
manner he/she starts a relation with the producer, negotiates 
with him on material choices and production details. These 
producers are usually small scale firms which do not have a 
mass production line. They produce one off products on order. 
These small scale furniture firms also produce their own 
designs and keep a portfolio of their own productions. 
At Anadolu University-Interior Design Department, in 2015-
2016 Spring Term, Furniture Design 2 Class has been held in 
collaboration with KYS Chairs. This paper discusses a UIC 
between 12 undergraduate students and a small scale furniture 
firm as a case study. 
Partners: 
KYS Chairs (Kenan Yeni Sandalyeleri) [4] is a well-known 
furniture factory in Eskişehir which is in production field since 
1965. KYS mostly deals with laminated wood chairs and 
furniture and also produces order based one off productions in 
diverse types. KYS mentions their vision as “Always being 
innovative and distinctive”. The owner Mr. Göksal Günaydın has 
a graphic design origin and he believes in good design and 
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innovation. The company has won 2012 Design Turkey Award 
with their “Wings” armchair. 
Anadolu University-Interior Design Department [5] is 
distinctive from other departments on the weight of furniture 
design classes in total curriculum. It is also supported by a 
wood workshop for hands-on experience. Furniture design 
classes are held in 3 semesters in 3 groups. There are also other 
aiding classes as “furniture construction”, “model making” and 
“toy making” all of which are held in the wood workshop in a 
hands-on manner. 
In first furniture class students learn theoretical facts about 
furniture, furniture materials, furniture types and production 
technics. In the second class design course starts and students 
their own chairs and make them be produced in wood 
workshop. In the third class students are asked to design 
furniture in a concept which may include a set of furniture, a 
style of furniture or furniture through a special production 
method.  
In this sense laminated wood bending method has been chosen 
to deal with for 2016. It was chosen for the fact that it is a new 
method that cannot be provided at department wood workshop 
and students are familiar to use wood as furniture material. 
Laminated wood bending was taught previously in model 
making classes in order to visualize 1/5 scaled models of 
existing chair designs. In order to achieve this, thin wood 
veneers are pressed in wooden moulds than they are trimmed 
and shaped to create a chair model. This method was also the 
starting point of the collaboration.  
Before starting a collaboration there have been a few 
assumptions about possible future problems: 

1. Laminated wood bending technique has its own 
machinery and materials which cannot be moved out 
of its original place that’s why in order to work with 
this method, students need to be in that special place. 

2. 14 weeks of course schedule and KYS’s unpredictable 
schedule could not have been suited each other. 

3. While students are working in a risky place for so 
long time there could have been some unpredicted 
accidents. 

4. For such a long time to get in touch in an unusual 
environment, it could have been difficult for both 
sides to keep motivation. 

5. For tutor it could have been difficult to control 
students in an unfamiliar place. 

6. It could have been difficult for students to travel to 
factory which is comparably far and the travel could 
be risky. 

Most of these problems are related to location of the firm and 
difficulties at that location. For this reason, ways to transfer 
most of the work to department’s wood workshop and 
minimizing the student work at factory were researched. Class 
has been divided into three phases: 1. Research, 2. Design, 3. 
Production. In order to pass more time at University and less in 
factory, first and second phases decided to be held at University 
and the third phase was decided to be held at factory.  

1.3 Setting up the Studio 

Before setting up the studio there had been a conversation 
between the tutor and the firm owner. From this conversation, 
industry’s expectations and University’s expectations were 
clarified.  
Industry expectations: 

1. Finding new ideas for a new product or products. 

2. Finding interns to be employed in firm. 

3. Improving new production technics 

4. To take place in possible publication with our firms 
name. 

5. To get in more soffisticated collaborations after this 
one. (EU or TUBITAK projects.) 

University expectations: 

1. Students experience a production from start to end. 

2. Students have individual relationships with industry 
to see the difference from education. 

3. Students have opportunities for internship. 

4. Support from industry for prototyping. 

5. Support from industry for demonstration of 
production techniques. 

6. Support from industry for materials be used or 
wasted during design phase. 

7. Finding a new design which will be published and 
patented with the name of the University. 

8. Starting a relationship with industry for future 
collaborations. 

When everything has been decided between the firm and the 
University, a way to regulate this collaboration legally has been 
researched. ARİNKOM (Anadolu University Technology 
Transfer Office) was called for help. They have provided two 
solutions which of both did not help to start this collaboration 
on time. First was to start a TUBITAK project which has a long 
calendar and was risky. The other was project based internship 
which was more suitable but cannot be held during the 
semester. Because there has been no alternative to sign the 
collaboration on paper, it is decided to construct it on 
confidence and friendship. 
The studio is constructed on three main phases as mentioned 
before. To transfer most of the studio work to department’s 
wood workshop, it is planned to hold design phase on 1/5 
scaled laminated wood models. It was chosen for two reasons: 
1. Students are familiar to this method. 2. It is so similar to the 
actual production. Because the actual production method is 
depending on modular pieces getting together to form a new 
design, students could have used this method without spending 
so much material. Also they might have used more familiar 
tools and techniques in comparison to build a 1/1 scaled 
production. 

1.4 The Studio 

Research 
In the first phase of the studio, students are asked to research 
wood bending methods and wood lamination in literature and 
prepare a presentation.  Students are worked in groups of three 
people. After presentation a discussion about wood bending 
and lamination has been done. The similarities between the 
method in model making class has been mentioned. 
In the third week of the course a trip to KYS factory has been 
organized. Students are guided by firm owner and they have 
watched the process of wood bending and other workshops as 
CNC cutting and trimming, upholstery, mould making, painting 
and finishing.  KYS gave thin profiles of existing laminated parts. 
The idea was drawing them in 1/5 scale and using them to 
create wooden moulds for pressing veneers to create models. 
In the next lesson making of a laminated wood model has been 
demonstrated to students and they are asked to create their 
own models out of drawn templates of KYS Chair’s parts. 
Students made model molds out of pine timber. They have 
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traced the template on timber and made the timber be cut on 
through those traces. They have filed the timber and sanded. 
After they have overlaid veneers one by one spreading glue on 
them. Then they have put the veneers and glue in between two 
molds. Molds had to be kept untouched for 3 days to make them 
be hardened enough. (Fig. 1, 2.) 

 
Figure 34. Templates 

 
Figure 35. Making of the mould and the part 

Design 
The idea in working with models was to have nearly unlimited 
pieces for trials. There had been a slight problem to achieve this 
idea that there were too many different pieces and that’s why 
there must have been many molds. Molds could be used several 
times but the time needed for drying was too much for having 
many pieces in a short time. During the visit to KYS Chairs 
factory a CNC machine was working on a piece. Factory owner 
and tutor had agreed on cutting the mold pieces precisely from 
MDF material to produce longer molds by attaching MDF pieces 
together linearly. With this operation, students could have 
experienced data transfer to computer aided manufacturing 
devices. Later on a misunderstanding has been realized that 
due to capabilities of CNC machine small pieces could not be cut. 
This misunderstanding had changed most of the plans. Students 
tried to produce as much pieces as they could but with limited 
number of molds the pieces could not be reproduced. Because 
of low amount of pieces’ students have sliced them into small 
ones to try available possibilities. (Fig. 3.) 
 

 
Figure 36. Slices 

Students were not limited to a furniture type as chair, stool or 
table. They were just limited to use the same pieces that KYS 
Chairs use for their production line. It was also allowed to use 
other extra supporting material as metal profiles, glass or 
plastic.  
Students had lots of trials with existing slices but to design in 
this manner was more difficult for them than expected. Pieces 
were too small to find proper construction methods. Small 
pieces were more difficult than bigger ones to hold together. It 
also had some advantages that students could take the pieces at 
home with them and study different alternatives at there but it 
also was not efficient enough than expected. Fig 4. Shows some 
of the trials with 1/5 pieces. 
 

 
Figure 37. Trials with slices 

 
Students had to find 2 main ideas: 1. A function for the 
furniture, 2. A producible form created out of existing parts.  
Because students did not have enough pieces, they had to 
reproduce parts every week but after some time this procedure 
became an endless and droning work. Pieces were still not 
enough for trials like cutting and gluing. In order to share every 
type of piece to each they had to slice wider pieces into thinner 
ones which later affected their thought as all designs had to be 
from slices. 
Due to the dropping motivation of class, students are asked to 
model their parts in computer and rearrange them not as strips 
but as planes. This approach was an accompanying technique 
to designing with scaled models. (Fig.5.) 
 
 

 

 
Figure 38. Computer models 

 
KYS Chairs has granted 2 pieces from nearly every type of piece 
in their inventory for students to work on. These pieces has 
been transported to department’s wood workshop. Students 
liked to work with them but because of the limited amount of 
each piece before trying something on actual piece students are 
asked to prove their form on computer or physical models. 
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Most of the students did not find it comfortable. The time was 
passing the deadline was closing and most of the students did 
not have a substantial design proven on models. Students are 
advised to visit KYS Chair again individually to ask for help and 
improve their designs. At the end there were lots of 3D 
computer models which of most were not proven on physical 
models, students are asked to present what they have from the 
beginning to end. It was understood that most valuable ideas 
were hidden and not shown or forgotten in past. By the aid of 
the tutor, valuable ideas combined or improved and students 
are allowed to work with actual pieces. Some of the students 
needed to change their design or have found totally different 
things. Construction techniques were the most effectual 
phenomenon that changed their design   
Production 
With their final designs they moved to KYS Chairs factory and 
made their prototypes be produced there. Some of the student 
works was not found valuable enough to be produced. They 
have proven their design on 1/5 scaled models. 
At the end of the term students were to deliver their prototype 
and a detailed report explaining the whole process from 
beginning of the course to the end. Fig. 6. Shows some of the 
final prototypes. They also had to answer an online survey 
which is prepared for evaluation of the class.  
 

 
Figure 39 

2 Methodology 

The collaboration has been evaluated through student reports, 
student surveys and the survey answered by KYS Chairs owner 
Mr. Göksal Günaydın.  
Student surveys are constructed on a 5 grade likert scale. 
Student reports are evaluated to understand the positive and 
negative points of this collaboration. Also the survey for KYS 
Chairs owner was constructed on 5 grade likert scale. The 
findings are evaluated for finding if the expectations from this 
collaboration meet the results. Also the course process is 
evaluated to find in which parts of this collaboration people 
were contented or uncontended. 

3 Findings and Evaluation 

Survey questions are created especially for the visible problems 
encountered during the process: Questions and survey results 
are listed. 12 Students are asked: 

1. “What did you learn in this course?”. “Wood bending 
technique” and “making scaled models” have the 
highest grade of 5. “Communicating to the producer” 
and “designing for production” have 4.91. 

2. “Which of the phases in course were more efficient?”.  
“Designing in computer” has the highest grade of 
4.91 and “visit to the factory” have 4.25. “Designing 
with scaled models” has the lowest grade of 2.33. 

3. “Which was the most confusing thing in course?”. 
“Designing with scaled physical models” has the 
highest grade of 4.5. “Dialogues with KYS Chairs” has 
the grade of 3.58. 

4. “Which one could have been better for this course?”. 
“Starting final production earlier” has the highest 
grade of 4.66. “Unlimited quantity of materials for 
hands-on experience” has the grade of 4.5.  “If I could 
have more knowledge about using the production 
tools” has 4.4. “Juries during the course for 
developing our designs” has the lowest grade of 3.3. 

5. “What was the problem while producing scaled 
models?”. “Reproduction of moulds” has the highest 
grade of 4.6. “Obtaining precise moulds” has 4.25. 
“Reorganizing parts and not enough veneer and glue” 
have the grade of 4.16.  

6. “Which one would have been more helpful while 
designing with scaled models?”  “If the moulds were 
wider” has the highest grade. 4.83. “If the moulds 
were more in quantity” has 4.75. “If the moulds could 
have been prepared in CNC” has 4.66.  

7. “What was the problem while designing with scaled 
models?” “It was difficult to work with existing tools 
in the workshop for tiny pieces” has the highest 
grade of 4.58. “It was difficult to organize very similar 
pieces” has 4.41. We had the pieces as tiny strips 
instead of their actual shape has 4.33.  

8. “Which was more helpful while designing in 
computer?” “Possibility of trying may alternatives 
fast and simply” has the highest grade of 5. 
“Imagining various materials and putting them into 
design” has 4.3.  

9. “What was the problem while designing with 
computer?” “It was difficult to imagine the physical 
properties of the design in computer” has the highest 
grade of 4.75. “Even designing in 3D it was not the 
same feeling of handing on” has 4.33.  

10. “What was the problem in collaboration with KYS 
Chairs?”.” It was difficult to work there because their 
own working schedule was too busy” has the highest 
grade of 4.75. It was far from school has 4.41. 

11. “What is still unfinished in your design?”. “I do not 
have enough knowledge of upholstery” has the 
highest grade of 3.5. “I do not have enough 
knowledge for wood bending technic” has the lowest 
grade of 2.16. The average grade over all the answers 
to this question is 2.96. 

12. “What do you think about your design and product at 
the end?”. “I can see my effort on the product” has the 
highest grade of 4.66. “I liked the product which I 
designed” has 4.33. “This product is mine” has 4.4. 
The lowest grade is 2.91 for “I think my product is 
finished”. 

From above mentioned, summarized results it can be seen that 
students think that they have learnt a lot from this class. They 
did not like designing with scaled models but they also know 
that this is because of the unavailable infrastructure. Students 
also think that collaboration with industry is a good activity to 
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learn from but it is also difficult because it is not familiar. 
Students think that they could have done better designs if the 
schedule of the class was well organized and if there were more 
time for production. At the end students loved their product. 
The questions and answers for KYS Chairs owner are shown in 

Table. 1,2,3,4 with their likert grades out of 5. 

Question Likert 
grade 
out 5 

I was contented from this collaboration. 4 
My expectations from this collaboration has been 
ensured. 

4 

Table 10 

Question Likert 
grade 
out 5 

What could have been the reason for your expectations  
be not ensured? 

 

The working schedule 4 
The students were not motivated enough 5 
The collaboration ruins our existing work. 2 
The materials and budget was too much for this 
collaboration 

2 

The income from this collaboration was less than our 
expectations. 

3 

The time reserved for this collaboration was not enough 4 

Table 11 

Question Likert 
grade 
out 5 

After the collaboration  
There are some designs that I liked from student works. 5 
This collaboration opened gates for new ideas for putting 
in production. 

4 

These ideas are valuable to be used at my firm. 4 
The budget and materials reserved for this collaboration 
was too much 

3 

With more materials and budget there could be better 
designs. 

2 

If students were working in factory for more longer there 
could have been better designs. 

5 

The collaboration ruined my existing works in the factory. 3 

Table 12 

Question Likert 
grade 
out 5 

For this collaboration what should have been done for 
possible future collaborations. 

 

A more organized collaboration could have been better. 5 
Working with part in less variety but more quantity could 
have been better. 

4 

Working more at factory could have been better 4 
Holding juries during the course could have been better. 3 
More close relation of the tutor with the firm could have 
been better. 

3 

It could have been better to keep the collaboration on a 
legal contract. 

4 

The expenses should have been shared by the institution 3 
It could have been better if students were transferred to 
the factory by institution. 

4 

If the students had more knowledge. 5 

Table 13 

From answers to above questions, it shows that industry is very 
contented by this collaboration. The firm owner has found 
students less motivated and less knowledgeable than he 
expected. In fact, those students were the most hard working 
ones from previous class of Furniture Design 1. They had 

experienced in hands-on processes at wood workshop. 
Student’s answers about busy schedule of the firm and firm 
owner’s answers were contradicting. Because the production of 
prototypes was condensed in a very short time students went 
to the factory together, it may have made a vision of busy 
schedule. Both students and firm owner think that working in 
the factory more could have ensured better results.  
For the firm owner nearly all the expectations were 
corresponded. They also employed one of the students from 
class for summer internship. 
For the university, most of the expectations were 
corresponded.  But there were problems due to the 
organization of the course. Because of these problems the 
course could not be kept under strict control. Pre-assumptions 
about factory conditions was not correct also the solutions 
(working with scaled models) for this situation was not 
efficient enough. 

4 Conclusion 

Most of the research in literature shows collaborations 
between University and industry on technology transfer and 
R&D works between bigger industries and high-tech 
laboratories of Universities. These collaborations are studied a 
lot before realization.  
Most of the companies having contact with interior designers 
are small scaled companies which employs less than 50 
workers. They usually do not have their own R&D departments 
and to employ designers is difficult. A collaboration with these 
companies will bring new approaches to their way of thinking.  
In this case study, a spontaneous and fast pace collaboration 
has ended with lots of incomes and future expectations. The 
collaboration was standing on confidence and friendship. There 
was no formal contract between industry and university. 
Universities infrastructures as techno cities or technology 
transfer offices are too much complicated and time consuming 
for such a collaboration which needs to start fast, acted 
immediately. These collaborations at first do not bring patents 
or mass publish but there are lots of possibilities. Universities 
must organize infrastructure for these kind of collaborations 
because the industry side (for small scale companies) is not 
well organized in this sense. 
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Abstract   

This study determines application problems of restoration for wooden structures and puts suggestions for the identified problems. A questionnaire was 
developed in accordance with the aim of the study to determine of the application problems in the restoration of wooden structures and structural 
elements in various cities of Turkey. According to the results, 80% of small-scale, 78% of medium scale and 89% of large scale enterprises state that they 
operate in the field of restoration because of their interest in cultural assets. 63% of businesses have difficulties to get the qualified staff for restoration 
works. The highest challenge (51%) was to find qualified staff who has the knowledge and skills on carving, inlaying and kündekari. 55% of enterprises 
has difficulties in supplying suitable size, type and moisture content of wooden materials. It is stated that the problems of decay 40%, crack 55%, 
discoloration 30%, dimensional changes 36%, distortions 30%, and protective layer deformation 47% of wooden constructions and artifacts were 
occurred. According to the data obtained by those enterprises, the rate of protection methods applied to historical structure/artifact unconsciously is 
%92. The applications of 21% of user applications are non-recoverable, 43% of them cause significant financial losses and 13% of them can be helpful for 
protection of structure/artifact. In conclusion, unforeseen problems occur in 62% of applications of wooden construction restorations. 
Keywords: Restoration, Enterprise, Wood material, Wooden construction 
   

TÜRKİYE’DE AHŞAP YAPI RESTORASYONU UYGULAMALARI  
Özet   

Bu çalışmada, ahşap yapı restorasyonu uygulamalarında mevcut olan sorunlarının belirlenerek bu sorunların çözümüne yönelik önerilerinin geliştirilmesi 
amaçlanmıştır. Bu amaca uygun olarak geliştirilen kapsamlı bir anket yardımı ile Türkiye’nin farklı illerinde ahşap yapı ve yapı elemanları restorasyonu 
alanında faaliyet gösteren 47 adet işletmenin uygulamada karşılaştıkları sorunlar belirlenmiştir. Araştırma sonuçlarına göre, küçük ölçekli işletmenin 
%80’i, orta ölçekli işletmenin %78’i ve büyük ölçekli işletmenin %89’u kültür varlıklarına ilgi duydukları için restorasyon alanında faaliyet göstermekte 
olduklarını bildirmişlerdir. İşletmelerin %63’ü restorasyon işlerinin niteliğine uygun personel bulamada zorluk yaşamakta olup, en yüksek düzeyde (%51) 
oyma, kakma, kündekari bilgi ve becerisine sahip kalifiye iş gücüne ihtiyaç duymaktadırlar. İşletmelerin %55’i restorasyonda kullanılan istenilen boyut, 
tür ve rutubette ahşap malzeme temininde zorluk yaşamaktadır. Ahşap yapıların/eserlerin %40’ında çürüme, %55’inde çatlama, %30’unda renk değişimi, 
%36’sınde boyutsal değişim, %30’unda çarpılma ve %47’sinde ise koruyucu katman deformasyonu meydana geldiği belirlenmiştir. Ankete katılan 
işletmelerin vermiş olduğu bilgilere göre, tarihi yapıya/esere kullanıcısı tarafından bilinçsiz uygulanan koruma yöntemlerinin oranı %92 olup, bu 
uygulamalarının %21’i telafisi mümkün olmayan, %43’ü telafisi mümkün ama önemli maddi kayıplara yol açan, %13’ü ise yapının/eserin korunmasına 
bir süre yardımcı olabilecek niteliktedir. Restorasyon uygulamalarının %61,7’sinde öngörülemeyen sorunlar ile karşılaşıldığı tespit edilmiştir.  
Anahtar Kelimeler: Restorasyon, İşletme, Ahşap malzeme, Ahşap yapı 
   

1 Introduction 

Repairing or taking under protection, by sticking to the 
structures, of the movable or immovable cultural heritages 
which last from past to today and dug up or already on the 
ground, is called restoration [1]. All technical and architectural 
interventions which prolong the life of an artistic structure 
keeping its all original characteristics as a cultural and 
historical reference, form the restoration activity [2]. 

At past, the purpose of restoration was to keep the structure 
steady, to keep the integrity by reconstructing the collapsed 
parts and provide the operability of the structure with some 
additions according to variable demands. But today, 
monuments and the historical environment are considered as a 
reference which explains the municipal and architectural order, 
construction techniques and social life of a specific period [3]. 

As the most important pictures of cultural heritage, historical 
structures are built as important references of building 

materials technology, construction technology and design 
history, considering aesthetical and functional demands and 
they reflect the social, cultural, economic, political and religious 
structure of their time [4,5]. 

Although the conservation activities which are applied 
successfully based upon the international knowledge and 
experience in developed countries, unfortunately this 
knowledge and experience is not formed sufficiently in our 
country and some basic problems are not solved yet [6]. In 
scope of legal procedures about conservation; Law of 
Conserving Cultural and Natural Assets, Country Planning, 
Regional Planning and Development Plans, Convention for the 
Protection of the Architectural Heritage of Europe, Conventions 
for the Protection of Cultural and Natural Heritage of the World 
take place in our country. In this sense, rules applied by High 
Commission of Preservation of Cultural and Natural Heritage, 
governorships and local administrations have active role in 
protection [3,7].  
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Wooden materials have an extend application area in the 
Turkish civil architecture in terms of construction procedures 
and designing [8]. Wooden materials are used as construction 
materials even today because of their useful features such as 
having less load on structural bearings as they a lighter material 
compared to concrete and steel construction materials, being 
capable of integration, being easy to mount and being more 
economic, being elastic, and being easy to convey [9,10]. 

On the wooden materials having been exposed to 
environmental impact, changes on the shape and dimensions of 
the material may be seen on the process of reaching the 
equilibrium humidity in accordance with the relative humidity 
and temperature of their environment within the hygroscopic 
limits (%0-28); physical deformations may be seen because of 
the climatic factors such as sun, rain, snow and wind; chemical 
deformations may be seen in case of being exposed to acid, 
alkali, salt and suchlike chemical impacts and/or getting burnt; 
biological deformations may be seen caused by living 
organisms such as bacteria, fungi, insects, marine species, birds 
and mammals.  

When the society’s structure and aspect to heritages is 
considered, it can be seen that the antiquity and historical 
assets are basic measures of protective consciousness. It is 
important to consider the cultural heritage with the concept of 
“cultural asset” by getting beyond the concept of “antique 
artefact”. There is a lot of factors that cause deformation on 
wooden structures and on their elements, as there is on most of 
historical structures. The role of a restorer in this scope is to 
investigate root causes of deformation’s impacts and 
principally make the structure protected against those impacts. 
Protection should be done by fixing the areas which has 
problems, by bringing new usage or by improving the 
infrastructure, not by protecting the history as it is [11]. 

It may be possible to get lots of cultural and economic benefits, 
to protect the historical structure and to change the cultural 
aspect of the society in restoration in case different 
occupational groups unite on a common ground and cooperate 
in an interdisciplinary way. Even if the needed level hasn’t been 
reached yet in protection, lots of regulations have been made to 
settle the culture of protection and principles of restoration 
have been designated with strict lines and contribution has 
been made to build a consciousness within the society. 

The culture of protection should take place in the educational 
systems in such a manner that it should involve all segments of 
society [12]. When we take a look at the education levels of 
individuals of the highest decision maker to lowest level applier 
unit who contribute the protection and restoration processes 
we can see that those individuals haven’t taken any 
“Restoration education” directly,. Some of them are architects, 
city planners, art historians, archeologists and some of them 
even have irrelevant occupations. It is known that at lower 
units, most of the applications are realized by personnel who 
don’t have any relevant education about the issue [13]. In 
another words, the biggest problem is lack of technical staff, 
qualified workers and experts [14]. Projects of experts should 
be applied by educated members of the profession and 
commissions should become adequate in terms of restoration 
experts [15]. 

Restorations works of immovable cultural assets are generally 
considered as ordinary construction works. As the nature of the 
work, even the repairing of the smallest details which can last 
for days should be realized carefully by the experts. However, 
as all these are a team work, the cost gets higher. Considering 

all those factors, transfer to next generations of the immovable 
cultural assets in our country is getting more and more difficult 
because of the incorrect restoration processes [14]. No matter 
how much experienced the technical staff in their field of study 
is, as restoration processes need team works, it is important 
with respect to get a healthier result from the process that an 
adequately educated, experienced and capable personnel work 
in cooperation. Wooden structures have an important place in 
historical structures in our country. If wooden structures as 
well as decoration elements used on the details of architectural 
structures are restored complying with their original versions, 
they become local symbols and contribute the development of 
tourism. 

Wooden structures play an important role in transferring the 
architectural structure, lifestyle of people and customs and 
traditions of societies to the future, but a great number of those 
artifacts cannot resist to climatic and environmental effects 
owing to characteristics of wooden materials and not being 
protected adequately and they collapse. And consequently they 
get lost in the pages of history with the mission they carry on. 

As it is understood from literature knowledges, restoration is 
not to be considered as an ordinary repairing process It is an 
essential necessity to adopt restoration as a repairing process 
which is realized by the collaboration of experts, researchers 
and qualified labors who has the knowledge and skill on 
materials and construction techniques of artifacts considered 
as historical and cultural assets. Yet, today there are concerns 
about how much restoration works comply with that necessity. 
With this study, it is aimed to determine problems faced in 
restoration processes of wooden structures and construction 
elements and to offer solutions for those problems. 

2 Research Method 

Companies which operate in various cities of Turkey in the field 
of “Restoration Applications of Historical Wooden Structure” 
have been taken into the scope of a research. With regard to this 
research, directors or production managers of 47 different 
companies have been surveyed. With the help of surveys which 
had been developed by many researchers [16-22] earlier for 
similar objects and considered applicable and trustful, a new 
survey which complies with the object of this research was 
developed. The survey had been realized by interviewing with 
company authorities face to face for 30 minutes each.  

2.1 Statistical Evaluation 

Dependent and independent variables which form research 
hypothesizes were tested with statistical methods. Information 
of those variables, acquired with this research was introduced 
by summarizing in order to be understood and compare with 
information which is acquired with the same method. 
Relationship between variables were tested with Chi-Square if 
they are statistically at the level of p<0.05 or not. The difference 
between variables was determined with single variance 
analysis (ANOVA). As there are three different methods to read 
the Chi-square method, all of them were tried separately during 
the evaluation. The first method is combination, the second 
method is neutralization. The third method was applied when 
two solutions were not proper and comments were made by 
using only frequencies and percentages over the cross table. 
Comments were evaluated by using SPSS. 

3 Findings 

The information of the survey which had been realized in order 
to determine the present situations of 47 various small, 
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medium and large scaled company’s which operate in the field 
of wooden structure restoration and the problems faced in 
restoration has been analyzed below in a systematic order.  
10.6% of the companies in scope of the research operates with 
the status of ownership, 63.8% are limited companies, 14.9% 

are incorporated companies, and 10.6% of them operate in 
other legal statuses. Reasons of operating in the field of 
restoration and results in terms of experiences, of companies 
were indicated in the Table 1.

Table 1. Reasons for restoration of business operations 

Reasons of business operations 

Scale of the Enterprise Business Experience 

Small Medium Large 1-10 11-20 21 + 

fi % fi % fi % fi % fi % fi % 

Interest in cultural assets 12 80 7 77,7 8 88,8 15 83,3 11 84,6 8 72,7 

Profitable Field of Business 2 13,3 1 11,1 2 22,2 5 27,7 2 15,3 - - 

Family Profession 2 13,3 1 11,1 3 33,3 1 5,5 2 15,3 4 36,3 

Rising interest in restoration 1 6,6 4 44,4 - - 2 11,1 2 15,3 3 27,2 

Fi: Number of enterprise 
 
According to the results indicated in the Table 1, among the 
enterprises which were surveyed, 80% of small scaled 
enterprises, 77.7% of medium scaled enterprises and 88.8% of 
large scaled enterprises operates in the field of restoration 
because of the interest in cultural assets. Besides 83.3% of 
enterprises which have experience of 1-10 years, 84.6% of 

enterprises which have experience of 11-20 and 72.7% of 
enterprises which have experience of 21 years or more seem to 
prefer this activity field because of the same reason. 
Restoration works ratio to total business volume was given in 
the Table 2. Experiences and profitability assessments of 
enterprises are given in the Table 3. 

 
Table 2: Restoration works ratio to total business volume 

Restoration works 

Scale of the Enterprise Business Experience 

Small Medium Large 1-10 11-20 21 + 

fi % fi % fi % fi % fi % fi % 

10-25% 6 10 - - 1 11.1 4 22.2 1 7.7 2 18.2 

26-50% - - 3 33.3 - - - - 1 7.7 2 18.2 

51-75% 8 53.3 3 33.3 4 44.4 11 61.1 7 53.8 4 36.4 

76-100% 1 6.7 3 33.3 4 44.4 3 16.7 4 30.8 3 27.3 

Note: Scale of the enterprise: 𝑋2: 17.069, sd:6, level of importance: 0.0009, Business experience: 𝑋2: 5.656, sd:6, level of importance: 
0.463 

 
Table 3 Experiences and profitability assessments of enterprises 

Restoration 

Scale of the Company Business Experience 

Small Medium Large 1-10 11-20 21 + 

fi % fi % fi % fi % fi % fi % 

Profitable business 10 66.7 4 44.4 3 33.3 15 83.3 4 30.8 4 36.4 

Unprofitable business 5 33.3 5 55.6 6 66.7 3 16.7 9 69.2 7 63.6 

Note: Scale of the enterprise, 𝑋2: 2.750, sd:2 , level of importance 0.253, business experience:𝑋2: 10.455, sd:2, level of importance 
0.005;  𝑋2: Chi-square, sd: degree of freedom, fi: number of enterprise, %: percentage 
 
According to the Table 2, 53.3% of small scaled enterprises, 
33.3% of medium scaled enterprises and 44.4% of large scaled 
enterprises and 61.1% of enterprises which have experience of 
1-10 years, 53.8% of enterprises which have experience of 11-
20 and 36.4% of enterprises which have experience of 21 years 
or more seem to operate mostly (51-75%) in the field of 
restoration. According to the Chi-square test, despite there is a 
meaningful difference statistically between the ratios of 
realization of restoration works within total business volumes 
of enterprises according to their scales in a level of p<0.01, no 
difference can be found according to their business 
experiences. As a result, it seems that there is difference 

between the ratios of realization of restoration works 
according to scales of enterprises. According to Table 3, 66,7% 
of small scaled enterprises, 44,4% of medium scaled 
enterprises and 33,3% of large scaled enterprises and 83,3% of 
enterprises which have experience of 1-10 years, 30,8% of 
enterprises which have experience of 11-20 and 36,4% of 
enterprises which have experience of 21 years or more, 
consider restoration as a profitable field of activity. According 
to the Chi-square test, despite there isn’t  any meaningful 
difference statistically if restoration is profitable or not 
according to scales of enterprises in a level of p<0.01, there is a 
considerable difference according to their business 
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experiences. As a result, it seems that the more the business 
experience enterprises have, the more they consider 
restoration as an unprofitable business. On the other hand 
according to Table 3 there is a considerable amount of 

enterprise which considers restoration as an unprofitable 
business. Reasons of not being seen as a profitable field of 
activity of restoration by enterprises are given in Table 4. 

 

Table 4. Reasons of not being seen as a profitable field of activity of restoration 

Reasons of not being seen as a profitable 
field of activity of restoration works 

Scale of the Company Business Experience 

Small Medium Large 1-10 11-20 21 + 

fi % fi % fi % fi % fi % fi % 

Negative impacts during restoration 3 20 3 33.3 1 11.1 3 16.7 4 30.8 3 27.3 

Cost of qualified personnel 5 33.3 5 55.5 5 55.5 2 11.1 6 46.1 5 45.4 

High prices of materials 4 26.7 3 33.3 4 44.4 2 11.1 6 46.1 5 45.4 

Costs of tender, permissions, license etc. 2 13.3 3 33.3 1 11.1 2 11.1 4 30.8 2 18.2 

Reputation more important than profitability 2 13.3 3 33.3 6 66.7 1 5.5 6 46.1 4 36.4 

 
According to the information given in Table 4, 33.3% of small 
scaled enterprises, 55.5% of medium scaled enterprises and 
11.1% of enterprises which have experience of 1-10 years, 
46.1% of enterprises which have experience of 11-20 and 
45.4% of enterprises which have experience of 21 years or 
more, put forward the cost of qualified personnel. Enterprises 
notify that they encounter problems about various issues in the 
process of getting permission for restoration. Numbers about 
those problems are given in Table 5.  

Table 5. The problems in the process of getting permission for 
restoration 

Encountered difficulties for permission fi % 

Deficiencies of regulation 20 42.6 

Being long of process 30 63.8 

High costs 6 12.8 

Bureaucratic obstacles 3 6.4 

 
According to Table 5, length of process (63.8%) and 
deficiencies of regulations (42.6%) are seen as primary 
problems in the process of getting permission for restoration. 
On the other hand, 63.8% of managers of enterprises express 
their opinions in direction of taking incentive precautions for 
protection of the original situations of monuments. Institutions 
that enterprises receive restoration works are given in Table 6. 

Table 6. Institutions that enterprises receive restoration 
works 

Restoration employers fi % 

Property owners 49 33.6 

Ministry of Culture and Tourism 37 25.3 

Municipality 29 19.9 

General Directorate for Foundations 22 15.1 

Provincial Special Administration 9 6.1 

TOTAL 146 100 

 
According to Table 6, 146 restoration works which were 
realized by enterprises had been respectively taken from 
property owners (33.6%), Ministry of Culture and Tourism 
(25.3%), municipalities (19.9%), General Directorate for 
Foundations (15.1) and Provincial Special Administration 
(6.1%).Deformation frequencies on the monuments which 
were restored is given in Table 7.  

Table 7. Deformations of wooden structure and artifacts 

Deformations fi % 

Corrosion 19 40.4 

Cracking 26 55.3 

Change of color 14 29.8 

Change of size 17 36.2 

Distortion 14 29.8 

Deformation on the facing 22 46.8 

 
According to Table 7 deformation frequencies of wooden 
structure and artifacts are given as; 40.4% corrosion, 55.3% 
cracking, 29.8% change of color, 36.2% change of size, 29.8% 
distortion and 46.8% deformation on the facing. 68.1% of 
enterprises noticed that they couldn’t find proper personnel for 
restoration works. Their responses for required qualifications 
of the personnel they are looking for are given in Table 8.  

Table 8. Required qualifications for qualified staff 

Required qualifications for staff fi % 

Carving, inlaying and kündekari 24 51.1 

Coordination skills 12 25.5 

Top surface processes 11 23.4 

Construction knowledge 10 21.3 

Technical drawing knowledge 6 12.8 

 
The most required qualifications are carving, inlaying and 
kündekari which require handcraft. Other required qualifications 
are, coordination with other profession members (25.5%), top 
surface processes (23.4%) knowledge of construction (21.3%) 
and technical drawing (12.8%). As 49% of enterprises notice 
that they don’t have any trouble supplying materials used at 
wooden structure restoration, 51% of them notice that they 
experience difficulties on supplying materials. Values of 
supplying difficulties of materials are given in Table 9.  
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Table 9. Supply of shortage materials  

Material property fi % 

Wood material in proper type 30 63.8 

Wood material in proper sizes 27 57.4 

Wood material in proper moisture 22 46.8 

Protective material 7 14.9 

Cleaning materials for surfaces 5 10.6 

Fixing elements and fasteners 3 6.4 

Paint, varnish etc. 1 2.1 

 
According to Table 9, 63.8% of enterprises experience 
difficulties in supplying required types of wood, 57.4% 
experience difficulties in supplying wooden materials in proper 
sizes and 46.8% experience difficulties in supplying wooden 
materials in proper moistures. Situation of encountering with 
the unconscious conservation methods are given Table 10.  

Table 10. Situation of encountering with the unconscious 
conservation methods 

Frequency of unconscious conservation applications of 
users 

Very Often Often Sometimes Rarely 

fi % fi % fi % fi % 

18 38.3 19 40.4 4 8.5 2 4.3 

 
According to Table 10, possibilities of encountering with the 
unconscious conservation methods applied by users quite 
likely (91.5%) and this situation is noticed as very often 
(38.3%) and as often (40.4%).  Values of the effects of 
unconscious conservation applications to the current condition 
of historical structure/artifact are given in the Table 11.  

Table 11. The effect of the users’ application on the existing 
condition of the structure and artifacts 

Possible effects of unconscious 
applications fi % 

Causes irreversible damages 10 21.3 

Causes financial damages which are 
reversible 20 42.6 

Applications which may protect the 
structure/artifact for a while 6 12.8 

 
According to Table 11, 21.3% of user applications cause 
irreversible damages to wooden structures and artifacts, 42.6% 
cause financial damages which are reversible, and 12.8% of 
those applications may protect structures/artifacts for a while. 
Situations encountered with the unforeseen problems in the 
restoration applications are given in Table 12.  

Table 12 Encountered situations with the unforeseen 
problems in the restoration applications 

Encountering with unforeseen problems fi % 

Yes 29 61.7 

No 12 25.5 
It is determined that problems are occurred at 61.7% of 
restoration applications and no problems are encountered at 
25.5% of them. The frequency of encountering with a problem 

caused by processing mistakes or with a deformation after 
delivery of the restored wooden structure/artifact is noticed as; 
8.5% very often, 17% often, 29.8% sometimes, 38.3% rarely 
and 1% no problems. On the other hand 80.9% of enterprise 
authorities noticed that conservation of structures’/artifacts’ 
original versions should have been encouraged. 

4 Conclusions and Recommendations 

21% of companies which operate in the field of restoration in 
various cities of Turkey, operate with the status of ownership 
and other legal statuses, 63.8% are limited companies, 14.9% 
are incorporated companies and 80% of small scaled 
enterprises, 77.7% of medium scaled enterprises and 88.8% of 
large scaled enterprises operates in the field of restoration 
because of the interest in cultural assets. On the other hand 
66.7% of small scaled enterprises, 44.4% of medium scaled 
enterprises and 33.3% of large scaled enterprises consider 
restoration as a profitable field of activity yet the more 
experience they have the more they likely consider restoration 
as unprofitable business and costs of qualified staff are high. 
This situation shows that enterprises operate in this field of 
business because of the effect of their interests in cultural 
assets despite they consider restoration as an unprofitable 
business.  

There are various proportion of problems encountered in 
various issues. Length of process (63.8%) and deficiencies of 
regulations (42.6%) are seen as primary problems in the 
process of getting permission for restoration by enterprises. 

63.1% of enterprises encounter problems finding proper staff 
for concerned works and staff requirement with handcraft for 
works such as carving, inlaying and kündekari is considered as 
the biggest problem with the proportion of 51.1%. On the other 
hand, even if with a small proportion, staff with knowledge of 
technical drawing and ability to coordinate with other 
profession’s members is required. This situation can be 
evaluated as an obstacle for realization of restoration works by 
qualified labor. It is important not only for realization of 
restoration works by qualified labor but also providing 
employment to take incentive precautions for restoration 
divisions at educational institutions, especially at the level of 
secondary schools.  

Difficulties are being experienced in the process of supplying 
required materials for restoration applications. Lack of 
required qualified wooden materials is one of those difficulties 
which take the lead (63.8%). Especially it is hard to find 
materials of required size, type and moist. Within this scope, it 
is considered that to encourage entrepreneurs who present 
various and qualified wooden materials as dried to the market 
would solve the problem.  

The most common deformations in wooden structures 
/artifacts are cracking and corrosion, changes in size, color 
change, and distortions follow that respectively. On the other 
hand, according to the information given by enterprises which 
were surveyed, the ratio of unconscious conservation methods 
applied to historical structure/artifact is 91.5%, and those 
applications are being encountered very often (38.3%) and 
often (40.4%). 21.3% of user applications cause irreversible 
damages to wooden structures and artifacts, 42.6% cause 
financial damages which are reversible, and 12.8% of those 
applications may protect structures/artifacts for a while. This 
situation should be taken into consideration as a significant 
problem, and also it is vital for both wooden structure users and 
restorers which operate in this field to recognize well the 
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characteristics of wooden materials against climatic and 
environmental factors and to take into consideration the 
structural characteristics of materials to be able to make a 
selection of sustainable conservation method.  

Problems are occurred at 61.7% of restoration applications and 
no problems are encountered at 25.5% of them. The ratio of 
frequency of encountering problems within a year after the 
completion of any work alters between 8.5% and 38.3%. As a 
result, restoration works require an extensive preliminary 
study in light of scientific and technological developments 
throughout the whole process. Restoration applications should 
be realized by educated and qualified personnel in respect to 
qualifications and requirements of the work to be done. Today 
there is a large variety of material, tool, machine, equipment 
and application method offered for use to executives. As 
material and method selection according to details of the 
restoration work to be realized can be done by qualified 
personnel, the choice of qualified labor should be considered as 
the most vital factor to able to sustain restoration works 
without any problems. In Restoration works, it is possible to 
provide many cultural and economic benefits, to conserve the 
historical pattern and to change the cultural sense of public in 
case many various groups of profession experts find a common 
ground and collaborate interdisciplinary. 
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Abstract   

Financial literacy is important notion for each individual and firm in modern-day economy world. Development of financial literacy is dependent 
upon the development of the relevant cognitive capacities, social class, ideology, and social representations. Moreover this notion with economic 
awareness and financial knowledge are related to the practical handling of pocket money. The limitedness of access to resources in economy world 
reveals importance of financial literacy. Increasing awareness and knowledge about economics is connected highly with financial literacy. As a general 
expression, identifying economic problems, alternatives, costs, and benefits; analyzing the incentives at work in economic situations; examining the 
consequences of changes in economic conditions and public policies; collecting and organizing economic evidence; and weighing costs against benefits 
are main abilities for financial literacy. 

Considering abovementioned explanations, in this study financial literacy level of furniture industry managers is investigated. The sample of this 
research consists of 30 managers in Gaziantep furniture industry. Face to face survey is used as method. Findings are shown as frequency tables. It is 
found that 96,7% of managers spends with respect to ability to pay while using credit card and takes into consideration their income when making 
installment. Conversely, 16,7% of these managers states that they cannot discuss the effect of IMF policies on economy. 

Keywords: Financial literacy, Economic awareness, Financial knowledge, Furniture industry 
   

 

MOBİLYA ENDÜSTRİSİNDE FİNANSAL OKURYAZARLIK DÜZEYİ: GAZİANTEP 
ŞEHRİ, TÜRKİYE ÖRNEĞİ 

Özet   

Finansal okuryazarlık günümüz modern ekonomi dünyasında her bir firma ve birey için önemli bir kavramdır. Finansal okuryazarlığın geliştirilmesi 
ilgili bilişsel kapasitenin, sosyal sınıfın, ideolojinin ve sosyal temsillerin geliştirilmesine bağlıdır. Dahası ekonomik farkındalık ve finansal bilgi ile bu 
kavrayış cep harçlığının pratik biçimde ele alınmasıyla ilişkilidir. Ekonomi dünyasında kaynaklara erişmedeki sınırlılık finansal okuryazarlığın 
önemini ortaya koymaktadır. Ekonomiyle ilgili bilginin ve farkındalığın artırılması sıkı bir biçimde finansal okuryazarlığa bağlıdır. Genel bir açıklama 
olarak, ekonomik problemleri, alternatifleri, maliyetleri ve faydaları tanımlama, ekonomik durumlarda çalışma hayatındaki teşvikleri analiz etme, 
kamu politikalarında ve ekonomik koşullarda yaşanan değişikliklerin sonuçlarını inceleme, ekonomik kanıtları toplayıp organize etme ve faydalar 
karşısında maliyetleri tartma finansal okuryazarlık için başlıca yeteneklerdendir. 

Yukarıda bahsedilen açıklamaları göz önüne alarak, bu çalışmada mobilya endüstrisindeki yöneticilerin finansal okuryazarlık düzeyi incelenmiştir. 
Bu araştırmanın örneklemini Gaziantep şehrinde faaliyet gösteren mobilya endüstrisindeki 30 yönetici oluşturmaktadır. Veri toplama metodu olarak 
yüz yüze görüşme ile anket kullanılmıştır ve elde edilen bulgular frekans tabloları şeklinde gösterilmiştir. Bazı sonuçlar olarak, yöneticilerin 
%96,7’sinin taksitlendirme yaparken gelirlerini dikkate aldıkları ve kredi kartı kullanırken ödeme güçlerine göre harcama yaptıkları bulunmuştur. 
Diğer taraftan bu yöneticilerin %16,7’si İMF politikalarının ekonomi üzerindeki etkisini tartışamadıklarını ifade etmişlerdir. 

Anahtar Kelimeler: Finansal okuryazarlık, Ekonomik farkındalık, Finansal bilgi, Mobilya endüstrisi 
   

 

1 Introduction 

People have become increasingly active in financial markets, 
and market participation has been accompanied or even 
promoted by the advent of new financial products and services. 
But some of these products are complex and difficult to grasp, 
especially for financially unsophisticated businessmen. At the 
same time, market liberalization and structural reforms to 
social security and pensions have caused an ongoing shift in 
decision-making responsibility away from the government and 
employers and toward private individuals. Thus, individuals 

have to assume more responsibility for their own financial well-
being. 

Financial literacy is the ability to understand how money works 
in the world: how someone manages to earn or make it, how 
that person manages it, how he/she invests it (turn it into 
more) and how that person donates it to help others [1]. 

Financial literacy which is defined as possession of knowledge 
and understanding of financial matters is mainly used in 
connection with personal finance matters. Furthermore 
financial literacy often entails the knowledge of properly 
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making decisions pertaining to certain personal finance areas 
like real estate, insurance, investing, saving (especially for 
college), tax planning and retirement. It also involves intimate 
knowledge of financial concepts like compound interest, 
financial planning, the mechanics of a credit card, advantageous 
savings methods, consumer rights, time value of money, etc. [2]. 

The development of economic awareness is dependent upon 
the development of the relevant cognitive capacities [3, 4 ,5]. On 
the contrary Emler and Dickinson [6] have found that social 
class, ideology and social representations are important 
independent notions for economic awareness. Sophisticating at 
economy is especially related to direct interaction with the 
market. For example Jahoda [7] has shown that African people 
acquire the concept of profit more rapidly than European 
people which switches the usual cognitive/developmental 
comparisons between first and third world countries. Ng [8] 
has shown that Chinese children in Hong Kong are much more 
involved in business and have a much better understanding of 
how banks work compared to children in Scotland. 

Moreover other things equal, differences in economic literacy 
create the potential for significant allocational outcomes of a 
financial crisis, because unsophisticated investors are more 
exposed to financial market fluctuations than investors that are 
able to manage and diversify risks [9]. 

Walstad and Larsen [10] report that from US samples, 39% of 
the general public, 35% of high school seniors and 51% of 
college seniors can provide accurate answers to questions in a 
range of topics such as knowledge of unemployment rates, 
inflation and definitions of monetary policy. 

Caroselli [11] has shown that, in her article related to nurses, 
respondents answered slightly more than half of the financial 
knowledge questions correctly. Interestingly, economic 
awareness did not increase with age, experience, gender, 
marital status, education, or management experience but did 
increase with certification. 

Williams et al. [12] found no evidence regarding significant and 
consistent gender differences exist in college students' 
performances on economic exams in terms of financial 
knowledge. 

Walstad [13] has shown that financial or economic knowledge 
about the national economy is affected by many factors-
education, income, age, sex, and race-and is not determined by 
one variable. Political party affiliation has some effect on the 
development of financial knowledge, with Republicans 
showing more understanding than Democrats, but the 
difference is slight and it appears to be a minor influence. 
Economic knowledge has a direct and significant effect on 
public opinion about many economic issues. 

Lusardi and Mitchell [14] has found that financial illiteracy is 
widespread and particularly acute among specific groups of the 
population, such as women, the elderly, and those with low 
educational attainment. Van Rooij, Lusardi, and Alessie [15] 
have shown that lack of understanding of economics and 
finance is a significant deterrent to stock ownership. The 
different measures of financial knowledge they employed in 
their work all show that lack of literacy prevents households 
from participating in the stock market. 

Financial literacy is important for three sides. First is the asset 
side because financial products have become extremely 
complex. Second is the debt side because credit cards and 

consumer credit have increased in almost all OECD countries. 
To evaluate the information available on different loan 
possibilities, choose among different credit instruments and 
identify predatory lending necessitate a minimum level of 
financial literacy and skills to distinguish between products. 
Third is the macro side because it contributes to the good 
workings of markets and policies [9]. 

Gleason and Van Scyoc [16], in their report on the economic 
literacy of adults, have shown that both adults and high school 
students scored higher on the microeconomics and the 
fundamentals sections of the TEL (Test of Economic Literacy) 
than on the macroeconomics and international sections. 

Financial literacy education has become some of the most 
prominent neoliberal social debates like as bottom-of-the-
pyramid and sustainable consumption which appeared to need 
moralistic values [1]. 

In this study, it is attempted to investigate financial literacy 
level of managers at furniture industry. In next section, the 
material and methodology are explained. It then presents 
findings and a number of conclusions and recommendations 
are highlighted in the final section. 

2 Methodology 

Furniture industry is a part of secondary manufacturing that is 
one of the six subsectors of forestry. The characteristics of this 
secondary manufacturing type are private ownership, 
production purpose, design and manufacture activities. These 
manufacturers usually use sawn timber and panel products as 
raw material and its outputs are household and office furniture 
[17]. 

In national economy for 2012 year, Turkish furniture industry‘s 
production, export and import percentages are 1%, 1% and 
0.5%, respectively. According to 2011 data, the number of 
establishments and the number of employees are seen as 
35858 and 174915, respectively [18]. 

The material of this study is managers at furniture industry 
enterprises of Gaziantep city, Turkey. This city’s all industry 
percent in national industry is %2 and 2993 industrial firms is 
registered by industrial certification. The industrial firm 
structure of this city consists of textile products manufacture 
(%23), food products manufacture (%17) and wearing apparel 
manufacture (%8) as biggest 3 subsectors. Furniture industry 
used in this research has totally %1 of industrial firms [19]. 

For acquiring data from managers of furniture industry, a 
questionnaire survey is prepared by considering scale 
developed by Gerek and Kurt [20]. This survey form consists of 
2 parts. First part is related to demographic questions. Second 
part consists of general economic knowledge, economic 
rationality, social economic reflections and individual 
economic planning questions. Face to face method is used to 30 
managers of enterprises. To analyze acquired data, SPSS 
(Statistical Package for the Social Sciences) software is used 
with descriptive statistics and frequency tables. 

3 Findings 

According to obtained questionnaire data, all of sample is 
formed by male. 66,7% of participants has high school graduate 
level, 13,3% has undergraduate level, 10% has secondary 
school graduate level, 6,7% has master level, and 3,3% has 
primary school graduate level. The sample of this study consists 
of among 26-35 aged with 46,7% and among 36-45 aged with 
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%53,3. Firms in this study are formed by micro, small and 
medium sized enterprises. 76,7% of firms is micro, 13,3% of 
firms is small and 10% of firms is medium sized enterprises. 
Furthermore, 40% of firms is active for 10-14 years, 36,7% of 
firms is active for 6-9 years, 13,3% of firms is active for 1-5 
years and 10% of firms is active for 15 years and above. 
Considering annual return of these firms, 83,3% is under 1 
million TL, 10% is between 5-25 million TL and 6,7% is 
between 1-4 million TL. 
The findings related to general economic knowledge of 
managers at furniture industry is shown at Table 1. 46,7% of 
managers state with strongly agreement that they can evaluate 

benefit and cost of economic policies and understand the 
economic roles of small, medium, and big sized enterprises. 
Additionally 73,3% and 66,7% of these managers indicate that 
they can not entirely understand the effect of interest rates on 
market, and cannot entirely comment the reflections of external 
economic developments on national economy. On the other 
hand, the statement of understanding the effect of national 
financial resources on economy and the statement of 
understanding the effect of international economic resources 
on market receive reply from participant managers as 
undecided with 30% and 23,3%, respectively. 

 

Table 1. General economic knowledge (%) 

 
Strongly 
Disagree 

Partly 
Disagree 

Undecided 
Partly 
Agree 

Strongly 
Agree 

I can comment the effect of change at currency on export and import 3,3 - 3,3 60,0 33,3 
I can discuss the effect of IMF policies on economy 6,7 10,0 6,7 50,0 26,7 
I can understand the effect of developments at stock market on economy - 10,0 13,3 43,3 33,3 
I can understand the effect of international economic resources on market - - 23,3 43,3 33,3 
I can understand the effect of national financial resources on economy - 3,3 30,0 30,0 36,7 
I can define what the change of inflation rates means - - 16,7 56,7 26,7 
I can comment the reflections of external economic developments on national economy - - 6,7 66,7 26,7 
I can understand the effect of interest rates on market - - 3,3 73,3 23,3 
I can evaluate benefit and cost of economic policies - - - 53,3 46,7 
I can understand the economic roles of small, medium, and big sized enterprises 3,3 - 13,3 36,7 46,7 
I can comment the causes of changes at currency and gold prices - - 16,7 46,7 36,7 
I can define the economic roles of public, private, and nongovernmental organizations - - 20,0 46,7 33,3 
I can understand the relationship of income distribution-economy - 6,7 - 50,0 43,3 
 
Table 2. indicates findings related to economic rationality of 
managers. 56,7%, 53,3% and 53,3% of executives remark with 
strongly agreement that they can perceive economic factors 
which effect the individual behaviors, they can organize general 
consumption expenditures in compliance their income, and 
they can understand the difference between profit and cost, 
respectively. Some statements have received high percentages 

about partly agreement such as comparing benefit and cost of 
my economic preferences (66,7%), evaluating rendered 
services economically (60%) and understanding how 
interaction between producer and consumer is reflected on 
prices (60%). Interestingly enough, the statement of 
understanding how demand and supply gap is reflected on 
prices receives answer as undecided with 13,3%. 

 

Table 2. Economic rationality (%) 

 
Strongly 
Disagree 

Partly 
Disagree 

Undecided 
Partly 
Agree 

Strongly 
Agree 

I can compare benefit and cost of my economic preferences - - 3,3 66,7 30,0 
I can make rational choices by evaluating my monetary resources - - - 53,3 46,7 
I can evaluate rendered services economically - - - 60,0 40,0 
I can understand the difference between profit and cost - - - 46,7 53,3 
I can organize general consumption expenditures in compliance my 
income 

- - 3,3 43,3 53,3 

I can perceive economic factors which effect the individual behaviors - - 3,3 40,0 56,7 
I can understand how interaction between producer and consumer 
is reflected on prices 

- - 3,3 60,0 36,7 

I can comment the effect of increase and decrease at goods to market 
prices 

- - 3,3 53,3 43,3 

I can understand how demand and supply gap is reflected on prices - 3,3 13,3 56,7 26,7 
 
According to Table 3. which shows statements related to social 
economic reflections of managers at furniture enterprises, 
63,3% of managers state with strongly agreement that they can 
understand the economic consequences of competition. 
Moreover, 73,3% and 66,7% of these managers think with 
partly agreement they buy lower one which has same benefit, if 

a product’s price increases and they can understand how 
transport process of products to consumers is reflected on 
prices, respectively. On the other hand, 13,3% of executives 
indicate with undecidedly that they can understand how 
transport process of products to consumers is reflected on 
prices. 
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Table 3. Social economic reflections (%) 

 
Strongly 
Disagree 

Partly 
Disagree 

Undecided 
Partly 
Agree 

Strongly 
Agree 

I take into consideration price-benefit relationship while making decision on 
product 

- - 10,0 50,0 40,0 

I can understand the economic consequences of competition - 3,3 3,3 30,0 63,3 
I can comment contributions of advertisement expenditures on economy 3,3 - - 53,3 43,3 
I take into consideration my need while making decision on product 3,3 - - 60,0 36,7 
I buy lower one which has same benefit, if a product’s price increases - - - 73,3 26,7 
I look the quality instead of brand while buying a product 3,3 - - 46,7 50,0 
I can understand how transport process of products to consumers is reflected on 
prices 

- - 13,3 66,7 20,0 

I can comment the effects of economic crisis on unemployment - - 6,7 50,0 43,3 
 
Table 4. shows findings related to how managers of furniture 
industry make economic planning individually. All of 
statements receive high reply percentages with strongly 
agreement: Statements of taking into consideration income 

while making an installment plan and spending with respect to 
ability to pay while using credit card are 96,7% and statement 
of providing income-outcome balance while using credit is 
82,8%. 

 

Table 4. Individual economic planning (%) 

 
Strongly 
Disagree 

Partly 
Disagree 

Undecided 
Partly 
Agree 

Strongly 
Agree 

I provide income-outcome balance while using credit - 3,4 - 13,8 82,8 
I spend with respect to ability to pay while using credit card 3,3 - - - 96,7 
I take into consideration my income while making an installment plan - - 3,3 - 96,7 

 

4 Conclusion and Recommendations 

In this study financial literacy level of managers at Gaziantep 
furniture industry has been examined. As shown in previous 
section, findings regarding general economic knowledge has 
not shown completely high literacy. Some statements such as 
understanding the effect of interest rates on market, 
commenting the reflections of external economic developments 
on national economy, defining what the change of inflation 
rates means and discussing the effect of IMF policies on 
economy have low wholly agreement percentages. This part of 
financial literacy scale generally shows partial knowledge. 

In addition to this, statement of understanding how demand 
and supply gap is reflected on prices from economic rationality 
part and statements of understanding how transport process of 
products to consumers is reflected on prices and buying lower 
one which has same benefit if a product’s price increases from 
social economic reflections part have received low strongly 
agreement answers as below 30%. On the other hand, 
managers of furniture enterprises find adequate themselves as 
individual economic planners. In addition Şahin et al. [21] 
found that some industrial managers can’t comment change at 
currency on export and import, can’t discuss the effect of IMF 
policies on economy, and can’t understand the effect of stock 
market on economy. 

In Lewis and Scott [3]’s study, 80% of participants knew what 
an interest rate was and over 60% had some idea about the 
purposes of interest rates, although it should be stressed that 
only 10% mentioned interest rates in relation to both 
borrowing and investing. 

Financial literacy and awareness point to clustered structuring. 
As such, they have many psychological premises. Some of these 
have to do with skills; others may be attitudinal or based such 
structurings as interests, values, or personality. 

Individual with low financial literacy can make mistakes at 
their choices of economic life so this can cause wrong using of 
limited resources. Therefore, managers should take advantage 
of several course and programs about financial and economic 
literacy. 

As last conclusions, managers at furniture industry can act 
more strategic, if they have financial literacy, awareness and 
knowledge. So they can evaluate especially external 
environment and they can obtain measurable and quantitative 
strategic objectives. Standard human capital model, where 
financial knowledge depends on cognitive ability can 
rationalize financial literacy. Also incentives to accumulate 
knowledge are directly related to the level of household 
resources invested in financial markets, and particularly in 
pension funds. Lastly, financial literacy improves with the 
drivers of human capital and financial market reform, both of 
which change slowly over time. 

5 References 

[1] Giesler, M. and Veresiu, E. “Creating the responsible 
consumer: Moralistic governance regimes and consumer 
subjectivity”, Journal of Consumer Research, 41(3), 840-
857, 2014. 

[2] URL-1. http://www.investopedia.com/terms/f/financial-
literacy.asp. (2.8.2016) 

[3] Lewis, A. and Scott, A. J. “The economic awareness, 
knowledge and pocket money practices of a sample of UK 
adolescents: A study of economic socialisation and 
economic psychology”, Citizenship, Social and Economics 
Education, 4(1), 34-46, 2000. 

[4] Lunt, P. K. and Furnham, A. (Editor), Economic 
Socialisation, Edward Elgar, Cheltenham, 1996. 

[5] Furnham, A. and Argyle, M. The Psychology of Money, 
Routledge, London, 1998. 

http://www.investopedia.com/terms/f/financial-literacy.asp
http://www.investopedia.com/terms/f/financial-literacy.asp


 
 
 
 

Hasan SERİN, Muhammet DURGUN 
IFC 2016 International Furniture Congress 13-15 October 2016 

 

460 
 

[6] Emler, N. and Dickinson, J. “Children's representation of 
economic inequalities: The effects of social class”, British 
Journal of Developmental Psychology, 13, 191-198, 1985. 

[7] Jahoda, G. “European lag' in the development of an 
economic concept: A study in Zimbabwe”, British Journal of 
Developmental Psychology, 1, 110-120, 1983. 

[8] Ng, S. “Children's ideas about the bank and shop profit”, 
Journal of Economic Psychology, 4, 209-221, 1983. 

[9] Jappelli, T. “Economic literacy: An international 
comparison”, The Economic Journal, 120(548), F429-F451, 
2010. 

[10] Walstad, W. and Larsen, M. A National Survey of American 
Economic Literacy, Gallup, Lincoln, Nebraska, 1992. 

[11] Caroselli, C. “Economic awareness of nurses: Relationship 
to budgetary control”, Nursing Economics, 14(5), 292-299, 
1996. 

[12] Williams, M. L., Waldauer, C., and Duggal, V. G. “Gender 
differences in economic knowledge: An extension of the 
analysis”, The Journal of Economic Education, 23(3), 219-
231, 1992. 

[13] Walstad, W. B. “The effect of economic knowledge on 
public opinion of economic issues”, The Journal of 
Economic Education, 28(3), 195-205, 1997. 

[14] Lusardi, A. and Mitchell, O.S. (Editor) Financial literacy and 
planning: implications for retirement wellbeing. In: 
Financial Literacy: Implications for Retirement Security 
and the Financial Marketplace. Oxford University Press, 
Oxford, U.K., 2011. 

[15] Van Rooij, M., Lusardi, A., and Alessie, R. “Financial literacy 
and stock market participation”, Journal of Financial 
Economics, 101(2), 449-472, 2011. 

[16] Gleason, J., and Van Scyoc, L. J. “A report on the economic 
literacy of adults”, The Journal of Economic Education, 
26(3), 203-210, 1995. 

[17] Gane, M., Forest Strategy: Strategic Management and 
Sustainable Development for the Forest Sector, Springer, 
2007. 

[18] Durgun, M., Serin, H., and Şahin, Y. “Strategic Management 
Process At Furniture Firms”, Selçuk Teknik Online Dergi, 
14(2), 344-349, 2015. 

[19] Sanayi Genel Müdürlüğü. Türkiye 81 il sanayi durum 
raporu, T.C. Bilim, Sanayi ve Teknoloji Bakanlığı. Ankara, 
2014. 

[20] Gerek, S. and Kurt, A.A. “Ekonomi Okuryazarlığı Ölçeğinin 
Geçerlik ve Güvenirlik Çalışması”, Uludağ Üniversitesi 
İktisadi ve İdari Bilimler Fakültesi Dergisi, 30(1), 59-73, 
2011. 

[21] Şahin, Y., Durgun, M., and Serin, H. “The Determination of 
Economic Literacy Level of Forest Products Industry 
Managers: A Sample of Kahramanmaras City, Turkey”. 
14th International Scientific Conference on Economic and 
Social Development, Belgrade, Serbia, 13-14 May 2016, 
2016. 

 
 



 
 

 

461 
 

 

DETERMINATION OF CONTACT LEVEL BETWEEN TOP MANAGEMENT SUB-
DEPARTMENTS AT FURNITURE ENTERPRISES 

 

Hasan SERİN1, Yunus ŞAHİN 2* 

1Forestry Industry Engineering, Faculty of Forestry, KSU, 46100, Kahramanmaras, Turkey 
hasanserin@ksu.edu.tr 

2 Forestry Industry Engineering, Faculty of Forestry, KSU, 46100, Kahramanmaras, Turkey 
ysahin@ksu.edu.tr 

 
 
*Corresponding author 

 

 
Abstract   

Efficient management is the most important component to reach enterprises’ aims productively. One of the important sources which are used at 
enterprises is work force. The enterprises split up to departments for better managing work force, material, and machines. By means of the conjugate 
efficient communication with these departments, it will be easy to follow works planned and complete timely. Besides, right decisions are made and the 
enterprises are managed efficiently after it is going well communication between top managements and sub-departments. 
In this study, it has been researched that is mutual interaction among 302 numbers furniture top managements and sub-departments. These enterprises 
take place at 24 numbers industry regions (Bursa, İstanbul, Kayseri, etc.). The data was evaluated by using SPSS program. According to work items of the 
enterprise, it was calculated that were differences and percental distributions between top managements and sub-departments. It was determined that 
the top managements were mostly involved in an interaction with purchasing department. Also, it was determined that the purchasing department has 
communication with approximately 75,5% of sofa set producing enterprises and 76% of bed set, dining room set, and kitchen furniture producing 
enterprises were respectively high and very high. 
Keywords: Management, Furniture, Communication, Enterprise Departments 
   

 

MOBİLYA İŞLETMELERİNDE ÜST YÖNETİM İLE ALT BÖLÜMLER ARASINDAKİ 
İLİŞKİ DÜZEYİNİN BELİRLENMESİ 

Özet   

İşletmelerin verimli bir şekilde hedeflerine ulaşmalarında en önemli unsur etkili yönetimdir.  Yönetimin işletme içerisinde kullandığı önemli kaynaklardan 
bir tanesi de işgücüdür.    İşletmeler işgücünün malzemenin ve makinelerin daha iyi yönetilmesi için bölümlere ayrılmışlardır. Bu bölümler ile karşılıklı 
etkili iletişim planlanan işlerin takip edilmesi ve zamanında tamamlanmasını kolaylaşmaktadır. Ayrıca, üst yönetimler ile bölümler arasında iletişimin 
iyi olması uygun kararların alınmasına ve işletmenin etkili yönetilmesine de katkı sağlamaktadır. 
Bu çalışmada ülkemizde mobilya işletmelerinin yoğun olduğu (Bursa, İstanbul, Kayseri, Ankara vb.)  24 organize sanayi bölgesinde yer alan 302 adet 
mobilya işletmesinin üst yönetimi ile bölümler arasındaki karşılıklı etkileşim araştırılmıştır. Veriler SPSS programında değerlendirilmiştir. İşletme çalışma 
konularına göre üst yönetim ile alt bölümler arasında farklıklar ve yüzdesel dağılımlar hesaplanmıştır. Üst yönetimlerin en çok satın alma bölümü ile 
etkileşim içinde oldukları tespit edilmiştir. Oturma grubu üreten işletmelerin yaklaşık %75,5'nin, yatak, yemek, mutfak mobilyası üretimi yapan 
işletmelerin yaklaşık %76'sında satın alma bölümüyle iletişimin yüksek ve çok yüksek olduğu belirlenmiştir. 
Anahtar Kelimeler: Yönetim, Mobilya, İletişim, İşletme Bölümleri 
   

 

1 Introduction 

Communication contains interrelation and interaction between 
individual and individual; individual and group; individual and 
society; group and group; group and society; society and society 
[3-12]. The communication in the sense of manager may realize 
information interchange of organization internal and external 
for realizing targets of the organization and providing how the 
organization works [15]. It is possible with the communication 
for increasing productivity, managing an organization, making 
easy management of affairs. When the manager coordinates an 
organization, large part of the time passes with the 
communication [8-9]. 

It has to be needed that there is an efficient communication 
ability in terms of decision time of management to provide 
accurate, safe, clear and straight information in time (Akıncı, 
1998). The communication is one of the necessary basic factors 

to managers make accurate and healthy decisions on 
organizations (Berberoğlu, 1990; Tosun, 1990).The 
communication provides an infrastructure, which parties 
understand corectly within agreement by mutual, to make 
accurate, safe, and real decisions about organizational and 
administrative activities (Berberoğlu, 1997; Ergun, 2004). 
Subworkers not top management have truest and safest 
knowledge during the management process (Acuner and 
Acuner, 2001; Pekmezci at al. 2008). 

Satisfaction of workers is so important with regard to increase 
productivity. If satisfaction of subworkers increases, 
satisfaction of top manager and all workers in enterprise will 
be increase. Firstly, one of the most important subject for 
enterprises is happiness of the workers. 

The management is sum of business and efforts, and provides 
cooperation among the workers on organization [16]. The top 
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management takes necessary responsibility to make away with 
incoordination among the workers because of the cultural 
diversity, and to prevent conflicts and disagreements [11]. The 
communication among the top management, submanagement 
and departments will reduce affect of these disagreements, 
conflicts and informal organization structure at the enterprises 
[12-17]. On the other hand, it is also important as far as service 
of enterprise outside that the workers inside enterprises have 
efficient communication and good sevice by themselves [10]. 

An achieved management and organization system 
equipollences with an efficient communication system. 
Contribution of the management is great to provide job 
motivation and a safe work environment, to increase 
productivity [13]. Communication among the workers have to 
be good each other for managing enterprises successfully. Top 
management, submanagement or departments respect 
eachother and care emotion and ideas. It is possible that 
efficient communication reaches to accurate knowledge in time. 

Furniture, which gains a place in every fields of daily life, is one 
of the most effective product in human life because it is used 
and needed by whole human, provides the welfare of the 
individuals and society, serves the social and cultural 
requirements for life and influences the living quality of people 
directly [14]. Furniture industry is a part of secondary 
manufacturing that is one of the six subsectors of forestry. The 
characteristics of this secondary manufacturing type are 
private ownership, production purpose, design and 
manufacture activities. These manufacturers usually use sawn 
timber and panel products as raw material and its outputs are 
household and office furniture [6]. 

In this study, it was researched that the communication among 
the top management and departments at furniture enterprises 
in  24 organized industrial zones (İnegöl, Kayseri, Ankara, 
İstanbul, etc.), where the furniture enterprises are commonly, 
was researched by survey. 

2 Methodology 

Furniture enterprises in organized industry zones was chosen 
as material. Survey was prepared to determine 
communications among the top management and departments. 
295 number surveys were filled by the eager managers with 
face to face method. The most of surveys were filled Bursa, 
Ankara, İstanbul and Kayseri where the furniture industry is 
commonly. 

The surveys were evaluated by SPSS programme. Frequency 
tables were formed and low frequency question options were 
combined. Frequency distrubition was given according to 2 
different criteria as enterprises: scale size (1-9, 10-49, 50- 99, 
100 and more) and production subject (miscellaneous 
furniture, sitting group-sofa-hide a bed, bed-dining-kitchen 
furniture, office-hotel-modular furniture-furniture decoration, 
teen and kid's room, joinery-door-profile-chair-table 
production). 

3 Findings 

As a result of evaluating the data according to production 
subject, 36,3% of the survey is miscellaneous furniture, bed-
dining-kitchen furniture (19%); according to number of 
worker, 63,7% of the survey was filled the enterprise that has 
10-49 person workers (Table 1). 

Table 1. Distribution of the enterprises that the survey was 
applied 

 Production Subject %  Number of 
Worker 

% 

P
ro

d
u

ct
io

n
 S

u
b

je
ct

 

Miscellaneous Furniture 36,3 

S
ca

le
 S

iz
e

 

1-9 Person 17,3 
Sitting Group-Sofa-Hide a Bed 17,9 10-49 Person 63,7 
Bed-Dining-Kitchen Furniture 19,0 50-99 Person 13,7 
Office-Hotel-Modular 
Furniture-Furniture 
Decoration 

13,2 
100 - + 
Person 

5,3 

Teen and Kid's Room 6,1 
  Joinery-Door-Profile-Chair-

Table Production 
7,5 

Total 100 Total 100 

 
As shown at Table 2; according to product subject, accessibility 
degree is high (46,4) at bed-dining-kitchen furniture 
enterprises. Also, according to scale size; 45,2% of the 
enterprises (50-99 person) is high and 35,8% of them is very 
high. 24,4% of interaction of the top management is very high, 
39,7% of them is high, 33,9% of them is normal, and 2% of them 
is low at all enterprises in this research. 
 

Table 2. Accessibility degrees to the top management 

  
Low  

% 
Normal 

 % 
High  

% 
Very   

High % 
Total 

% 

P
ro

d
u

ct
io

n
 S

u
b

je
ct

 

Miscellaneous Furniture 1,9 43,0 41,1 14,0 

100 

Sitting Group-Sofa-Hide a 
Bed 

1,9 20,7 43,4 34,0 

Bed-Dining-Kitchen 
Furniture 

1,8 26,8 46,4 25,0 

Office-Hotel-Modular 
Furniture-Furniture 
Decoration 

2,6 33,3 35,9 28,2 

Teen and Kid's Room 5,6 38,8 27,8 27,8 
Joinery-Door-Profile-
Chair-Table Production 

 36,4 22,7 40,9 

S
ca

le
 S

iz
e

 1-9 Person 2,9 27,2 38,7 31,2 

100 
10-49 Person 1,7 40,0 38,5 19,8 
50-99 Person 2,9 16,0 45,2 35,8 
100 - + Person  28,3 43,4 28,3 
Total within 2,0 33,9 39,7 24,4 

 

According to interaction between top management and 
department of design about production subject (Table 3); 
sitting group-sofa-hide a bed has very high rate (41,5%), teen 
and kid's room has high rate (66,7%). On the other hand, 
according to scale size, interaction between top management 
and department of design 51,8% of the enterprises (50-99 
person) is very high. 
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Table 3. Interaction between the top management and 
department of design 

  
Low  

% 
Normal 

 % 
High  

% 
Very 

High % 
Total 

% 

P
ro

d
u

ct
io

n
 S

u
b

je
ct

 

Miscellaneous Furniture 4,7 26,2 41,1 28,0 

100 

Sitting Group-Sofa-Hide a 
Bed 

1,9 15,1 41,5 41,5 

Bed-Dining-Kitchen 
Furniture 

1,8 41,1 33,9 23,2 

Office-Hotel-Modular 
Furniture-Furniture 
Decoration 

7,7 35,9 25,6 30,8 

Teen and Kid's Room  22,2 66,7 11,1 
Joinery-Door-Profile-
Chair-Table Production 

4,0 37,3 22,7 36,0 

S
ca

le
 S

iz
e

 1-9 Person 8,1 26,6 49,1 16,2 

100 
10-49 Person 2,2 29,8 39,3 28,7 
50-99 Person 4,4 27,7 16,1 51,8 
100 - + Person 5,6 24,6 45,3 24,5 
Total within 3,7 28,8 38,0 29,5 

 

Table 4. Interaction between the top management and 
department of purchase 

  
Low  

% 
Normal 

 % 
High  

% 
Very 

High % 
Total 

% 

P
ro

d
u

ct
io

n
 S

u
b

je
ct

 

Miscellaneous Furniture 0,9 15,9 44,9 38,3 

100 

Sitting Group-Sofa-Hide a 
Bed 

1,9 22,6 34,0 41,5 

Bed-Dining-Kitchen 
Furniture 

1,8 23,2 48,2 26,8 

Office-Hotel-Modular 
Furniture-Furniture 
Decoration 

2,2 25,8 25,8 46,2 

Teen and Kid's Room  23,0 65,5 11,5 
Joinery-Door-Profile-
Chair-Table Production 

5,4 34,6 32,0 28,0 

S
ca

le
 S

iz
e

 1-9 Person 3,5 19,7 41,0 35,8 

100 
10-49 Person  21,0 43,6 35,4 
50-99 Person 5,1 28,5 35,7 30,7 
100 - + Person 7,6 18,8 28,3 45,3 
Total within 1,7 21,7 41,3 35,3 

 

According to the interaction between the top management and 
department of purchase (Table 4), 7,6% of the enterprises 
(100- + person) and 5,1% of them (50-99 person) are low. 
Beside, it was determined that 65,5% of teen and kid's room 
enterprises, 44,9% of miscellaneous furniture enterprises, and 
43,6% of the enterprises (10-49 person) has high interaction. 

 

 

Table 5. Interaction between the top management and 
department of manufacture 

   
Normal 

 % 
High  

% 
Very High 

 % 
Total 

% 

P
ro

d
u

ct
io

n
 S

u
b

je
ct

 

Miscellaneous Furniture 24,5 31,7 43,8 

100 

Sitting Group-Sofa-Hide a 
Bed 

20,7 39,6 39,6 

Bed-Dining-Kitchen 
Furniture 

33,7 42,6 23,7 

Office-Hotel-Modular 
Furniture-Furniture 
Decoration 

31,1 33,3 35,6 

Teen and Kid's Room 16,4 44,3 39,3 
Joinery-Door-Profile-
Chair-Table Production 

36,0 18,7 45,3 

S
ca

le
 S

iz
e

 1-9 Person 24,4 45,6 30,0 

100 
10-49 Person 29,8 33,5 36,7 
50-99 Person 20,4 38,7 40,9 
100 - + Person 15,1 13,2 71,7 
Total within 26,8 35,2 38,0 

 

As shown at Table 5, it was found that the interaction between 
top management and department of manufacture is high at 
71,7% of the enterprises (100- + person), and 45,3% of the 
joinery-door-profile-chair-table production enterprises. 
Conversely, this interaction is normal at 36% of the joinery-
door-profile-chair-table production enterprises, 33,7% of bed-
dining-kitchen furniture enterprises, and 29,8% of the 
enterprises (10-49 person). It was found that 26,8% of the 
enterprises has normal; 35,2% of them has high; 38% of them 
has very high interaction between top management and 
department of manufacture. 

 

Table 6. Interaction between the top management and 
department of distribution 

  
Normal 

 % 
High  

% 
Very High 

 % 
Total 

% 

P
ro

d
u

ct
io

n
 S

u
b

je
ct

 

Miscellaneous Furniture 24,3 43,9 31,8 

100 

Sitting Group-Sofa-Hide a 
Bed 

28,3 43,4 28,3 

Bed-Dining-Kitchen 
Furniture 

30,5 46,3 23,2 

Office-Hotel-Modular 
Furniture-Furniture 
Decoration 

43,2 25,5 30,0 

Teen and Kid's Room 11,5 83,6 4,9 
Joinery-Door-Profile-
Chair-Table Production 

45,3 32,0 22,7 

S
ca

le
 S

iz
e

 1-9 Person 34,1 46,8 19,1 

100 
10-49 Person 28,3 44,2 27,5 
50-99 Person 25,6 38,7 35,7 
100 - + Person 39,6 34,0 26,4 
Total within 29,5 43,4 27,1 

 

It has been showed at Table 6 that there is interaction between 
top management and department of distribution. It was found 
that interaction between top management and department of 
distribution is normal at 45,3% of joinery-door-profile-chair-
table enterprises, 39,6% of the enterprises (10- + person). Teen 
and kid's room (83,6%), 1-9 person employed enterprises 
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(46,8%), and bed-dining-kitchen furniture enterprises (46,3%) 
have high interaction between top management and 
department of distrubition. Generally, it was found that 29,5% 
of the enterprises has normal; 43,4% of them has high; 27,1% 
of them has very high interaction between top management and 
department of distribution. 

 

Table 7. Interaction between the top management and 
department of customer service 

  
Low  

% 
Normal 

 % 
High  

% 
Very High  

% 
Total 

% 

P
ro

d
u

ct
io

n
 S

u
b

je
ct

 

Miscellaneous 
Furniture 

1,9 28,0 40,2 29,9 

100 

Sitting Group-Sofa-Hide 
a Bed 

1,9 34,0 41,5 22,6 

Bed-Dining-Kitchen 
Furniture 

 21,4 53,6 25,0 

Office-Hotel-Modular 
Furniture-Furniture 
Decoration 

5,1 28,2 25,6 41,0 

Teen and Kid's Room  33,3 55,6 11,1 
Joinery-Door-Profile-
Chair-Table Production 

 59,1 9,1 31,8 

S
ca

le
 S

iz
e

 1-9 Person  26,6 43,9 29,5 

100 
10-49 Person 1,9 31,7 40,8 25,6 
50-99 Person 3,6 28,4 34,5 33,5 
100 - + Person  34,0 26,4 39,6 
Total within 1,7 30,5 39,7 28,1 

 

41% of office-hotel-modular furniture-decoration enterprises 
has very high interaction; 34% of sitting group-sofa-hide a bed 
and 59,1% of joinery-door-profile-chair-table production 
enterprises have normal interaction between top management 
and department of customer service (Table 7). This interaction 
is low at 1,7% of all enterprises; normal at 30,5% of them; high 
at 39,7% of them and very high 28,1% of them. 

Tablo 8’de görüldüğü gibi, üst yönetim ile muhasebe bölümü 
arasındaki karşılıklı etkileşim, siparişe göre üretim yapan 
işletmelerde (%48,1) 10-49 kişi (%40,8), 50-99 kişi çalıştıran 
işletmelerde (%40,9) çok yüksek olduğu bulunmuştur. Diğer 
taraftan, doğrama, kapı, profil, masa, sandalye üreten (%18,7), 
100 ve daha fazla çalıştıran işletmelerde (%39,6) ise 
etkileşimin düşük derecede olduğu belirlenmiştir. Muhasebe 
bölümüyle üst yönetim arasındaki karşılıklı etkileşim, 
işletmelerin %4,7’sinde düşük, %27,5’inde normal, %29,8’inde 
yüksek ve %38’inde de çok yüksek olduğu sonucu elde 
edilmiştir. 

As shown at Table 8, it was found that the interaction between 
the top management and department of accounting has very 
high at 48,1% of order production enterprises, 10-49 person 
(40,8%) and 50-99 person (40,9%) employed enterprises. On 
the other hand, this interaction is low at joinery-door-profile-
chair-table produced enterprises (18,7%), and 100- + 
employed enterprises (39,6%). It was found that 4,7% of the 
enterprises has low; 27,5% of them has normal; 29,8% of them 
has high; 38% of them has very high interaction between top 
management and department of accounting. 

Table 8. Interaction between the top management and 
department of accounting 

  
Low  

% 
Normal 

 % 
High  

% 
Very High  

% 
Total 

% 

P
ro

d
u

ct
io

n
 S

u
b

je
ct

 

Miscellaneous 
Furniture 

2,8 22,3 28,1 46,8 

100 

Sitting Group-Sofa-
Hide a Bed 

7,3 22,9 38,0 31,8 

Bed-Dining-Kitchen 
Furniture 

1,6 30,5 32,1 35,8 

Office-Hotel-Modular 
Furniture-Furniture 
Decoration 

5,3 33,3 25,8 35,6 

Teen and Kid's Room  23,0 37,7 39,3 
Joinery-Door-Profile-
Chair-Table 
Production 

18,7 49,3 13,3 18,7 

S
ca

le
 S

iz
e

 1-9 Person 2,4 28,3 38,7 30,6 

100 
10-49 Person 2,8 27,0 29,4 40,8 
50-99 Person 2,9 34,3 21,9 40,9 
100 - + Person 39,6 13,2 26,4 20,8 
Total within 4,7 27,5 29,8 38,0 

 

Tablo 9’a göre,1-9 kişi çalıştıran işletmelerin %18,5’lik 
kısmında, 100 ve daha fazla kişi çalıştıran işletmelerin 
%26,4’lük kısmında üst yönetim ile bakım bölümü arasındaki 
etkileşim düşük derecede olduğu belirlenmiştir. Diğer taraftan, 
10-49 kişi çalıştıran işletmelerin %29,4’lik kısmında ve 1-9 kişi 
çalıştıran işletmelerin %28,3’lük kısmında etkileşim çok 
yüksek olduğu bulunmuştur. Üst yönetim ile bakım bölümü 
arasındaki karşılıklı etkileşimin derecesi, işletmelerin 
%9,2’sinde düşük, %32,9’unda normal, %31,5’inde yüksek ve 
%26,4’ünde de çok yüksek olduğu tespit edilmiştir. 
According to Table 9; 1-9 person employed enterprises 
(18,5%), and 100- + person employed enterprises (26,4%) 
have low interaction between the top management and 
department of maintenance. On the other hand, it was 
determined that this interaction is very high at 10-49 person 
employed enterprises (29,4%) and 1-9 person employed 
enterprises (28,3%). It was found that 9,2% of the enterprises 
has low; 32,9% of them has normal; 31,5% of them has high; 
26,4% of them has very high interaction between top 
management and department of maintenance. 
 



 
 
 
 

Hasan SERİN, Yunus ŞAHİN 
IFC 2016 International Furniture Congress 13-15 October 2016 

 

465 
 

Table 9. Interaction between the top management and 
department of maintenance 

  
Low  

% 
Normal 

 % 
High  

% 
Very High  

% 
Total 

% 

P
ro

d
u

ct
io

n
 S

u
b

je
ct

 

Miscellaneous 
Furniture 

6,5 26,2 27,1 40,2 

100 

Sitting Group-Sofa-
Hide a Bed 

13,4 35,7 37,7 13,2 

Bed-Dining-Kitchen 
Furniture 

8,9 39,3 28,6 23,2 

Office-Hotel-Modular 
Furniture-Furniture 
Decoration 

10,3 33,3 33,3 23,1 

Teen and Kid's Room  33,3 55,6 11,1 
Joinery-Door-Profile-
Chair-Table 
Production 

18,2 40,9 22,7 18,2 

S
ca

le
 S

iz
e

 1-9 Person 18,5 24,3 28,9 28,3 

100 
10-49 Person 5,0 31,2 34,4 29,4 
50-99 Person 10,2 51,1 23,4 15,3 
100 - + Person 26,4 34,0 26,4 13,2 
Total within 9,2 32,9 31,5 26,4 

 
As shown at Table 10 and Table 11; according to classified types 
of enterprise, it was determined that the manufacture and 
purchase dapartments ranked first respectively; quality control 
and maintenance departments ranked last on the interaction 
among the top management and subdepartments. 
 

Table 10. According to type of production and scale size; 
interaction among the top management and departments 

Factors 

SCALE SIZE 
1-9 

Person 
10-49 
Person 

50-99 
Person 

100 - + 
Person 

O.I. Avg O.I.. Avg O.I.. Avg O.I. Avg 
Design 5 3,73 5 3,94 4 4,05 6 3,80 

Purchase 1 
4,0
6 

1 4,14 6 3,92 3 4,13 

Manufacture 2 4,00 3 4,06 1 4,20 1 4,60 
Quality 
Control 

- - 8 3,87 3 4,07 2 4,40 

Distribution 4 3,83 4 3,97 2 4,10 5 3,86 
Customer 
Service 

3 3,97 6 3,90 5 4,00 4 4,06 

Accounting 3 3,97 2 4,09 7 3,87 7 3,26 
Maintenance 6 3,67 7 3,88 8 3,43 7 3,26 

O.I. = Order of Importance 

Tablo 11. According to production subject and quality 
management system; interaction among the top management 

and departments 

PRODUCTION SUBJECT 

Factors 
Miscellaneous 

Furniture 

Sitting 
Group-
Sofa-

Hide a 
Bed 

Bed-
Dining-
Kitchen 

Furniture 

Office-
Hotel-

Modular-
Decoration 

Teen and 
Kid's 
Room 

Joinery-
Door-

Profile-
Chair-
Table 

 O.I. Avg O.I. Avg O.I. Avg O.I. Avg O.I. Avg O.I. Avg 
Design 8 3,92 1 4,22 6 3,78 6 3,79 4 3,88 3 3,90 
Purchase 1 4,20 3 4,15 3 4,00 1 4,15 4 3,88 4 3,81 
Manufacture 2 4,19 2 4,18 5 3,89 2 4,05 1 4,22 1 4,09 
Quality 
Control 

7 3,95 4 4,00 7 3,71 4 3,92 3 3,94 2 3,95 

Distribution 4 4,07 4 4,00 4 3,92 5 3,87 3 3,94 5 3,77 
Customer 
Service 

6 3,98 6 3,84 1 4,03 3 4,02 5 3,77 5 3,72 

Accounting 3 4,18 5 3,94 2 4,01 4 3,92 2 4,16 7 3,31 
Maintenance 5 4,00 7 3,50 8 3,66 7 3,69 5 3,77 6 3,40 

O.I. = Order of Importance 

According to determined scale size; department of purchase 
(4,06) ranked first, department of manufacture (4,00) ranked 
second, and department of maintenance (3,67) ranked last at 1-
9 person employed enterprises; department of purchase (4,14) 
ranked first, department of accounting (4,09) ranked second, 
and department of qualitiy control (3,87) ranked last at 10-49 
person employed enterprises; department of manufacture 
(4,20) ranked first, department of distribution (4,10) ranked 
second, and department of maintenance (3,43) ranked last at 
50-99 person employed enterprises; department of 
manufacture (4,60) ranked first, department of quality control 
(4,40) ranked second, and department of department of 
maintenance (3,26) ranked last at 100- + person employed 
enterprises. 

According to determined production subject; department of 
design (4,22) ranked first, department of manufacture (4,18) 
ranked second, and department of maintenance (3,50) ranked 
last at sitting group-sofa-hide a bed produced enterprises; 
department of customer service (4,03) ranked first, 
department of accounting (4,01) ranked second, and 
department of qualitiy control (3,90) ranked last at bed-dining-
kitchen furniture produced enterprises; department of 
purchase (4,15) ranked first, department of manufacture (4,05) 
ranked second, and department of maintenance (3,90) ranked 
last at furniture decoration-office-hotel-moduler furniture 
produced enterprises; department of manufacture (4,19) 
ranked first, department of purchase  ranked second, and 
department of department of design (3,90) ranked last at teen 
and kid's room produced enterprises. 

 

4 Conclusion and Recommendations 

It was determined that the interaction among the top 
management and subdepartments was great at furniture 
enterprises but according to number or working and 
institutionalization at enterprise, this interaction decreased. 
 
According to determined scale size; department of purchase 
(4,06) ranked first, department of manufacture (4,00) ranked 
second at 1-9 person employed enterprises. This is because the 
top management takes many actions at small scale sized 
enterprises because of non-institutionalization and non-
organized subdepartments. 
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According to determined production subject; department of 
design (4,22) ranked first, department of manufacture (4,18) 
ranked second, at sitting group-sofa-hide a bed produced 
enterprises. This is because it was thought that to develop new 
products, follow the production, and there is a nation and 
international competition on this sector. 
Subdepartment of maintenance has the lowest interaction 
degreee with top management at furniture enterprises. 
Because this subdepartment has standard duty and depends on 
a definite period of time.  
 
The top management and subdepartments may find a solution 
as soon as because they are informed from situation when they 
have a problem and they communicate acurately each other. 
Persons, who are at top management, plan watchfully in 
reference to statement, method for communication at inside 
and outside enterprises.  
 
Responsible persons at top management have to provide idea 
and opinion corporation among the top, middle, sub managers,  
and workers. Success of planning, organization, directing, 
coordination, and supervision functions, which are basic 
management functions, depend on success of communication of 
manager. While managers realise management functions, they 
have to make contact with workers efficiently in time to 
motivate workers, and tell vision of the enterprise. 
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Abstract   

In today's business environment, existence of enterprises depends on prediction about the extent of environmental change and development on competitive 
edge techniques that provide them advantages. In this context, consumer demand and production of new designs to meet their needs and to be available 
at affordable prices according to market stands out. 
Design is a view of the product or product parts. The new design concept in production; thinking, planning, design and implementation comes up as a 
result of the decision-making processes with a more accurate representation of the uncertain status of state transformation. This condition can lead to 
differentiation of people's consumption habits and technological developments changing rapidly contribute to the production process.  
The purpose of the study is to contribute to the debate process and to examine competitive advantage in terms of differentiation in product design for the 
furniture industry. For this purpose, a study was conducted on furniture enterprises operating in Ankara and the role of the variation in product design 
has been uncovered in terms of product performance, market share and competitive advantage.  
According to the findings of the research resulting reached important conclusions about competitive advantages of furniture enterprises operating in 
Ankara that differentiate them based on variations in product designs and recommendations within the framework of what needs to be done. In addition, 
the location of modern production and consumption habits of the design for the furniture enterprises as a competitive tool has demonstrated significant 
results within the scope of how to use. 
The research is regarded important to emphasize that the issue of the competitive differentiation in terms of product design in the furniture industry. The 
research is expected to practice in these areas and will contribute to future studies. 
Keywords: Competition, Competitive Edge, Product, Design, Furniture Industry 
   

 

REKABET ÜSTÜNLÜĞÜ BAKIMINDAN ÜRÜN TASARIMINDAKİ 
FARKLILAŞMANIN MOBİLYA ENDÜSTRİSİ AÇISINDAN İNCELENMESİ: ANKARA 

İLİ ÖRNEĞİ 
Özet   

İşletmelerin günümüz iş ortamında ayakta kalabilmeleri; çevresel değişimleri olabildiği ölçüde öngörebilmesine ve kendilerine rekabetçi üstünlükler 
sağlayacak teknikler geliştirmelerine bağlı bulunmaktadır. Bu kapsamda tüketici istek ve ihtiyaçlarını karşılayacak yeni tasarımların üretilmesi ve 
pazara uygun fiyatlarla sunulması konusu öne çıkmaktadır. 
Tasarım, ürün ya da ürün parçasının bir görünümü olup, üretimde yeni bir tasarım anlayışı ise; düşünme, planlama, karar verme ve uygulama süreçleri 
sonucunda tasarımın, belirsiz bir durumdan daha kesin bir duruma dönüşümünün temsil edilmesiyle ortaya çıkmaktadır. Bu durum, insanların tüketim 
alışkanlıklarının farklılaşmasına ve hızlı bir biçimde değişen teknolojik gelişmeler, üretim süreçlerine katkıda bulunmaktadır. 
Çalışmanın amacı; söz konusu tartışma sürecine katkı sağlamak, rekabet üstünlüğü bakımından ürün tasarımındaki farklılaşmayı mobilya endüstrisi 
açısından incelemektir. Bu amaçla, Ankara’da faaliyet gösteren mobilya işletmeleri üzerinde bir çalışma yapılmış ve ürün tasarımındaki farklılaşmanın; 
ürün performansı, pazar payı ve rekabet üstünlüğü açısından rolü ortaya çıkarılmaya çalışılmıştır. 
Araştırmanın sonucunda ortaya çıkan bulgulara dayanılarak; Ankara’da faaliyet gösteren mobilya işletmelerinin rekabet üstünlüklerinin, ürün 
tasarımlarındaki farklılaşmalarına dayalı olduğu konusunda önemli sonuçlara ulaşılmış ve neler yapılması gerektiği çerçevesinde öneriler getirilmeye 
çalışılmıştır. Ayrıca, tasarımın modern üretim ve tüketim modellerindeki yeri,  mobilya işletmelerinin rekabet aracı olarak tasarımı nasıl kullanacakları 
kapsamında önemli sonuçlar ortaya koymuştur. 
Araştırma, ürün tasarımındaki farklılaşmanın mobilya endüstrisi açısından rekabet üstünlüğü sağlayacağı konusuna vurgu yapması bakımından önemli 
görülmektedir. Araştırmanın söz konusu alandaki uygulamalara ve yapılacak araştırmalara katkı sağlayacağı beklenmektedir. 
Anahtar Kelimeler: Rekabet, Rekabet Üstünlüğü, Ürün, Tasarım, Mobilya Endüstrisi 
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1 Introduction 

Businesses that helps in achieving the objectives such as 
planning and use of all the resources we can express the action 
plan of the strategy, including regulation in the medium and 
long run. From this definition, businesses, at the right time to 
move the business competitors to respond with the right action 
to insert the correct attitude to variations in market conditions, 
constantly to ensure proper detection of consumer needs and 
expectations must develop new ways and methods 
characterized by repetitive process. 
In a globalized world, businesses that want to keep their assets 
and maintain competitive advantage in the hands of the world, 
tend to take out the competitive development of existing 
products or new products to the market impact. These trends 
bring along their differentiation in design. Copying shortening 
of product life cycles and ease with globalization is forcing 
businesses to differentiation in product development and 
design. By the agency of advances in communication 
technology, consumers about the characteristics of the 
products they want to easily access worldwide (cost, aesthetics, 
such as ergonomics) information become eligible. Increasing 
customer awareness, as changes in the needs and wishes of the 
show itself and cause manufacturers to go to differ in design. 
And thanks to production resources and capabilities are 
enriched with technological advances achieved in the past are 
to be delivered to consumers of products in production is not 
possible quality. 

2 Conceptual Framework 

2.1 The Concept of Competition 

In a particular area / entities operating in different markets, 
they undertook the struggle to achieve the same success goals 
of the company or institution can be expressed as competition. 
The Competitiveness is another, defines a state defined and 
measured against an opponent. Market level and the firm level 
competition takes place between the companies want to 
increase their market share and profits in the same. 
Competitiveness of the companies evaluated by their 
performance on the market. In other words, the company is 
highly competitive and successful company that is successful is 
higher competitiveness. Businesses that are highly competitive 
replaces lacked the competitiveness of enterprises, creating 
more value. In this case, the output of the macro scale, it showed 
an increase in economic recovery and prosperity. Technological 
infrastructure, qualifications workforce has, that vary 
depending on the management team experience and approach 
next to the microstructure of the active business strategies and 
relations with other competitors, the quality of inputs used, the 
presence of support industries with demand, which is effective 
in the marketplace creates external factors that determine the 
competitiveness of enterprises. 

Businesses in market conditions should lead to success in a 
variety of activities to be successful. These are the highlights: 

 Determination of consumer needs and desires effectively, 
continuously monitoring the variability, 

 Compared to competitive high-quality, secure and 
develop durable products, 

 Sales and distribution effort be directed at the right target 
at the right time, 

 Accurate determination of the price sensitivity of 
consumers and purchasing behavior, 

 The effectiveness of marketing and sales activities, 

 The pursuit of trademark and patent work can be listed. 

2.2 Competitive Edge  

According to Porter (1), competitive, compared to competitors 
in the market as a whole of the most profitable and actions that 
contribute to the performance of the company in an effort to 
achieve superior position in the market and the supply of 
differences beyond the reach of the competition means to 
provide a competitive advantage. The concept of competitive 
advantage is developed on the basis of creative differences. This 
difference may vary according to the characteristics of the 
services offered. Competition in the industry in general is 
determined by five fundamental elements and directed: 

 The company will enter a new threat to the sector, 
 The bargaining power of buyers, 
 The bargaining power of suppliers, 
 Competition among existing firms, 
 Products and services, threats to take his place. 

Hamel ve Prahalad (2), the concept of competition to define the 
future of the long-term and accept the activities to be 
undertaken for future opportunities. According to De Bono a 
company can manage to create a degree of built-in value can 
establish superiority over the competition (3). Factors that 
direct competition is shown in Table 1. (4): 

Table 1. Factors Governing Competition. 

Factors Governing Competition 

Price Factor Product Factor 
Management 

Factor 
Sale Price Quality/Reliability Delivery Time 

Campaigns Aesthetic 
Quality After-Sales 

Service 

Pay Variety Usefulness 
Distribution and 
Service Network 

Operating 
Expenses 

Ease of 
Maintenance 

Spare Parts 
Warranty 

Service Costs Ergonomic Advertisement 

Depreciation Portability 
Consumer-Friendly 

Products 

To gain an advantage against competitors in the industry, there 
are three basic competitive strategies applied in general. These; 
cost leadership, differentiation (design and brand creation, 
technological differences, customer service, sales methods) and 
focus. Differentiation, more effort and financial resources to 
want to research, development and design work makes it 
mandatory. Often the cost factor and the technology used in 
direct proportion to the quality of the raw materials to be used 
in the second plan costs can increased considerably. 
Differentiation in some sectors with high market shares may 
not be effective, but provides a strong and defensible position 
the firm. However, it ensures that owned the high-tech or the 
recent use of luxurious materials are not considered entering 
the business machines like professional performance 
expectations in the sector is the highest level of differentiation 
high market share (5). 

2.3 Design  

Design is derivated of Designare, which is set both show, specify 
and draw in Latin. In English it has retained its sense of design. 
Words, a plan depending on the medium used, project, process 
or a sketch, model, motive, means visual composition (6). Hence 
design; to meet the demands of the audience, and meet the 
needs of all the plans made to resolve the existing problems, the 
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drawing can be expressed as a whole, modeling and 
visualization action. 

Design Processes 

As explained by Ürük (7) has two distinctive features, including 
creator and manager of the design process. 

As the Creative Process Design 

There must be a problem that we need to be defined for the 
realization of the creation and decoding of the design process. 
Designer after the problem is defined, follow a logical process 
to be applied at all stages of the project. Design producer 
groups, whether to develop a design department in itself, would 
choose to work outside another group wants the process is the 
same. Accordingly, there are three main stages to the creative 
process (7): 

 Getting information phase: An opportunity or a 
potential need and this need is defined as an assessment 
of the design concept of convertibility is a stage based on 
probability. 

 Creating ideas and concepts phases: At this stage in 
which the conclusions from the information obtained, 
after detecting the problem in its entirety designer with 
sketches of the different possible forms can take the 
project to reveal the design uses all the creative source. 
These drawings reveal the design of the axes and the 
different product forms, graphic signs that could help 
explore models and design options. The resulting 
solutions, customers also finish with the most desired by 
selecting a group that includes. Selective presentation 
made to the group, which is responsible for the 
manufacturing of different people allows you to get the 
reviews. These comments will help to improve the design 
solution. 

 Realization phase: The idea was to make the content 
produced and supplied designer at this stage, 
implementation projects and materials to be used, reveals 
the product or sign a plan that identifies colors and 
surfaces for the different elements. At this stage, (such as 
manufacturers and suppliers outside the company) is 
considered time-consuming because it requires the 
cooperation of different departments and by testing three 
different directions by management: 

o Technical Control; use, compatibility testing, safety 
and durability criteria, 

o Planning Test; preparing production programs, 
calculation, 

o In terms of marketing evaluation; brand value of the 
design solution, in compliance with the target 
audience and market share target. 

Design as a Process Manager 

The design process starts with defining the problem to be 
solved and ends with a product or service as a result of the 
evaluation made by the company integrates design and 
management decision-making. Therefore the creative process 
extends beyond the production and the drawing of-model (7). 

The design process as an administrator; creation, production, 
management, market planning has been achieved within the 
scope of a design, which combined, is an information process 
that has been converted and uncovered (7). 

2.4 Product Development 

As announced by Filiz (8) product development is a process 
aimed at a more appropriate presentation of a product to 

market products to existing ones as compared customer needs. 
Accordingly, product development; market and customer 
begins by evaluating the feedback on the existing product 
manufacturer. This information revealed negative findings in 
the use of their products and customer complaints or 
suggestions can be positive to ensure improvement in the 
quality and use. 

Improve products; To differentiate the products, as renew and 
even a means to convert another product to product physically 
can develop products make it different from the existing 
appearance and function, reduce the cost and raise the quality 
is also meant to improve the product. Therefore, the product 
development process; technology strategy, project 
management, business development, economic analysis, 
innovation, dissemination of innovation, participative 
management team also includes issues such as work (8). 

New Product Concept 

The new product has been described as commercial property 
market not previously been available, this recipe does not 
reflect today's understanding fully the new product. For this, 
there may be mentioned the following four types described new 
(8): 

Real new product: It is produced in order to stimulate demand 
remained secret in the market until now. Require large 
expenditures of R & D (research and development) of the need 
to operate, as well as a demanding and risky business. 

New for businesses, no new products to market: There is a 
product on the market, it is put on the market under a new 
brand name. Such goods are usually out on the market as a 
result of technological innovation. A manufacturer is the result 
of technological innovation to offer a product to market, other 
manufacturers are also had to develop similar products. 

A commodity which is produced in other countries, 
adapted to be presented to the market: Foreign goods, local 
/ regional markets served by fitting the needs of the market. 

By changing the manufacturer's products that the market 
has to offer: The physical properties of the product (design, 
color, size, packaging, etc.) or to the market with small changes 
to the content is presented as new. Manufacturers, instead of 
producing new products prefer this way. 

Product Life Cycle 

The products are the life cycle that can be addressed in terms 
of economic and business. This life cycle, production is 
important in terms of sales and sales potential. Products are 
born, grow, and then enters a period of stagnation and decline 
begins. Product sales have fallen on a large scale and is a sign 
that completes the parallel significantly increase the cost of the 
life of the product. Moving to decline during product 
differentiation will allow the product to live a little longer, but 
it does not last forever. Product life-cycle downturn on the 
planning of new products with differentiated products that 
enter the process of time will inevitably also be achieved. No 
other solution than products that have completed the 
renovation will not be successful because the life cycle (8). 

2.5 New Product Design 

As described by Şahin (9), new product design; In the 
production of new physical presence will be launched to 
determine what materials will be used, to determine its size and 
quality values, it is working to create the appearance of 
identification and achievement standards. Well thought out, 
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mainly in business a successful design process provides the 
following benefits: 

 Customer requests and requirements with the desire of 
goods / services balances the properties. 

 Shorten the design time of new goods and services. 

 The adjustments necessary to make a viable design 
minimizes. 

According to Yalçın (10), successful new product designs while 
providing the benefits of the business, they can bring the 
greatest risk of failure and losses for businesses. As all of the 
designs might not be produced as a product, the design may be 
given up at any stage of producing or some dwsigns decided to 
be produced may fail in the market. Therefore, the new product 
design decisions include the strategic decisions of the company. 

Strategic and Tactical Decisions of Business 

By providing long-term customer satisfaction and profitability 
in order to stay alive in the competitive market of strategic 
business choices, and customer-oriented products that satisfy 
the customer is required to make toward launching soon. The 
satisfaction of customers, with acceptable price, we can provide 
products offering superior quality and functionality of the 
products of competitors. By adopting this aspect of innovation 
as a business strategy, technology pioneer in the market or new 
product designs to become the leader plays an important role 
in obtaining a competitive advantage. New product design 
leader in business trends / fashions to determine the future of 
the market and to have a voice, it is difficult to plan the future 
of this day. It can only perform continuous renewal and new 
product design (10). 

Technological Developments 

Advances in technology; products and increasing information 
sharing speed related services to consumers to increase 
customer awareness by facilitating transportation and global 
competition is also increasing higher quality, more flexible and 
more effective manner, permits an increase in production 
based on automation. It also provides the ability to report on 
various management levels of processing more data in less time 
(11). 

In parallel with the rapid spread of innovations to the 
development of technology has led to the diversification of 
consumer demand. Efforts to use this change as a competitive 
tool in business leads to reflection on the technological 
development of new products. On the other hand, 
developments in technology businesses to change their 
production methods, new products can also allow them to 
produce different methods and techniques. The development of 
technology reasons is concerned, the company is becoming 
challenging to design new products (10). 

Changes in Consumer Demand 

In response to the standards and restrictions imposed by 
collective living individuals they are trying to invent the 
peculiar life. This effort will bring change to the agenda. The 
change leads to the concept of fashion as a result of managing 
the commercial concerns. Fashion, increases the demand for 
change and determine the direction of change. Money exchange 
businesses to the demands of consumers concern with meeting 
the demands made are forced to design new products, and this 
leads to a continuous change by creating a mutual interaction 
(10). 

Consumers become more conscious with the improvement of 
communication technology, economical product to buy, it seeks 
to have the quality and the latest innovations (11). 

3 Review Terms of the Furniture Industry 

Furniture, functions, uses, structure, purpose, style, according 
to the material and surface treatment (12):  

 Interior or exterior furniture, 

 Furniture for individual or collective use (urban furniture, 
industrial furniture), 

 Modern furniture, 

 English, Italian, Scandinavian furniture, 

 Functional furniture, 

 Classic or modern furniture, 

 Disassembled or assembled furniture, 

 Fixed or movable furniture, 

 Kitchen, living room, bedroom furniture, office furniture, 

 Wood, panels, mats and so on. It can be classified as 
furniture. 

World trade of furniture is defined according to the basic 
classification, like all other products. Furniture, the Standard 
International Trade Classification (SITC) are classified 
according to the following manner (13): 

 821.1: Living-off furniture, and parts thereof. 

 821.2: Bedding items and so on. 

 821.3: Metal furniture (not classified elsewhere). 

 821.5: Wood furniture (not classified elsewhere). 

 821.7: Other items of furniture (not classified elsewhere). 

 821.8: Parts of the furniture in the group 821.3, 821.5 and 
821.7. 

 821.8: Medical, surgical, dental and veterinary medicine 
used in furniture, and parts thereof. 

NACE, another coding system (General Standard of Economic 
Activities in the European Community, the General 
Classification of Economic Activities in the European 
Community) is an abbreviation indicating the economic activity 
classification name for a variety of statistics, developed since 
1970 in the European Union. NACE, according to economic 
activities (such as production, employment, national accounts) 
and other areas where statistical areas and spread over a wide 
area provide a framework for the compilation and presentation 
of statistical data. According to established codes 31 top code 
for furniture "Furniture Manufacturing", including the sub-
codes 31.01; 32.02; with 31.03 and 31.09 "Office and store 
furniture", "Kitchen Furniture", "B Production", "Home & 
Garden Furniture" shape (14).  

3.1 World Furniture Industry 

Manufacture of furniture, has an important place in the 
manufacturing industry continued its development and growth 
over the years. Home and industrial production value of the 
manufacturing world including the furniture industry in 2004 
as $ 284 billion, while $ 350 billion in 2008, has reached. 
Production value with the effects of the global crisis in 2010 
341 billion to $ has declined to re-enter after a rapid upward 
trend and stood at $ 446 billion in 2013 (15). Rapid change and 
transformation process in Turkey in the sector which, for the 
year 2023 is $ 25 billion and $ 10 billion with export production 
expectations in the world top 10 in Europe and aims to be 
among the top 5 largest furniture manufacturers (13). 
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China from manufacturers in the world furniture industry in 
the country, according to the US in the furniture production 
value in 2011, Italy have carried out more than half of the 
world's furniture production with Germany (16). China, using 
production cost advantages in recent years by increasing the 
production capacity and production volume in order to meet 
the increasing domestic demand in 2013 has become a stand-
alone takes one quarter of the world production is the country 
that the most exported with 60.1 billion $. US second largest 
manufacturer, is the world furniture imports in the first place, 
with $ 42.1 billion. European countries, particularly in furniture 
design, production and trade, the impact of competitive quality 
and brand elements have higher industry. Of these countries, 
Italy and Germany, in particular expertise, stands out with its 
quality and brands. Developing countries, in Poland, Brazil and 
Vietnam formed the production capacity and production 
volumes in the furniture manufacturing industry are among the 
major producing countries. World consumption in the furniture 
industry's largest market in terms of volume of $ 88.4 billion 
(20.3%) and is US $ 75.8 billion (17.4%) and China is the second 
largest market (15). 

3.2 Furniture Industry in Turkey 

Today, the Turkish furniture industry, most employees by 
traditional methods workshop-type, has a view dominated by 
small firms. However, especially in the last 15-20 years in 
small-sized companies as well as mid-sized and large firms it is 
also a rise in the number. Along with this change in the overall 
structure of Turkey in the furniture industry, changes in 
technology and methods of production can be observed.  

The continuation of the craft tradition continues intensity of 
handmade furniture production by the presence of companies 
in the SME level, though the large-scale export increased with 
the entry into the cycle of the firm’s capabilities and exporter 
Number of firms developing with each passing day the sector 
has been one of the industry presence in international 
competition. Although the infrastructure is based on many 
years in the industry technologically depending unable to make 
the original accumulation of weak domestic machinery 
industry, machinery and equipment supply leads to our 
formation from the Italian and German companies are 
dependent on foreign as weight and increases turnaround 
times, increasing investment costs. In addition, the accredited 
laboratory furniture-related services sector is almost non-
existent in Turkey. This issue only serves a limited size in a 
laboratory in İnegöl. Furniture companies imported their raw 
materials and exported their products to overseas, that are 
tested in accredited laboratories opened in areas where 
common of furniture production of such laboratories and 
qualified for foreign trade are needed to ensure the reporting 
capability (16) 

Looking at the 2014 data, Turkey furniture industry, which 
ranks first investment partnership, and in second place in the 
first six months of 2014 after the automotive industry, the third 
sector the best performer compared to the same period last 
year. Therefore, the furniture industry, sales revenue in 2014 
was transferred to the third sector conditions that increases the 
most. However, the furniture sector net profit growth is ranked 
16th of 39 in the sector and is the second sector providing most 
of the equity increase profitability (17). 

TÜİK (Turkey Statistical Institute) published, employment and 
number of establishments Number of local units operating in 
the furniture industry by the year 2012, according to data from 
33924, is seen as the number of paid employees 121080. SGK 

(Social Security Administration), according to the year 2012 the 
number of employment and workplace values registered office 
is 16915, 116860 people would seem as if the insured 
employees. The top five in terms of employment levels, 
respectively; Istanbul, Bursa, Izmir, Ankara and Izmir are. The 
number of people per company in the furniture manufacturing 
sector in the country, which is below the average 7.68 to 6.9 
average (13). 

The furniture sector in Turkey, according to the share of total 
production in Istanbul, Ankara, Bursa (İnegöl), Kayseri, Izmir 
and Adana is concentrated in the region (18). Considering the 
concentration of the provinces in terms of the number of 
businesses in Kayseri, Ankara, Bursa, stood out cities such as 
Adana, respectively, the net sales figures taken into 
consideration in Istanbul, Kayseri, Bursa is located in the first 
row, Ankara and Izmir. Which performs close to 19% of the 
sector's turnover in Kayseri province share in the total 
turnover of the furniture sector is 22%. The manufacturing 
industry is the largest company in Kayseri, where 30% of 
employment in the sector is located in the furniture industry 
(19). Export data by region are shown in Table 2. (17). 

Table 2. Export Data by Region 

Region 
2013 Exports 

($) 
2014 (First 10 

Months) 
Exports ($) 

İstanbul 4.270.226.824 4.170.700.536 

İzmir 119.563.373 132.542.096 

Bursa, Eskişehir, Bilecik 520.960.182 468.157.929 

Ankara 294.370.179 451.429.048 

Kayseri, Sivas, Yozgat 372.457.158 312.324.208 

Industrial design registration with trademark in furniture 
manufacturing industry; high value-added production, are 
important indicators for innovation and branding processes. 
TPE (Turkish Patent Institute), while 200 received in 2000. The 
number of trademark registration in the furniture 
manufacturing industry, according to the trademark in 2013, 
2,663 units were taken. Likewise, the industrial design 
registration number 402 in 2000, increased to 1,719 in 2013 
(15). 

By TÜİK made in 2010, "income and living conditions" in terms 
of share of the expenses of the furniture according to research 
in household expenses, according to the rate of spending 20% 
of five-income rental-housing, food, transportation, fifth after 
the restaurant-hotel spending place It is located (13). MOSDER 
(Turkey Association of Furniture Manufacturers) by a research 
company jointly carried out, and in a report prepared two years 
(20), in 2013 the average household income of branded 
furniture consumers while 2,153 Turkish Liras in 2015. 2528 
has been determined that the Turkish lira to go. 15 provinces, 
according to this study of 1031 people per refresh interval has 
been identified as 9 years of furniture in Turkey and the Black 
Sea region in particular has been shown to be less than that 
time. 

The diversity of the population and demographic changes as 
well as personal and household furniture spending as a share of 
proportional with increases in revenues and requested 
furniture products began to increase. Living conditions, 
consumer habits, the changes in the needs and tastes are also 
important factors in the consumption side. Due to this change 
in the factors they considered in the choice of furniture 
consumers; durability, after-sales service, price, aesthetics and 
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design differences / shortening of lead times stand out with 
originality. Why are pushing consumers to purchase the 
furniture, re-moving space changes, the establishment of new 
households, followed the fashion, and it is observed that the 
desire to benefit from the campaign. Healthy and 
comprehensive data on domestic furniture spending can not be 
reached exactly, though in Table 3. Arranged to be double-digit 
after the decimal point, BKM (Interbank Card Center) 
conducted by the published credit card furnishings and 
expenditure data as an indicator for the domestic market size it 
is (15). 

Table 3. Credit Card Expenditure by Year 

Made by Year with Credit Card 

Furniture and Decoration Spending (x106 Turkish Lira) 

2008 2009 2010 2011 2012 2013 2014/9 

7.02 6.55 8.05 10.11 12.73 18.09 14.26 

The late effects of the economic crisis being experienced in 
Europe and the country has attracted the attention significant 
increases in export and import volumes. Therefore future years 
growth is expected in the market of Turkish firms in the world 
market between to exist in the European market is more 
challenging than the competition and issues affecting the 
competitive advantage to be sustainable strengthening its 
presence need to be in a speedy recovery effort is on (14). 

As one of the shortcomings of our country's furniture industry, 
the furniture export structures of most intense near the 
periphery countries and the Arab countries from the furniture 
market share, far below the current production capacity can be 
said to occur. Serious value of furniture consumption in Russia, 
Austria, Saudi Arabia and at much lower levels, B.A. exports to 
countries such as mainly conducted. Weak when the market for 
larger shares of achieving, as well as Britain, France, the 
company in order to make the market for Turkish firms in 
countries such as the US and Japan remain below consumption 
of furniture manufacturing opportunities by turning to exports 
of these countries, to improve the quality in every aspect of 
product activities should focus on (14).  

Environmental sensitivity in our country about the furniture 
industry and the Kyoto Protocol (Kyoto Protocol) should live 
indoors in the health of the furniture and the movement spread 
to the control structure for the measurement of 
environmentally harmful volatile is beginner level. In this 
regard, Bursa, İnegol and TSE (Turkish Standards Institute) 
was established laboratories but are limited to the service (14).  

3.3 Furniture Industry in Ankara 

Universities, technoparks, industrial shade of strong industry 
clusters, senior bureaucracy, capital concentration of 
international organizations and non-governmental 
organizations in Ankara, owned by economic, social, stands the 
human and intellectual capital. In this sense, Ankara, 2009-
2010, URAK (International Competitiveness Research 
Institute) conducted by the "Inter-Provincial Competitiveness 
Index" according to the study in Ankara, ranked second in 
Turkey; EDAM (Center for Economics and Foreign Policy 
Studies), dated March 2009 made by "a Competitiveness Index 
for Turkey," the research took place in the first place. In 
addition, "CNBC-e Bussiness Magazine" made by the last four 
years, "Turkey's Livable City Survey" According to the results, 
Ankara Turkey's "Most Livable City" retains title. Both R & D 
and innovation as well as having a strong background in the IT 
field in Ankara, the country established to spread to the entire 

technology production and other sectors 39 is first due to host 
the technopark 6. However, the Ministry of Industry and Trade 
meets the criteria of 64 private R & D center is 14 in Ankara, the 
second in Turkey in this field (18). 

Manufacture of furniture in the sectoral distribution of business 
ranks second in Ankara 10,65'lik% share. Siteler, particularly in 
Akyurt and concentrated in Yenimahalle sector consists of 
mostly family-owned firms in Siteler (21). For the 
determination of the inter-provincial competitiveness index for 
the furniture industry; province of "Human Capital and Quality 
of Life", "Branding Skills and Innovation", "Trade Skills and 
Production Potential" and "accessibility" in terms that are 
weighted equally four sub-indexes to determine the level of 
competitiveness (22). Accordingly, as regions are concentrated 
in the furniture manufacturing industry "General 
Competitiveness Index" and "Branding Skills and Innovation 
Competitiveness Index" values in Tables 4 and 5. Table 'is as 
visible. 

Table 4. General Competitiveness Index 

 2007-2008 2008-2009 2009-2010 

Row Gen. 
Com. 
Ind. 

Row Gen. 
Com. 
Ind. 

Row Gen. 
Com. 
Ind. 

İstanbul 1 86.33 1 86.83 1 86.01 

İzmir 3 43.35 3 43.00 3 42.72 

Bursa 4 35.21 4 35.45 4 35.10 

Eskişehir 6 30.17 6 32.36 6 32.08 

Bilecik 48 14.51 45 15.06 46 15.56 

Ankara 2 49.68 2 49.35 2 49.73 

Kayseri 9 26.84 13 26.75 12 27.16 

Sivas 20 23.28 26 21.34 30 20.51 

Yozgat 71 9.27 71 8.87 69 10.03 

 

Table 5. Branding Skills and Innovation Competitiveness Index 

 2007-2008 2008-2009 2009-2010 

Row Index 
Value 

Row Index 
Value 

Row Index 
Value 

İstanbul 1 100 1 100 1 100 

İzmir 6 12.43 9 11.98 6 12.89 

Bursa 3 20.16 3 20.13 3 19.25 

Eskişehir 16 1.66 10 1.79 9 11.01 

Bilecik 38 0.18 39 0.18 41 0.22 

Ankara 2 22.07 2 21.54 2 23.27 

Kayseri 4 13.72 5 14.04 4 13.85 

Sivas 12 9.36 13 9.27 12 9.42 

Yozgat 67 0.02 68 0.02 68 0.03 

Ankara, the furniture industry is to investigate the relevance 
and clustering competitive advantage and ASO (Ankara 
Chamber of Industry) members held on 25 and fewer workers 
employ furniture firms trials reached 44 enterprises in (23). 
This study of firms operating in the furniture industry and R & 
D outsourcing cases were investigated. Accordingly, R & D 
section of the job description, the R & D budget, the number of 
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businesses in R & D outsourcing is 48%. During this 44 
enterprises: 

 Design unit and the purchase of services in addition to 12, 

 Design unit, but the non-procurement of services 14, 

 Design unit in service if the reception 5, 

 There are 3 bussinesses that have any design unit nor 
purchase of services. 

When developed by companies in the furniture industry and 
the commercial value due to product innovation of products 
that can be considered and taken into account their 
distribution, when the company alone, indicating that the 4005 
and 7000 product innovation companies the exclusion 
evaluated the product innovation of the products listed are 
found to be an average of 5.16 units per company. Corrected 
values of the total number of products developed in the 
industry has been seen as considering 28.67. Our results 
suggest that the proportion of the furniture industry has been 
faced with a value of approximately 0.18. These values, who 
want to maintain their presence in the highly competitive 
environment in the market for design and product 
differentiation efforts of Ankara region refers to companies 
making significant investments and progress (23) 

Ankara Development Agency, supported by the Direct Business 
Support Program 2010 ATO (Ankara Chamber of Commerce) 
and Gazi University, carried out in collaboration with "Ankara 
Industry Competitive Analysis" selected as a pilot study and the 
level of competition analyzed according to feasibility studies for 
the furniture industry (21): 

 Workshop on the Siteler is usually situated on the upper 
floors and basements, ground floors are used for shops or 
stores. These conditions and raw material transport 
difficulties, causing businesses to increase their 
productivity and lower production and distribution costs. 

 Siteler neighborhood clustering furniture manufacturers, 
capacity utilization rate of 50% of the furniture 
manufacturing industry in general Ankara Although 
Turkey observed that closely follow consumer trends and 
marketing approaches in the furniture market is below 
50%, indicating that the weak marketing and sales 
activities. However, with the development of business 
financial resources to overcome the shortcomings of the 
rapid development in this direction it has been shown to 
have the potential improvement efforts. 

 Ankara and cost advantages of companies in the furniture 
industry, are experiencing uncertainty in orientation or 
focus on product differentiation strategy. Therefore, after 
assessing trends and competitive capabilities in 
proportion to Ankara furniture industry companies, it has 
emerged a strong belief in the direction they will increase 
the competitiveness of specialization. 

METU (Middle East Technical University) is one of the other 
higher education institutions in Ankara Development Agency, 
the city and in 2011 the Planning Department of the 
collaboration, a survey provided 93% participation rate for the 
4097 furniture company in Site to collect robust and reliable 
data is made. In this study, furniture companies manufacturing 
within the scope of sale of raw materials and exhibition-sales 
activities identified in three main categories, the sub-types of 
activity in terms of home furniture, office furniture, garden 
furniture, single-product specialized furniture, lacquer-
painters, platers, upholstery, machinery manufacturing, joiner-
carpenter, lighting, curtains, wood, plastic and aluminum-glass 

materials are listed as accessories dealer. According to the 
study (21): 

• Furniture and home based on the intensity of the 
activities of the arms business was seen that the 
production activities. 

• An entity is seen as the most important factor in the first 
environment and energy issues, while 25.7%, 
respectively; skilled labor deficit, lack of capital, lack of R 
& D activities, the inability to professional organizations, 
the lack of international fairgrounds, difficulties in the 
growth and supply of raw materials imports is seen as a 
problem by the companies operating in the sector. 

• Being a private company 68% of the furniture company 
site shows that the relatively low level of 
institutionalization of the furniture company. 

• Furniture firms in Siteler are the vast majority of small 
businesses employing 1-9 employees as 91%. The 
average number of employees of companies at Siteler 
engaged in production across 5. 

Most companies are aware of the importance of branding and 
stated that he was approaching 82% positive branding. 
However, a common branding is approaching 33% of the 
mentioned negative. However, the proportion of those who find 
a positive approach to forming partnerships is 48%. 

3.4 Elements of Competition in The Furniture Industry 

Studies in recent years in our country, aiming to gain speed in 
the EU integration process, including and especially the 
Customs Union legislation and increasing the international 
competitiveness of the Turkish economy and the measures 
taken. The globalization process began in the 1990s and the 
rapid change in technology has made it clear to the world 
market, the local market has gained global level rather than 
speed in this race grabbing a share of the big cake.  

21st century output and manufacturing sector directly related 
to housing, automotive, in sectors such as machinery is 
expected to impact the sector furniture intelligent approach of 
technological development in this direction is expected to act 
as a decline in production speed and cost of the furniture 
industry. Besides this, the last thirty years, with the appearance 
of intense effects of climate change have increased sensitivity 
to environmental and legal developments have gained pace. 
This situation has led to producers seeking to offer products 
that are sensitive to the environment and people. Turkey is 
party to the Kyoto Protocol as a result of which will enter into 
force as of 2018 the sector should be ready against legal 
requirements and sanctions. In addition, as of 2015, 
commercial tree, which he had grown the size until the final 
product is to be followed in the process of documenting the 
process and giving the certification of products is concerned. In 
this respect, the legislation in force, furniture and related 
international conventions to which our country forestry, 
editing and so on. The structures to ensure the continuity of 
renewal and freshness should be considering the creation and 
dissemination of technical support (16). 

Basic elements of the furniture manufacturing industry 
competition; raw material costs, labor and energy costs with 
specialized / is the presence of clustered industrial zones. 
Businesses face higher costs due to industrial forestry is 
especially developed to be incurred for the supply of raw 
materials, better quality materials and are turning to imports in 
order to be able to provide. USA, Germany, Italy, Poland, Brazil, 
Vietnam, Indonesia, Malaysia and Sweden as countries are 
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gaining a competitive edge through the use of high quality raw 
materials. In Turkey, the energy costs used in the art is quite 
higher than the competing countries. Labor costs in labor-
intensive sectors is still an important element of competition. 
As a sector labor costs in China, India, Indonesia, Vietnam, 
Malaysia, more than being compared to countries such as Egypt 
with Poland and other central European countries is low. The 
industry cluster structure (participants' growth and organized 
efforts aimed at improving the competitiveness / gatherings in 
a particular geographical area of all of the components operate 
in a particular area (24)) no surplus of small businesses, the 
height of the transportation costs lowers competitiveness. 
When compared on a global scale with Italy's cluster successful 
implementation, the United States, Canada, Brazil, Indonesia, 
countries such as Vietnam, rich, and have achieved a 
competitive advantage with high-capacity production centers 
in close proximity to high-quality raw materials (16). 
Competitive parameters in the furniture manufacturing 
industry, as shown in Table 6. (14). 

Table 6. Competition Parameters in Furniture Manufacturing 
Industry 

Parameters Decisive Factors Competition 

Raw Materials 

Assets and Quality of Raw 
Materials 

Sub-Industry 

Production 
Raw Material Costs 

Organized Production Zones 

Technology 
Activities 

Product Standards 

Product Quality 

Branding and Image 

Design Capacity 

Eco-Friendly Production 

Marketing-Sales 

Logistics Infrastructure 

Distribution Network 

Transportation Costs 

Promotion and Fairs 

Financing and 
Financial Structure 

Profitability, 

Credit Facilities and Costs 

Investment and Export Incentives 

Human Resources 

Presence of Trained and Qualified 
Human Resources 

Work, Labor Law and Regulations 

Market and Sector 
Conditions 

Import and Domestic Market 
Surveillance 

Support Fair Competition and 
Ethical Conditions 

Product standards, product quality, branding and image, design 
capacity and is one of the key competitive factors for 
environmentally friendly production of furniture products. In 
our country, it has been observed that companies having large 
scale and corporate identity in certain distance have given 
importance to these technological variables much more. On the 
original furniture design and branding, common line called as 
Turkish-style furniture can not be captured even though large 
scale firms have recently achieved progress by their labors. To 
ensure long-term place in the international market of the 
Turkish furniture industry, but by creating an international 
brand value can be provided to reveal the original design 

products. Therefore, to understand the importance of product 
design, branding and creating awareness about the elimination 
of the business of supply shortages, increasing employment and 
the amount of interest to be shown the training of furniture 
designers are required. Furthermore, imparting the quality of 
human potential existing in the design of the actors in the sector 
to ensure the development of a joint effort is needed (16). 

Companies, competitiveness of industries and even countries 
are measured using different methods and are often used in 
these measurements and numerical data. Competitiveness is 
relatively easy for companies to identify, but to define the 
competitiveness of the country or region is more difficult. 
Globalization of international firms in the world, is claimed to 
be effective in determining competitiveness. According to this 
view, the basic elements of the competitiveness of the 
companies is innovation about products and / or production 
system (25). 

Small scale enterprises in the more labor-intensive work 
environments, the number of employees are mostly composed 
of businesses near the qualified staff and all the varying 
between 1-5 people. Medium-sized businesses, some labor-
intensive, while a half of labor-intensive, semi-intensive 
working capital. Large enterprises are producing are fully 
capital-intensive. Medium and large businesses have limited 
number of qualified employees. The vast majority of small 
businesses, based on some of the medium sized orders, and 
some do batch-type production, such as the large-scale 
enterprises. Altay and Gürpınar (25), between 2001-2006 
study conducted in 2008 by the calculated index value of 
Turkey's furniture industry have put forward as a whole. The 
furniture industry in Turkey SITC REV. 3 CODE: comparative 
advantage for the 821 class products and competitiveness, 
Balassa's revealed comparative advantage index and reached 
according to Vollrath's competitiveness index results, despite 
increasing global competition, the Turkish furniture sector has 
been strengthening over time its competitive position. 
However, to improve the sector's competitiveness and 
sustainable in the future and to to make production-oriented 
and cost control rather than R & D, design, and it is necessary to 
focus on more advanced competitive factors, such as marketing. 

Trained, skilled labor availability, factors such as physical and 
institutional infrastructure, operation of external economies 
and health resulting from the coexistence, factors affecting the 
level of public life such as education determines the degree of 
regional competitiveness. As long as a region can create 
external economies, it offers the opportunity to benefit from 
external economies extent, it will be competitive, attract more 
investment and this investment will work more efficiently. The 
creative capital of the region is related to how to use 
information differently from the human capital. Richard Florida 
of the University of Toronto faculty "creative class" concept is 
proposed and highly educated and creative people of some of 
the social environment in which they have pointed out that the 
city is due to bring together. Also to take into account the 
contribution to the competitiveness of the region's social 
capital, social capital index was created. Regional concentration 
of furniture manufacturers in the social capital index obtained 
when the five regions respectively like simplification: 
İstanbul/99; İzmir/89,6; Bursa-Eskişehir-Bilecik/74,4-80,5-
66,6; Ankara/100; Kayseri-Sivas-Yozgat/55,4-40,3-26,1 (24). 
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3.5 Future Prospects for Turkish Furniture Industry  

Between the years 1997-2000 the export can not meet the 
import. But, the coverage ratio of export-inport which followed 
a positive trend since 2001, have increased significantly 
between 2001-2005 and the momentum of the last 12 years 
(except for 2009) has been upward. Last 15 years (2000-2015), 
exports $ 9.8 billion and imports $ 6.5 billion is foreign trade 
balance yielded a total of more than $ 3.3 billion with a 49% 
rate. This aspect of the Turkish furniture sector in the last 12 
years have shown that the performance of national foreign 
trade deficit is one of the few sectors not. 2009 economic crisis 
caused by the recession as well as the last 5-year values due 
according to remain below 70% of capacity utilization sector 
9th Development Plan (26) for about $ 5 billion in estimated 
production volume stood at $ 3.6 billion. Considering the 
growth rate of the sector in recent years, production of $ 12.0 
billion in 2018, while 2023 is expected to be $ 22.1 billion. 
Turkey's targeted production volume of $ 22.1 billion (5 times 
more than the current capacity) if it arrives, it is expected to 
become one of the largest furniture manufacturers in the world 
such as Japan, France, Poland, Italy, Germany, the United States 
and China. Domestic demand projections value is shown as 
billion $ Tablo.7 (16). 

3.6 SWOT Analysis for Turkey Furniture Industry  

Furniture industry, export-import balance in Turkey's 
economy is characterized positively, is located in the country's 
economy of the carrier industry. Its great potential operating in 
the sector with a more consistent and secure step in the future 
of all stakeholders, will take the direction of growth in order to 
provide a guiding element for strategic decisions together 
industry SWOT analysis of the results obtained are made as 
follows: 

 Strengths 
o The volume of production and distribution network 

o The geographical location of strategic importance 

o Openness of the sector to development and 
innovation 

o The height of the labor potential 

o The increase in new foreign markets quest 

o The presence of increased number of successful 
initiatives in technology transfer and in modern 
production facilities 

o Excess variety of products and materials 

o Industry self-confidence gained in the last 10 years of 
performance 

 Weaknesses 
o Small and medium-sized businesses intensity 

o Lack of qualified staff and vocational training 

o The original design and lack of intellectual property 
issues 

o High raw material costs and supply difficulties 

o The lack of corporate identity gains 

o Unconsciousness and unwillingness of the brand and 
quality approach 

o To meet consumer needs and expectations 

o The lack of marketing activities 

o Unregistered unfair competition caused by the excess 
production 

o Support and guidance to small and medium sized 
firms in need of hearing 

o The lack of an effective forest planning depending on 
whether industrial forestry 

o Due to the lack of sufficient quality production 
equipment using old technology 

o Accredited laboratories lack the needs of the sector 

 Opportunities 
o The expansion of online sales opportunities due to 

increasing internet usage 

o The recent rise of innovative design 

o Sympathetic to the cooperation and investment firms 
operating in the sector 

o Increase of the production of smart furniture 

o Developing production capabilities with a renewed 
technological infrastructure 

o The shortening of the furniture renewal period, 
although changes in consumer behavior 

o The increasing number of companies’ approach to 
enhancing customer satisfaction 

o The prominence of the branding and original design 

o The spread of eco-design 

 Threats 
o Energy costs 

o The possibility of inadequate local forest resources 

o Having a high production capacity at low cost realized 
China 

o Economic pressure on other businesses off the record 
production due to the low standard 

o Inadequacy of preparation for fulfilling the 
requirements of the Kyoto protocol that we are a part 

 

Table 7. Domestic Demand Projection Values (Billion $) (16) 

Furniture 
Years 

Average Annual 

Increase (%) 
Goal 

2011 2012 2013 2014 2015 2016 2017 2018 2013-2018 2023 

Demand 4.267 4.779 5.352 5.994 6.713 7.518 8.420 9.430 %12 16.616 

Production 5.016 5.668 6.405 7.237 8.177 9.240 10.645 12.002 %13 22.111 

Export 1.606 1.899 2.122 2.440 2.806 3.226 3.710 4.266 %15 8.577 

İmport 0.857 0.817 1.093 1.235 1.395 1.576 1.780 2.011 %13 3.703 
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4 Conclusion 

Possible strategic decisions recommendations for possible 
improvements and future expectations based on the company 
related to the sector with the impact of their work in terms of 
competitive advantage differentiation in product design can be 
assessed if the following ingredients: 

 Modern life, equipped with the technology will lead to the 
creation of furniture. 

 By triggering changes in the scope of the design and 
function of urbanization and a rapidly growing furniture, 
enhancing the quality of life, easy to use, sensitive to 
people and the environment, functional, portable, 
modular furniture are expected to make an active role in 
the world market. 

 Design process with the support of all stakeholders in the 
production process, customer-oriented design is the 
product of joint work with the management of the 
contribution of different areas of expertise will be focused 
on specific solutions. As these pave the way for work on 
behalf of the direction of the cluster / specialization-
oriented steps to be taken, there is a need to be supported. 

 Advanced design skills, brand strength, values such as the 
effectiveness of after-sales service quality is emerging as 
factors that increase the competitiveness. 

 Packing, packaging, transport costs in the development 
and the spread of disassembled furniture in 
transportation improvements in the area will increase the 
profitability of the product. 

 Increase in marketing and sales activities will be followed 
over the Internet. 

 It is expected to be of serious bottlenecks in the supply of 
raw materials if necessary measures on industrial wood 
are not taken. 
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Abstract   

Two different types of waste melamine impregnated paper (WMIP) was generated in the manufactured coated board product plants. First one is obtained 
when the neat décor papers were impregnated (in the impregnation line) with melamine urea formaldehyde and other chemicals (WMIP1).  The second 
one is generated during the coating  of the melamine impregnated papers on the board surfaces (WMIP2).  In this study, the utilization of both WMIPs in 
the production of particleboard as an adhesive was investigated. First, WMIPs granulated in Pulverizator with cooling capabilities into the flour form. Six 
different types’ particleboards were produced for this study. Two of them were produced with WMIP1 (10%, 15% ratios). The other two were 
manufactured with WMIP2 (10%, 15% ratios). The last two were produced with mixture of 70% WMIP1 and 30% WMIP2 (10%, 15% ratios). Mechanical 
properties including bending strength, modulus of elasticity, internal bond strength and surface stability of the samples were determined according to EN 
310, EN 319 and EN 317 standards, respectively. Based on the results, the type of WMIP had statistically significant effect on all mechanical properties 
investigated. The best result was obtained when 15% WMIP1 was used. As a result, WMIP1 might be utilized as an adhesive replacement in particleboard 
manufacturing providing economic and environmental benefits. 
Keywords: Melamine impregnated paper waste, mechanical properties, melamine urea formaldehyde resin 
   

 

FARKLI TİPTE Kİ MELAMİN EMDİRİLMİŞ ATIK KAĞITLARIN YONGALEVHA 
ÜRETİMİNDE DEĞERLENDİRİLMESİ 

Özet   

Kaplanmış levha üretimi yapan fabrikalarda iki farklı türde atık melamin emdirilmiş kağıt (WMIP) ortaya çıkmaktadır. Bunlardan birisi (WMIP1) ham 
dekor kağıdın emprenye hattında tutkal ve kimyasallarla emprenye edildiği sırada ortaya çıkarken diğeri (WMIP2) levha ürünlerinin kaplandığı melamin 
pres hattında ortaya çıkmaktadır. Bu çalışmada, her iki atık melamin emdirilmiş kağıtların yongalevha üretiminde tutkal olarak değerlendirilmesi 
araştırılmıştır. Öncelikle oluşan WMIP’ler soğutma özelliğine sahip pülverizatör yardımı ile un formuna getirilmiştir. Çalışma doğrultusunda un formuna 
getirilmiş bu atık kağıtlarla 6 farklı tipte yongalevha üretilmiştir. Bu levhalardan ikisi (WMIP1), diğer ikisi (WMIP2) %10 ve %15 oranlarında 
kullanılarak üretilmiştir. Son iki levha ise %70 (WMIP1) ve %30 (WMIP2)’den oluşan WMIP karışımından %10 ve %15 oranlarda kullanılarak 
üretilmiştir. Üretilen levhaların mekanik özellikleri (eğilme direnci, elastikiyet modülü, yüzeye dik çekme ve yüzey sağlamlığı) ilgili standarda (EN 310, 
EN 319 ve EN 317) uygun olarak belirlenmiştir. Sonuçlara değinilecek olunursa, atık melamin emdirilmiş kağıt türünün tüm mekanik özellikler üzerinde 
istatistiksel olarak önemli olduğu belirlenmiştir. En iyi sonuç %15 WMIP1 kullanılması ile elde edilmiştir. Sonuç olarak, WMIP1 yongalevha üretiminde 
tutkal olarak değerlendirilebilinir. Bu atıkların yongalevha üretiminde değerlendirilmesi ekonomik ve çevresel fayda sağlayacaktır. 
Anahtar Kelimeler: Atık melamin emdirilmiş kağıt, mekanik özellikler, melamin üre formaldehit tutkalı 
   

 

1 Introduction 

Melamine impregnated paper (MIP) is decorative paper for 
wood based boards coating. The main aim of the coating is to 
have a better visual for wood based board products. In addition, 
it helps to keep humidity at the best levels for products. The 
coating also approves the mechanical properties and bans the 
nocuous gases releasing such as formaldehyde, pesticides, etc. 
[1]. Two and half million of waste MIP (WMIP) occur for a year 
during the coating in a middle density board plant which uses 
420 million m2/year MIP, approximately. 
Two different type of MIP waste occur when the coating of 
wood based boards. First one is obtained when the neat décor 
papers were impregnated (in the impregnation line) with 
melamine urea formaldehyde and other chemicals (WMIP1). 
During the impregnation, the paper was exposed hot weather 
between 140-170 °C. Second one is obtained from melamine 
press during coating with the melamine impregnated papers on 
the boards (WMIP2).  In the melamine press line, MIP was 
second time exposed the hot weather. That is also mean 
melamine formaldehyde (MF) adhesive has second time curing 
reaction. The reduction of reactive groups in the melamine 
formaldehyde adhesive might cause to poor adhesion for the 
WMIP. 

MIP contains chemicals (adhesives, curing agents, crosslinking 
agents, etc.) and it is not suitable for generating energy through 
burning them. It is required special running boilers at higher 
temperatures [2]. Researches have looked for alternatives to 
utilize these wastes. Ayrılmış [3] grinded MIP with hammer-
mill the size of 2-3mm and utilized them with glued fibers in 
fiberboard manufacturing. It was reported that mechanical 
properties approved with the adding of MIP. In another study, 
Alpar and Winkler [4] have used MIP powder in the 
manufacture of particleboard as a both filler and adhesives. As 
a result, no significant differences were found between 
particleboard manufactured with UF adhesives and the one 
with MIP powder. In this study, single-layer particleboards 
were manufactured. Commercial particleboards have three 
layers. Mechanical and physical properties show differences 
according to layers characterizations [5]. Akbulut [6] reported 
that, particle rate for between layers and also board type 
(three-layers or homogenous board) have significant effect on 
some mechanical properties of particleboards. Silva et al. [7] 
used various amount (% 4, 8 ve 12) of MIP wastes (6 mm long) 
in the core section of medium density particleboard which is a 
lignocellulosic composite made with matrix of synthetic 
adhesive (urea formaldehyde resin) and reinforcement phase 
of particles of wood, and composed of three layers. In the Silva’s 
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study, adhesives amount was constant for each group. 
Particleboard having % 4 and 8 MIP waste provided enough 
results to meet with standards, however, %12 ones did not. The 
utilization of MIP was in other panels were also studied. Cavdar 
et al. [8] investigated utilization of waste-MIP in oriented 
strand board (OSB). However, the researchers did not mention 
what kind of WMIP (WMIP1 or WMIP2) used in their study.   
In this study, utilization of waste melamine impregnated 
paper1 (WMIP1) and waste melamine impregnated paper2 
(WMIP2) as an adhesive in manufacturing of particleboard was 
investigated. On this purpose, three-layer particleboards were 
manufactured with two different rates of WMIP1, WMIP2 and 
mixture of WMIP1 and WMIP2 for this study. Mechanical 
properties of the samples were determined according to TS EN 
310, TS EN 319 and TS EN 311 standards. 
 

2 Experimental 

2.1 Materials 

Particleboards were produced utilizing two different types 
waste melamine impregnated paper (WMIP), which are 
obtained from the impregnation line (WMIP1) and melamine 
press (WMIP2). No additional adhesive was used. Two different 
types of particle (fine and coarse) were used. WMIPs were got 
from Kastamonu Integrated Adana MDF Facility. Particles were 
obtained from Kastamonu Integrated Tarsus Particleboards 
Facility. 

2.2 Particleboard Manufacturing 

Waste melamine impregnated papers (WMIP) granulated in 
Pulverizator with cooling capabilities into the flour form. These 
flours were used as obtained from pulverizator such an 
adhesive in this study. 70% WMIP1 and 30% WMIP2 were 
mixed in high-intensity mixer for board-V and board-VI. Fine 
particles were utilized in surface layers (SL) while coarse ones 
in core layer (CL). Six different particleboards with three layers 
(two surface layers and one core layer) were manufactured. 
The experimental design of the study was presented Table 1. 
The core layer was accounted for 67% of the total board weight. 
Surface layers were contained 33% of the total board weight. 
Adhesive rates were same in both layers.  
 

Table 6. Manufacturing schedule of Particleboards. 

ID WMIP1(%) WMIP2(%) WMIP1+WMIP2 (%) 

I 10 - - 
II 15 - - 
III - 10 - 
IV - 15 - 
V - - 10 
VI - - 15 

 
Depending on the formulation particles and MIP were dry-
mixed in a high-intensity mixer to produce a homogeneous 
blend. The blends were laid into frame of 500mm x 500mm. A 
hot press was used for forming of particleboards (90-120 Bar). 
19mm security bars were used for two sides of mat. Pressing 
time and temperature were 240s and 195 °C, respectively.  
After pressing, particleboards were conditioned at a 
temperature of 20 °C and 65% relative humidity. The 
conditioned boards were cut from four edges and grinded until 
their thickness was 18mm. Then test samples were cut 
according to TS EN standards. 

2.3 Particleboard testing 

Boards were manufactured and test were cut successfully. 
Testing of the samples was conducted in a climate-controlled 
testing laboratory. Densities were measured by air-dried 
density method according to the TS EN 323 standard. Bending 
strength, modulus of elasticity, internal bond strength and 
surface soundness of the samples were determined according 
to TS EN 310, TS EN 319 and TS EN 311 standards, respectively. 
Five samples for each group were tested. Mechanical properties 
testing were performed on Zwick Z010 (10KN). 
 

3 Results and Discussion 

Particleboards were produced in the density range of 521-643 
kg/m3. In this study, bending strength, modulus of elasticity, 
internal bond strength and surface soundness of all samples 
were determined except type III and type IV. Only WMIP2 was 
used as an adhesive in these boards and they did not have 
enough strength for sample cutting and testing in the studied 
pressing conditions.  These two board types were not testable. 
The arithmetic mean and standard deviation of tested groups 
were given in Table 2.  

Table 7. Summarize of the mechanical properties values 

ID Internal 
bond 
strength 
(MPa) 

Bending 
strength 
(MPa) 

Modulus of 
elasticity 
(MPa) 

Surface 
soundness 
(MPa) 

I 0.42 

(0.06) 

13.7 

(1.51)* 

2312.2 

(140.0) 

1.02 

(0.04) 
II 0.48 

(0.09) 

15.7 

(2.47) 

2646.8 

(359.1) 

1.31 

(0.14) 
V 0.10 

(0.01) 

3.74 

(0.61) 

938.21 

(157.9) 

0.21 

(0.01) 
VI 0.18 

(0.02) 

3.87 

(1.51) 

1265.29 

(46.7) 

0.45 

(0.13) 
Std ≥ 0.35 ≥ 13 Min. 1600 ≥ 0.8 

* Values in parenthesis are standard deviations. 

Std: Standard values 

The graph of internal bond strength (IB) was presented in 
Figure 1. In this study, mean IB values of the samples were 
between 0.10 and 0.48 MPa. Since required IB values should be 
over 0.35 MPa, only board type I and II passed this requirement. 
Results also showed that IB was increased with rising 
percentage of WMIP. Although, board-type V and VI 
manufactured with WMIP mixture were hard enough for 
cutting and testing, they were not satisfied standard 
requirements for IB. WMIP type had significant effect on the 
internal bond strength. WMIP1 was more effective than 
WMIP2. It is believed that WMIP2’s second exposure to heat 
reduced their reactivity. This resulted in a reduced IB strength 
for boards produced with WMIP2.  
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Figure 14. Bar graphs of internal bond strength. 

The graph of bending strength was given in Figure 2. Once again 
all manufactured with WMIP1 particleboards satisfied 
standards requirements for bending strength except board-
type V and VI, manufactured with the mixture of WMIP1 and 
WMIP2. 

 

Figure 15. Bar graphs of bending strength. 

Modulus of elasticity values were presented in Figure 3. Similar 
to the bending strength, board type I and II satisfied the 
required over 1600 MPa while board type V and VI was failed. 
There was a slight increase on modulus properties with 
increase of WMIP amount but it was not significant. 

 

Figure 16. Bar graphs of modulus of elasticity. 

In figure 4. bar graphs of surface soundness properties was 
shown. Depending on the results, the use of highest rate WMIP1 
lead to obtain better soundness properties, same as first three 
properties. With the 5% rising of WMIP mixture in board-type 
VI, surface soundness properties were increased twice. 
However, the board produced with WMIP mixture did not 
provide standards values of 0.8 MPa. 

 

Figure 17. Bar graphs of surface soundness. 

Moreover, all the data and standard requirement were 
summarized in Table 3.  Values matching standards was 
painted in green and if not, it was painted in red. 

Table 8. Summary of Mechanical and Physical properties of 
Particleboards. 

BOARD ID B.S. M.E. I.B.S. S.S. 

I     

II     

V     

VI     

Standard Values ≥ 13 Min. 1600 ≥ 0,35 ≥ 0,8 

B.S.: Bending Strength 

M.E.: Modulus of Elasticity 

I.B.S.: Internal Bonding Strength 

S.S.: Surface Stability 

 

4 Conclusion 

As results of this study, amount of WMIP had significant effect 
on panel properties. WMIP2 had less reactive groups than 
WMIP1 to provide adequate bonding properties. All the 
produced boards with WMIP1 provided standards 
requirements while WMIP mixture boards not. WMIP2 could 
not utilize by itself in the manufacturing of particleboard.  
 
Waste Melamine Impregnated Paper (WMIP) was successfully 
utilized as an adhesive in the manufacturing of Particleboard 
and the following conclusions were reached; 
1. The WMIP1 might utilize in producing of 
particleboards, 
2. The rate of WMIP1 in the board and in mixture of 
WMIP has significant role for mechanical properties, 
3. The effects of particles moisture content on WMIP 
should be investigated with changing of moisture for the 
particle. 
As a result, WMIP waste might utilize in particleboards 
industry. The utilization of the WMIPs could provide extra 
income for manufacturers and clear environment for the 
people. 
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Abstract   

Wood has been used in all the societies since the beginning of the world in the same or similar manners thanks to the benefits it has provided to humans 
in terms of elimination of the various requirements relating to everyday life as a paraphernalia or application or as a tool. In this scope, wood, a natural 
fibrous and porous natural material obtained from trees, has served for the entire humanity by means of being used directly or indirectly as included into 
construction partially or completely, in terms of fulfillment of the requirements and needs. In this sense, existence of wood in the daily life directly or 
indirectly will continue in the future as in the past. The fact that wood has a significant role in our lives as a tool or paraphernalia or a manner of 
application and that it has been a significant intercultural instrument of communication that ensures the transmission of culture among the generations 
and cultures demonstrate the indispensability of wood; in other words, its characteristic of being a very valuable material that is used passionately. In 
summary, wood, a natural and organic material, is a very important existence in our lives and a very valuable material for us thanks to its benefits it 
provides to us. The reason for wood for being such a valuable material for us is its unique properties with its anatomic structure and chemical compounds 
as well as its physical and mechanical characteristics. In this essay,  the phenomenon of acknowledging wood that is an intercultural tool of interaction 
as a “valuable object” was depicted through unique compositions created in a different manner and structure as much as possible with 3 original 
descriptions that were prepared in line with the subjective mentality based on the idea that “Wood is Valuable.” 
Keywords: Wood, Depictions, Intercultural Interaction, Value 
   

 

AHŞAP ÜZERİNE BETİMLEMELER: KÜLTÜRLERARASI ETKİLEŞİM ARACI 
OLAN AHŞABIN “DEĞERLİ BİR NESNE” OLARAK KABUL EDİLİP 

ÖZÜMSENMESİ (AHŞAP DEĞERLİDİR) 
Özet   

Ahşap, bir eşya olarak veya bir araç-gereç olarak veyahut bir uygulama olarak günlük hayata ilişkin çeşitli gereksinimlerin giderilmesi noktasında 
insanlara sağladığı faydalarıyla, dünya kuruldu kurulalı gelmiş geçmiş tüm toplumlarda aynı veya benzer şekilde kullanılmıştır. Bu mahiyette, ağaçlardan 
elde edilen lifli ve gözenekli doğal bir malzeme olan ahşap, ihtiyaçların karşılanması ve gereksinimlerin giderilmesi hususunda, tamamen veya kısmen 
konstrüksiyona dahil edilerek doğrudan ya da dolaylı şekilde kullanılmak suretiyle tüm insanlığa hizmet etmiştir. Böyle bakınca, günlük hayatın içinde 
ahşabın doğrudan veya dolaylı olarak var oluşu dün ve bugün olduğu gibi yarın da böylece devam edecektir. Ahşabın hem eşya veya araç-gereç veyahut 
uygulama biçiminde hayatımızda önemli bir yere sahip olması hem de kültürler ve nesiller arasında kültür aktarımını sağlayan önemli bir kültürlerarası 
etkileşim aracı olması, geçmişten günümüze tüm kültürlerde ahşabın vazgeçilmezliğini, başka bir deyişle ahşabın bir tutku ile kullanılan çok değerli bir 
malzeme olduğunu göstermektedir. Özetle söylemek gerekirse, doğal ve organik bir malzeme olan ahşap bizim hayatımızdaki çok önemli bir mevcudiyettir 
ve bizlere sağlamış olduğu faydalarıyla bizim için çok değerli bir malzemedir. Bizim için ahşabın böylesine çok değerli bir varlık olmasının sebebi, onun 
anatomik yapısı ile kimyasal bileşimi ve fiziksel özellikleri ile mekanik özellikleri çerçevesinde kendine has özellikleridir. Bu yazıda, kültürlerarası 
etkileşim aracı olan ahşabın “değerli bir nesne” olarak kabul edilip özümsenmesi olgusu, “Ahşap Değerlidir” zemininde öznel mantalite öngörüsüyle 
hazırlanmış olan 3 adet orijinal betimleme nezdinde, mümkün olduğunca değişik tarzda ve yapıda oluşturulan özgün kompozisyonlarla betimlenmiştir. 
Anahtar Kelimeler: Ahşap, Betimlemeler, Kültürlerarası Etkileşim, Değer 
   

 

1 Introduction 

In this article, wood, which is an intercultural interaction tool, 
have been depicted with distinctive compositions constructed 
with styles and structures as different as possible with a 
mentality foresight upon the basis of “Wood is Valuable” 
through 3 original depictions. The focus of this article is to 
highlight the importance of wood for us in terms of its 
acceptation and internalization as a valuable object. 
 

2 Depictions 

The implications forming a basis for the following depictions 
were internalized with professional/technical knowledge and 
in these depictions that were made with a woodlover approach; 
certain theoretical explanations to strengthen wood awareness 
and general depictions to introduce wood (considered as an 
exquisite natural material in intercultural interaction) were 
made. The content of each presented depiction has its unique 
construct and the detail forming the depiction is emphasized in 
the first line of the depiction. 
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2.1 The First Depiction: 1313 words 

Wood that is an intercultural tool of interaction is indeed a 
valuable thing thanks to its properties. The fact that wood that 
is a natural and organic material obtained diligently from the 
trees in the forests that are carefully grown as a reflection of 
nature, having unique characteristics with its anatomic 
structure, chemical compounds, and physical and mechanical 
properties; that it can be designed and determined in the 
manner and form that is wanted, in particular against the living 
and lifeless pests, and that it can be positioned according to the 
conditions of its location and its envisaged purpose of use; that 
it is an eco-friendly and warm material thanks to its fibrous and 
porous structure; and that it has an easily processable and 
malleable structure because of its charm, beauty, and aesthetic 
value; has rendered it a select material that is used in the 
everyday life widely and for various purposes as an 
indispensable part of our life from the past to present and made 
it a very valuable object as a tool of intercultural interaction 
between past and present (and even future). Wood  that has 
occupied a significant part in the lives of humans in terms of 
fulfilling many requirements regarding everyday life since the 
beginning of the world has been considered as a select material 
in all the past and present cultures, to the extent that wood has 
played a very significant part in the realization of the 
interactions through the communication of the peoples with 
different cultures with each other and the development and 
expansion of civilizations thanks to such interactions. In this 
framework, when the phenomenon of acknowledging wood 
that is an intercultural tool of interaction as a “valuable object” 
is analyzed, it can be seen that wood has always been an 
example of cultural acknowledgement from the past to the 
present. Accordingly, in the intercultural interaction taking 
place thanks to the imaginary, visual, verbal, and/or written 
communication established between humans, through various 
attitudes and behaviors, senses and thoughts, as well as various 
tools and/or reinforcing materials and applications with the 
feature of being attractive, wood has a very important role. 
Wood that has provided contributions between the people with 
different cultures and the different generations of the same 
culture in intercultural interaction, a process based on the fact 
that humans can know and understand each other by means of 
establishing communications with each other, has always 
occupied a significant place in the life of humankind throughout 
the history. The societies  composed by the people with the 
different cultures that are affected by each other more or less 
in the process of universalization, which is acknowledged as 
globalization, may take the shapes/forms and  manners of 
manufacturing woodworks belonging to other cultures as 
examples. This is no doubt a significant point in terms of wood 
because the societies that have learned the current properties 
and become aware of its benefits included in their lives more 
and more, started to become interested in the forms of wood in 
different cultures as well, and created a synthesis among the 
cultures by way of wood. This way, a cultural change and 
development inspired by the other cultures or previous 
generations take place in view of the interaction emerged in 
that society. In this context, the fact that wood that has been 
with the humankind at all times to be used for the same and 
similar purposes since the prehistory is a material that 
provides the interaction by establishing communication 
between the previous and subsequent generations of the same 
culture and between the people from different cultures is 
apparent as a pure reality. In this sense, it is manifest that wood, 
a significant intercultural tool of interaction, has been 

acknowledged as a valuable object to the extent that it has 
existed in everyday life at all times as a tool, paraphernalia, or 
application directly or indirectly, and as a select natural 
material that has never been outmoded. Hence, wood, a natural 
and organic material obtained from trees, has been used from 
time to time as a subjective tool, paraphernalia, or application 
that fulfils a requirement, and from time to time as a visual 
figure, symbol, or motive being the overt or covert indicator of 
the attitudes and behaviors that reveal the personal or social 
senses and thoughts. 
The reality in view of the above explanations is that even the 
transmission of our feelings and thoughts by means of wood 
shows that wood is a universal entity without any doubt. At this 
point, the universality of wood is the clear indicator that it is 
valuable before all humans. In the acknowledgement of wood 
as a valuable object, its contribution to the development and 
expansion of civilizations, and thus, its substantial role in the 
intercultural interaction, have a significant impact without a 
doubt. It is a reality that wood, a natural and organic material, 
has always been valuable since the beginning of humanity. At 
this point, in an attempt to match the phenomenon of value and 
wood, the value of wood will be apparent. In its sense as a word, 
since value is the importance or superiority given to an object 
or entity or an activity in individual or social grounds, the 
phenomenon of value that is a subjective approach and that is 
agreed upon and shared by people in the similar manner is 
universal. In this perspective, attaching a value to something is 
a humanly fact that is teachable and learnable and that is 
cognate with the phenomena of liking and making a claim. In 
this sense, exhibition of similar attitudes and behaviors toward 
something valuable at all times shows that it is permanent. 
From this angle, it appears that humans have always 
considered wood as a valuable material for themselves as an 
indispensable close friend. The fact that wood is being used for 
the time being almost in the same manner and for the same 
purposes as in the past is the clear evidence of the value 
attached to it. 
We can exemplify the value of wood through our own 
behaviors; we act carefully toward the wooden products and 
we approach them with sympathy. Such tendency of us is a 
typical indicator of how important wood is for us. As we list 
possible examples regarding the properties and benefits of 
wood that facilitates our lives through its use in many areas, we 
can understand its value. The aesthetic property of wood, a 
natural and organic material with its fibrous and porous 
structure, provides a separate value to the construction where 
it is used, to the material with which it is integrated,  and to the 
space in which it is located as a tool, paraphernalia, and 
application, to the extent that the wooden image that comes to 
the foreground in the decoration of the interiors furnished with 
a wood-reinforced setup warms the cockles of people’s hearts 
and that the harmony of the wood as a reflection of nature with 
the place and its beauty aesthetically with its attraction make it 
more alluring. The impact of the aesthetic property of wood 
that exhibits the fact that it is a valuable object on people is so 
substantial that we frequently encounter for the time being the 
attempts of imitating wood visually and showing the buildings 
as wooden in their outer facade coatings by means of using the 
artificial materials in the reinforced-concrete and/or steel 
constructed buildings in terms of their exterior visual quality at 
first sight. 
In the light of these remarks, it can be said that wood that is a 
natural and organic material obtained diligently from the trees 
in the forests that are carefully grown as a part of nature has 
always been valuable from the past to present among the 
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people of different cultures (and among the generations of the 
same cultures) and its value will sure continue in the future as 
well. 

2.2 The Second Depiction: 766 words 

Wood is a natural material obtained by means of cutting the old 
trees that are both lifeless and powerless against the impacts in 
terms of the area where they are grown and that have reduced 
performance in taking part in photosynthesis taking place in 
the form of reverse reaction as receiving carbon dioxide from 
air and revealing oxygen within the framework of the biological 
lifecycle. In this context, by planting at least two saplings in the 
place of the trees that are chopped down and transformed into 
wood from the forests, the sustainability of the forests is 
ensured and it is also ensured that the wood obtained from the 
trees in such sustainable forests can be procured any time and 
in any amount conveniently. In this sense, wood is a natural 
material whose source can be renewed and the anatomic 
structure and chemical compounds as well as physical and 
mechanical properties that are inherent within the tree from 
which wood is obtained are reflected to the wood itself and they 
determine its characteristics. In this perspective, wood is very 
valuable with its unique natural and organic structure. 
As wood is natural and organic material obtained from trees, it 
is the reflection of nature as a tree derivation and it has served 
for the humanity since the beginning of the world with its 
unique anatomic structure and chemical compounds as well as 
physical and mechanical properties. Thanks to its easily 
malleable structure, aesthetic value and charm that stand out 
through its fibrous tissue and pattern, its internal strength that 
is durable against loads despite its lightness, and its eco-
friendliness and unique naturalness, wood has been used in all 
the societies for the same or similar reasons and for the 
purpose of fulfilling the requirements to continue everyday life. 
An analysis on the contribution of wood to the development of 
civilizations, in addition to its feature of fulfilling the basic 
requirements of humans and needs regarding daily life,  will 
show that wood has been a significant intercultural tool of 
interaction by means of being utilized as a methodological 
application, paraphernalia, tool, or another article and that it 
has played a significant part in the interaction of the peoples 
with different cultures or between the different generations of 
the same cultures. Presently, by the impact of the improving 
mass communication tools, it appears that global approaches 
with the popular use of wood as a natural and organic, original 
or complementary material, in an application, or in making 
paraphernalia or objects have increased. Hence, wood, a 
natural fibrous and porous natural material, is also a material 
that can be used individually or as together with the other 
materials within the same construction thanks to its 
complementary and supportive nature and therefore, it 
appears to us many times as an ancillary or original material. In 
particular, in the present world in which malleability of wood is 
provided in various means through the improvements 
exhibited within the framework of the science and technology 
involved with wood, the examples that will ensure that wood 
will stand out with its scientific and technological dimension as 
well as its artistic feature as a natural material when it comes 
to fulfillment of the expectations of people whose desire to 
obtain aesthetics and spaciousness along with perfection and 
comfort, play a part that reinforce the preference of it. This 
situation provides the use of wood in the everyday life in a 
widespread manner with multiple and various products 
directly or indirectly that are designed and produced diligently 
and demonstrates that wood that has been a select and 

intercultural tool of interaction in all the past and present 
societies is a valuable object and a significant material that is 
preferred with indispensable passion at universal levels. It is 
clear that, regardless of the time and circumstances, the 
requirement that wood is a natural material preferred and 
utilized at all times will never change. Wood will continue to be 
used in the future as it is now and it was in the past. Wood is a 
natural and organic material yearned purely by the people who 
clutch onto life with the love of nature; it is clear that wood will 
continue to exist in our future being one of our unique friends,  
as it took part with its traces in our past. 
In fact, in order to find our essence, we need wood that has 
provided us with many benefits in almost every field of life as a 
select material with its unique properties and as a tool or 
paraphernalia or an application since the beginning of the 
world. 

2.3 The Third Depiction: 1168 words 

As we have all realized as the people fond of wood, the 
properties and benefits of wood are innumerable. Wood is a 
natural material obtained from trees and, in view of its fibrous 
and porous structure, it has an easily malleable nature to the 
extent that it can be easily processed manually and it can take 
the desired form/shape when processing. Because of its 
naturalness, wood is beautiful thanks to its pattern and colors 
it contains and it is aesthetic with its current charm. Thanks to 
this feature of it, wood has a subjective structure that gives 
comfort to a person. The fact that wood is a natural material 
obtained from trees is important for those people who use it. 
For example, when we give children a toy made of wood, he/she 
tries to grab and hold it in his/her hand and to understand its 
nature and discovers the natural pattern of the tree thanks to 
the wood. Wood is natural as it comes from nature in view of its 
creation. It gives confidence to humans through its naturalness. 
The wooden toys presented to children are in the nature that 
they prove the confidence we feel in them. It is a very valuable 
entity and object with such form of it. 
As wood is a malleable material, it can be utilized in a wide 
range of applications in the daily lives depending on the 
purpose and location of use. As the toys of very different 
designs and types can be made depending on the easy shaping 
feature of wood, it provides a significant contribution when it 
comes for the children’s eyes to notice it as a valuable asset and 
a natural material. 
Another feature that highlights wood as a valuable object is that 
it is a warm material as a relative phenomenon. As wood has 
high specific heat, it does not allow the person touching it to feel 
the cold; the rough tissue of wood increases the senses of a 
person regarding nature and naturalness in view of sensual 
touching and makes him/her feel that he/she has touched a 
natural/living being. Wood that is a pleasant and nice material 
thanks to its visual impact it reveals through its anatomic 
structure containing fibrous and porous tissue puts a person at 
ease in such form of it spiritually and, thanks to its porous 
structure, it drives the static electrical load in the body of the 
person into its own body to neutralize the electrification in the 
body and gives comfort to the person physically. It can be said 
that such subjective naturalness and organic structure of wood 
that give comfort and relaxation spiritually and physically have 
significant role for persons dealing with wood in being calm and 
docile. Hence, as wood that is such a warm and friendly material 
comes right from the heart of nature, it is eco-friendly and 
healthy. In this scope, in view of the fibrous and porous nature 
of wood, as relaxation takes place in the body through the 
neutralization of the static electricity in the body when touched, 
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it is possible by using the wooden toys to eliminate the energy 
accumulation relating to static electricity loading that stands 
out as one of the numerous factors affecting the preschool 
children in terms of their lack of peace through the tensions 
created to a substantial extent. 
Wood that has an organic structure in view of its naturalness 
does not contain bacteria and it is hygienic with its structure 
inflicting no harm on human health. Opportunity to provide 
hygiene with wooden tools, its naturalness, and ability for them 
to discover nature, made it possible for children to play mainly 
with wooden toys. On this opportunity, playing with the 
wooden toys by children provides them with substantial 
benefits in terms of their discharging thanks to the property of 
wood for relaxing psychologically and physiologically through 
its natural and organic structure (within the framework of the 
perception of visual impact and sensual touch in view of the 
phenomenon of naturalness). 
Wood is an object that fulfills the needs of humans, that is 
entirely natural, that is eco-friendly, and that is very valuable 
for us humans. It is a material liked and preferred by humans in 
view of the articles and applications as well as paraphernalia 
that are required for the continuation of everyday life and in 
terms of construction and decoration thanks to its properties. 
It is also used as a toy. The wooden toys obtained from wood 
that is an organic and natural material with its fibrous and 
porous structure provides significant contributions thanks to 
their versatile range of properties in the psychosexual stages of 
development of children, particularly at the preschool age. In 
this perspective, wooden toys are designed in order to develop 
the smaller and larger muscle motor skills, which are referred 
to as psychomotor skills based on the learning of coordinated 
activity as well as eye-hand coordination of children; to 
improve their mental lexicon; to ensure their cognitive 
development in terms of focusing, problem-solving, visual 
perception, and spatial intelligence; to support children’s 
auditory-verbal development within the improvement of the 
language processing skills; to teach some basic concepts that 
help enrich a children’s understanding of life and the world in 
order to make sure that children become aware of details such 
as color, shape, dimension, texture, weight, sound, number, 
time, location, and so forth; to improve their social-emotional 
development and self-care skills; and to reach awareness in 
terms of culture and nature, through educational and 
developmental approaches. In the preschool development 
process and cognitive field, wooden tools: a) provide 
contribution in the perception of the concepts of whole-part, 
full-empty, in-out, same-different, tall-short, big-little, thick-
thin, heavy-light, fast-slow, forward-backward, more-less, 
over-under, front-back, in front of-behind, up-down, above-
below, top-bottom, right-left, corner-edge, high-low, and the 
other certain concepts; b) support the skills of identification, 
recall, relation, matching, grouping, aligning, result-estimation, 
problem-solving, comparison, and decision-making; c) assist in 
distinguishing the intermediate colors and main colors; d) 
strengthen vocabulary; e) building mathematics skills. In the 
preschool period in which the formation of the conceit and 
mental development have been completed to a substantial 
extent and which is an important period in terms of 
psychosexual development, introduction of the pattern and 
beauty of a natural material to children by means of wooden 
toys provides substantial benefits for the development of a 
child. Only this is a sufficient reason for us to admit wood as a 
valuable object. 
Just as our children are our future, wood, which we utilize for 
the purpose of supporting their physical, cognitive, social, and 

emotional development, and for ensuring that they are raised 
as the individuals who are patient, sharing, tolerant, able to 
express themselves freely, creating solutions to the problems, 
analyzing the events, entering into cooperation, establishing 
communication through humanistic understanding based on 
the love of nature, is the common future or all of us. In other 
words, wood is an irreplaceable select and natural material and 
the guarantee of our future thanks to its organic pattern and 
naturalness. 

3 Conclusion 

Wood has a substantial importance in terms of intercultural 
interaction as an efficient tool of interaction thanks to its 
contribution to the development of civilization and it is a very 
valuable object for all the people from the past to the present as 
it has been utilized in many fields in the everyday life. In this 
context, the fact that gradual increase in the manufacture of 
children’s toys from wood in the present times and purchase of 
wooden toys by the parents as the educational toys and 
presence of the wood based or wood supported paraphernalia 
and small and big tools and applications in almost everywhere, 
particularly in our kitchens, reveals the value of wood, a natural 
and organic material thanks to its fibrous ad porous content. In 
sum, wood that we have used in a widespread manner for 
different purposes in every period of our lives since the 
beginning of the world is very important for us thanks to its 
endless benefits it provides to us through its subjective 
properties. 
This article contains original depictions made by Prof.Dr. İlker 
Usta within the course “Importance of Wood in Intercultural 
Interaction” (under the Elective Courses Coordination Unit, 
Hacettepe University, Ankara, Turkey), and the perspectives 
outlined in these essays are elaborated in greater detail 
elsewhere in the literature. 
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Abstract   

In mushroom cultivation, one of the most important steps is the pasteurization or sterilization. Primarily; all raw materials such as various kinds of wood 
sawdust or agricultural wastes used as substrate medium are required to be pasteurized. During the process, pasteurization liquor is generally dumped 
without re-cycled. In this study it was investigated that the fungicidal effect of pasteurization liquor of chestnut (Castanea sativa) sawdust, which is 
particularly rich in tannins, against brown rot fungi “Coniophora puteana”. The wood samples were impregnated with the pasteurization solution 
according to the ASTM D 1413 standard test method.  The protective effect of this liquor on Scotch pine (Pinus sylvestris L.) wood was considered by means 
of fungi decay test (EN 113). It was concluded that the pasteurization liquor enhanced the decay resistance of Scotch pine sapwood samples compared to 
the control group. 
Keywords: Chestnut (Castanea sativa), Coniophora puteana, fungicidal effect, pasteurization liquor, wood decay 
   

 

KESTANE (Castanea sativa) TALAŞI PASTORİZASYON SIVISININ ODUN 
KORUYUCU OLARAK DEĞERLENDİRİLMESİ 

Özet   

Mantar kültivasyonunda en önemli aşamalardan biri pastörizasyon ya da sterilizasyondur. Öncelikle; her türlü odun talaşı ya da zirai atık gibi substrat 
ortamı olarak kullanılan bütün hammadde kaynaklarının pastörize edilmesi gerekmektedir. Proses sırasında, pastörizasyon sıvısı genelde geri dönüşüme 
kazandırılmadan atıl bırakılmaktadır. Bu çalışmada özellikle tanen bakımından zengin olan kestane (Castanea sativa) talaşı pastörizasyon sıvısının, 
Coniophora puteana, esmer çürüklük mantarına karşı fungusidal etkisi araştırılmıştır. Odun örnekleri, pastörizasyon sıvısı ile ASTM D 1413 standart test 
metoduna göre emprenye edilmiştir. Söz konusu sıvının sarıçam (Pinus sylvestris L.) odunu örnekleri üzerindeki koruyucu etkisi EN113 mantar çürüklük 
testine göre değerlendirilmiştir. Sonuç olarak ; pastörizasyon sıvısı sarıçam diri odunu örneklerinin çürüklük dayanımını kontrole oranla  artırmıştır. 
Anahtar Kelimeler: Kestane (Castanea sativa), Coniophora puteana, fungisidal etki, pastorizasyon sıvısı, odun çürüklüğü 
   

 

1 Introduction 

 
Preservation of wood and wood-based panels against biological 
agents mostly requires the use of synthetic chemicals which 
generally caused environmental problems. However; 
extractives isolated from naturally resistant wood species may 
be an alternative approach in pesticide control because of their 
bioactive components. This type of natural wood extracts is also 
biodegradable and non-toxic [1]. Chestnut wood (Castanea 
sativa) can be considered as one of the natural sources which 
have beneficial bioactive properties. Castanea sativa is a tree 
belonging to the Fagaceae family, living in generally 
Mediterranean regions of Europe. It is a good source in terms of 
phenolic bioactive compounds, especially in tannins [2]. Its 
leaves have been widely used, in folk medicine, for some 
diseases such as bronchitis, asthma, cough[3, 4]. Calliste et al. 
(2005) described that its leaves as a source of natural 
antioxidants [3]. Additionally; an extract obtained from 

Castanea sativa bark has been shown antiviral effect against 
various viruses [5]. 
 
Pasteurization is a partial thermal sterilization process used to 
destroy specific pathogenic microorganisms. It has often been 
confused with sterilization [6, 7]. Unlike sterilization, 
pasteurization only eliminates pathogenic microorganisms and 
not intends to kill all micro-organisms. It aims to reduce the 
number of viable pathogens so they are unlikely to cause 
disease. Sterilization is also another form of thermal process 
which uses comparatively high temperatures and eliminates 
(removes) or kills all forms of microbial life, such as fungi, 
bacteria, viruses, spore forms, etc [7]. Generally, sterilization 
temperature changes between 110° C and 120 ° C while 
pasteurization temperature changes between 70 to 80 °C [8]. 
According to the common belief; the more heat and longer 
durations are always better [6]. On the other hand; Sanchez 
(2010) noted that compost used for the Pleurotus mushroom 
cultivation do not necessary sterilization, but only 
pasteurization, which is cheaper to diminish the damages 
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produced by different pathogens on mushroom yield [9]. Diana 
et al. (2006) suggested disinfection process of the substrate 
before spawning that should only destroy the competitive fungi 
and not the useful micro-organisms [10]. 
 
Quimio et al. (1990) realized that sterilization of the substrate 
medium is not ideal because both useful and harmful organisms 
in the substrate are killed [11]. Miroslawa (1991) 
recommended maintaining the substrate at 70°C, for 24 h [12]. 
Kwon and Kim (2004) informed that the accurate sterilization 
duration and temperature depend on the possible pathogens 
presented in the substrate medium [13]. 
 
In mushroom cultivation, one of the most important steps is the 
pasteurization. All raw materials such as various kinds of wood 
sawdust or agricultural wastes used as substrate medium are 
required to be pasteurized. During the process, pasteurization 
liquor is generally dumped without re-cycled. The aim of the 
experimental researches is to define the possibilities for 
utilization of pasteurization liquor of chestnut sawdust as wood 
protection solution against wood destroying fungus. For that 
reason; it was investigated that the fungicidal effect of 
pasteurization liquor of Castanea sativa sawdust, which is 
particularly rich in tannin, against brown rot fungi “Coniophora 
puteana”. 
 

2 Material and method 

2.1  Wood Materials 

Scotch pine (Pinus sylvestris L.) wood was obtained from Black 
Sea Region of Turkey. The wood was cut in parallel to grain 
directions and sawn into specimens measuring 1.5 x 0.5 x 2.5 
(tangential x radial x longitudinal) cm long. All specimens were 
conditioned at 20 ± 2 °C and 65 ± 3% relative humidity 
conditions until their weights became stable. 

2.2 Extractive solution 

1 kg Chestnut (Castanea sativa) sawdust was treated in 10-liter 
hot water at 80 °C for 1.5 hour on a baking oven. After 
pasteurization (1.5 hour) process, sawdust samples were 
filtered. Pasteurization liquor of chestnut sawdust was used 
directly as wood impregnation solution 

 

2.3  Impregnation Method 

The impregnation procedure was applied according to the 
ASTM D 1413 (1988) [14] standard test method. The wood 
samples were impregnated with the extraction solution in a 
medium scale impregnation container using a vacuum of 630 
mm of Hg for 30 min followed by 60 min 7 bar pressure. Treated 
samples were then removed from the treatment solution and 
weighed to the nearest 0.01 g to determine gross retentions. 
Untreated blocks were used as controls. The retention was 
calculated using the following Equation (1); 

 

                                𝑅 =  (𝐺 𝑥 𝐶/𝑉) 𝑥 10 kg/m3                         (1)    

where; 

R: is the retention in kg per cubic meter  

G: weight in gram of the treating solution absorbed by the 
samples obtained by subtracting the weight of the samples after 
treatment from the weight of the samples before treatment  

C: the concentration or solution strength of the treating 
solution in percentage  

V: volume of the samples in centimeters      

                           

The treated wood blocks were stored in a conditioning room at 
20 ± 2 °C and 65 ± 3 °C relative humidity until they reach stable 
weight before the decay resistance tests. 

 

2.4  Decay Resistance Test 

The fungal decay test was done according to the standard test 
method (EN 113, 1996), [15] using a brown rot fungus 
“Coniophora puteana” for both treated and untreated control 
samples. The dimensions of scotch pine sapwood samples were 
3 cm long in longitudinal direction, 1.5 cm in tangential 
direction and 0.5 cm in radial direction. Four replicates for each 
treatment were used. The incubation time was approximately 7 
weeks at 22 °C and 70 % relative humidity (Figure 1). After 
incubation, the samples were oven-dried (103 ± 2 °C) and 
weighed. The weight loss caused due to fungal attack calculated 
as follows Equation (2): 

 

      𝑊𝑒𝑖𝑔ℎ𝑡 𝑙𝑜𝑠𝑠 (%)  =  [(𝑚𝑜 − 𝑚𝑑)/𝑚𝑜] ×  100              (2) 

 

Where: 

mo is the oven dry mass prior to test and md is the oven dry 
mass after the test 
 
 

 
Figure 1. Fungal decay test 

 

3 Result and discussion 

The average retention content (kg/m3) was given in Table 1. 
The weight losses (%) of scotch pine wood samples were given 
in Table 2 and Figure 2. Weight loss prevention ratio of chestnut 
sawdust pasteurization liquor as compared to the control 
group was given in Figure 3. 

 

Table 1. Average retention content (kg/m3) of scotch pine test 
wood samples 

 Average Retention 
(kg/m3) 

Standard 
deviation 

Scotch pine 
test wood 

58 3,50 

 

Yıldız et al (2016) found that the retention content of scotch 
pine wood samples impregnated with tobacco plant extract 
(Nicotiana tabacum L.) was 55 kg/m3 for 10 % concentrations 
[16]. Taşçıoğlu et al. (2012) recorded that the retention content 
of scotch pine samples impregnated with mimosa, quebracho 
and pine bark extracts were 91%, 95%, 90% kg/m3, 
respectively for 12 % concentrations [1].  
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Table 2. Decay resistance of scotch pine wood samples treated 
with pasteurization liquor 

 Average Weight losses (%) Standard 
deviation 

Test
  

5.06 1.15 

Control 21.45 2.60 

 

 
Figure 2. The weight losses (%) of test and  

Control samples 

 

As can be seen in Table 2 and Figure 2; it was found that the 
average weight losses of impregnated test samples were lower 
than that of un-treated control samples. The pasteurization 
liquor of chestnut (Castanea sativa) sawdust exhibited a good 
performance approaching to meet the European norms. 

 

The wood preservation with natural components against bio-
deterioration is closely connected with the accumulation of 
extractives in the wood. The leading components of wood 
extractives are tannins, phenolic substances and flavonoids, 
exhibiting antifungal activities. They are often composed by the 
living tree as defensive compounds to environmental stresses 
[17]. 

 

Tascioglu et al. (2013) reported that mimosa (Acacia 
mollissima) bark extract and quebracho heartwood extract 
(Schinopsis lorentzii) have shown antifungal durability. These 
plant extracts are defined by their high tannin contents [1]. 

 

Şen (2001) observed that the effectiveness gallnut powder, 
valonia oak, and Pinus brutia bark extracts at different 
concentrations (1 %, 3 %, 5, %, 7 %, 10 %) as antifungal 
solutions on alder, spruce, beech and fir wood samples. He 
revealed that the plant extracts have high anti-fungal activity 
but poor fixation in laboratory tests and outdoor conditions. On 
the other hand; he determined anti-fungal activity against 
white-rot (Pleurotus ostreatus) and brown-rot (Phanerochaete 
chrysosporium) fungus at ≥ 4 % concentrations [18]. 

 

 
Figure 3. Weight loss prevention ratio  

of pasteurization liquor 

 

According to the Figure 3; weight loss prevention ratio of 
pasteurization liquor of chestnut sawdust was 76 % as 
compared to the control group. Kirker et al. (2013) reported 
that using extractive obtained from naturally durable wood 
species prevent the growth of many pathogenic organisms such 
as insects, wood decay fungi, and mould fungi. They examined 
the additives of some extractives in durability of eight wood 
species compared to a nondurable control in laboratory for 
resistance to decay by brown/white-rot decay fungi and 
termite attack and they found that almost all of the wood 
species exhibited higher weight loss due to fungi and termite 
when extractives were removed [19]. 

 

To summarize the rest of the study it would be appropriate to 
say that; after five weeks; oyster mushroom (Pleurotus 
ostreatus and Pleurotus citrinopileatus) fruit bodies were 
harvested from the chestnut (Castanea sativa) sawdust 
substrate, successfully (Figure 4). According to the yet 
unpublished pre-analysis results; 100% Castanea sativa 
sawdust which used for Pleurotus species cultivation was 
exhibited high mushroom yield, high phenolic and tannin 
content and high antioxidant activity.  

 

 
 Figure 4. Pleurotus ostreatus cultivated on  

chestnut sawdust 

 

 

4 Conclusion 

In this study; it was investigated that the fungicidal effect of 
pasteurization liquor of chestnut (Castanea sativa) sawdust 
against brown rot fungi “Coniophora puteana”. As a result of the 
study it was found that the weight losses of impregnated test 
samples were lower than un-treated samples. Weight loss 
prevention ratio of chestnut sawdust as compared to the 
control group was found as 76 %. The pasteurization liquor of 
chestnut (Castanea sativa) sawdust exhibited a good 
performance approaching to meet the European norms. The 
traditional protection systems are generally costly, non-eco-
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friendly and time-consuming techniques. As confirmed from 
the results; the natural extracts, can be an alternative 
approachment for wood protection industry. This type of 
components maybe in combination with synthetically prepared 
organic compounds. In order to produce more effective 
formulas; different natural species which are rich in extractive 
can be performed at different concentrations with more 
efficient extraction methodologies and techniques. 
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Abstract   

Poplar is a fast growing tree species and produced over one million cubic meters per year in Turkey. The aim of this study is to determine the effect of 
spacing on the stress wave velocity of three poplar clones. I-214 hybrid poplar, I-45/51 Samsun clone and I-77/51 clone trees planted with 4 different 
spacing (3x4 m, 3x3 m, 3x2 m ve 3x1.5 m) in Izmit region were used. The measurements were done in 25 trees for each spacing and clone. Stress wave 
velocity in parallel to the fibers in standing trees was measured. Results showed that stress wave velocity parallel to the fibers decreased with increasing 
spacing in I-214 and I-45/51 clones while it firstly increased and then decreased in I-77/51 clone. The effect of spacing on the stress wave velocity was 
statistically significant for all poplar clones. I-77/51 clone had higher stress wave velocity values compared to I-214 and I-45/51 clones. 
Keywords: Poplar, spacing, clone, non-destructive evaluation, stress wave velocity 
   

 

KAVAK KLONLARININ STRES DALGA İLETİM HIZI ÜZERİNE DİKİM 
ARALIĞININ ETKİSİ 

Özet   

Kavak hızlı büyüyen bir ağaç türüdür ve Türkiye'de yılda bir milyon metreküpün üzerinde kavak odunu üretilmektedir. Bu çalışmanın 
amacı 3 farklı Kavak klonunda stres dalga ses iletim hızı üzerine dikim aralığının etkisinin belirlenmesidir. 4 farklı dikim aralığı (3x4 m, 
3x3 m, 3x2 m ve 3x1.5 m) ile İzmit’te dikilen I-214, I-45/51 ve I-77/51 Kavak klonları kullanılmıştır. Her dikim aralığı için 25 adet deneme 
ağacında dikili halde ölçümler yapılmıştır. Stres dalga yöntemi ile liflere paralel ses dalga iletim hızları ölçülmüştür. Sonuçlar I-214 and 
I-45/51 klonlarında dikim aralığı arttıkça liflere paralel ses iletim hızının azaldığını, I-77/51 klonunda ise önce arttığını sonra azaldığını 
göstermiştir. Dikim aralığının stres dalga ses iletim hızı üzerine etkisi tün klonlarda istatistiki olarak anlamlıdır. I-77/51 klonu diğer 
klonlara göre daha yüksek stres dalga iletim hızına sahiptir. 
Anahtar Kelimeler: Kavak, dikim aralığı, klon, tahribatsız test, stress dalga iletim hızı 
   

 

1 Introduction 

Sustainable management of forests resources being a major 

problem has been recently investigated in the world. The 

strategic importance of forest being the largest carbon storage 

resource has immensely increased depending on the increase 

in global greenhouse gas emissions and global warming. At the 

present time, increasing raw meterial demand has been 

provided industrial plantation forest planted with fast-growing 

tree species. The main purpose of this plantation forest is 

supply high volume and quality wood material in short time 

thereby reduces the pressure on natural forests. One of the 

most important problems to be solved by the forest products 

industry is wood material quality. Semi-destrucitve and non-

destructive test methods having a big potential to determine 

wood quality supply compareble information. Recently, studies 

have been focus on this subject. 

 

Non-destructive evaluation (NDE) is defined as the science of 

identifying the physical and mechanical properties of a piece of 

a given material without altering its ultimate usability [1]. NDE 

is an important tool for the characterization of wood. It has 

been used for sorting or grading structural products, in situ 

assessment of wood members, detection of defects and 

predicting mechanical properties of wood [2]. NDE offers 

advantages compared to conventional wood characterization 

methods, such as the possibility of evaluating the properties of 

wood without extracting test specimens, faster analysis of large 

populations, and adaptability to standardized production line 

routines [3]. 

The velocity of sound is influenced by the density, wood 

species, moisture content, temperature and anatomical 

direction [4,5]. Several studies have demonstrated a significant 

relationship between the sound velocity and mechanical 

properties [3,6,7]. 

Poplar is a fast growing tree species and produced over one 

million cubic meters per year in Turkey. Hybrid poplars 
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(Populus spp) are among the fastest-growing trees in the world 

and have been commonly used in industrial plantations to meet 

the growing demand for raw material of wood industry in short 

rotations (9-12 years). Poplars are widely used for lumber, 

veneer, panels, pulp, and bioenergy. As forest products 

companies are interested in hybrid poplar clones for the 

manufacture of a variety of products, the selected clones must 

meet the needs of the forest industry for diverse end uses. 

Tunçtaner et al. [8] studied volumetric increase of 10 poplar 

clones planted with 6x6 m spacing in Samsun/Turkey. At the 

end of 13 years, I-77/51 clone has superior on account of 

volumetric increase with the value of 260.4 m3/ha and annual 

volumetric increase with the value of 20.03 m3/ha/year. Also, 

they determined the technological properties of four poplar 

clones (I-77/51, I-45/51, S.177.3 and I-214). They concluded 

that I-77/51 clone had higher density and mechanical 

properties.  

 

There are limited studies about the effect of spacing on the 

wood properties in Turkey. Güler et al. [9] investigated the 

effect of spacing on mechanical properties of narrow-leaved 

ash wood. They determined compression strength parallel to 

grain, tensile strength perpendicular to grain, bending strength, 

impact bending strength and modulus of elasticity values of ash 

wood planted at four different spacing (3x2 m, 3x2.5 m, 

3.75x3.75 m, 4x4 m). They found that 4x4 m spacing had higher 

mechanical properties compared to other spacing. However, 

they concluded that 2x3 m spacing is more suitable for 

applications of ash plantations. The aim of this study is to 

determine the effect of clone and spacing on the stress wave 

velocity of poplar wood.  

2 Materials and Methods 

2.1 Materials 

In this study, 3 poplar clones I-214 hybrid poplar (Populus x 

euramericana (Dode) guinier cv.), I-45/51 Samsun clone (P.x 

euramericana) and I-77/51 (Populus deltoides) clone trees 

planted with 4 different spacings (3x4 m, 3x3 m, 3x2 m ve 3x1.5 

m) in Izmit region were used. The experiment area is shown in  

Fig. 1.  

Figure 18. The experiment area 

2.2 Method 

Stress wave velocity 

The measurements were done in 25 standing trees for each 

spacing and clone. Stress wave velocity in parallel to the fibers 

in standing trees was measured. Fakopp Microsecond timer 

shown in Figure 2 was used for the measurements. 

Stress wave velocity (V) was calculated by the following 

equation:   

𝑉 =
Distance

(𝑇𝑟𝑎𝑛𝑠𝑖𝑡 𝑡𝑖𝑚𝑒 − 𝑡𝑖𝑚𝑒 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛)/1000
 (1) 

 

 

Figure 2.  Fakopp Microsecond Timer 

For the stress wave velocity parallel to the fibers, all multiple 

comparisons were first subjected to an analysis of variance 

(ANOVA) at p < 0.05, post-hoc comparisons were conducted 

using Duncan’s multiple range test.  

3 Results and Discussion 

The average stress wave velocity values and Duncan test results 

of I-214 clone is shown in Table 1. 

Table 1. The average stress wave velocity and Duncan test 
results of I-214 clone  

Clone Spacing  
X  

(m/s) 
S 

Xmin 
(m/s) 

Xmax 
(m/s) 

V 
(%) 

I-214 

3x1.5 3838.5c 283.5 3278.7 4464.3 7.4 
3x2 3784.2c 280.4 3300.3 4310.3 7.4 
3x3 3610.8b 251.1 3246.8 4219.4 7.0 
3x4 3437.2a 228.1 2865.3 3846.2 6.6 

X: Mean, S: Standard deviation, Xmin: Minimum value, Xmax: Maximum value, V: Coefficient of 

variation, Groups with same letters in column indicate that there is no statistical difference (p 

< 0.05) between the samples according Duncan’s multiply range test 

 

The stress wave velocity parallel to the fibers values of the I-
214 clone ranged from 3437.2 m/s for 3x4 m spacing to 3838.5 
m/s for 3x1.5 m spacing. The highest stress wave velocity 
parallel to the fibers values was observed for 3x1.5 m spacing 
while the lowest velocity was determined for 3x4 m spacing. 
The stress wave velocity parallel to the fibers decreased as 
spacing increased. Poplar wood is a hardwood species. 
However, density and mechanical properties of poplar wood 
decrease as annual ring width increase [10]. In wide spacing, 
trees have wider annual ring width and lower density and 
mechanical properties. Guler et al. [9] concluded that 
mechanical properties and density of ash wood increased as 
spacing increased. This contributed to annual ring width and 
density relationship in ring porous hardwoods. 
 



 
 
 
 

Hüseyin AKKILIÇ, Türker DÜNDAR, Ümit BÜYÜKSARI 
IFC 2016 International Furniture Congress 13-15 October 2016 

 

493 
 

The average stress wave velocity values and Duncan test results 

of I-45/51 clone is shown in Table 2. 

Table 2. The average stress wave velocity and Duncan test 
results of I-45/51 clone  

Clone Spacing  
X  

(m/s) 
S 

Xmin 
(m/s) 

Xmax 
(m/s) 

V 
(%) 

I-45/51 

3x1.5 3854.8b 340.5 3378.4 4545.5 8.8 
3x2 3658.5a 243.2 3086.4 4098.4 6.6 
3x3 3601.7a 327.4 2915.5 4237.3 9.1 
3x4 3532.2a 143.8 3355.7 3968.3 4.1 

X: Mean, S: Standard deviation, Xmin: Minimum value, Xmax: Maximum value, V: Coefficient of 

variation, , Groups with same letters in column indicate that there is no statistical difference (p 

< 0.05) between the samples according Duncan’s multiply range test 

 

The stress wave velocity parallel to the fibers values of the I-
45/51 clone ranged from 3532.2 m/s for 3x4 m spacing to 
3854.8 m/s for 3x1.5 m spacing. The highest stress wave 
velocity parallel to the fibers values was observed for 3x1.5 m 
spacing while the lowest velocity was determined for 3x4 m 
spacing. In the I-45/51 clone, the stress wave velocity parallel 
to the fibers decreased as spacing increased similarly I-214 
clone.  
 

The average stress wave velocity values and Duncan test results 

of I-77/51 clone is shown in Table 3. 

Table 3. The average stress wave velocity and Duncan test 
results of of I-77/51 clone  

Clone Spacing  
X  

(m/s) 
S 

Xmin 
(m/s) 

Xmax 
(m/s) 

V 
(%) 

I-77/51 

3x1.5 3809.4a 282.6 3246.8 4310.3 7.4 
3x2 4123.4bc 236.6 3676.5 4629.6 5.7 
3x3 4162.0c 220.4 3676.5 4608.3 5.3 
3x4 4004.8b 198.2 3649.6 4347.8 5.0 

X: Mean, S: Standard deviation, Xmin: Minimum value, Xmax: Maximum value, V: Coefficient of 

variation, , Groups with same letters in column indicate that there is no statistical difference (p 

< 0.05) between the samples according Duncan’s multiply range test 

 
The stress wave velocity parallel to the fibers values of the I-
77/51 clone ranged from 3809.4 m/s for 3x1.5 m spacing to 
4162.0 m/s for 3x3 m spacing. The highest stress wave velocity 
parallel to the fibers values was observed for 3x3 m spacing 
while the lowest velocity was determined for 3x1.5 m spacing. 
In the I-77/51 clone, the stress wave velocity parallel to the 
fibers increased as spacing increased except for 3x4 m spacing.  
 
The stress wave velocity values of poplar clones planted with 
different spacing are shown in Figure 3, 4, 5 and 6. 
 

 
 

Figure 3. The stress wave velocity values of poplar clones 
planted with 3x1.5 m spacing 

 

 
Figure 4. The stress wave velocity values of poplar clones 

planted with 3x2 m spacing 
 

 
 

Figure 5. The stress wave velocity values of poplar clones 
planted with 3x3 m spacing 

 

 
Figure 6. The stress wave velocity values of poplar clones 

planted with 3x4 m spacing 
 
For the 3x1.5 m spacing, I-45/51 clone had the highest velocity 
value compared to I-214 and I-77/51 clones. For the 3x2 m, 3x3 
m and 3x4 m spacings, I-77/51 clone had the highest velocity 
compared to I-45/51 and I-214 clones. It contributed to higher 
density of I-77/51 clone. Tunçtaner et al. [8] concluded that I-
77/51 clone had higher density and mechanical properties 
compared to all the other clones.  
 
The factors of the clone, the spacing and their interactions on 
the stress wave velocity are shown in Table 4.  
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Table 4. The interactions of clone and spacing  on the stress 
wave velocity (ANOVA) 

Source 
Type III Sum 

of Squares 
df 

Mean 
Square 

F Sig. 

Corrected 
Model 

13172015 11 1197455 17,891 0,000 

Intercept 3977534971 1 3977534971 59427,7 0,000 

Clone 7833479 2 3916739 58,5 0,000 

Spacing 1585513 3 528504 7,896 0,000 

Clone * 
Spacing 

3703523 6 617253 9,22 0,000 

Error 17870482 267 66930   

Total 4017095599 279    

Corrected 
Total 

31042497 278    

 
Statistical comparisons of the entire data set were made with 
regard to the main effects of spacing and clone. for the stress 
wave velocity parallel to the fibers, all factors were significantly 
different (p < 0.000). 

4 Conclusion 

From this study, the following conclusions can be drawn: 
1. The stress wave velocity parallel to the fibers 

decreased with increasing spacing in I-214 and I-
45/51 clones while it firstly increased and then 
decreased in I-77/51 clone.  

2. The effect of spacing and clone on the stress wave 
velocity was statistically significant. 

3. I-77/51 clone had higher stress wave velocity values 
compared to I-214 and I-45/51 clones. 
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Abstract   

The polymerization of a resin in a décor paper during the pressing results in a tension. This tension may deform a board. The problem is solved by a treated 
paper, which is laid under the board, the balance paper. The tensions are balanced and the board stays even. 
This study is aimed to determine effects of resin rate on physical properties of balance paper. Non-impregnated balance paper, with grammages of 70 
g/m2, was supplied a commercial company. The balance papers were impregnated with resin (urea (50%) and melamine (50%) formaldehyde) in five 
different rates, namely 125, 150, 175, 200, and 225%. Then, breaking length, burst and tear indices, air permeability, water absorptiveness (COBB), density 
and bulk of each balance paper were determined and compared with each other. 
As a result, the air permeability, density and Cobb values of the impregnated balance papers were significantly improved when compared to non-
impregnated papers. Besides, the breaking length and burst and tear indices were decreased by using resin. The balance papers impregnated with 125% 
resin gave the best results in the breaking length and tear and burst indices. As resin impregnation rates increases, air permeability, Cobb and density of 
the balance papers had decreased.  
Keywords: Balance paper, resin, physical properties 
   

 

REÇİNE EMDİRME ORANLARININ BALANS KAĞITLARININ FİZİKSEL 
ÖZELLİKLERİ ÜZERİNE ETKİLERİ  

Özet   

Reçine emdirilmiş dekor kağıtları levha üzerine preslenirken ortaya bir gerilim kuvveti çıkmaktadır. Meydana gelen bu gerilmeler levhaya hasar verebilir. 
Bu problem levhanın alt kısmına preslenen işlem görmüş balans kağıtları ile çözülmektedir. Gerilmeler balans kağıtları sayesinde dengelenir ve levhanın 
çarpılmasını engeller.  
Bu çalışma balans kağıtlarına uygulanan reçine miktarının bu kağıtların fiziksel özellikleri üzerine etkilerini belirlemeyi amaçlamıştır. 70 gramajında 
işlem görmemiş ham balans kağıtları ticari bir firmadan temin edilmiş ve bu çalışmada kullanılmıştır. Balans kağıtlarına %125, 150, 175, 200, 225 
oranlarında reçine (%50 Üre Formaldehit + %50 Melamin Formaldehit) emdirilmiştir. Her bir balans kağıdının kopma uzunluğu, patlama ve yırtılma 
indisleri, hava geçirgenliği, su emiciliği (Cobb), yoğunluk ve hacimlilik özellikleri belirlenmiştir. 
Sonuç olarak, reçine emdirilmemiş kağıtlar ile karşılaştırıldığında, reçine emdirilmiş kağıtların hava geçirgenliği, Cobb ve yoğunlukları belirgin bir şekilde 
iyileşmiştir. Bunun yanı sıra, reçine kullanımı ile balans kağıtların kopma uzunluğu,  patlama ve yırtılma indislerinde düşüşler meydana gelmiştir. Kopma 
uzunluğu,  patlama ve yırtılma indislerinde en iyi sonuçları %125 reçine emdirilmiş balans kağıtları vermiştir. Emdirilen reçine oranındaki arttıkça balans 
kağıtlarının kopma uzunluğu, patlama ve yırtılma indisi azalmaktadır.   
Anahtar Kelimeler: Balans kağıtları, reçine, fiziksel özellikler 
   

 

1 Introduction 

Particleboard and fiberboard panel products are coated by 
impregnated papers, paint, print, varnish, veneers, laminates, 
foils, etc. Lamination is a process that imparts a pleasing 
appearance in addition to improving the physical, mechanical, 
and optical properties. The layers of a laminate floor were 
illustrated in Fig. 1. The main surface characteristics obtained 
by the lamination process are resistance to scratching, 
abrasion, moisture, heat, and to some household chemicals. The 
purposes of these applications are to increase physical, 
mechanical, and surface properties, to suppress the absorption 
of water and humidity, and to eliminate the release of 
formaldehyde emission [1]-[4]. In addition, the resin type used 
in the production of substrate and coating materials affects the 
final product’s properties. As a rule, urea and melamine 

formaldehyde resins (synthetic resins) are extensively used as 
binder adhesives in the production of panel and coating 
materials [5]. 

 
Figure 40. Layers of a laminated floor 

Balance paper (stabilizing layer) is laminated onto the base or 
back of modular furniture and laminate floorings to protect the 
product from moisture damage and keep it from changing its 
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shape (Fig. 1.). It protects the products from moisture and 
distortion and allows the product to remain stable. Balance 
papers are used as a surface covering material in conjunction 
with high pressure decorative laminate and a substrate such as 
particleboard to balance the assembly. They must be 
impregnated with special synthetic resin before applying to the 
products. The resin penetration is relatively high, generally 
between 120-200% depending on paper weight [6].  
Balance paper balances out the pressure on the substrate 
caused by the expansion and contraction of wood cells. When a 
paper is bonded to both sides of the panel, each side is equally 
expanding and contracting and thus the panel is "balanced" - 
the stress of the wood cell movement is equal on both sides of 
the panel. This prevents warping while the veneer adhesive is 
curing and prevents warping caused by seasonal humidity 
changes in the weeks, months, and years after the project is 
finished. 
For impregnating, papers must have a high moisture resistance 
and the right porosity to accept the proper amount of resin. It 
must also be possible to impregnate the paper with the 
appropriate synthetic resins that can include urea 
formaldehyde, melamine formaldehyde, acrylic, phenolic 
resins, and mixtures thereof. The coating is laminated under 
high pressure and heat with particleboards or other substrates 
[7]. 
In this study, it was aimed to determine the effects of resin 
impregnation rates on the physical properties of the balance 
papers.  

2 Materials and Methods 

This study was conducted at Kahramanmaras Sutcu Imam 
University Faculty of Forestry, Pulp and Paper Production 
Laboratory. Balance papers with grammages of 70 (g/m2) and 
resins were taken from a commercial suppliers in Turkey. The 
papers were impregnated by using urea formaldehyde (UF) and 
melamine formaldehyde (MF).  

2.1 Resin Impregnation 

The balance papers were impregnated with 50% UF and 50% 
MF. The resin was applied to the papers in certain rates (125%, 
150%, 175%, 200%, and 250%). The impregnation was applied 
by using a roller brush and impregnated papers were dried 
overnight at room temperature.  

2.2  Determining of Physical Properties of Balance 
Papers 

The dried papers were conditioned at 23±1 oC and 65% relative 
humidity in conditioning room accordance with TAPPI T 402 
om-88 standard. Then, the conditioned papers were prepared 
for physical tests.  
The breaking length (TAPPI T494 om-01 (2006)), burst index 
(TAPPI T403 om-97 (1997)), tear index (TAPPI T414 om-12 
(2012)), air permeability (TAPPI T460 om-02 (2006)), bulk and 
density (TAPPI T220 sp-10 (2010)), and water absorptiveness 
(TAPPI T441 om-09 (2013)) [8]. The tests were carried out in 
triplicate. 
 

3 Results and Discussions 

The physical properties of impregnated balance papers were 
presented in Table 1 in order to compare with each other. 

Table 14. The physical properties of the balance papers 
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0 2.06 1.17 3.92 501 1.83 0.55 102 
125 2.07 1.76 0.81 109 1.37 0.73 22 
150 1.37 1.27 1.31 43 1.00 1.00 17 
175 1.36 0.79 1.35 37 1.10 0.91 9 
200 1.32 0.48 1.37 32 1.03 0.97 7 
225 0.92 0.49 1.05 27 1.04 0.96 9 

Breaking length is generally used in the paper trade to 
characterize the inherent strength of paper. It affords an 
excellent basis for comparing the strength of papers made from 
different furnishes and having different basis weight. The 
breaking length of the papers impregnated with 125% resin 
was found to be similar with the non-impregnated balance 
papers. When Table 1 analyzed, as resin impregnation rates 
increases, the breaking length had decreased.  Bursting 
strength tells how much pressure paper can tolerate before 
rupture. According to Table 1, papers impregnated with 125% 
resin gave the best result in burst index (1.76 kPa•m2/g). 
Increases of resin rates have a negative effect on burst strength. 
Tearing resistance indicates the behavior of paper in various 
end use situations; such as evaluating web runnability, 
controlling the quality of newsprint and characterizing the 
toughness of packaging papers where the ability to absorb 
shocks is essential. With resin impregnation, tear indices of the 
balance papers were significantly decreased from 3.92 to 0.81 
(mN•m2/g). As can be seen in Fig. 2, the breaking length and 
tear and burst indices of the balance papers were decreased by 
applying resin impregnation. 

 
Figure 41. Effects of resin rates on the breaking lengths and 

burst and tear indices of the balance papers 

Increases of the paper grammages by using resin decreased the 
fiber rate in paper. Therefore, decreases of the breaking length 
and burst and tear indices have occurred [9]. 

 
Figure 42. Effects of resin rates on the Cobb and air 

permeability of the balance papers 
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The air permeability and Cobb values of the impregnated 
papers were decreased when compared with non-impregnated 
papers (Fig. 3). Resin usage increases the resistance of paper 
against water and air [10]. Cobb has an important role for 
balance papers due to usage area. The boards used in outdoors 
are required to be water resistant. Therefore, the Cobb values 
of the balance papers must be lower. With resin impregnation, 
the Cobb value of the balance paper was decreased from 102 to 
7 g/m2. The air permeability of the balances papers were also 
decreased by using resin from 501 to 27 (m3/min). Air 
resistance is measured as the time for a given volume of air to 
flow through a specimen under specified conditions. Balance 
papers prevent the formation of nutrient media for pests such 
as insects, thereby preventing damage to the fiberboards and 
particle boards. 
High density causes more compact and tighter structure. 
Papers of high density consist of more resin and woody cells 
than papers of low density. For this reason, high density 
improves the properties of products such as fiberboards and 
particle boards [11], [12]. The density of the balance papers 
were increased from 0.55 to 1.0 g/cm3 by applying resin 
impregnation. Attendantly, the bulk of the balance papers were 
decreased (Fig. 4). 

 
Figure 43. Effects of resin rates on the bulk and density of the 

balance papers 

4 Conclusion 

5. 125% resin impregnation were improved the physical 
properties of the balance papers. Especially air 
permeability, Cobb value, and density of the balance papers 
were improved about 78.2%, 89.1%, and 24.7%, 
respectively.  

6. The physical properties of the balance papers such as 
breaking length and burst and tear indices were decreased 
by using resin which increases fragility of papers. 

7. Due to higher Cobb and air permeability, 225% resin 
impregnated balance papers were suitable for fiberboards 
and particle boards used in outdoor applications such as 
wall coverings.  

8. When the balance papers impregnated with different resin 
rates compared with each other, using 125% resin is better 
for fiberboards and particle boards used in indoor 
applications such as ceiling, flooring, and furnitures.  
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Abstract   

The objective of this study is to determine surface roughness properties of high density fiberboard (HDF) manufactured adding dolomite mineral 
which have fire retardant effects. Dolomite mineral were added into the fibers made from %50 scots pine (pinus sylvestris L.) and 50% beech (Fagus 
orientalis Lipsky) woods at5%, 10%, 15%, 20% and 25% levels based on oven-dry fiber weight, respectively. HDF panels were produced in 6.5 mm 
thickness. The surface roughness of the obtained panels was measured by Marsurf M300apparatus. Three roughness parameters, namely average 
roughness (Ra), mean peak-to-valley height(Rz), and maximum roughness (Rmax) were determined from the surface of the samples. Results showed 
that roughness values of the samples increased with increasing dolomite mineral concentration used in panels manufacturing.  

Keywords: HDF, dolomite, surface roughness 
   

 

YÜKSEK YOĞUNLUKLU LİFLEVHANIN (HDF)YÜZEY PÜRÜZLÜLÜĞÜ ÜZERİNE 
DOLOMİT MİNERALİNİN ETKİSİ 

Özet Bu çalışmanın amacı yanmayı geciktirici etkiye sahip dolomit mineralinin eklenmesi ile yüksek yoğunluklu liflevhanın yüzey pürüzlüüğü üzerine 
etkisini araştırmaktadır. Dolomit minerali tam kuru lif ağırlığına gore %5,10,15,20 ve 25 oranlarında %50 sarıçam ve %50 kayın lifleri arasına 
eklenerek karıştırılmıştır. 6.5 mm kalınlığında yüksek yoğunluklu liflevha (HDF) elde edilmiştir. Eldedeilen levhalarda Marsurf M300 cihazı ile yüzey 
pürüzlülüğü ölçülmüştür. Üç yüzey pürüzlülüğü parametresi (Ra,Rz, ve Rmax) değerleri belirlenmiştir. Elde edilen sonuçlara gore panel üretiminde 
dolomite mineralinin kullanım oranın artması ile yüzey pürüzlülüğününde arttığı belirlenmiştir. 

 

Anahtar Kelimeler: HDF, dolomit, yüzey pürüzlülüğü 
   

 

1 Introduction 

Medium density fiberboard (MDF) is one of the most commonly 
used wood-based panels that is composed of wood fibers 
bonded together with interior adhesive under heat and 
pressure (1). In recent years production of MDF has 
significantly increased and has major market share in wood 
composites industry. Medium density fiberboard has many 
advantages such as smother surface, easier machinability, and 
being ideal panel material as substrate for thin overlays used 
indoor conditions. However MDF also has some drawbacks 
similar the other wood-based panels such as poor fire retardant 
properties, low resistance against biological deterioration by 
fungi and termite. Wood and wood-based materials are 
composed of carbon and hydrogen components; therefore, 
when the temperature reaches about 275oC, combustion 
behavior is observed (2). This event is life threatening in public 
places. In order to reduce flammability and provide safety, 
wood is treated with fire-retardant chemicals (3). Therefore, It 
is important to control such disadvantages to improve efficient 

use of wood-based panels as HDF. Boric acid and borax are 
largely used in the wood protection industry (4). It is known 
that dolomite mineral are used to enhance some properties of 
wood-based panels as fire retardant. In addition, dolomite 
(DOL) is mineral used as a fire retardant in certain applications. 
Dolomite is a type of calcium magnesium carbonate 
(CaCO3·MgCO3) that is widely available in nature (5). However 
boron compounds and dolomite mineral also have some 
adverse effect on the mechanical and physical properties of 
HDF and the other wood-based panels (6). 
Roughness is a measure of the fine irregularities on a surface. 
The height width and shape of their regularities establish the 
surface quality of a product. Medium density fiberboard has 
smoother surface than that of any other interior wood 
composite panels. The surface roughness is important when 
MDF is used as substrate for overlays affecting product grades 
quality, finishing and gluing. Some of the parameters 
influencing the degree of surface roughness include 
manufacturing process and raw material characteristics. There 
are several methods which can be employed to determine 
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surface roughness of wood composites (7]. One of them is stylus 
method that is widely used in plastics and metal industries. It is 
practical, accurate and repeatable method [8]. Currently there 
is no detailed study with evaluate surface characteristics of 
experimentally manufactured HDF panels treated with 
dolomite mineral. Therefore, the objective of this study is to 
determine influence of dolomite mineral used in HDF panels on 
their surface characteristics. 

2 Methodology 

2.1 Raw Materials 

Wood fibers (a 50:50 blend) consisting of pine and beech 
species were obtained from a commercial MDF plant, SFC 

Integrated Wood Company, in Gebze, Turkey. The moisture 
content of the fibers, as determined by oven-dry weight, was 
found to be 3% to 4% prior to treatment. Dolomite mineral fire 
retardants used in the treatments was obtained from Doltaş 
Chemical Company, İzmir, Turkey. The powdered dolomite 
mineral was then added to the blender at target contents of 5%, 
10%, 15%, 20%, and 25% based on the oven-dry fiber weight. 
A commercial liquid UF resin, with a 55%solid content and a 
specific gravity of 1.23 was used.  

 

Table 1. Dolomite Mineral 

Chemical composition CaMg(CO3)2 
Crystal system Hegzagonal 

Hardness (Shore D) 3.5-4 
Specific gravity 2.86 

Opacity (%) 98 
Weight Loss (1000 ºC) (gr) 47.57 

 

Table 2. Chemical composition of Dolomite (%) 
CaO 31.10 
MgO 21.04 

Fe2O3 0.03 
SiO2 0.22 

Al2O3 0.02 
Na2O ˂0.01 
K2O ˂0.01 

 

2.2 Panel Manufacturing 

Dolomite mineral was added homogeneously in ratios of 5%, 
10%, 15%, 20%, and 25% within glued fibers, and then they 
were mixed. Density profiles of HDF panels produced using 
300x300x100 mm size cold-pressing were checked via 
GreCon™ device. The panels were pressed under 3.5 MPa 

pressure applied over the panels ina Cemil Usta SSP 125 press 
machine. Thickness was set at 8 mm by using thickness wedges. 
Using rubbing, 980–1000 kg/m3 density HDF panels were cut 
to 6.5±2 mm thick. Production conditions for the HDF panel are 
displayed in Table 3. HDF panels were conditioned at 20 oC of 
temperature and 65% relative humidity for three weeks before 
initial surface roughness evaluations were carried out. 

 

Table 3. Hot Pressing Parameters for HDF Production 

Parameters  

Temperature (oC) 183 

Press (MPa) 3.5 

Time (s)  18 

2.3 Determination of surface roughness 

Ten 100 mm 100 mm surface roughness test samples were cut 
from each panel. One measurement was performed on each 
surface roughness test sample across the grain orientation of 
the top HDF. A total of 40 roughness measurements of the 
surface of each type of treated samples and control samples 
were taken using a stylus type profilometer, Marsurf M300 (Fig. 
1). Tracing speed, stylus tip diameter, and tip angle were 10 

mm/min, 4 mm and 90, respectively. Fifteen millimeter tracing 
length (Lt) with 2.5 mm cut-off was used for the measurements. 
The measuring force of the scanning arm on the surfaces was 4 
mN (0.4 g) which did not put any significant damage on the 
surface [9]. Measurements were repeated whenever the stylus 
tip fell into the cell lumen for several times during the tests. The 
calibration of the instruments was checked every 100 
measurements by using a standard reference plate with Ra 
values of 3.02 and 0.40 µm. Fig. 1 illustrates a typical roughness 
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profile for an untreated control and for HDF samples treated 
with 5%, 10%, 15%, 20%, and 25% of dolomite mineral. Three 
roughness parameters, mean arithmetic deviation of profile 
(Ra), mean peakto-valley height (Rz), and maximum roughness 
(Rmax) were commonly used in previous studies to evaluate 
surface characteristics of wood and wood composites including 
HDF [10]. Ra is the average distance from the profile to the 
mean line over the length of assessment. Rz can be calculated 
from the peak-to-valley values of five equal lengths within the 

profile while maximum roughness (Rmax) is the distance 
between peak and valley points of the profile which can be used 
as an indicator of the maximum defect height within the 
assessed profile [11]. Therefore, such parameters which are 
characterized by ISO 4287 [12] were also employed to evaluate 
influence of chemical treatment on the surface roughness of 
HDF specimens. The specifications of these parameters are 
described in details in various works [13].  

 

Fig. 1. Outline of the stylus type profilometer— Marsurf M300 

3 Findings 

Table 4 and Fig. 2 show results of average surface roughness 
parameters of the panels. 
 

 
 

Table 4. Average surface roughness parameters (Ra, Rz and Rmax) of the panels 

Dolomite 
Ratio (%) 

Ra(µm) Rz(µm) Rmax(µm) 

5 6.46 (0.95)* 39.31 (5.47) 51.03 (5.89) 

10 6.62 (0.36) 42.17 (6.57) 53.45 (3.78) 

15 6.79 (0.90) 43.00 (2.94) 54.82 (5.50) 

20 7.01 (0.47) 43.87 (3.03) 55.45 (6.93) 

25 7.33 (0.58) 46.56 (6.01) 57.51 (7.08) 

Control 4.24 (0.46) 28.68 (2.88) 38.85 (5.01) 

*Numbers in parentheses are standard deviations 

 

 
 

Fig. 2. Average values of Ra, Rz and Rmaxparameters. 
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3.1 Average surface roughness (Ra) 

Ra values of all treated samples showed a difference as 
compared to untreated sample, as shown in Table 1. The 
treated specimens had higher average surface roughness than 
that of untreated samples. The Ra values for the 5%, 10%, 15%, 
20% and 25%levels of dolomite mineral with treated panels are 
always rougher than the control panel samples. These samples 
had also the smoothest surface of any treated specimens with 
6.46µm Ra. As concentration of dolomite, average Ra values 
also increased. Increased concentration of dolomite mineral 
also adversely influenced surface quality of the samples. 
Samples treated with 25% concentration of dolomite mineral 
had the roughest surface with Ra value of 7.33 µm. Samples 
treated with 25% concentration of dolomite mineral resulted in 
rougher surface with Ra than those of treated with 5%. 
 
 

3.2 Mean peak-to-valley values (Rz) 

The Rz value of untreated samples had the lowest value among 
the treated It was determined a significant difference among 
the treatment groups. Samples treated with 25% concentration 
of dolomite mineral had the highest Rz value of 46.56µm. 
In relation to the increase in the ratios of dolomite mineral, a 
increase in surface roughness occurred. In comparison to the 
control sample, in the 5%,10%,15%,20% and 25% 
concentrations, Rz value of samples were found 39.31, 42.17, 
43.00, 43.87,  and 46.56 µm respectively (Table 4). 
 

3.3 Maximum roughness values (Rmax) 

The Rmax values of all treated samples were higher than that of 
untreated sample. Rmax values of the treated samples are 
dramatically different to the untreated control sample. Samples 
treated with 25% concentration of dolomite mineral had the 
highest Rmax value of 57.51 µm like Ra and Rz. Increased 
concentration of dolomite mineral adversely influenced Rmax 
values of the samples. In comparison to the control sample, in 
the 5%, 10%, 15%, 20% and 25% concentrations, the Rmax 
value of samples were found 51.03, 53.45, 54.82, 55.45,  and 
57.51 µm respectively. The Rmax value of the samples with 
treated dolomite mineral increased with increasing dolomite 
mineral concentration as shown in Table4. 

4 Conclusion and Recommendations 

This study evaluated surface roughness of HDF treated with 
dolomite mineral. Three roughness parameters could be used 
as an indicator to quantify the surface characteristics of the 
treated samples. It was found that such parameters are able to 
differentiate the surface roughness of the panels due to 
different concentration levels. All of the treatments adversely 
effected surface roughness of the panels. The negative influence 
of dolomite mineral on the surface roughness was 25% ratio 
the highest among concentrations used for the treatment 
dolomit mineral. 

However, this study indicates that surface roughness of the 
panels can be adversely influenced by increased concentrations 
of dolomite mineral. Therefore, chemical concentration should 
be carefully adjusted to provide sufficient dolomite mineral as 
fire retardant for treated HDF while also providing minimal 
negative effects on its surface roughness. Further studies 
performed to use treatment of the panels should evaluate the 
less intervals of chemicals to attain a better understanding of 
the effect of treatment variables on the surface quality of the 
panels. Also other roughness parameters such as maximum 
valley height and core roughness can be included to have 
detailed information about the treated surfaces. 
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Abstract   

In this study, the effects of the wood’s combustion properties on the combustion duration are investigated towards the protection of the wood samples 
from the effects of outdoor by using various impregnation and high-level processes. For that purpose, in accordance with the given principles on the 
standard of combustion test ASTM–E 160-50 test samples from cedar (Cedrus libani A.Rich.) and spruce (Picea orientalis L.) are impregnated with 
tanalith-E and wolmanit-CB impregnation materials then water based and synthetic outdoor varnishes are applied as a high level process, afterwards 
seasonal effects on outdoor conditions are analysed. 
According to the obtained findings, first failure time for spruce wood samples the peak is 457 seconds in winter and the minimum is 257 seconds in fall, 
for cedar wood samples the top time is 479 seconds and the minimum time is 326 seconds in winter samples. In all combustion durations, top time at 
spruce wood samples is 2105 seconds at control examples and minimum time is 1143 seconds in summer samples. For cedar wood samples the top time 
confirmed is 2707 seconds in fall samples and minimum time is 1338 seconds in summer examples 
 

Keywords: Cedar Wood, Spruce Wood, Impregnate, Varnish, Combustion Duration 
   

 

MEVSİMSEL DEĞİŞİMLERİN SEDİR (Cedrus libani A. Rich.)  VE DOĞU LADİN 
(Picea Orientalis Lipsky) ODUN ÖRNEKLERİNİN YANMA DENEYİNDE YANMA 

SÜRELERİNE ETKİSİ 
Özet   

Bu çalışmada, odun örneklerinin dış ortamda etkilerinden korunmasına yönelik çeşitli emprenye ve üst yüzey işlemleri uygulanarak 
odunun yanma özelliklerinden yanma süreleri üzerindeki etkileri araştırılmıştır. Bu amaçla, ASTM–E 160-50 yanma testi 
standartlarında verilen esaslara göre sedir (Cedrus libani A.Rich.) ve ladin (Picea orientalis L.) odunundan hazırlanan deney örnekleri 
ASTM–D 1413–76 esaslarına göre tanalith-E ve wolmanit-CB emprenye maddeleri ile emprenye edilip ASTM-D 3023 esaslarına göre üst 
yüzey işlemi olarak sentetik ve su bazlı dış mekan vernikleri uygulandıktan sonra açık hava şartlarında mevsimsel etkileri incelenmiştir. 
Elde edilen sonuçlara göre, ilk yıkılma süresi; Ladin odunu örnekleri için en yüksek kış örneklerinde 457 sn ve en düşük ise sonbahar 
örneklerinde 257 sn, Sedir odunu örnekleri için en yüksek kontrol örneklerinde 479 sn, en düşük ise kış örneklerinde 326 sn’dir. Tüm 
yanma süresinde ise; Ladin odunu örnekleri için en yüksek kontrol örneklerinde 2105 sn ve en düşük ise yaz mevsimi örneklerinde 1143 
sn, Sedir odunu örnekleri için en yüksek sonbahar örneklerinde 2707 sn, en düşük ise yaz mevsimi örneklerinde 1338 sn olarak tespit 
edilmiştir. 
 
Anahtar Kelimeler: Sedir Odunu, Ladin Odunu, Emprenye, Vernik, Mevsimsel Değişim, Yanma Süresi, 
   

 

1 Introduction 

Wood material is widely used in interior and exterior 
decoration thanks to having characteristics like being aesthetic, 
being light, easy processability, superior physical and 
mechanical features in comparison with the other construction 
materials. However together with these positive features, it has 
characteristics like resulting in physical and mechanical 

changes under the exterior effects besides being flammable 
which limit the usage areas. Effects like loss of the radiance, rub 
surface, crack formation and colour change in wood surface, 
which are connected to the chemical changes in the structure of 
cellulose, hemicellulose, and lignin, the main components used 
in wood material under the outdoor environment conditions, 
are seen. This progress hosts quite complex reaction in its 
structure [1]. 
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Wolmanit – CB as well as being a substance used as the 
protective against fire, impregnated wood material burns fairly 
harder than the normal wood material. In its combination there 
is %35 copper sulphate (CuSO4). 5H2O), %45 potassium 
bichromate (K2Cr2O7), %20 boric acid (H3BO3). Having no 
arsenic flour substances in its content has reduced its 
poisonous impact on humans and animals. It has projective 
effect against the insects, fungus ruining the wood, vermin 
destroying the wood in sea water including fungus causing soft 
rottenness. [2]. 

The various impacts of impregnation substance used for the 
purpose of protecting eucalyptus wood in interior and exterior 
environment (biotic and abiotic factors) on combustion 
features are investigated and tanalith-CBC, borax, boric acid, 
vacsol-WR, immersol-WR, polietilenglikol-400 and ammonium 
sulphate are used as impregnation. Consequently, compounds 
with salt and boron increased the combustion resistance of the 
wood, increasing effects of water driving substances are 
reduced [3]. 

Wood based sheets’ combustion resistance is investigated. 
During the experiment, applying with a flush and dipping 
techniques, 2K2CO3.3H2O, Na2B4O7.10H2O and wolmanit-CB 
substance along with plywood, OSB, MDF sheets are used. It is 
identified that Wolmanit-CB chemical whose starting time for 
combustion identified latest, has the longest duration for 
flaming combustion. According to this, it can be said that 
wolmanit is a substance that blazes late but vulnerable to 
combustion, it has an increasing effect for its long flaming 
combustion which is longer than the control pieces [4]. 

Mechanical strength losses of samples impregnated with borax 
were lower than non-impregnated controls and specimens 
impregnated with boric acid [5]. 

Varnishes showed an increasing impact and boron compounds 
showed decreasing impact on combustion [6]. 

A research is done to determine impact of colour opening 
operation the combustion features of varnishes and wood 
samples. In respect to this study we can say that colour opening 
operation and colour opening solutions has lowered the 
increasing effect for combustion, decreased smoke density, 
shortened the combustion duration and given results close to 
control. Gas values were close or equivalent to control values 
expect for CO, whose values were high [7]. 

2 Experiment 

2.1 Materials 

Cedar and oriental spruce woods, which is frequently employed 
in the wood processing industry in Turkey, was selected as the 
material. The wood material was obtained in a randomized 
manner from a timber processing plant in Trabzon in 
compliance with TS 2476, taking care to sample healthy, 
regular-fibred, rot-free, knot-free, normally grown pieces 
without any reaction wood and devoid of fungal and insect 
attacks [8]. The preparation of samples Gumushane University 
Vocational School was conducted in the workshop furniture 
and decoration applications. 

Two frequently employed impregnation chemicals, wolmanit-
CB and tanalith-E were used to impregnate the samples. Water-
based varnish was selected owing to the fact that its chemical 
formulation lacks volatiles while synthetic varnish was selected 
because of its regular use in Turkey. 

2.2 Methods 

Preparation of the test samples 

Experiment samples for the study are prepared from clean, 
crack-free, proper wire formation, straight fibered pieces 
without resin and growth detects, and sharp wood parts 
without color and density differences, unharmed from any 
insect or fungus activity and without reaction wood. 

The experimental samples were regularly cut in sizes of 
13x13x76 mm (radial x tangent x length). A total of 6480 test 
samples were prepared from cedar and oriental spruce woods 
to investigate the effect of 2 different impregnating materials, 2 
different types of varnish, 4 seasons and for the investigation of 
samples with 3 groups, with 24 samples in each group 
(2x5x3x3x24x3). The test samples were dried at 20±2ºC and a 
relative humidity of 65±5 % until they reached constant weight 
prior to any treatment application and they were weighed to a 
precision of 0.01 g [9]. 

Table 9. Test samples prepared for the present study. 

Wood 
Type 

Factor 
Number Change of 

seasonal 
Materials of 
impregnate 

Types of 
varnish 

Cedar 
 
Oriental 
Spruce 

Spring 
Wolmanit-
CB 
 
Tanalith-E 

Water-
based 
varnish 
 
Synthetic 
varnish 

3x24=72 
Summer 3x24=72 
Fall 3x24=72 
Winter 3x24=72 
Control 3x24=72 

 

Impregnation 

The vacuum-pressure method was employed for impregnation 
as detailed in ASTM-D 1413-76. The impregnated materials 
were left in an air-circulated room for 15-20 days to allow for 
the evaporation of the solvent material and were kept at a 
temperature of 20±2°C and relative humidity of 65±3 % until 
they achieved constant moisture content of 12 % [10]. 

Determination of the extent of retention 

The extent of retention of the impregnating material of the test 
samples was determined as provided in the TS 5724, 1988 
standard and was calculated making use of the values prior to 
and post-impregnation using the following equation [11]. 

The retention of the samples used in the experiments is 
provided in Table 2. 

 

1000
G.C

 =  R 








V
 kg/m3                                                              (1) 

 
where; G= T2 -T1 
T1= sample weight prior to impregnation (g), 
T2= sample weight post impregnation (g), 
V= sample volume (cm3), 
C= concentration of the solution (%). 
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Table 2. Extent of retention of the test samples used in the 
experiments. 

Retention (kg/m3) 
Wolmanit-CB Tanalith-E 

2.48 1.26 

Varnish application 

The samples were varnished following impregnation and 
acclimatization in compliance with the principles provided in 
ASTM-D 3023, 1988 [12]. Sample surfaces were lightly sanded 
using no. 220 sandpaper and cleaned of dust to make them 
ready for varnish application. Manufacturer’s 
recommendations on the amount of varnish to be applied were 
followed. The varnish was weighed on a scale with a precision 
of 0.01 g. The amount of hardeners, thinners or diluting media 
needed to condition the varnish were employed in compliance 
with the recommendations of the manufacturer. The varnished 
samples were dried at room temperature. 

Outdoor Exposure 

Both the control (untreated) samples and the varnished and 
impregnated samples were then left outdoors on stands that 
were prepared according to the ASTM G7-05 standard between 
06/01/2012 – 05/31/2013 [13]. The meteorological 
parameters for Ankara during the period of June 2012 - May 
2013 are displayed in Table 2. 

Table 3. Meteorological Data for Ankara During the Period of 
June 2012-May 2013 

ANKARA 
Average of temperature (°C) 14.8 
Average of the highest temperature (°C) 28.1 
Average of the lowest temperature (°C)   3.4 
Monthly maximum rainfall (mm)   9.8 
Monthly average relative humidity (%) 57.4 
Monthly average Daily total sunbath (hours)   5.8 

Combustion tests  

The impregnated - non-impregnated and varnished - 
unvarnished samples were removed from the outdoor 
environment at the end of their periodic exposure and the 
ignition characteristics of the samples were determined using 
the apparatus as detailed in the ASTM-E 160–50, 1975 standard 
[14]. 

Statistical evaluation of the data 

The temperature of combustion process, the illuminance, the 
duration of combustion, the weight loss and the results of the 
gas analyses of the samples measured in triplicate were used to 
conduct an analysis of variance employing randomized block 
factorial experimental design using SAS software. The mean 
values were compared using the least significant difference 
(LSD) test. 

Finally, the multiple correlation analysis was carried out in 
order to investigate the relationship between groups, SAS 1989 
[15]. 

3 Conclusion 

According to wood average values for first destruction time, 
spruce samples are lowest with 355,83 seconds, cedar samples 
are highest with 432,5 3 seconds; at the same time, all average 
time for combustion duration, the highest time belongs to cedar 
samples with 189,52 seconds, the lowest time belongs to spruce 
samples with 1576,23 seconds (table 4). In respect to wood 

species, the average values for first destruction and complete 
combustion period are given in the Figure 1. 

Table 4.  The average values for first destruction and complete 
combustion duration according to wood types and groups 

obtained from least significant difference (LSD) test  

Wood 
Type 

Time of Demolition First 
(seconds) 

Time of All Burn 
(seconds) 

Cedar  432,53 1892,52 
Spruce 355,83 1576,23 
Average 394,18 1734,38 
Sx 54,24 223,65 
CV (%) 0,14 0,13 
 

 
Figure 19. The average values for first destruction and 

complete combustion duration according to wood types and 
groups obtained from least significant difference (LSD) test  

While the analyses for average first destruction time are 
shown in the Table 5 according to the impregnated substance, 
highest value is 405,17 seconds in non-impregnated, the 
lowest value is 387,48 seconds in samples impregnated with 
wolmanit CB; average numbers of the complete combustion 
period figure out as following; the highest value is 1950,70 
seconds in impregnated with wolmanit-CB, the lowest one is 
1513,38 seconds in non-impregnated samples. (Fig 2). 

Table 5. The average values for first destruction and complete 
combustion duration according to impregnation substance 
and groups obtained from least significant difference (LSD) 

test 

Materials of 
impregnate 

Time of Demolition 
First (seconds) 

Time of All Burn 
(seconds) 

Wolmanit-
CB 

387,48 1950,70 

Tanalith-E 389,91 1739,05 
Control 405,17 1513,38 
Average 394,18 1734,38 
Sx 9,59 218,70 
CV (%) 0,02 0,13 
 

432,53 355,83

1892,52
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0,00

500,00

1000,00

1500,00

2000,00

Cedar Spruce

Wood Type

TDF (sn) TAB (sn)



 
 
 
 

M. Said FİDAN, Ş. Şadiye YAŞAR, Mehmet YAŞAR, Musa ATAR, Elif ALKAN 
IFC 2016 International Furniture Congress 13-15 October 2016 

 

505 
 

 
Figure 2. The average values for first destruction and complete 

combustion duration according to impregnation substance 
and groups obtained from least significant difference (LSD) 

test 

According to varnish types, among average values of the first 
destruction durations 403,00 seconds is the highest in water 
based varnished samples, 389,62 seconds is the lowest value in 
synthetic varnished; average values for complete combustion 
duration measured highest with 1526,07 seconds in water 
based varnished samples, measured lowest with 1459,27 
seconds in synthetic varnished samples.   

Table 6. The average values of first destruction and complete 
combustion duration according to varnish types and groups 

obtained from least significant difference (LSD) test 

Types of 
varnish 

Time of Demolition 
First (sn) 

Time of All Burn 
(sn) 

Water-based 403,00 1526,07 
Synthetic 389,62 1459,27 
Control 389,92 1749,88 
Average 394,18 1734,38 
Sx 7,64 13,50 
CV (%) 0,02 0,01 

 

 
Figure 3. The average values of first destruction and complete 
combustion duration according to varnish types and groups 

obtained from least significant difference (LSD) test 

According to seasonal changes, while average first destruction 
periods (Table 7) were determined highest in summer samples 
with 436,89 seconds, lowest in spring samples with 361,91; 
complete combustion periods showed the highest value in fall 
samples which is 2176,19 seconds, the lowest value in spring 
samples which is 1240,83 seconds (Figure 4). 

Table 7. According to seasonal changes average values of first 
destruction periods and groups obtained from least significant 

difference (LSD) test 

Change of 
seasonal 

Time of Demolition First 
(seconds) 

Time of All Burn 
(seconds) 

Summer 407,89 1240,83 
Fall 372,61 2176,19 
Winter 391,61 1877,52 
Spring 361,91 1417,37 
Control 436,89 1959,96 
Average 394,18 1734,37 
Sx 29,69 213,39 
CV (%) 0,08 0,47 
 

 
Figure 4. According to seasonal changes average values of first 
destruction periods and groups obtained from least significant 

difference (LSD) test. 

Average values of first combustion duration in respect to 
seasonal change, wood type, varnish types and impregnation 
substance interaction, measured 658,33 seconds as highest 
value in cedar summer samples impregnated with Tanalith-E 
and varnished with synthetic varnish; 204 seconds as lowest 
value in spruce spring samples applied with synthetic varnish 
and non-impregnated. Complete combustion duration 
according to seasonal change, varnish types, wood type and 
impregnation substance interaction on average is highest with 
3846 seconds in cedar fall samples impregnated with 
Wolmanit-CB and varnished with synthetic varnish; is lowest 
with 690 seconds in spruce summer samples non-impregnated 
covered with synthetic varnish (Table  8). 
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Table 8. Average values of first destruction and complete 
combustion durations according to seasonal change, varnish 

types, wood type and impregnation substance interaction 

Change of seasonal*Wood type 

*Materials of impregnate * 

Types of varnish 

TDF 

(sn) 
Error 

TAB 

(sn) 
Error 

Summer* Spruce*Wol-CB*Syn 405 105 990 30 

Summer* Spruce*Wol-CB*Wb 420 90 1455 135 

Summer* Spruce* Wol-CB*Con 345 75 990 30 

Summer* Spruce*Tan-E*Syn 345 30 1470 30 

Summer* Spruce*Tan-E*Wb 340,33 35,02 1085 85 

Summer* Spruce*Tan-E*Con 525 30 1455 285 

Summer* Spruce* Con*Syn 255 15 690 120 

Summer* Spruce* Con*Wb 267,67 57,50 1020 30 

Summer* Spruce* Con*Con 375 15 1135 115 

Summer* Cedar *Wol-CB*Syn 345 15 1230 120 

Summer* Cedar *Wol-CB*Wb 358,67 16,50 1320 120 

Summer* Cedar *Wol-CB*Con 367,67 7,50 1140 210 

Summer* Cedar *Tan-E*Syn 658,33 241,50 1560 0 

Summer* Cedar *Tan-E*Wb 420 30 1755 165 

Summer* Cedar *Tan-E*Con 426,67 38,50 1410 90 

Summer* Cedar *Con*Syn 452,67 12,50 1230 150 

Summer* Cedar  *Con*Wb 420 15 1080 0 

Summer*Cedar *Kontrol*Con 615 165 1320 60 

Fall* Spruce* Wol-CB*Syn 282,67 7,51 2017,67 372,50 

Fall*Spruce* Wol-CB*Wb 272,67 2,52 1887,67 242,50 

Fall*Spruce* Wol-CB*Con 272,67 2,52 2057,67 412,50 

Fall* Spruce*Tan-E*Syn 265 10 1672,7 27,50 

Fall*Spruce*Tan-E*Wb 277,67 2,52 1357,67 287,50 

Fall*Spruce*Tan-E*Con 265 10 1557,67 87,50 

Fall* Spruce* Con*Syn 342,67 67,50 1610 35 

Fall*Spruce* Con*Wb 235 40 1227,67 417,50 

Fall*Spruce* Con*Con 262,67 12,50 1417,67 227,50 

Fall* Cedar *Wol-CB*Syn 602,67 132,50 3846 1139 

Fall*Cedar *Wol-CB*Wb 430 40 3086 379 

Fall*Cedar *Wol-CB*Con 430 40 3138,67 431,50 

Fall* Cedar *Tan-E*Syn 437,67 32,50 2438,67 268,50 

Fall*Cedar *Tan-E*Wb 400 70 2863,67 156,50 

Fall*Cedar *Tan-E*Con 437,67 32,50 2591 116 

Fall* Cedar *Con*Syn 467,67 2,52 1998,67 708,50 

Fall*Cedar  *Con*Wb 587,67 117,50 2448,67 258,50 

Fall*Cedar *Con*Con 437,67 32,50 1953,67 753,50 

Winter*Spruce* Wol-CB*Syn 458 0 1796,67 18,50 

Winter*Spruce* Wol-CB*Wb 457,33 0,58 2111,67 333,50 

Winter*Spruce* Wol-CB*Con 457,33 0,58 1864 86 

Winter*Spruce*Tan-E*Syn 401,33 56,50 1976,67 198,50 

Winter*Spruce*Tan-E*Wb 457 1 1541,67 236,50 

Winter*Spruce*Tan-E*Con 386,33 71,50 1736,67 41,501 

Winter*Spruce* Con*Syn 454 4 1511,67 266,50 

Winter*Spruce* Con*Wb 499 41 1811,67 33,50 

Winter*Spruce* Con*Con 544 86 1654 124 

Winter*Cedar *Wol-CB*Syn 337,67 7,51 2578,33 601,50 

Winter*Cedar *Wol-CB*Wb 329 1 2353,33 376,50 

Winter*Cedar *Wol-CB*Con 330 0 2511 534 

Winter*Cedar *Tan-E*Syn 337,67 7,51 2158,33 181,50 

Winter*Cedar *Tan-E*Wb 345 15 1551 426 

Winter*Cedar *Tan-E*Con 345 15 2083,33 106,50 

Winter*Cedar *Con*Syn 295 35 1438,33 538,50 

Winter*Cedar  *Con*Wb 262,67 67,50 1611 366 

Winter*Cedar *Con*Con 352,67 22,50 1506 471 

Spring*Spruce* Wol-CB*Syn 279 9 1348,67 151,50 

Spring*Spruce* Wol-CB*Wb 301,67 13,50 1018,67 178,50 

Spring *Spruce* Wol-CB*Con 294 6 1393,67 196,50 

Spring*Spruce*Tan-E*Syn 324 36 1213,67 16,50 

Spring*Spruce*Tan-E*Wb 309 21 1318,67 121,50 

Spring *Spruce*Tan-E*Con 234 54 1198,67 1,53 

Spring*Spruce* Con*Syn 204 84 1033,67 163,50 

Spring*Spruce* Con*Wb 329 41 1093,67 103,50 

Spring *Spruce* Con*Con 309 21 1258,67 61,50 

Spring*Cedar *Wol-CB*Syn 511 74 1713 87 

Spring*Cedar *Wol-CB*Wb 518,33 81,50 1720,67 94,50 

Spring *Cedar *Wol-CB*Con 376 61 1953 327 

Spring*Cedar *Tan-E*Syn 383,33 53,50 1503 123 

Spring*Cedar *Tan-E*Wb 398,33 38,50 1383 243 

Spring *Cedar *Tan-E*Con 383,33 53,50 2058 432 

Spring*Cedar *Con*Syn 421 16 1583 43 

Spring*Cedar  *Con*Wb 421 16 1338 288 

Spring *Cedar *Con*Con 518,33 81,50 1383 243 

Con*Spruce* Wol-CB*Syn 332,67 62,50 2205,33 99,50 

Con*Spruce* Wol-CB*Wb 467,67 72,50 2435,33 329,50 

Con*Spruce* Wol-CB*Con 340 55 2193 87 

Con*Spruce*Tan-E*Syn 397 3,4641 1905,33 200,502 

Con*Spruce*Tan-E*Wb 397,67 6,81 2288 182 

Con*Spruce*Tan-E*Con 370 25 2038 68 

Con*Spruce* Con*Syn 355 40 1960,33 145,50 

Con*Spruce* Con*Wb 572,67 177,50 2033 73 

Con*Spruce* Con*Con 327,67 67,50 1893 213 

Con*Cedar *Wol-CB*Syn 434 44 1987 173 

Con*Cedar *Wol-CB*Wb 516,67 38,50 2377 563 

Con*Cedar *Wol-CB*Con 351,67 126,50 1802 12 

Con*Cedar *Tan-E*Syn 426,67 51,50 1552 262 

Con*Cedar *Tan-E*Wb 621,67 143,50 1672 142 

Con*Cedar *Tan-E*Con 381,67 96,50 1777 37 

Con*Cedar *Con*Syn 478 0 1537 277 

Con*Cedar  *Con*Wb 456,67 21,50 1597 217 

Con*Cedar *Con*Con 636,67 158,50 2027 213 

Wol-CB; Wolmanit-CB, Tan-E; Tanalith-E, Syn; Synthetic, Wb; 
Water-based, Con; Control, TDF; Time of Demolition First, 

TAB; Time of All Burn 

According to wood types, among average first destruction time, 
the lowest value measured in spruce samples, the highest in 
cedar samples; complete combustion duration on average is 
highest in cedar samples, lowest in spruce samples. 

According to impregnation substance, average values of first 
destruction duration is highest in non-impregnated samples, 
lowest in samples impregnated with Wolmanit-CB, on the other 
hand, in average complete combustion duration the highest 
value belongs to samples impregnated with Wolmanit-CB, the 
lowest belongs to non-impregnated samples. 

According to varnish types, first destruction period on average 
is determined highest in samples applied with water based 
varnish, lowest in samples applied with synthetic; complete 
combustion duration on average is highest in samples 
varnished with water based varnish, lowest in samples applied 
with synthetic varnish. 

According to seasonal change, among average times of first 
destruction, the highest time measured in summer samples, the 
lowest measured in spring samples; average durations of 
complete combustion, highest value is figured out in fall 
samples, lowest value figured out in spring samples. 

Average time for first destruction time effected by seasonal 
change, varnish type, interaction of impregnation substance 
and wood type emerges highest in samples impregnated with 
Tanalith-E and samples applied with synthetic varnish in cedar 
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summer samples, emerges lowest in spruce spring samples 
applied with synthetic varnish without impregnation. Complete 
combustion period on average according to seasonal change, 
varnish type, interaction of impregnation substance and wood 
type measured highest in cedar fall samples impregnated with 
wolmanit-CB, synthetic varnished, measured lowest in spruce 
summer samples applied with non-impregnated synthetic 
varnish. 
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Abstract   

This study has been performed to determine the formaldehyde emission propagation velocity in the MDF, MDFlam, plywood, particleboard and melamine 
coated chipboard. For this reason, plywood, chipboard, MDF, laminated MDF, laminated chipboards, which were 500*500*18 mm, were used. The 
measurement of formaldehyde emission propagation velocity in the wood based panels has been done with Multi-RAE gas measurement device between 
200C–65% relative humidity and 350C-65% relative humidity. As a conclusion, Formaldehyde emission velocity propagation between the two 
environments did not have statistically significant differences. The highest emission velocity propagation was seen in plywood and chipboard and then 
MDF, respectively. The lowest velocity propagation was obtained in the chipboard. In this study, emission propagation velocity for plywood was about 22 
hours and the emission propagation velocity for chip boards was 3 hours. Accordingly, these values may be considered very important in the selection of 
wood-based panels to be used in the living area of formaldehyde propagation velocity. 

Keywords: Formaldehyde emission propagation velocity, MDF, MDFlam, Chipboard, Plywood, Laminated Chipboard 
   

 

AHŞAP ESASLI LEVHALARDA FORMALDEHİT EMİSYON YAYILMA HIZININ 
BELİRLENMESİ 

Özet   
Bu çalışmada MDF, kontrplak, yongalevha, yongalam ve mdflam levhaların formaldehit emisyon yayılma hızının belirlenmesi amaçlanmıştır. Bu amaçla 
piyasadan rastegele temin edilmiş olan levhalar normal oda şartlarında 20±20C sıcaklık ve %65±5 nisbi nem koşullarında, ısıtılmış oda şartları olarak 
kabul edilen 35±20C sıcaklık ve %45±5 nisbi nem şartlarında formaldehit emisyonu değerleri TS EN 717-1 standardı esasına göre Multi-RAE çoklu gaz 
ölçüm cihazı ile belirlenmiştir. Sonuç olarak, 200C-%65 ve 350C-%45 nisbi nem koşullarında iki ortam arasında formaldehit emisyon yayılma hızı 
bakımından istatistiksel olarak önemli bir fark görülmemiştir. Matematiksel olarak iki ortam arasında en yüksek emisyon yayılma hızı kontrplaklarda 
belirlenmiş ve bunu sırasıyla suntalam ve MDF izlemiştir. En düşük emisyon yayılma hızı ise yongalevhada ölçülmüştür. Kontrplaklarda emisyon yayılma 
hızı 3 saat iken yongalevhada bu süre 22 saate kadar çıkmıştır. Buna göre formaldehit yayılma hızının önemli olduğu yaşam alanlarında kullanılacak 
ahşap esaslı levha seçiminde bu değerler dikkate alınabilir.  
Anahtar Kelimeler: Formaldehit emisyon yayılma hızı, MDF, MDFlam, Suntalam, Kontrplak, Yongalevha  
   

1 Introduction 

After development and change of civilizations, consumers’ 
needs also change and develop. In order to meet these changing 
needs, requisite stock [1]. To meet these varying needs, starting 
with the raw materials necessary for trying to ensure that its 
limited resources to dwindle, there has been a number of 
challenges. One of the decreasing construction source is forests 
and it is started to developing new materials to use instead of 
wood massive materials that are obtain from forest. In order to 
positively contribute to entity of forests by decreasing usage of 
massive wood, is found that wood based panel and we used 
frequently. These materials were really beneficial for producers 
and consumers. But, after increasing of environment and health 
consciousness, there has been lots of examination for the 
materials even for these panels. According to research, panels 
has some effects on human health and environment. The basic 

reason of these harmful effects are formaldehyde component 
glue and these spread poisoned gas named formaldehyde. This 
has named formaldehyde. This poisoned gas causes some 
health problems. Poisoned effect on panels can be change in 
terms of usage place of it. Ambient temperature and moisture 
affect formaldehyde emission rate. Formaldehyde emission 
occurs from the holes on panel surface and sides. 

According to research that is done to decrease this negative 
effects, adding hardener to the glue that is used, changing 
effective materials, adding formaldehyde holding materials, not 
using the panels immediately after produce are beneficial 
solutions. But, because these are expensive ways to produce 
panels, generally classical ways are preferred. 

At the study about how production conditions on plywood 
production affect formaldehyde emission it is examined that 
how coatings’ drying ways used plywood production effect 
formaldehyde emission. It is seen that formaldehyde quantity 
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on plywood that is produced from evaporated and dried with 
technique drying coatings is more than dried with natural ways 
[2]. 

It is observed that plating’s thickness, preservative rate, 
increasing press pressure and increasing storage hour on 
plating used producing plywood and it is found out that these 
factors have an effect on decreasing formaldehyde emission [3]. 

Different chemical substances used in the production of MDF 
which formaldehyde emission urea formaldehyde glue were 
added to the solution, the free formaldehyde in the study which 
examined the effect of siklopentilami at least out in the open, 
urea solutions, urea formaldehyde and tannin were observed in 
the use of a decrease in the value of free [4]. 

In another study with plywood, glue which is added to the 
mixture, aluminum sulfate, examined the effect of 
formaldehyde emission, the experiment added to the glue 
during the production of poplar boards in a certain amount of 
formaldehyde reduces emissions it was concluded that 
aluminum sulfate [5]. 

The plywood production was 5% the addition of borax, to 
reduce the amount of formaldehyde emission has been 
reported [6]. 

Added to reduce formaldehyde emission from plywood glue of 
dust in the production of PET bottles have been identified. 
However, in spite of this stated value 120 that are above 
industry standards [7]. 

Wood based panels of formaldehyde emissions in terms of 
assessing the effects on environmental and human health is 
critical, but also the experimental methods used in different 
countries are reported to be different. Of the test methods 
commonly used in the United States, and the Japanese 
desiccator method JIS a comparison between ASTM e 1333-10 
large room 1460-2001 conducted a study. Uncoated particle 
board and MDF used in the experiment example 16 mm, under 
different climate conditions, loading rate and air-change rates 
according to the amount of formaldehyde emission was 
measured. Both methods yielded results close to each other the 
rate of installation is low. Although the results of the study have 
some effects on the rate of air change, air change rates between 
different values it has been reported that the results gave close 
between [8]. 

A method of determining formaldehyde emission by using the 
method of Gündüz and Ayan their research rooms in melamine-
coated particleboard and fiberboard emission measurements 
of 10. a day is fixed, but it's not completely over are committed 
to. In the same study, when the same type of emissions the gas 
analysis method is used in the plates 3. from the month had 
decreased, and 7. it was observed that it reaches the lowest 
level in months [9]. 

Keskin and Tekin different environmental conditions for 
different wood-based materials examined how formaldehyde 
emission value changes, and ultimately high-temperature and 
low-humidity media of the plates in formaldehyde emission, 
low-temperature high-humidity environment was more than 
that reported [10]. 

37 0C and 50 0C in the media in two separate studies of wood 
based panels in high-temperature medias that should not be 
used stated [11]. 

Winglusz and friends, formaldehyde emission at temperatures 
in 230C and 290C 500C examined and after that there is a 
significant increase in 29 have been identified [12].  

A study about the harmful effects of formaldehyde in the 
province of Ankara, the amount of formaldehyde that are found 
in the living room and kitchen are examined and it is revealed 
that values higher than allowed. The residents in these homes 
watery eyes, runny nose, dryness in the throat, such as 
formaldehyde have been found to have side effects [13]. 

Furniture surface coating emission distribution have a direct 
effect on the formaldehyde emission and to have a say in the 
quality of the surface coating has been reported [14]. In another 
study, formaldehyde emission has been found to significantly 
reduce the rate of surface treatment [15]. 

Formaldehyde emission of temperature, Relative humidity, air 
exchange rate and endogenous (tree species, the level of 
binding, the binding type, production conditions, etc.) in a 
study, emphasizing that it is dependent on many factors, with 
the aging of the wood panel, it was stated that formaldehyde 
emissions have fallen significantly. In this study, the highest 
formaldehyde emission value oak (9 ppb) and the lowest value 
of the in-laws (2 ppb) were found [16].  

Building products, as controlled or uncontrolled depending on 
climatic conditions, notably indoor environments indoor air 
quality that can affect it has been stated. Formaldehyde 
emissions from building materials indoor air pollution and 
contribution to adsorption/desorption behavior for its effects 
on the stainless steel custom-made climate-controlled, 48m3 of 
the home environment, this test was used for analysis. This 
study established the indoor air concentration of formaldehyde 
in the test room to order custom related to the emission, 
adsorption / desorption, and diffusion is focused on the 
interaction of effects. This 48m3 are different according to the 
climatic conditions of steel construction and computer 
controlled test chamber has been established. Ceiling tiles, 
gypsum board, wall coverings, floor coverings, building 
materials and furniture such as formaldehyde concentrations 
were measured in the air of the house a few weeks considering. 
The actual concentration of formaldehyde in indoor air by the 
impact this study has revealed multiple parameters. 
Adsorption / desorption as well as diffusion of the material on 
indoor formaldehyde levels also, it was stated that the 
contribution should be taken into consideration while 
evaluating [17]. 

Chipboard, MDF, HDF, plywood, floor covering materials (HDF, 
solid wood, solid wood, bamboo, and PVC) formaldehyde 
emission test methods and content different from European 
small-room (EN 717-1), gas analysis (EN 717-2), American 
small room method (ASTM D 6007-02) and a perforator (120) 
was measured. Formaldehyde emissions are a significant 
number of plate thickness and the plate was influenced by 
cultivar. However, the emissions for plywood and particleboard 
that does not have significant influence of the moisture content 
has been reported. Also the output of formaldehyde, MDF and 
HDF for 200 g/m2 with oil based paint has led to increases in 
emissions from the coating process. Four 16mm particle board 
formaldehyde is a strong positive correlation between the test 
methods it has been shown that values in between there. Panels 
for flooring formaldehyde emission, 0.003 and 0.125 mg/m3 
were obtained. UV-curable coating PVC flooring with EN 717-1 
emission values measured with 0.003 and 0.008 mg/m3 has 
been reported to vary between. [18]. 
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In this study, MDF, plywood, particleboard and mdflam 
formaldehyde emission plates laminated particleboard the 
propagation speed of the Multi-RAE, we aimed to determine 
using the device. Wood based panels that are used for this 
purpose were obtained from data on the decrease of the 
harmful event. 
 

2. Materials and Methods 

 
2.1. Wood-Based Panels 
 
In this study, we examined the balancing of formaldehyde 
emission of wood based panels or completely exhausted. In 
other words, the propagation velocity of the emission in the 
plates has been determined. Experimental samples were 
obtained from sites in the Ankara region. The experiment in 
Example particleboard, MDF, particleboardlam, MDFlam and 
plywood was used. 
 
2.2. Experimental Preparation of Samples and Test Method 
 
Specified in EN 717-1 formaldehyde emission according to the 
measurement of the propagation speed of TS are reviewed. 
Accordingly, 500*500*18mm size samples were prepared [19]. 
Typically, panel furniture MDF with the hole cover is opened 
and used as a flaking lock handle (Image 1). For the 
experiments, 2 different media was created. The first media 
20±2 0C temperature and 65±5% relative humidity conditions 
and the second media representation of the room at 35±20C 
temperature and 45±5% relative humidity conditions in the 
heated room the representation. The numerical example in 
Table 2.1 the experimental data is given.  
 

Table 2.1. Numerical data in relation to the experimental 
examples 

 

TEST SAMPLES 
Media of Test 

Total 
(Piece) 1st Media 

(200C 65%) 
2nd Media 

(350C 45%) 
Particleboard 4 4 8 

Particleboardlam 4 4 8 

MDF 4 4 8 

MDFlam 4 4 8 

Plywood 4 4 8 

TOTAL 40 

     

Image 1 
 

2.3. Test Method 
 
Experiments fotoiyonize technology that works with the multi-
RAE lite PGM 6208 formaldehyde detector and the test sample 
under specific temperature and humidity to remain, which 
allows a test cabinet (Image 2) is made. Before each experiment 
the sample is placed in specified temperature and the humidity 
of the cabin the cabin is set. Prior to each experiment are ready 
to be used to reset the emission detector. After 3 hours of 
experimental materials placed in the device after the first 
measurement has been made, the subsequent measurements 
were made at shorter intervals in order to achieve balance. The 
value read in ppm or consecutive measurements made at the 
end when he showed the device 0,00 ppm is achieved when the 
value of the same measurement 3, The sample, the experiment 
was terminated. 
 
 

    
Image 2 
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2.4. Data Evaluation   
 
MDF, plywood, particleboard, laminated particleboard and 
mdflam statistical difference between the speeds of 
propagation and interaction of formaldehyde emission plates 
to detect MSTAT-C (version 1.4) statistical program was used. 
Differences of P<0.05 is significant in a statistical sense as 
compared to in case the significance of the differences between 
groups is determined by the value of LSD. So try to rank factors 
according to how they interact with each other taken smallest 
significant difference (LSD) was determined by the critical 
value according to homogeneity to leave the group. 
 

3. Results 
 
3.1 The Propagation Speed of Formaldehyde Emission 
 
Formaldehyde emission in the media of the propagation speed 
of two different propagation speeds (hour) statistical values of 
measurements Table 3.1, 3.2, and 3.3 are given below. 
 

Table 3.1. The propagation speed of two different media 
formaldehyde emission  

 
STAT 

TESTING SAMPLES 

MEDIA Particle 
board 

Plywood MDF 
MDF 
lam 

Particleboard 
lam 

I.
 M

E
D

IA
 

(2
0

0
C

 6
5

%
 R

el
. 

H
u

m
id

it
y

) 

x 22 3 3,6 18,6 3 

Ss 1,632 0 0,94 7,54 0 

v 4 0 1,33 85,3 0 

min 20 3 3 8 3 

max 24 3 5 24 3 

II
. M

E
D

IA
   

 
 (

3
5

0
C

 4
5

%
  

R
el

. H
u

m
id

it
y

) 
   

   
   

   

x 21,33 3 8,33 18 3 
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x: arithmetic mean, and: variance, s: standard deviation 

 
Formaldehyde emission the propagation speed of the longest 
22 hours 1. with the particleboard in the media were found. 
This can be explained by the glue that is used in the production 
of particleboard. 
 

Table 3.2. The propagation speed of the analysis of variance 
the results of formaldehyde emission 

Variance 

Source 
Sum of 

Squares  
SD 

Squares 
Mean  

F 
The level 
of p <0.05 

Material 688512 4 172128 25,93 0,000 
Media 12000 1 12000 0,180 N.S 
Materials*Media 110400 4 27600 0,415 N.S 
Error 1327200 20 66360   

Total 8334720 29  

 
According to Table 3.2, the rate of formaldehyde emission and 
moisture in the environment emitted from the heat exchange 
material may be effective, while the effect of the type of material 
formaldehyde emission rate were found to be statistically 
significant. The Duncan test results in Table 3.3 for 
determination of the level of significance are given.  
 

 
Table 3.3. The type of material, according to DUNCAN's test 

results 

Testing Examples X HG* 

Particleboard 1300 A 

MDFlam 1100 A 

MDF 360 B 

Plywood 180 B 

Particleboardlam 180 B 
   * LSD; 304,2 HG; homogeneous group 

 
Chipboard and mdflam of homogeneity in terms of the types of 
material while in a group class, MDF, plywood and chipboard 
also homogeneity of Group B in the class has taken place.  
 

Table 3.4. Plate and the media, in terms of the results of the 
DUNCAN test 

Media Materials X HG* 

1 Particleboard 1320 A 
2 Particleboard 1280 A 
1 MDF 1120 A 
2 MDF 1080 A 

2 MDFlam 500 B 

1 MDFlam 220 B 

1 Plywood 180 B 

2 Plywood 180 B 

1 Particleboardlam 180 B 

2 Particleboardlam 180 B 
*LSD; 430,2 HG; Group homogeneity 

 
According to Table 3.4, the duration of the longest 1320 
minutes to 1 formaldehyde emission in the particleboard in the 
media, respectively, 2. ambient particleboard (1280 dk) 1. 
media MDF (1120 min), 2. media MDF (1080), 2. MDF media 
(500 min), 1. Media MDF (220 min), 1. and 2. plywood and 
medias laminated particleboard (180 min) were found to be. 
 

Table 3.5. The results of the two media in DUNCAN 

Testing  
Samples 

I. Media 
X 

H.G* 
II. Media 

X 
H.G* 

Particleboard 1320 A 1280 A 

MDF 1120 A 1080 A 

MDFlam 220 B 500 B 
Plywood 180 B 180 B 
Particleboardlam 180 B 180 B 

*LSD;430,2 HG; Group homogeneity 

 
Sort again when both media were classified as particleboard, 
MDF, MDFlam, plywood and particleboardlam in the form of. 
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4. Conclusion and Recommendations 

 
4.1. The Propagation Speed of Formaldehyde Emission

 
Figure 4.1. Comparing media differences (min) 

 
Winglusz and friends in his study, this study also are taken into 
consideration when the relative humidity factor the amount of 
moisture or changes in ambient conditions have been added. 
From a statistical point parallelism between the two studies 
may deny that added moisture may be factor. Heating and air 
circulation systems in a study which examined the behavior 
formaldehyde emission from below the floor 20, 26 and 32 up 
to 32 0C at is reported to be formaldehyde emission in a heated 
media. Formaldehyde emission in air circulation system, floor 
heating systems are lower than those of [12]. In this context, it 
is known that formaldehyde or ending up with a pinned 
condition since the time of the experimental values can be 
explained by the relative humidity of the media that does not 
cause statistically significant differences.  
 

 
Figure 4.2. Wood based panels, each of the two middle values 

for comparison (dk) 

 

 
 
 
 

 
Figure 4.3. First of all material changes made in the 

measurement media (min) 

 

 
Figure 4.4. Exchange graph of all material on the second media 

measurement (min) 

 
The fading measurements were made for all materials in the 
home media that chipboard longest (1320 min) was observed. 
This MDF respectively (1120 min), MDF (220 min) with 
plywood and chipboard (up to 180 min) was followed. The 
measurements that were made for all materials heated in a 
domestic media what is the propagation speed of particleboard 
formaldehyde emission (1280 min). This MDF respectively 
(1080 minutes), MDF (500 min) and chipboard with plywood 
(180 min) was followed. 
 
Particleboard is one of the most important factors that 
influence the quality of the gluing of the chip, which is one of 
the most important factors that affect the rate of formaldehyde 
emission phase. Gr 8-12 1 m2 glue to the surface of the chip as a 
general calculation method is used [20]. Used as test sample 
formaldehyde emission particleboard that is used in the 
amount of glue per m2 for the duration of the propagation speed 
of approaching 12gr may be longer. The amount of 
formaldehyde emission according to the type of wood used and, 
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therefore, the speed of propagation may vary. In our study, 
beech wood, pine has been found to emit formaldehyde more 
than the Eastern. In a different study particleboard emissions 
produced from formaldehyde laden, has been more and more 
made from beech [3]. 
 
Ambient conditions remain constant, since the type of wood 
used in the construction of wood based panels particleboard 
formaldehyde emissions may also be caused to emit for a longer 
period of. With different moisture content (%20,%40,%60,%80 
and 95%) in a study where wood chips are used, formaldehyde 
emissions identified that there is a significant relationship 
between humidity and low formaldehyde emission 20% of the 
value obtained from the humidity has been found to be in the 
sign of the chip [21]. Low formaldehyde emission particleboard 
produced with a moisture value of the propagation speed may 
be reduced. In our study, the highest formaldehyde emission 
value has been measured and reported also that no transaction 
has been made not raw chip [22]. The study of parallelism has 
gained in the literature with this study.  

 
A recent study also the surface of the sheet coating, painting, 
laminating sheet with the diffusion barrier has the effect of 
reducing formaldehyde emission in applications [23]. The 
edges of the sheets have been sealed and not used in the 
experiments of the surface of the plate handle and key hole is 
opened to the emission of formaldehyde emitted from MDF 
may have affected the propagation speed of the oscillation. 
Even though coated used in the production of urea/mol. ratio, 
due to the duration of emission of formaldehyde emission may 
be prolonged. F/U molar ratio of formaldehyde to reduce 
emissions is the reduction of [24]. MDF is used in the 
construction of the glue that U/F molar ratio is more because it 
can be argued that propagation time is too long. The MDF that 
is used during the manufacture of glue used have not been able 
to complete the cycle due to pressing circumstances that may 
have affected the speed of propagation of emission. The amount 
of formaldehyde released from composite wood materials as 
stated in a study is higher than the edges of the surface [2, 15, 
25]. Pressing the feature edge bands with non-formaldehyde 
MDF are being used in a prolongation of the time considering 
that it can be said that this information was in line with the 
literature. 
 
During the production of MDF fibers after the first ten presses 
are sent to the endless [26]. I have completed the formaldehyde 
emission emitted from glues chemical conversion emission in 
MDF will be lower because of its shorter duration of the 
emission, in other words, the propagation speed can be 
increased. 
 
The methods for determining the formaldehyde emission from 
melamine coated panels and fiber in a study on emissions of 
formaldehyde in melamine coated plates melamine coated fiber 
of the plates was found to be lower [9]. Based on this study 
Parallels literature from the emergence of high-particleboard 
mdflam the speed of propagation.  
 
 Urea glue used in the production of plywood and plywood 
material that contains exactly the natural structure of wood in 
construction being lost due to damping can be considered to be 
short in duration. Fading of a difference of speed glue 
formaldehyde emission, texture, structure, factors such as the 
influence of storage conditions. Study the data and considering 
these elements, wood-based boards to use to extend the storage 

time, the use of coarse textured materials, add products in 
reducing the amount of formaldehyde in the glue, which causes 
extra holes to be coated and avoid formaldehyde materials to 
choose output measures that can be taken to increase the speed 
of opening. 
 
As a result, the propagation speed of the formaldehyde 
emission glue on a difference of texture, structure and the effect 
of storage conditions such as it is known that has. The study has 
shown that temperature changes, humidity change when it is 
added to the formaldehyde emission rate is not affected. Avoid 
unnecessary to put a dent in the surface of the sheet in the 
coated products affects the speed of propagation. Raw 
chipboard should be used in places where the surface emission 
rate in terms of products for reducing emissions will be able to 
introduce to make a positive impact. Wood-based 
formaldehyde emission rate of the materials to be used in 
locations you will be able to extend the storage time affect. 
Surfaces and edges of wood based panels for places where the 
use is mandatory the use of the coated material may be 
preferred. 
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Abstract   

Rising customer expectations and competitiveness require that firms provide customer satisfaction in both marketing process and after sales service. In 
this context, to increase customer satisfaction in marketing by manufacturing products according to customer needs thus decrease customer complaint 
has become a preferential purpose of the firms. Customer complaint is a result of faulty manufacturing or distribution process of the product. Therefore, 
customer complaints should be considered as an important opportunity to identify the deficiency and delinquency of the firms. In this study, a due diligence 
was conducted for the source of the problem by evaluating after sales service data in a company that produces furniture, and corrective and preventive 
actions (CAPA) for the prevention of the problems detected in the implementation of total quality management was conducted. Changes in the customer 
complaints were monitored and contribution of the CAPA made was revealed. One year after-sales service history data was analyzed and the problems 
detected were classified into 14 groups. The relative importance of the problem groups was determined by calculating the ratios of the problems to the 
total number of the problems.  The three most common problems identified were component damage (40.1 %), assembly problem (17.4 %) and accessories 
problem (15.4 %), respectively.  The remaining issues were distributed at rates ranging from 0.6% to 4.5%. The ratio of the total number of the problems 
to the total number of the manufactured parts was 0.150 % and, the ratios of these three most common problems were 0.060 %, 0.026 %, and 0.023 %, 
respectively. Manufacturing and distribution processes were analyzed to identify the source of the problems determined.  Corrective and preventive actions 
such as replacement of machinery and equipment, organizing the manufacturing process, development of control processes, and staff training were 
conducted to solve the problems. Then, after sales service data in the following year were collected and analyzed to reveal the effects of CAPA. The number 
of issue ratio to the total number of manufactured parts decreased to 0.051 % in component damage, 0.018 % in assembly problem, 0.019 % in accessories 
problem, and % 0.114 in total. These results showed that CAPA conducted based on the evaluation of the customer complaints can make a significant 
contribution towards the reduction of problems that occurred and improving customer satisfaction.  
Keywords: After sales service, Furniture, Production management, Corrective and preventive actions  
   

 
 

1 Introduction 

Rising customer expectations and competitiveness require that 
firms provide customer satisfaction in both marketing process 
and after sales service. In this context, to increase customer 
satisfaction in marketing by manufacturing products according 
to customer needs thus decrease customer complaint has 
become a preferential purpose of the firms. Many authors have 
investigated the consumer complaint process and some have 
emphasized the importance of developing customer complaints 
handling (or complaint management, CM) systems. Research 
suggests that a well-designed and well implemented CM system 
as a part of after-sales services may highly influence customer 
satisfaction [1]. Customer complaint is defined in ISO 
10002:2004 as “A complaint is an expression of dissatisfaction 
made to an organization related to its products, or the 
complaint-handling process itself, where a response or 
resolution is explicitly or implicitly expected” [2]. Studies show 
that, depending on the industry, 54-70 per cent of customers 
who register a compliant will do business with the organization 
again if their compliant is resolved in a timely and thoughtful 
fashion. The figure goes up to a staggering 95 per cent if the 
costumer feels that the compliant was resolved quickly and 
fairly [2].  An effective CM process can be an important quality 
improvement tool that allows organizations to obtain customer 

feedback. Such feedback may be very useful in making 
improvements that increase customer satisfaction, loyalty, and 
profit [3]. Moreover, Johnston [4] noted that a good complaint 
culture and good complaint processes may well lead to 
improved financial performance.  
Customer complaint is a result of faulty manufacturing or 
distribution process of the product. Therefore, customer 
complaints should be considered as an important opportunity 
to identify the deficiency and delinquency of the firms.  
Sadıkoglu and Zehir [5] noted that by improving interlinked 
processes, a firm can do a better job of satisfying customers’ 
needs and expectations. Firms not only finding solutions to 
complaints but also making developments by identifying the 
root causes of problems have the possibility of applying 
customer focused continuous improvement process which is 
one of the basic ideas of the total quality management [6].   
Quality management principles, recognized world-wide, 
include a component for process improvement, comprised 
largely of actions taken to correct or prevent problems. The 
corrective and preventive action (CAPA) process includes 
identification of problems and their causes and identification 
and evaluation of solutions to prevent future problems [7]. 
Corrective action has been defined as the action taken to 
eliminate the causes of an existing nonconformity, defect, or 
other undesirable situation in order to prevent recurrence [7]. 
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On the other hand, preventive action has been defined as the 
action taken to eliminate the causes of a potential 
nonconformity, defect, or other undesirable situation in order 
to prevent occurrence [7]. Implementing corrective action can 
be thought of as a reactive approach to reported problems that 
includes a preventive component, whereas preventive action 
can be thought of as a proactive approach resulting from 
analysis of information and data. Preventive action can result 
from analyzing a collection of reported problems as well as 
perceived potential problems [7]. 
In this study, a due diligence was conducted for the source of 
the problem by evaluating after sales service data in a company 
that produces furniture, and corrective and preventive actions 
(CAPA) for the prevention of the problems detected in the 
implementation of total quality management was conducted. 
Changes in the customer complaints were monitored and 
contribution of the CAPA made was revealed. 

2 Methods 

This case study was conducted in a furniture production firm 
which has 1000 m2 closed production area, 180 employees, and 
a production capacity of 440861 parts per month located in 
Izmir in Turkey. Products are distributed by dealer network 
and, the employees of the dealers who responsible for 
assembling of the product are trained by the manufacturer. 
Problems detected during the assembly or in service life of the 
products are reported by dealers to the after-sales service 
department of the manufacturer. These problems are solved 
free in guarantee period or paid.   
One year after-sales service history data was collected and 
analyzed to identify the problems. The problems identified 
were classified in 14 groups such as: Component damage, 
assembly problem, missing component, faulty accessories, 
missing delivery, saw blade fracture, edge band problems, 
coating problems, twisted parts, faulty bores, symmetric part 
problem, silicone and adhesive problems, and cleaning 
problems. By this classification, the rate of occurrence of each 
problem group was calculated.    
After classification, problems were investigated in detail to 
determine root causes. According to these root causes 
determined, corrective and preventive actions that can be done 
were determined. Training programs were conducted in 
manufacturing, delivery, and after-sales service department to 
solve the problems caused from the employees. Product quality 
certificates for the components supplied from other companies 
were demanded from the suppliers to solve some component 
and accessories problems. Process development, machinery 
and equipment replacement were done as preventive actions in 
the manufacturing process.  
Then, after-sales service data in the following year were 
collected and were analyzed to reveal the effects of corrective 
and preventive actions made. 

3 Findings 

3.1 After-sales service data distribution 

After-sales service history data reported were collected in one-
year period and analyzed. Problems were identified and then 
were classified in 14 groups. The number of problems and the 
rates of the each problem groups were given in Table 1.  
The total number of the after-sales service (problems) were 
7530 for one-year period. The ratio of the total numbers of 
problems to the total numbers of the produced parts was 
calculated as 0.15%. The relative importance of the problem 
groups was determined by calculating the ratios of the 

problems to the total number of the problems.  The most 
common problem identified was component damage (40.1 %). 
The ratio of the component damage to the total number of 
produced parts was determined as 0.06%. The second highest 
ratio was 17.4 % in assembly problem and its ratio to the total 
number of produced parts was 0.026%. Accessories problem 
was also determined as a common problem with its ratio 15.4 
%. The remaining issues were distributed at rates ranging from 
0.6% to 4.5%. 
 

Table 1. After-sales service data distribution before CAPA 
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Problem groups   

01 Component damage  3 020 40.1 0.060 

02 Assembly problem 1 313 17.4 0.026 

03 Accessories problem 1 158 15.4 0.023 

04 Missing component 339 4.5 0.007 

05 Faulty accessories 344 4.6 0.007 

06 Missing delivery 225 3 0.004 

07 Saw blade fracture 235 3.1 0.005 

08 Edge band problem 231 3.1 0.005 

09 Coating problem 220 2.9 0.004 

10 Twisted parts 137 1.8 0.003 

11 Faulty bores 92 1.2 0.002 

12 Symmetric part 
problems 

94 1.2 0.002 

13 Silicone and adhesive 
problem 

79 1.0 0.002 

14 Cleaning problem 43 0.6 0.001 

Total  7 530 100 0.150 

Total number of parts produced 5 025 581 

 

3.2 Corrective and preventive actions 

The problems were evaluated in relationship to its related 
processes and defined the underlying cause(s) of the problem. 
When the root causes identified, proper corrective and 
preventive actions can be done were determined.  

Component damage 

The after-sales service demands based on the component 
damage were evaluated and it was determined that the most of 
the damages occur during delivery because of inadequate 
packaging. To prevent these damages some developments were 
done in the process of packaging and packaging materials 
(Figure 1).  The density of the supporting styrofoam was 
increased to 12 dns and double layered packaging cardboard 
began to be used for the package heavier than 25 kg. To prevent 
corner damages 16 dns corner styrofoam (100x100 mm) and a 
support part in dimensions 40x40x3 mm were used.  Also 
widthways supporting materials from waste particleboard 
were used in long packages. Besides these preventions training 
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programs were conducted to the employee in manufacturing, 
packaging and delivery department as well as employees in 
dealers.  

 
Figure 20. Preventives for component damages. 

Assembly problem 

The most common problem detected during assembly was the 
insufficient depth of the bores. It was determined that 
inadequate or fluctuate air pressure of the boring machines 
caused this problem. Equipment replacement and periodic 
maintenance of the equipment and machines was provided to 
prevent this problem. To correct these types problem 
encountered during assembly, all the boring drills (Figure 2) 
were provided to the assembly worker, and the ability of an 
onsite response was provided.   

Accessories problems 

The after-sales service demands based on the accessories 
indicated that these problems caused from suppliers and 
insufficient process of accepting goods. To prevent inadequate 
buying of accessories, product quality certificates were 
demanded from the suppliers. The products and its suppliers 
evaluated in detail for conformity of the requirements and a 
performance report for each supplier was prepared. Based on 
these performance reports an approved supplier list was 
created. Besides these preventions, some of the suppliers were 
controlled onsite to reach agreement on the solution of 
problems and a report was prepared.  

 
Figure 21. Boring drills provided to assembly worker. 

Missing components 

It was determined that missing components problems were 
caused by packaging workers, generally. To prevent these 
problems, written instructions in the process of packaging 
components and accessories were prepared. The workers in 
the department were trained about the process and especially 
about the rules given below, and a staff was assigned for strict 
monitoring from the quality control department  

 Parts and accessories are to be counted, 

 A clear separation should be provided between the 
symmetrical parts and their stock areas,  

 The transfer of accurate information in the shift 
change, 

 Continuous monitoring and making comparisons with 
feedback. 

Faulty accessories (hardware) 

To prevent faulty or missing accessories (hardware) problems 
in the process of preparing accessory packs a control form 
(Accessory Preparation Control Form) was created. 
Information about the staff who responsible for the packs were 
specified in the form to ensure that the staff be more careful. 
Staff in the accessory preparation and storage departments 
were trained about the new process. 

Missing delivery 

To prevent missing delivery, barcode system was established in 
the delivery department and the staff was trained on this 
system. A sticker indicating that the hardware had placed inside 
the package began to be used.  

Saw blade fracture 

It was determined that the capacity of the cutting machines did 
not enough to produce the product parts needed. Because of 
machines were overloaded, the saw blade fractures on the edge 
of the panels occurred. Also using low-quality particleboards 
resulted with this type fractures. To prevent saw blade 
fractures new high capacity panel cutting machines and edge 
banding machines with pre-milling unit were provided. With 
these new machines the cutting process was reorganized. 
Panels began to be cut in rough dimensions in the cutting 
machine and the edges milled with the edge banding machine 
with pre-milling unit.  Also it was decided to use only high 
quality particleboards.  
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Other corrective and preventive actions 

It was determined that edge banding problems caused from 
low-quality edge band, low-capacity machines and ambient 
conditions. With the new edge banding machines most of these 
problems was solved.    
Evaluations on the coating problems indicated that most of the 
problems caused from variation in the coating thickness. It was 
determined that inadequate or fluctuate air pressure of the 
coating system caused this problem. To solve this problem a 
new coating equipment, which has less dye consumption, was 
provided. A training program was provided by a company 
which is an expert on new coating technology.   
Silicone and adhesive problems especially in mirrors or glass 
containing doors were caused by inadequate curing or 
insufficient bonding based on the ambient conditions. To solve 
these type problems additional fittings began to be used with 
the approval of the customer.  
It was determined that faulty bores problems, symmetrical 
parts problems in packaging, and cleaning problems were 
caused by human based issues such as careless staff, 
insufficient training of the staff, lack of control etc. To prevent 
these type problems staff were trained based on the 
requirements for relative process. 
 

Table 2. After-sales service data distribution after CAPA 
After-sales service data 
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Problem groups   

01 Component damage  2 864 45.2 0.051 

02 Assembly problem 985 15.5 0.018 

03 Accessories problem 1 033 16.3 0.019 

04 Missing component 207 3.3 0.004 

05 Faulty accessories 317 5.0 0.006 

06 Missing delivery 227 3.6 0.004 

07 Saw blade fracture 221 3.5 0.004 

08 Edge band problem 110 1.7 0.002 

09 Coating problem 74 1.2 0.001 

10 Twisted parts 72 1.1 0.001 

11 Faulty bores 51 0.8 0.001 

12 Symmetric part problems 60 0.9 0.001 

13 Silicone and adhesive 
problem 

75 1.2 0.001 

14 Cleaning problem 41 0.6 0.001 

Total  6 337 100 0.114 

Total number of parts produced 5 555 104 

 

3.3 After-sale service demands after CAPA made 

After-sales service data in the following year were collected and 
analyzed to reveal the effects of CAPA (Table 2). The number of 
after-sales service demands were 6337. It was lower than that 
of the previous year and the ratio to the total number of 

produced parts decreased (0.114). The most common problems 
were the same with the previous year. The number of 
component damage ratio to the total number of problems was 
45.2 % and the ratio to the total number of produced parts was 
0.051 %. The other two most common problem ratio were 16.3 
% and 15.5 % in accessories problem and assembly problem, 
respectively. Total ratio of these three problems constitute 77 
% of all problems. The remaining issues were distributed at 
rates ranging from 0.6% to 5%. The number of issue ratio to the 
total number of manufactured parts decreased to 0.051 % in 
component damage, 0.018 % in assembly problem, 0.019 % in 
accessories problem, and % 0.114 in total.  

4 Results 

According to the findings corrective and preventive actions 
decreased the after-sales service demands based on the ratio to 
the total number of produced parts. Comparisons between the 
after-sales service demands before and after CAPA was given in 
Figure 3 based on the equivalent number of the problems.  
CAPA decreased the number of problems in all groups. The 
decreases in the number of problems after CAPA were given in 
Figure 4 as per cent. The highest decrease was determined in 
coating problem as 70 %. The decreases in edge band problem, 
twisted parts, faulty bores, missing component, and symmetric 
part problems were 57%, 52%, 50%, 45%, and 42%, 
respectively. The decreases in the most common problems 
were 32% in assembly problem, 19% in accessories problem, 
and 14% in component damage. It can be said that decrease in 
component damage was relatively low considering its 
importance.   Decrease in the number of problems in faulty 
accessories, saw blade fracture, silicone and adhesive 
problems, and cleaning problems was approximately 14%. The 
lowest decrease was determined in missing delivery as 9%.  
 

 
Figure 22. The equivalent number of problems before and 

after CAPA. 

 

 
Figure 23. Change in the number of problems after CAPA. 
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5 Conclusion 

One year after-sales service history data in a company that 
produces furniture was evaluated and corrective and 
preventive actions were conducted to decrease the demand of 
after-sales service.  
Customer complaints should be considered as an important 
opportunity to identify the deficiency and delinquency of the 
firms.  
The most common problem was the component damage in 
approximately half of the total problems.  
Majority causes of the problems were human based issues such 
as careless staff, insufficient training of the staff, lack of control 
etc. Thus, effective training of the employees and the use of 
written instructions can make a significant contribution to 
preventing human-based problems. 
One of the common cause of the problems was inadequate 
machinery and equipment. Low-capacity and overloaded 
machines caused many problems in the production process. 
Periodic maintenance and/or replacement of the machinery 
and equipment can make a significant contribution to 
decreasing the problems caused by production processes.  
These results showed that CAPA conducted based on the 
evaluation of the customer complaints can make a significant 
contribution towards the reduction of problems that occurred 
and improving customer satisfaction. 
Ensure the continuity of earned benefits by keeping lower 
levels of problem to improve customer satisfaction, it is 
required continuing training of staff in specific periods, make a 
habit of self-control in production processes, improve the 
quality of raw materials used, and make a continuous 
monitoring in the processes. 
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Abstract   

Demounted furniture is increasingly preferred globally as well as our country because of the ease of the transport and installation. It is important to be 
unharmed transportation of this type of furniture from the last place to their use. Corrugated box most suitable material of transportation such heavy 
material because of it can be produced in different sizes quickly and economically besides has renewable and biodegradable features. Expectations of 
corrugated box, during loading, storage and carrying, protect the material. Corrugated box is exposed to various loads and deformed under this continuous 
or instant loads which loses its strength feature. Therefore, this packages should design carefully because their strength loses especially transported with 
containers. Carrying capacity of corrugated boards is determined with strength resistance tests. Recent studies imply that resistance of corrugated board 
box, is mostly related with the resistance of the materials which is mostly paper. Resistance of paper (Shortspan Compression Test (SCT), Concora Crush 
Test (CCT), Ring Crush Test (RCT), Tensile strength, Concora Medium Test(CMT), etc.), which are used in the production of corrugated board box affects 
the resistance of box (Edege Crush Test (ECT), Box Crush Test(BCT)). In other words, resistance of the box will decrease, as deformations will increase as 
the size of material extends depending upon design. It is necessary to avoid damaging during the storage time and transportation of demountable 
furniture. Also visual perfection necessary for that products in case any damage inside the packaging. Therefore, the design of the packaging vitally 
important in terms of both to be safe in product and visual perfection. The topic of this study is the importance of design of the corrugated packaging. 
This study show how the resistance features of corrugated box changed depending upon the design. 
Keywords: Corrugated box design. 
   

 

MODÜLER MOBİLYALARDA AMBALAJ TASARIMININ ÖNEMİ 
Özet   

Demonte mobilyalar, nakliye ve montaj kolaylığı nedeniyle tüm dünyada olduğu kadar ülkemizde de giderek artan oranlarda tercih edilmektedir. Bu tür 
mobilyaların satış kısmından son kullanım yerine kadar zarar görmeden ulaştırılması önemlidir. Oluklu mukavva ambalajları ekonomik olması ve değişik 
boyutlarda üretilebilmesi nedeniyle bu tür ağır malzemelerin taşınmasında en fazla tercih edilen ambalaj materyalidir. Oluklu mukavva kutulardan 
beklenenler, yükleme, depolama ve taşıma esnasında taşıdığı malzemeyi korumasıdır. Oluklu kutu çeşitli yüklere maruz kalır ve mukavemet özelliğini 
kaybettiği bu sürekli veya anlık yükler altında deforme olur. Bu nedenle bu ambalajlar dikkatlice tasarlanmalıdır çünkü taşıma gücü kayıpları özellikle 
konteynerlerle taşıma sırasında olur. Oluklu mukavva taşıma kapasitesi direnç testleri ile belirlenir. Son çalışmalar oluklu mukavva kutu direncinin, 
çoğunlukla kağıt olan kendini meydana getiren malzemelerin direnci ile ilişkili olduğunu göstermektedir. Oluklu mukavva kutunun üretiminde kullanılan 
kağıdın Direnci (Kısa Mesafe Çekme Testi (KMÇT), Oluklu Ezme Testi (CCT), Kopma mukavemeti, Yatay Ezilme Testi (CMT) ve diğerleri ile belirlenir) 
kutunun direncini (Kenar Ezime Testi (KET), Kutu Ezilme Testi (KuET) ile belirlenir) etkiler. Diğer bir deyişle, malzemenin büyüklüğü tasarımına bağlı 
olarak arttığında kutunun direnci azalacaktır. Demonte mobilyanın depolama süresi ve nakliye esnasında zarar görmesinden kaçınmak gereklidir. Aynı 
zamanda bu ürünlerin ambalaj içinde herhangi bir hasar görmediğine dair görsel mükemmellik de gereklidir. Bu nedenle, ürünün güvende olması ve 
görsel mükemmellik açısından ambalaj tasarımı hayati önem taşır. 
Bu çalışma, oluklu mukavva kutu direnç özelliklerinin ambalaj tasarımına bağlı olarak nasıl değiştiğini göstermektedir. 
 
Anahtar Kelimeler: Oluklu mukavva tasarım. 
   

 

1 Introduction 

Because they are produced in various sizes and weights 
demounted furniture is an asset respond to product fast and 
also low cost as well as biodegradable. Corrugated paper most 
common material as furniture packaging. During transport and 
storage of packaging material, protection of the product 
content is a reason for preferred corrugated board with their 
lightweight structure.  
Thanks to this software and simulation techniques, no need for 
time-consuming, costly, and destruction of the material test 
methods [1]. The importance of research in this area increasing 
day by day because transportation and storage of heavy and 

costly materials such as furniture without damage is critical. 
During transport and storage to prevent the damage of 
furniture, need to be taking into account that the design of the 
packaging and load carrying capacity. By selection of suitable 
modeling program provides a range of variety the production 
of corrugated cardboard boxes. When making this choice, the 
components of the box and environmental conditions must be 
examined separately.  
The durability of corrugated box can be estimated with a 
variety of simulation techniques and modeling software. Since 
the 1940s there have been numerous research in this area [2, 3, 
4, 1, 5, 6, 7].  
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The evaluation criteria should be set carefully because each 
simulation model has not the same factors that need to focus 
on. In order to find accurate software programmer for 
predicting corrugated box properties, models should have 
identified, compared, and categorized depending on the needs 
of various purposes according to different suppliers [8]. 
Mckee, the most common simple method, in his simplified 
version, is formulate that predicts BCT loads (Box Compression 
Test load) versus box perimeter and corrugated board ECT load 
(Edge Compression Test, compression strength of a rectangular 
corrugated board specimen) [9]. 
Storage time and height is critical for choosing suitable design 
of corrugated board. Long-term storage and bitter 
transportation conditions could be destructive any kind of 
packaging material as corrugated boxes. 
Therefore, deformations of the box depending upon design. 
Besides, there could be a gap between the simulation model 
actual box performance from time to time. Consequently, when 
designing corrugated boxes should be examined under certain 
factors that need to be addressed that given below. 

2 Factors Affecting the Performance of Corrugated 
Box and Testing of These Factors 

Paper, main raw material of corrugated boards, effect box 
performance considerably. In order to predict the performance 
of box, paper specifications should be known. 
For this purpose, commonly evaluated paper tests are Ring 
Crush Test (RCT), Short Span Compression Test (SCT), Edge 
Crush Test (ECT). On the other hand, to be evaluated box 
performance Box Compression Test (BCT), and Edge Crush Test 
(ECT) should performed.  
Corrugated boards have a flute that specimen height effect on 
flute type. Corrugating medium is shaped into a continuous 
rolling wave that create the flute. Flute type effect the strength 
of the box. Although approximately 70% of all corrugated 
paperboard made C-flute, some individual application requires 
different corrugation class (Like B, C, E) or mixing various types 
of flutes. Double-wall or triple-wall board preferred when 
heavy material transport such as furniture or machine 
equipment.  

3 Appropriate Selection of Simulation Modeling 
and Software Programming for Prediction of 

Strength Properties of Corrugated Box 
BCT simply measuring the resistance of the corrugated box, SS 
is influenced by environmental factors such as temperature, 
humidity, stacking time [10]. According to research’s, 
resistance features of paper (STC, CCT, Tensile strength, CMT), 
which can be used within the construction of corrugated board 
box impacts the resistance of box which could easily measure 
with Edge Compression Strength (ECT) and Box Compression 
Strength (BCT) known as McKee Formula [11, 9, 12]. 
Similar studies in this area published for prediction of box 
compression strength based on paper properties or edge crush 
test and bending stiffness of the corrugated board subsequently 
[13, 7, 14]. Moreover, temperature, humidity, storage 
condition, dimension and style of the boxes effect also 
corrugated box strength. 
Making suitable design of corrugated box is depending on box 
dimension though. It is directly affect the compression strength 
of corrugated boxes related with time [15].  
Another factor effect compressive strength the corrugated 
board is stacking height. During transportation and waiting in 
storage strength properties of corrugated box decreases 

depending upon the loads it is exposed to. Deformation rate 
depending upon the design of box. It is shown that estimation 
of the safe stacking life is possible with Kellicutt et al. Model 
[16]. 
Kawanishi (1989) studied the compressive strength of various 
corrugated box styles. moisture content in his formula for the 
prediction of compressive strength [6]. Research’s indicate 
that, relative humidity has decreasing effect on box 
compressing strength [17]. Moisture content, related with 
compression strength of Corrugated Box, added the model as a 
factor afterwards [18]. Recent studies claim that, theory and 
practice has been optimized based on the results of FEM [1].  
In some condition there is a need for slots on corrugated boards 
for easy handling, air ventilation or could see inside the box. 
Perforated style, slot shapes and sizes affect compressive 
strength of corrugated board and should carefully design [19, 
20]. 
The compression strengths loss of corrugated box is directly 
depending on s the tacking strength and this is indirectly 
associated with the corrugated box style. Styles of corrugated 
containers should also be taking into account. There is 5 
different style of box. Half Slotted Container (HSC), Regular 
Slotted Container (RSC), Overlap Slotted Container (OS C), Full 
Overlap Slotted Container (FOL), Center Special Slotted 
Container (CSSC).  

4 Appropriate Selection of Simulation Modeling 
and Software Programming for Prediction of 

Strength Properties of Corrugated Box  

BCT simply measuring the resistance of the corrugated box, SS 
is influenced by environmental factors such as temperature, 
humidity, stacking time [10]. According to research’s, 
resistance features of paper (STC, CCT, Tensile strength, CMT), 
which can be used within the construction of corrugated board 
box impacts the resistance of box which could easily measure 
with Edge Compression Strength (ECT) and Box Compression 
Strength (BCT) known as McKee Formula [11, 9, 12]. 
Similar studies in this area published for prediction of box 
compression strength based on paper properties or edge crush 
test and bending stiffness of the corrugated board subsequently 
[13, 7, 14]. Moreover, temperature, humidity, storage 
condition, dimension and style of the boxes effect also 
corrugated box strength. 
Making suitable design of corrugated box is depending on box 
dimension though. It is directly affect the compression strength 
of corrugated boxes related with time [15].  
Another factor effect compressive strength the corrugated 
board is stacking height. During transportation and waiting in 
storage strength properties of corrugated box decreases 
depending upon the loads it is exposed to. Deformation rate 
depending upon the design of box. It is shown that estimation 
of the safe stacking life is possible with Kellicutt et al. Model 
[16]. 
Kawanishi (1989) studied the compressive strength of various 
corrugated box styles. moisture content in his formula for the 
prediction of compressive strength [6]. Research’s indicate 
that, relative humidity has decreasing effect on box 
compressing strength [17]. Moisture content, related with 
compression strength of Corrugated Box, added the model as a 
factor afterwards [18]. Recent studies claim that, theory and 
practice has been optimized based on the results of FEM [1].  
In some condition there is a need for slots on corrugated boards 
for easy handling, air ventilation or could see inside the box. 
Perforated style, slot shapes and sizes affect compressive 
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strength of corrugated board and should carefully design [19, 
20]. 
The compression strengths loss of corrugated box is directly 
depending on s the tacking strength and this is indirectly 
associated with the corrugated box style. Styles of corrugated 
containers should also be taking into account. There is 5 
different style of box. Half Slotted Container (HSC), Regular 
Slotted Container (RSC), Overlap Slotted Container (OSC), Full 
Overlap Slotted Container (FOL), Center Special Slotted 
Container (CSSC). 

5 Conclusion 

This work summarizes different studies associated with 
mechanical behavior under design factor of corrugated box. 
Due to special structure of corrugated boards, there is a need 
for a new modelling approach. In order to develop to a 
programmer that characterize the homogenized behavior 
which is more complex than as described in the literature, basic 
information is provided for corrugated box performance. This 
information’s are enough to understand the basic structure 
although not detailed. The applicability of the models and 
software is discussed. It is suggested for the appropriate model 
selection. 
The main goal of this work is to verify the possibility to show 
what should be paid attention to when designing demounted 
furniture. It is implying that, which stages need to be taken for 
optimum box design. 
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Abstract   

Located on the way of silk road, Tosya is the biggest town of Kastamonu. When compared to the neighboring towns and among other towns in Kastamonu, 
Tosya has the most dynamic economy. Especially, furniture and carpenter industry-wood and forest products industry have an incredible effect and 
contribution on the economy of the town. Products, which are produced in Tosya, have been marketted to almost every part of Turkey and they all have 
been exported abroad. There have been about 300 firms in action in Tosya and this has made this town take an important place in Turkey. On the basis of 
city, region and country in Turkey, there have been forest products sectoral movements, already. However, there has been no study about the existing 
situation of Tosya despite its continuity in this sector. In this study, Scope of Firms, Their Capacity, Variety of Raw Material, Production Values, their 
Technologies, R-D Studies, their Trade Conditions, Marketing, Human Resources, Quality Control Procedure, Problems and Development they use,  have 
been examined. For this reason, face-to-face survey method has been used to determine the existing structure of the firms. According to this; besides 
producing various products in the sector, they also pioneer door production. This situation leads the sector be more dependent on the building industry 
and it is shaped accordingly. Firms are all away from organizational structure and they have no intention for institutionalization or branding. Increasing 
market share and price competition of the sector seem to be their basic problems. Firms have financial problems in terms of obtaining capital, 
modernization of the facilities and more. Firms have important objectives for the future such as increasing capacity, extension of market network, new 
investments, import and export. In order to reach their objectives and create a difference in terms of product variety and product methods, firms are 
supposed to invest money on technology and labor force. This study will increase the contribution of the sector to the town, provide better and quality 
products and solve the problems of the firms. 
 
Keywords: Research Forest products, Furniture, Furniture Industry, Sectoral Examination. 
   

KASTAMONU İLİ TOSYA İLÇESİ MOBİLYA VE MARANGOZ SANAYİ-AĞAÇ VE 
ORMAN ÜRÜNLERİ SANAYİSİNİN SEKTÖREL DURUMUNUN 

DEĞERLENDİRİLMESİ 
Özet   

Tosya konum itibariyle ipek yolu üzerinde yer almakta olup, Kastamonu'nun en büyük ilçesidir. Aynı zamanda yakın çevredeki ilçelere göre ve Kastamonu 
ilçeleri arasında en canlı ekonomiye sahiptir. Özellikle Mobilya ve Marangoz Sanayi- Ağaç ve Orman Ürünleri Sanayisi ilçe ekonomisine büyük katkı 
sağlamaktadır. Tosya’da üretilen ürünler Türkiye’nin hemen hemen her noktasına pazarlanmakta ve yurt dışına ihraç edilmektedir. Sektörde yaklaşık 
300 adet firmanın faaliyet göstermesi Tosya'yı ülkemizde önemli bir konuma getirmiştir. Ülkemizde İl, Bölge ve Ülke bazında orman ürünleri sektörel 
çalışmaları mevcuttur. Ancak Tosya’nın sektörde varlığını devam ettirmesine rağmen mevcut durumu inceleyen bir çalışma bulunmamaktadır. Bu çalışma 
ile, Firmaların Faaliyet alanı, Kapasitesi, Kullandıkları Hammadde Çeşitliliği, Üretim Değerleri, Teknolojileri, Ar-Ge Çalışmaları, Ticaret Durumları, 
Pazarlaması, İnsan Kaynakları, Kalite Kontrol süreçleri, Sorunları ve Kalkınma Planları incelenmiştir.  Bu amaçla yüz-yüze anket yöntemi kullanılarak, 
işletmelere ait mevcut yapı belirlenmiştir. Buna göre; Sektörde birçok ürün üretilmekle birlikte kapı üretiminde öncüdür. Bu durum sektörün inşaat 
sektörüne bağımlılığını arttırmakta ve ona göre şekil almaktadır. Firmalar organizasyonel yapıdan uzak, kurumsallaşma ve markalaşma çalışmaları 
yoktur. Sektörün pazar payının artması ve kendi içinde özellikle fiyatta rekabeti öncelikli sorunu olarak görünmektedir. Firmalar işletme sermayesi 
temininde ve tesislerin modernizasyonunun yanı sıra birçok hususta finans problemleri yaşamaktadırlar. İşletmeler kapasite arttırma, pazar ağını 
genişletme yeni yatırımlar yapma, ithalat/ihracat gibi geleceğe yönelik hedeflere sahiptir. Firmaların hedeflerine ulaşabilmesi, ürün çeşitliliği, üretim ve 
üretim yönetiminde farklılıklar ortaya koyabilmesi için teknoloji ve insana yatırım yapması gereklidir. Çalışma, sektörün İlçe ekonomisine katkısını 
arttıracak, daha nitelikli ürünlerin üretilmesini sağlayacak, firmaların sorunlarına çözüm getirecektir. 
 
Anahtar Kelimeler: Orman Ürünleri, Mobilya, Mobilya Endüstrisi, Sektörel İnceleme 
   

1 Introduction 

Kastamonu, which is included in TR82 Level 2 Region 2007-
2013 Regional Plan that has been formed within the scope of 
the Ninth Progress Plan (2007-2013) of the State Planning 
Organization [1], is one the underdeveloped regions of Turkey 

in terms of industry. When examining the TR82 Region Plan [2], 
industrial organizations are seen to be intensely located in the 
center of Kastamonu, in Taşköprü and in Tosya. According to 
TR82 Region Plan, Firms which have been active in the fields of 
furniture and carpenter industry-tree and forest products 
industry and fungal products, have met the 33,9 % of industrial 
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organizations of the city. The importance of the sector in the 
region has also been mentioned in the progress plans of DPT. 
The aim of the project, which is thought to have a great 
contribution on the progress of sector in terms of the town, the 
city and the region, is to determine the problems of firms that 
are active in Tosya, Kastamonu, to find out solutions and to 
support the progress of the town and employment. Together 
with these aims, it also serves to contribute the regional 
progress. There has been no study yet neither to examine the 
problems in furniture and carpenter industry-tree and forest 
products industry in Tosya, Kastamonu nor to examine the 
problems in progress and employment. With this study, the first 
detailed academic research project about the sector in 
Kastamonu has been held and suggestions for the sector have 
been put forward. The development of furniture industry in 
Turkey dates back to 19th century during which investments 
were made on forest products industry. Furniture Industry in 
Turkey consists of small scale businesses that mostly work with 
traditional methods. Increasing population, migration from 
villages to cities and quick urbanization and socio-economic 
and cultural development continuously increased the demand 
for furniture. Together with the increasing demand for 
furniture, timberwork workers and timberwork products, 
demands of producers for forest and timberwork products are 
on undeniable levels.  Today, like in all other industry branches, 
rivalry, technological developments, marketing, qualified labor 
force, physical substructure and environmental factors are 
significant so as to meet the demands in furniture and 
carpenter industry-tree and forest products industry. Because 
of their locations, firms which are active in Tosya, have been 
trying to meet the demands of all cities in Turkey and abroad. 
In this study, answers of the questions like; What are the 
problems that the firms have experienced during the process of 
meeting demands? What are the reasons of these problems? 
How can these problems be solved? What are the possible 
results of being in a privileged region for progress during the 
period of meeting demands? have been found out. Surveys with 
headlines such as; technology, production, quality control, 
finance structure, membership and support, management 
organization, human resources, marketing, product 
development, raw material, capacity, progress plannings and 
problems have been applied to Tosya furniture and carpenter 
industry-tree and forest products industry and answers of the 
questions above have been searched. With this study, 
contingency analyses of the sector have been made and 
solutions have been suggested for its development and 
progress. 

 

2 Material and Method  

Using the face-to-face survey method, this survey which has 
examined the Scope of Firms, their Capacity, Variety of Raw 
Material, Productions, their Technologies, Marketing, Human 
Resources, Quality Control Procedure, Problems and Progress 
Plannings, has been used to determine the existing structure of 
the firms. The following calculation method has been used in 
the survey. By means of Tosya Chamber of Commerce records 
and Chamber of Carpenters, all Ministry of Labor and Social 
Security records have been examined and about 300 firms have 
been determined. These firms have been visited by the research 
team one by one and they have been classified according to 
their employees and their activity. According to this 
classification, 70 firms have been determined to have 5 or more 
employees. Other firms have been determined to be managed 

by 1 person (the founder) and they do not work permanently. 
According to this analysis, 95 % confidence level and 5 % 
sample survey fault have been accepted and the survey has 
been determined to be applied to at least 36 businesses. 

𝑛 =
𝑍2𝑁𝑃𝑄

𝑁𝐷2 + 𝑍2𝑃𝑄
    

 𝑛 =
1.962𝑥85𝑥0.95𝑥0.05

85𝑥0.052 + 1.962𝑥0.95𝑥0.05
= 35,7 = 36 

Here; 

n= Size of sample 
Z= confidence coefficient (1.96 for 95 %) 
P= The existence possibility of the feature that we would like to 
measure in the mass (95 %) 
Q=1-P 
N= Size of main mass 
D= Accepted sample survey fault (5 % sample survey fault has 
been foreseen for the study) 

In order to determine the firm to apply the survey, firms which 
have formed their target market have been given precedence 
and firms which are active in the borders of the town and are 
members of related chambers have been determined with 
irrational sample method. In this concept; all businesses which 
are active in Organized Industrial Zone (OSB) and other 
businesses in small industrial zones and in dispersed 
settlements have been determined with irrational sample 
method. Surveys have been applied to the owners of the 
businesses or the responsible personals by project managers 
and researchers face to face on different days and each survey 
has lasted about 1 or 1,5 hours with the great tolerance of the 
employers. Oral interview for closed-ended questions have 
been applied, as well. Without changing the answers of the 
closed-ended questions and by making the open-ended 
questions meaningful concepts, all answers have been 
evaluated by SPSS statistic program. 

 

3 Findings, Conclusion and Suggestions 

3.1 General Information about the Firms  

The door which is produced in the sector in Tosya, Kastamonu 
is a product that takes an important part in international trade. 
Variety of products today are; Door (American Panel Door, 
Wooden Door, Lined Door, Melamine Lined Door, Lake/Painted 
Door ), Construction Timber, Woodwork Timber, Floor-Ceiling 
Wood, Window Manufacturing, Woodwork, Furniture and 
Decoration, Lambri and Profiled Massif Material. According to 
research results; There are more private and family-owned 
businesses and there are only 8.3% multi-partner businesses. 
Private and family-owned businesses consist of almost all the 
sector (88.8%) (Figure 1).  
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Figure 24. Firm structure 

The number of more private and family-owned businesses 
could be a big problem for institutionalization. Also, working 
with close relatives or with people who have kinship relations 
may cause problems in terms of continuity of the business and 
they may come across a threat of secession. In survey 
application, 47.2% of the people were the founders of the 
business; 27.8% of them were managers; 19.4% of them were 
high-level personal and 5.6% of them were shareholders 
(Figure 2). This situation leads to increase the reliability of the 
data and interviews taken from the firms for the sector report. 

 
Figure 2. Position on company 

When action fields of the firms are examined, only 47.2% of 
them produce doors. Except firms which produce woodwork 
and plywood, all other firms in the sector have been found out 
to produce doors (Figure 3). Forest products- Furniture and 
Carpenter Industry in Tosya, Kastamonu can be said to have a 
direct relation with mostly construction sector and settlements. 
It can be said that the production increases and decreases 
depending on the developments in construction sector and so 
the sector grows and downsizes.  

 
Figure 3. Action fields of the firms 

According to study results; when the active years of the firms 
are examined, they have been found out to be old and well-
known firms. 11% of the firms have been found out to be new 
with their less than ten-year experience. Therefore, it is old and 
well-known firms in Tosya who lead to the sector in terms of 
regional and national level in door production. When branches 
of firms are examined; 72.2% of them have R-D (research 
development), Quality Assurance and National Relations 
Departments; 16.7% of them have Marketing Department; 75% 
of them have Human Resources Department and 58.3% of them 
have Export and Import Departments (Figure 4). According to 
survey results; organizational structure, which is one of the 
most important factors of institutionalization, has been found 
out not to be formed yet. The high number of family-owned 
businesses and private businesses can be given as the reason of 
this situation. 

 
e: exist ne: non-exist 

Figure 4. Department of firm 

It has been found that there are no departments where the 
employees would be informed and followed in order to develop 
new products, increase the quality and decrease the loss and 
fixation amounts. Since more than half of the firms do not have 
export and import departments, the sector cannot find a place 
abroad but only in regional and national level. 
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3.2 Capacity Information of the Firms  

According to the research, 33.3% of the firms produce annually 
more than 20000 set doors for door production and this 
number has been found to change between 20000 and 80000 
set. Most of the firms that produce in these numbers have been 
seen to be intensely located in organized industrial zone. 
Following the interviews, when the production capacity of the 
firms in the last few years is examined, it has been claimed that 
their production capacity has increased. 94.4% of the firms 
have been declared to work for 25 days in a month and 5.6% of 
them for 30 days in a month. According to survey results, when 
inactive capacity reasons of the firms are taken into 
consideration, mostly lack of efficient personal and rivalry 
conditions come first as the reasons. This situation is followed 
by lack of capital and lack of demand. During the interview with 
the firms, it has been clearly claimed that, almost all of them are 
unhappy with the negative rivalry conditions in the sector and 
they all have been found to be affected by it. They have also 
mentioned about the difficulty of finding both managers and 
personals for production. Lack of personal can also be seen as 
the reason of firms’ inability of forming departments and 
forming organizational structure as mentioned in figure 5.  

 
e: exist ne: non-exist 

Figure 5. Inactive capacity reasons of the firms 

According to results; 44.4%of the firms produce 500 m2 or less. 
This could be because the sector was first constructed as sites 
in an industrial zone called Harsat Region and they were all 
formed as small and they mostly belonged to themselves. The 
construction of Organized Industrial Zone in 2014-2015 can be 
shown as the reason how firms began to produce on 7500-
10000 m2.  

3.3 Raw Material Information of the Firms 

In the sector, the use of massif is 29%, the use of particle board 
is 4%, the use of MDF is 33%, the use of melamine-surfaced 
partideboard is 20%, the use of timber is 13%, and the use of 
plywood is 1% (Figure 6). 69.4% of the active firms in the sector 
have been found to stock up and 30.6% of them not to stock up. 
Firms have mostly be seen to stock up about 0-500 m3 timber, 
about 500 sheet particle board and 1000 set door for 
prefabricated door surface. 2.8% of the firms cannot stock up 
as they do not need; 2.5% of them cannot as they are lack of 
finance; 2.8% of them cannot as they are lack of enough space. 
According to what firms have mentioned, 72.2% of them have 
no problems about raw material procurement but 27.8% of 
them face problems about it. 

 
Figure 6. Processed raw materials (monthly)  

3.4 Production and Technological Situation of the Firms 

According to findings; while 81% of the firms produce 
themselves, 19% of them not only produce themselves but also 
contract manufacturing. When production periods of the sector 
have been examined, the highest production has been found to 
be realized as 50% during the summer and the lowest as 10% 
during the winter. 89% of the firms have told that they produce 
according to orders but 11% of them are said to have both mass 
production and produce according to orders. According to 
survey results; all firms have been mentioned to use computers. 
As seen in figure 7, the highest amount of use is for accounting 
treatments, mails and internet. The use of computer is half in 
amount for marketing operations. The use of computers in 
design and production fields is really less in the firms. This 
situation brings out the fact that the use of NC-CNC machines in 
firms’ production systems is very few and R-D and product 
developments operations are not efficient and enough for the 
sector.  

 
e: exist ne: non-exist 

Figure 7. Computer usage  

When firms’ technological resource supply is examined; 88.9% 
of them are seen to purchase machine and equipment, 2.8%of 
them to imitate, 8.3% of them both to buy machine and 
equipment and use their own technology. Though they 
generally purchase machine and equipment in the sector, 
during the firm visits it has been witnessed that they also have 
their own technological resources which they have created 
according to their own production system. According to 
research findings, 19.4% of the firms have no idea about the 
latest technology. 72.2% of the firms have been seen to have the 
technology that many firms use. While 5.6% of the sector 
directly follows and uses technology in their firms, 2.8% of 
them have already had an idea about it but they cannot use it 
due to various reasons.  
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3.5 Design Information of the Firms 

When product design of the sector is examined, 33.3% of the 
firms have been mentioned to have no designers, 97.2% have 
no designers except the firm itself, 58.3% of them have no 
designers by customers and 83.3% of them have no their own 
designed products. 66.7% of the firms have been mentioned to 
have their own designed products, 2.8% of them have said to 
work with a designer out of the firm; 41.7% of them have taken 
the demands of the customers into consideration, and 16.7% of 
them have been said to produce the already designed products. 
Visiting fairs in Turkey has been mentioned to be the new 
product development resource in the first place (Figure 8). This 
is followed by regional fair visits, customer suggestions and 
demands, searching the net, published catalogues and 
magazines. 2.8% of the firms have been concluded to have 
designers. However, when it has been combined with the 
appreciations, they have been seen not to have designers but to 
design products themselves. Though it is not too much, the 
sector has been found to visit fairs abroad and follow abroad 
developments. Moreover, firms do not internalize the concept 
of design totally since they feel that they design new products 
with the color and size change of the products asked by 
customers.  

 
e: exist ne: non-exist 

Figure 8. The new product development resource 

3.6 Marketing Information of the Firms 

Since the sector produces by coming into contact with 
customers directly, they have a direct consumer marketing 
method at about 80.6% ratio (Figure 9). They have also been 
determined to have a marketing strategy with wholesales at 
about 55.6% ratio, with dealers at about 41.7% ratio and they 
have about 11.1% international marketing methods.  

 
e: exist ne: non-exist 

Figure 9. Marketing methods 

According to findings, when marketing rivalry is examined, 
rivalry in price as 91.7% and in quality as 61.1% have been 
found out (Figure 10). Firms consider the price as the first 
rivalry element and the quality as the second. This situation 
brings out price difference among products without equal 
quality and this has been considered to affect the sector 
negatively in terms of both production and its image.  

 
e: exist ne: non-exist 

Figure 10. Marketing rivalry 

At about 72.2% ratio, firms consider around businesses located 
in the same place as their rivals. This is the indication of the 
sector’s inability to operate itself in regional and national level. 
Unconsciousness of the market mass is mentioned to be the 
most important marketing problem. The second one is the high 
production costs. However, this is considered to be a wrong 
perception. Tosya is so close to raw material resources and 
that’s why they have low production costs when compared with 
other regions. The main reason of the wrong perception lies 
behind the use of production sale price as a rivalry claim. Half 
of the firms have been found to export, but none of them 
imports. Among exporting countries, Arab countries come first. 
Turk Republics, the Balkan States and the EU countries come 
next. 

3.7 Human Sources Information of the Firms 

Employees are mostly seen to be primary school, secondary 
school and high school graduates. The number of college and 
university graduates is quite low. All of them work 6 days a 
week for 8 hours. 80.6% of the employees work with fee and 
19.4% of them are the owners or shareholders and they work 
in the administrative management and production at the same 
time. According to study finding; 27.8% of the firm managers 
are university graduates, 52.8% of them are high school 
graduates and 19.4% are secondary school graduates.  

3.8 Management Organization Information of the Firms 

According to survey results, 88.9% of the firms collaborate with 
each other. The highest collaboration among firms occurs for 
raw material purchase. It has been noticed that there is little 
collaboration in terms of marketing sale, qualified and technical 
personal support, technology transfer and transportation. 
Supplier industry is enough for the firms. However, supplier 
industry also depends on foreign especially for paint/varnish 
and accessories. They also depend on foreign for the door 
surface which they use as raw material for prefabricate doors. 

3.9 Quality Control Information of the Firms 

When the sector is examined in terms of the documentation, 
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72.2% of them have been seen to have no certificate. Those 
firms without any certificates mostly do not want to have any 
as they claim that they do not need it or it is because they have 
no idea about the procedure. Firms who have necessary 
certificates have TSE documents and Quality Management 
System (ISO Documents) (Figure 11).  

 
e: exist ne: non-exist n: no y: yes 

Figure 11. Ownership document or documents on product and 
production  

About 44.4% of quality control occurs by the participation of all 
employees in all stages of production and in places where bring 
out problems during the interlude control following the raw 
material Access. 27.8% of the firms are said to have quality 
control by debugging at the end of the production. Only 11.1% 
of the firms carry out the quality control by IPK (Statistical 
Process Control) studies and experiment methods. It has been 
a big contrast to carry out the quality control but auto control 
and interlude controls without any documentation. We have 
also determined that most firms do not have Quality Assurance- 
Quality Control Department. At this point, it is not possible to 
carry out the quality control in the sector with applications that 
are mentioned. 

3.10 Finance Structure Information of the Firms 

When the highest costs of the firms are examined, raw material 
(48%) comes first. Labor, energy, transportation, marketing, 
amortization and rent follow raw material (Figure 12).  

 

Figure 12. Costs of the firms 

According to survey results, 58.3% of the firms have financial 
problems. 25% of the financial problems occur in business 
capital procurement and the modernization of the sites. 50% of 
them use bank credits to solve their financial problems. This is 
followed by borrowing and equity capital. 52.8% of the firms 
have their accounting treatment within their firms and 83.3% 
of them carry it outside the firm. In both types, pre-accountancy 
occurs within the firm but the real accounting treatment occurs 
outside the firm.  

3.11 Membership and Support Information of the Firms 

When sectoral and local association membership of the firms is 
examined, most of them are members of The Chamber of 
Carpenters. Firms which are active on a large scale are 
registered to The Chamber of Commerce. Some firms are 
members of both The Chamber of Commerce and The Chamber 
of Carpenters. Among firms, to which survey has been applied, 
there is none to be registered for any publications (magazines, 
catalogues and etc.). When Firms' support suppliers are taken 
into consideration, generally they seem to get loans for their 
financial problems. Loan support has been observed to be taken 
mostly from commercial banks. 25% of the firms have been 
seen to get support from KOSGEB-KUZKA for the 
modernization of the machine, equipment and sites. 

3.12 Problems of the Firms 

According to survey findings, the most important problem of 
the sector is lacking of qualified-technical personal. Another 
important problem is about finance. 25% of the firms have 
problems about raw material. 22.2% of them have problems 
about marketing. When future plans of the firms are examined, 
the biggest aim seems to increase the capacity, then enlarge the 
market network, make new investments, experience 
import/export and sectoral differences (Figure 13).  
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e: exist ne: non-exist  

Figure 13. Long term future plans of the firms  

The most important short term future target of all firms is to 
increase the market share. Others are protecting the existing 
conditions, increasing product variety and quality. 

3.13 Five-Year Future Plans of the Firms 

When five-year future plans of the firms are considered, they 
aim to increase the capacity, quality, product variety and to lead 
their way to modernization and new investments, respectively 
(Figure 14). 

 
e: exist ne: non-exist  

Figure 14.  Five-year future plans of the firms 

Enlarging the market network and increasing the market share 
are among their prior targets. In order to reach their aims, they 
will focus on national market on national level and on Middle-
east countries on international level. For production capacity, 
while 69.4% of the sector aims to increase production capacity, 
19.4% of them have declared not to have any capacity 
change.11.1% of them cannot foresee any capacity change.  

3.14 Conclusion and Suggestions 

Furniture and carpenter industry-tree and forest products 
industry in Tosya, Kastamonu has an old and well-known 
background with essential experiences. It is a pioneer in the 
sector in terms of making the highest contribution and having 
a big share in industry production. For this reason, it is 
inevitable to deal with the problems of the sector and 
suggesting some solutions. Besides producing various 
products, the sector is a pioneer in door production. This 
situation leads the sector to depend on construction industry 
more and it has been shaped accordingly. The also experience 
problems because of having a lot of private and family-owned 
businesses. 

Being away from the organizational structure, firms have no 
intention for institutionalization or branding. That's why they 
cannot enlarge their market mass since they prefer operating in 
a specific market network. Institutionalization, documentation 
and Quality Control System are all necessary for the 
development of the sector and their share increase in the 
market. 

The primary problems of the sector seems to increase its 
market share and its price rivalry. The main reason of this 
problem is that firms consider around businesses located in the 
same place as their rivals. This is the indication of the sector’s 
inability to operate itself in regional and national level.  

In addition to problems about capital procurement and 
modernization of the sites, firms have much more different 
financial problems. The biggest problem that they come across 
during their operating activities and investment is lacking of 
qualified-technical personal. These problems have a direct 
effect on the growth of the business negatively. 

Business have future plans like increasing the capacity, 
enlarging the market network, making new investments and 
export/import. In order to reach these targets, they will work 
on increasing their market share and the product variety in 
short term. By this way, they can take place in both national and 
international market. 

To reach their targets and make a difference in terms of product 
variety, production and production management, firms should 
invest on technology and labor force. Changing the production 
technology into CAD/CAM will certainly contribute on 
employment problem and insufficient qualified and technical 
personal problem. This will also help to fasten the production, 
increase the capacity and quality. 
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Abstract   

In this study, it is aimed to determine the biological properties of heat-treated Scots pine wood. For this purpose, the biological resistance of the heat-
treated Scots pine wood against white-rot fungi (Trametes versicolor) and brown-rot fungi (Postia plecenta) has been tested and heat-treatment has been 
applied for 2 hours, 6 hours and 10 hours at 120°C 150°C, and 180°C’. According to the biological test results, weight loss values of the test specimens 
decreases depending on the increasing heat treatment time and temperature. In the rot tests, it is seen that the highest weight losses against white-rot 
fungi are in the control specimens (26.95%) and it has been determined that the lowest weight losses are seen in the specimens applied heat treatment at 
180 oC for 10 hours (7.55%). Additionally, it is seen that the highest weight losses against brown-rot fungi are in the control specimens (33.20%) and it 
has been determined that the lowest weight losses are seen in the specimens applied heat treatment at 180oC for 10 hours (8.90%).  
 
Keywords: Wood, Scots Pine, Heat Treatment, Biological Properties 
   

 

ISIL İŞLEM UYGULANMIŞ SARIÇAM ODUNUNUN  
BAZI BİYOLOJİK ÖZELLİKLERİ 

Özet   

Bu çalışmada ısıl işlem uygulanmış sarıçam odununun biyolojik özelliklerinin belirlenmesi amaçlanmıştır. Bu amaçla ısıl işlem uygulanmış sarıçam 
odununun beyaz çürüklük (Trametes versicolor) ve kahverengi çürüklük (Postia plecenta) mantarlarına karşı biyolojik direnci test edilmiştir. Sarıçam 
odununa 2 saat, 6 saat ve 10 saat, 120°C 150°C, ve 180°C’de ısıl işlem uygulanmıştır. Biyolojik test sonuçlarına göre test örneklerinin ağırlık kayıpları 
değerlerinin ısıl işlem süresinin artmasına bağlı olarak azaldığı görülmüştür. Çürüklük testlerinde, beyaz çürüklük mantarına karşı en yüksek ağırlık 
kayıplarının kontrol örneklerinde olduğu görülmüş olup (%26.95), en düşük ağırlık kayıplarının ise 180oC’ye 10 saat ısıl işlem görmüş örneklerde (%7.55) 
olduğu tespit edilmiştir. Kahverengi çürüklük mantarına karşı en yüksek ağırlık kayıplarının ise kontrol örneklerinde olduğu (%33.20), en düşük ağırlık 
kayıplarının 180oC’ye 10 saat ısıl işlem görmüş örneklerde (%8.90) olduğu görülmüştür. 
 
Anahtar Kelimeler: Odun, Sarıçam, Isıl İşlem, Biyolojik Özellikler 
   

 

1 Introduction 

It has been stated that even the many advantages that the 
hardwood bestows during and after its use, the area of 
utilization of hard wood is restricted by the negative changes 
that occur on the body of the hardwood if it is used especially 
under the exterior open air conditions and also many 
application has been developed for elimination of the above 
mentioned defects of hardwood. It has been stated that, among 
these applications one of the most suitable application is 
aforementioned heat treatment. It has been disclosed in that 
the heat treated hard wood parquet and floorboard can be used 
in manufacture of outdoor furniture, garden fence, children 
playground, windows and window shutters, internal and 
external doors, sauna and sauna elements, interior furniture, 
and musical instruments and can be used especially as interior 
and exterior siding 1. 

it has been stated that many types of hardwood is lend to 
deterioration under high moisture conditions and heat 
treatment increases the resistance of hardwood 2. 
it has been disclosed that hardwood types that are normally has 
low natural resilience can be used under open air by the 
addition of resilience and dimension stabilization to the wood 
by wood modification methods that are developed as 
alternatives of classical impregnation materials 3. 
It has been stated that heat treatment is seen as an important 
modification method of performation of dimension 
stabilization without employing any chemical material. In it has 
been stated that the possibility of usage of heat treated ash and 
larch trees in high moisture areas with the reduction of volume 
extension by 50% without employing chemical that are harmful 
for human health and environment 4. 
Heat-treated beech and caucasian spruce woods are heat 
treated for 2, 6, 10 hours under at 130, 150, 180, 200°C’. 
According to experimental results, it is disclosed that heat 
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treatments is affected as desired in physical properties, 
dimensional stabilization; mechanical and technological 
properties are reduced with the increment of conditions and 
heat; during the process mostly hemicelluloses are degraded as 
chemical properties. it has been reported that heat treatment 
gave positive results on dimensional stability and also 
mechanical properties was decreased with the application of 
heat treatment 5. 
In a study about heat treatments to common beach and Scots 
Pine woods for 4 hours at 145°C’, scientists were analyzed the 
specimens  with FTIR spectroscope. They reported that, at the 
result of aforementioned analysis with the increasing 
temperature the hemicellulose groups were began to 
disintegrate. Besides they observed that under high 
temperatures most of the acetic groups are cracted along the 
treatment of the wood 6 
it has been reported that thermally modified wood will give 
better results that control specimens in the color stabilization 
increased exterior conditions 7 
it has been disclosed that heat treatment of Scots Pine 
decreases the volumetric swelling of the wood 50% 8. 
it has been observed that heat treatment increases the 
resistance of the wood against wood decomposing 
microorganisms. It is also reported that during the bending test 
in heat treatment sample instant fraction is observed and 
sample which was not heat treated shows gradual fraction 9. 

2 Material and Method 

2.1 Scots Pine Wood (Pinus sylvestris L.) 

Scots Pine (Pinus silvestris L.) is an important and valuable 
forest tree.  Scots Pine whose growth area spanning from 
Eskişehir, Yeşildağ and covers the high areas of the Northern 
Anatolia and transmits to the Caucaus over Sarıkamış and also 
reached the see in the vicinity of and Surmene, rises to 2100 
meters around Artvin and Rize by establishing forests with 
Caucasian spruce.   Scots Pine has ranked 3rd among the 
coniferous forests with 1.239.578 hectares. Scots Pine takes its 
name from foxy yellow color of its trunk crust which is 
separated in form of sheets 10. 

2.2 White Rot Fungi  

White rot also known as Corrosion rot fungi is formed by 
Basidiomycetes type fungi. White rot fungi generally destroy 
lignin and white fibrous cellulosic structure remains. Some 
types of fungi both destroy lignin and hemicellulose. The 
degradation over the materials is formed as a result 
depolimerization of hemicellulose. As a result of degradation 
white fibrils are observed on the surface of material and weigh 
loss up to 95% can be observed 11. 

2.3 Brown Rot Fungi  

Dark Rot (Brown Rot): The color of the wood becomes dark. 
Fractures will form both vertically and horizontally on the 
wood and cracks will be covered with fungi mycelium’s. The 
wood particles left between the cracks can be jabbed out in 
form of small prisms or small cubes. Jabbed particles can be 
grinded in dust with fingers easily. Collapse and volume 
reduction is observed as a result of dark rot and the 
borderlines that are present in white rot is not observed 12. 

2.4 Selection of Test Pieces  

In the study wood specimens with proper development, 
straight fibered, shoot less and tree disease and defected 
growth free is used. 

All the specimens that had been prepared are polished firstly 
with 100 sandpapers and 120 sandpapers. Later, all the 
specimens are held in an oven until they reach the stable 
weight.  

2.5 Rot Tests  

For wood material decay tests, Trametes versicolor (L.) Lloyd 
(MAD – 697) was used as white rot fungi, Postia placenta (Fr.) 
M.J. Larsen & Lombard (MAD 698) as brown rot fungi was 
used. Experimental specimens were prepared according to 
ASTM 1413 and 7246 principles. 

For sterilization of the test specimens, specimens are placed 
into jars and sterilized in a Hirayama autoclave for 15 minutes 
at 121°C’. The autoclave device used in the tests is shown in 
Fig. 1. After this process, the specimens were stored in air tight 

glass jars until the inoculation phase.  

Figure1. Autoclave (Steamed Sterilizator) 

Petri dishes in which the fungi culture inoculation procedure 
would be performed were sterilized against harmful organisms 
by placing in to drying stove for 2 hours at 161°C’. Nutrient 
medium which was is prepared by addition of 48 gr malt extract 
agarose into 1000 ml wateris sterilized in the autoclave for 15 
minutes at 120°C’ and then medium is poured into petri dishes 
as 20 ml each. Developed state of Brown rot fungi that is used 
in the rot test in malt extract agarose medium is shown Fig. 2.  
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Figure 2. Developed state of Brown rot fungi that is used in the 
rot test in malt extract agarose medium 

 

After inoculation of fungi species that would be used in the 
study by placing 1cm pieces to every petri dish from pure 
culture which was prepared before, mycelium development 
was observed for 10 days in 27°C incubator (Fig 3). In the end 
of this period petri dishes that are contaminated are excluded 
from study. For sterilization of the test specimens, specimens 
are placed into jars and sterilized in a Hirayama autoclave for 
15 minutes at 121°C’. 

 

Figure 3. Inoculation of fungi culture 

 

Inoculated petri dishes are covered with para film for 
reduction of moisture over time and also for the prevention of 
foreign organism entry from exterior. After the inoculation 
process all petri dishes are left for development in a 27 °C and 
65% moisture containing inoculator for 12 weeks.  

After 12 weeks, the pieces are removed from petri dishes and 
the weight loss occurred is calculated (Fig. 4). 

 

Figure 4.Removal of test specimens from petri dishes for 
measurement 

3 Results and Discussion 

In this part, resistance of wood material against white rot 
(Trametes versicolor) and brown rot (Postia plecenta) fungi are 
emphasized. 

3.1 White Rot Fungi (Trametes versicolor) 

Average weight loss values of the test specimens against white 
rot (TrametesVersicolor) are shown in Table 1. 
 

Table1. Average weight loss caused by white rot fungi (%) 

Temperature 
(oC) 

Period 
(Hour) 

Average   
(X) 
(%) 

Std. 
Dv. 

Change 
compared 
to control 

Control Control 26.94 3.41 - 

120 2 20.61 1.05 (-23.50) 

120 6 18.56 0.86 (-31.11) 

120 10 17.49 1.13 (-35.08) 

150 2 19.45 0.61 (-27.80) 

150 6 17.03 1.67 (-36.79) 

150 10 15.53 1.64 (-42.35) 

180 2 17.59 1.59 (-34.71) 

180 6 11.45 0.57 (-57.50) 

180 10 7.55 1.73 (-71.97)* 

X: Average weight loss value (%)   
*: Maximum weight loss value  of Wood material (%) 
 

It is observed that the average weight loss against white rot 
fungi values of heat treated specimens and specimens that were 
not heat-treated (control) are different and the highest values 
were observed in the control specimens.  Results of Multiple 
variable analyses performed for determination of factors that 
cause aforementioned differentiation is provided at Table 2.  
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Table 2.Multiple variant analysis related to white rot fungi 

Source 
of 

Variance 

Sum of 
Squares 

Degree of 
Freedom 

Average 
of 

Squares 

F 
Calculatio

n 

Level of 
Significance 

%5 

Factor A 367.95 2 183.97 69.60 0.000 

Factor B 247.81 2 123.91 46.87 0.000 

A*B 72.60 4 18.15 6.87 0.000 

Error 105.74 40 2.64   

Sum 16151.75 50    

Factor A: Heat (120C, 150C, 180C),  
Factor B: Hour (2, 6, 10 hour)  

 
According to the results of the Table, it is determined that all 
the factors (heat, hour and heat-hour interaction) are 
statistically important (α=0,05). 
Pairwise comparison Duncan test results about white rot fungi 
weight loss values and heat and hour is provided at Table 3.  

 

Table 3.White rot fungi weight loss values in the heat and hour 
level 

Duncan : 0.050  X: Average  HG: Homogeneity group  
*: Maximum weight loss value (%) LSR: 1,56 

 
 It is determined that control specimens suffer more weight loss 
according to heat treated specimens both in heat and hour level. 
It is observed that with the increasing heat and hour the heat 
treated specimens become more resistant against white rot 
fungi. 
White rot fungi weight loss value averages were the all 
experimental groups are seen together and the situation of 
homogeneity groups are provided at Table 4. 
 

Table 4. Averages and Homogeneity distribution of all groups 

Duncan : 0.050  X: Average  HG: Homogeneity group 
*: Maximum weight loss value  (%) LSR: 0.10 

3.2 Brown Rot Fungi (Postia plecenta) 

The average values of weight losses measures of the test 
specimens related to the brown rot fungi (Postia placenta) are 
given in Table 5. 
 
Tablo 5. The average weight losses caused by brown rot fungi 

(%) 

Temperature 
(oC) 

Time 
(Hour) 

Average   
(X) 
(%) 

Standard 
deviation 

Change 
compared 
to control 

% 

Control Control 33.20* 5.23 - 

120 2 25.48 1.42 (-23.25) 

120 6 23.54 1.01 (-29.10) 

120 10 21.15 1.04 (-36.30) 

150 2 24.02 1.26 (-27.65) 

150 6 17.47 4.48 (-47.38) 

150 10 16.10 1.27 (-51.51) 

180 2 21.96 1.22 (-33.86) 

180 6 13.94 0.63 (-58.01) 

180 10 8.96 1.41 (-73.01)* 

X: average weight loss value (%)   
*: The highest weight loss value of wood material (%) 

 
As a result of the exposure of untreated (control) and heat-
treated test specimens to the brown rot fungi, the average 
weight loss values have been found different and the highest 
value are detected in control specimens. The results of 
multivariate analysis of variance conducted to determine the 
factors -causing these variations are given in Table 6. 
 

Table 6. Multivariate analysis of variance associated with 
resistance to brown rot fungi 

Factor A: Temperature (120C, 150C, 180C),  
Factor B: Time (2, 6, 10 hours) The coefficient of variation 
 
According to the variance analysis results, in the resistance 
against brown rot fungi, it has been seen that the wood material 
is statistically significant in the temperature and the time 
factors and it is mathematically significant in the bilateral 
interaction of temperature-hour. Duncan paired comparison 
test results related to the brown-rot fungi weight loss values at 
the level of temperature and time are given in Table 7. 

Temperature 
(oC) 

Averages Duration 
/ Hour 

Averages 

X HG X HG 

Control 26.94* A Control 26.94* A 

120 18.89 B 2 hour 19.21 B 

150 17.33 C 6 hour 15.68 C 

180 12.19 D 10 hour 13.52 D 

Temperature 
(oC) / Duration 

Averages % Change 
compared to 

control X HG 

Control 26.94 A - 

120 /2 20.61 B (-23.50) 

120 /6 18.56 BC (-31.11) 

120 /10 17.49 B-D (-35.08) 

150 /2 19.45 C-E (-27.80) 

150 /6 17.03 C-E (-36.79) 

150 /10 15.53 DE (-42.35) 

180 /2 17.59 E (-34.71) 

180 /6 11.45 F (-57.50) 

180 /10 7.55 G (-71.97)* 

Variance 
Source 

Sum of 
squares 

Degrees of 
Freedom 

Mean 
square 

F 
Calcula

tion 

Significance 
level %5 

Factor A 936.17 2 468.09 79.94 0.000 

Factor  B 241.40 2 120.70 20.61 0.000 

A*B 20.03 4 5.01 0.86 0.499 

Error 234.22 40 5.86   

Total 23490.7
5 

50    
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Table 7. Duncan paired comparison test results related to the 

brown-rot fungi weight loss values (%) 

Temperature 
(oC) 

Averages Time 
(Hour) 

Averages 

X HG X HG 

Control 33.20* A Control 33.20* A 

120 23.82 B 2 hours 21.70 B 

150 20.72 C 6 hours 19.43 B 

180 12.97 D 10 hours 16.11 C 

 
It has been detected that the control specimens lost more 
weight at the level of both temperature and time compared to 
the heat treated specimens. In the resistance to brown rot fungi, 
it has been seen that heat-treated specimens become more 
resistant as temperature and time increase.  
 
Brown rot fungi weight loss values averages and the status of 
homogeneity groups are shown in Table 8, where all test 
specimen groups are seen together. 
 

Table 8. The average and homogeneity distribution of all 
groups 

Temperature (oC) 
/ Time 

Averages Change 
compared to 

control % X HG 

Control 33.20* A - 

120 /2 25.48 B (-23.25) 

120 /6 23.54 BC (-29.10) 

120 /10 21.15 BC (-36.30) 

150 /2 24.02 C (-27.65) 

150 /6 17.47 C (-47.38) 

150 /10 16.10 D (-51.51) 

180 /2 21.96 DE (-33.86) 

180 /6 13.94 E (-58.01) 

180 /10 8.96 F (-73.01) 

X: average weight loss value (%)  
 *: The highest weight loss value of wood material (%) 
 

In the literature on the subject, it has been observed that with 
the increase of temperature and treatment time, the strength of 
the wood against destructive microorganisms increase 
biologically 9. 

4 Conclusion 

According to the biological test results, weight loss values of the 
test specimens decreases depending on the increasing heat 
treatment time and temperature. In the rot tests, it is seen that 
the highest weight losses against white-rot fungi are in the 
control specimens (26.95%) and it has been determined that 
the lowest weight losses are seen in the specimens applied heat 
treatment at 180oC for 10 hours (7.55%). Additionally, it is seen 
that the highest weight losses against brown-rot fungi are in the 
control specimens (33.20%) and it has been determined that 
the lowest weight losses are seen in the specimens applied heat 
treatment at 180oC for 10 hours (8.90%). 
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Abstract   

This paper will investigate the relationship between furniture manufacturers and furniture accessory producers for new product development (NPD) in 
Turkish home furniture industry. A rich body of knowledge exists on supplier integration in NPD process in various industries such as automotive, textiles 
and consumer electronics whereas little is known on the subject in furniture industry. The importance of supplier integration in NPD processes especially 
in products consisting of multiple components is widely accepted. With the increase in the complexity of products and high requirement of efficiency and 
specialization, management of a network of suppliers to introduce meaningful products into the market has become crucial. This paper will represent 
partial findings of a study into the relationship between furniture manufacturers and furniture accessory producers in Turkish home furniture industry. 
The paper will depend on the data received through semi structured interviews with the representatives of both parties. The study aims to find out the 
channels of communication and collaboration between the companies designing whole sets of furniture and suppliers of components for these sets. The 
paper will discuss the findings of the semi structured interviews so far.   
Keywords: Turkish furniture industry, new product development, component producers, supplier integration 
   

 

TÜRKİYE EV MOBİLYA SEKTÖRÜNDE FAALİYET GÖSTEREN MOBİLYA VE 
AKSESUAR ÜRETİCİSİ FİRMALARIN YENİ ÜRÜN GELİŞTİRME 

SÜREÇLERİNDEKİ İLİŞKİLERİNİN ARAŞTIRILMASI  
Özet   

Çalışma kapsamında Türkiye ev mobilya endüstrisinde faaliyet gösteren mobilya ve aksesuar üreticilerinin yeni ürün geliştirme süreçleri içerisindeki 
ilişkileri incelenecektir. Otomotiv, tekstil ve tüketici elektroniği gibi çeşitli sektörlerde üretici-tedarikçi ilişkileri üzerine zengin bir bilgi birikimi olmasına 
rağmen, mobilya endüstrisi bu alanda çokça araştırılmamış, dahası ihmal edilmiş bir alan olarak göze çarpmaktadır. Yeni ürün geliştirme süreçlerinde 
üretici-tedarikçi ilişkilerinin önemi, özellikle çok parçalı ürünlerden oluşan sektörlerde yaygın olarak kabul görmektedir. Ürün karmaşıklığının artması, 
verimlilik ve uzmanlaşmaya olan yüksek ihtiyaç, tedarikçilerin talebe yönelik ve anlamlı ürünler sunabilmesini zorunlu kılmaktadır. Bu çalışmada Türkiye 
ev mobilya endüstrisinde faaliyet gösteren mobilya ve aksesuar üreticisi firmaların arasındaki ilişkiye dair yapılan bir çalışmanın kısmi sonuçları ortaya 
konacaktır.  Çalışma, her iki tarafın endüstrideki temsilcileriyle yapılan yarı-yapılandırılmış görüşmeler sonucu elde edilmiş verilere dayandırılacaktır. 
Çalışma, bir mobilya ürünü ve bu üründe kullanılan parçaların tasarlanma ve üretilme aşamalarında taraflar arasındaki iletişim ve işbirliği kanallarını 
ortaya koymayı hedeflemektedir. Bildiride yarı-yapılandırılmış görüşmeler sonucunda elde edilen veriler ortaya konulacak ve değerlendirilecektir.   

Anahtar Kelimeler: Türkiye ev mobilya endüstrisi, yeni ürün geliştirme, parça üreticileri, tedarikçi katılımı 
   

 

1 Introduction 

With the help of technologic advances, intercontinental 
communication opportunities have increased greatly and this 
situation has changed the lifestyles of humankind and the 
perception of commerce. Trade is no more restricted by the 
borders of the nations and every passing day it becomes more 
global. High-tech products and manufacturing possibilities 
have emerged by this technological progression and the 
emerged countries has directed their investments to these kind 
of products. Emerging countries such as Turkey, tend towards 
to low-tech products in order to gain a strong position to 
themselves in the global competitive environment.  

Furniture industry has a strong position with the help of its 

labor intensive structure for the emerging countries. Furniture 
industry secures its position day by day as the furniture 
products are essential for human life, not necessitating a critical 
know-how and having relatively low investment costs 
compared to high-tech industries.  

Companies gain competitive advantage with their quality, 
design and cost management abilities in the low-tech 
industries. Therefore, the companies in such industries operate 
their actions by focusing on quality and low-cost, they try to be 
differentiated from their rivals and gain a secure position in the 
market with their design competencies.  

At this juncture, furniture hardware which are composed of 
decorative handles, hinges, fasteners, lighting accessories and 
such, contribute to design characteristics of furniture products 
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highly and become more and more important. Despite the fact 
that traditionally, furniture products used to be produced in 
small ateliers under favor of crafts people’s savoir faire, today 
these products have turned into a complex structure that 
consist of multiple components. Furniture manufacturers deal 
with so many component suppliers in order to supply the 
requisite materials, components and raw material until they 
deliver the products which they design and produce to the 
market.  

It can be observed that the general attitude in the industry is 
designing the furniture and furniture parts distinctly by 
different agents. These products which are designed by 
diversified designers and diversified design perceptions, 
ultimately merge into one on a furniture product in order the 
constitute the final product. Both parties who are willing to 
utilize the design as a competitive advantage, occasionally 
condemned to fail because of the inharmoniousness among 
their design language. In this respect, it is important for the 
furniture and furniture hardware manufacturers to play an 
active role in the new product development and design phases 
together.  

In the literature, it draws the attention that manufacturers and 
suppliers play and active role in new product development and 
design phases together in the industries which are emerged and 
rooted such as automotive, electronics and textile. There are 
intensive academic studies regarding to this subject in such 
industries both domestic and foreign. These academic studies, 
have been implemented successfully in the field of application 
and open a road for the companies with positive impact. These 
positive impacts might be presented as increase in the profit, 
decrease in the delivery time, better product-component 
adaptation, beside with the help of customer satisfaction it 
contributes to create a gratifying brand perception for the 
customers. However, this subject is quite neglected in the 
furniture industry.  

This study investigates the relationship between furniture and 
accessories manufacturers in the Turkish home furniture 
industry in new product development processes. The past and 
current situation of the industry has been presented 
throughout the research process, and the importance of the 
industry for both global and Turkish economy is emphasized. 
The research has been conducted by literature review and field 
study. Furniture and furniture accessories manufacturers have 
been interviewed during the field research in order to gain 
understanding of both parties’ perspective. The literature is 
reviewed under four titles: Furniture and furniture industry in 
general, Turkish furniture industry, furniture hardware and 
industry and manufacturer – supplier relations.  

The first part of the study is related to the fundamentals of the 
research, the aim, importance, scope, method and the structure 
of the study are discussed in this chapter. The first part is the 
introduction chapter which gives the reader an insight about 
the study basically.  

The second part is the literature review about the furniture and 
furniture industry generally. This chapter starts with the 
definitions and classifications of the furniture and furniture 
products. After defining it, the furniture industry is taken into 
account. Past, present and future projections of the furniture 
industry is presented in this chapter. Furniture industry is 
evaluated in the global borders of the international economy. 
Foreign trade transactions, import and export values of the 
furniture industry in global scope is presented in this chapter. 
The volume and the importance of the furniture industry is 
emphasized.  

The third part is related to the Turkish furniture industry. In 
this chapter the general situation of the Turkish furniture 
industry is presented and the importance of the industry for 
Turkish economy is emphasized. Number of company and 
employees are given and the import and export figures have 
been presented for the last ten years in order to present the 
evaluation of the industry in Turkey and also the importance of 
furniture sector for Turkish economy.  

As the study investigates the relationships between furniture 
and furniture accessories producers, the fourth part is related 
to the furniture accessories and its industry. In this chapter the 
definition and classification of the furniture accessories is 
presented. The manufacturing techniques and used materials 
are emphasized in order to give reader an insight about the 
industry.  

In the fifth part manufacturer-supplier relations are taken into 
account in the manufacturing sector. The references are mainly 
related to the automotive industry as this subject is 
fundamentally researched and analyzed for this sector. The 
new product development processes are mentioned and the 
techniques, method, advantages and disadvantages of the 
supplier integration in the product development processes are 
tried to be presented. Finally, a case study related to furniture 
industry is represented.  

The field research is gone through interviews with the design 
managers of large-scale furniture manufacturers and furniture 
accessories manufacturers. The method of the research is semi-
structured interview method. With the help of predetermined 
questions, the interviews are done face to face, and when 
necessary the interview is deepening with additional questions.  

The findings show that, there is a relationship between 
furniture manufacturers and accessories manufacturers 
regarding to design to a certain extent. But this relationship is 
weak and it is done mostly unintentionally by both parties. This 
relationship is needed to be supported by some agencies, 
institutions or state institutions. The companies in the both side 
tend to develop strong partnerships with their suppliers and 
customers. However, the difficulties of the process and the lack 
of experience in the field restrain the company’s motivation for 
further breakthrough. Therefore, activities such as university-
industry collaborations and governmental incentives would 
motive the industry actors to come up with a new approach to 
their new product development processes and their perception 
of partnership in the relations. 

2 Manufacturer-Supplier Relations in New Product 
Development Process 

New product development process complexity and difficulty 
gets more challenging when foreign suppliers involve in. In this 
case suppliers get involved in concurrent engineering activities 
along with internal departments. The model proposed by 
Cordon and Vollman 1 argues that manufacturer-supplier 
relations has transformed into “cooperative” attitude rather 
than “combative” attitude by time. Manufacturer-supplier 
relations used to be in the form of a sordid gain in the past, 
however recently it has turned into a collaborative nature 
which is for the benefit of both parties 2. Members of western 
industries has an approach relying on the competitive attitude 
in supplier-manufacturer relations, it was observed that 
Japanese competitors of these industries embraced a more 
collaborative attitude 1. 
-  
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Despite the fact that traditional approaches have been 
enhanced recently, opportunities still exist in improving 
supplier-manufacturer relations. Figure 1 compares the classic, 
today’s and tomorrow’s best practices: 

While supplier-manufacturer collaboration may simply be 
defined as shared participation to the decision making process, 
supplier integration in new product development process is a 
complex process which the collaborative use of R&D sources 
and abilities of both parties in order to achieve a shared goal 
3. 
The main purpose of supplier integration in product 
development process is to match the customer’s needs with the 
supplier’s abilities in order to overlap the design and 
manufacturing process, thus to attain a more active and 
effective product development process 4. Supplier integration 
in product development process starts with the supplier’s 
active participation in design process. As design is a toilsome 
qualification, it requires attention in the early phases of 
development process. Design is the fundamental source of 
general issues basic product and process related issues such 
quality, cost, sustainability etc. 

2.1 The advantages of supplier integration in new 
product development 

Manufacturers who apply concurrent engineering methods and 
integrate their suppliers in their product development process 
especially into product design phases receive the highest 
possible level of efficiency from their suppliers 5.It was 
observed in various studies that such collaborative product 
development process shortens the product delivery time, 
reduces the total cost, increases the product quality and 
encourages the innovation. Advantages of the supplier 
integration in product development process are listed as 
follows:  

- Reduces the development costs,  

- Provides standardization in components,  

- Enhances consistency in design and manufacturing 
phases,  

- Reduces the technical revision needs in product,  

- Ensures product with few flaws and high quality.  

- Provides improvements in suppliers’ manufacturing 
process, 

Reduces product delivery times 
Knowledge sharing and collective learning, 
Shorter product development times 6, 7 
In addition to these advantages, long-term and short term 
advantages of supplier integration was presented by Echtelt 
8.  Short-term advantages of supplier integration are: 
Technical performance of supplied component, 

- Component cost,  

- Component development cost,  

- Component delivery time, 

Long term advantages of supplier integration are: 

- More effective and efficient collaboration,  

- Ease of access to suppliers’ technological 
infrastructure,  

- Setting a course concerning to technology and 
innovation, 

- Knowledge and solution flow resulting from previous 
projects.  

In addition to these researches Mikkola and Skjoett-Larsen 7 
mentioned various disadvantages of supplier integration to 
product development process. These are:  

- Loss of possessed unique know-how, 

- Atrophy of authentic internal abilities, 

- Risk of emanation the key technological know-how to 
the rival companies,  

- Over-reliance to the companies in the role of strategic 
partnership 7. 

A study conducted by Bozdogan et. al. 9 showed that supplier 
integration reduces the unit cost at the rate of %75 while 
reduces the delivery time at the rate of %33. Yet another 
important gaining of the supplier integration providing source 
of innovation 8. Suppliers taking part in this process get a 
chance to increase their technical competencies and with the 
help of this chance they may embark on a quest of new 
technological advances and increasing their standards. 
Betterment in the conditions of the suppliers directly affect the 
performance of manufacturers.  
Supplier-manufacturer relations are reciprocal and both 
parties take advantage of this relation. While the manufacturers 
benefit from the outputs of the process, suppliers benefit from 
the process by learning to manage projects better 2. 

3 New Product Development Process in Furniture 
Industry 

Product development according to Clark et al. 10 is a 
complement of activities aiming at optimizing performance 
parameters by the participation of engineers from different 
departments in scope of problem solving cycle in a certain 
period of time.  Performance criteria for the new product 
development activities in furniture industry are quality, 
delivery time and product cost: main targets are decreasing the 
delivery time and product cost to the minimum level and 
fulfilling the quality standards.  
Manufacturers, due to the lack of expertise in a particular area 
or source supply components required for production through 
the use of outsourcing 11. Considering furniture industry, any 
component used in a furniture product requires a different area 
of expertise and different part suppliers exist for each area of 
expertise. Suppliers specialized in their area of interest and 
they maintain similar product development process for 
different customers. During this process there are 
opportunities for them to enhance their feasibilities in order to 
perform more efficient and effective 8. Manufacturers respect 
their suppliers as the most important compound of their 
product development process under rapid changing 
technological advances and shortening product life cycle 
circumstances 12. 
The collaborative partnership among the suppliers and 
manufacturers requires to be enhanced in administrative level. 
Likewise, integration of part suppliers into design process or 
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extending the effectiveness during the process is an important 
manner in supplier-manufacturer relations. Currently, 
furniture manufacturers and their suppliers are considered to 
be supplementary.  Furniture manufacturers need to take 
advantage of their suppliers’ engineering competencies as they 
can’t produce all the components required for furniture 
production by themselves. In the same way, component 
suppliers don’t have the freedom to design and produce solely 
relying on their criteria, they need to sustain their product 
development activities conceiving the criterion of their 
customers. Joint effort of suppliers and manufacturers makes a 
furniture product successful in the market by meeting the 
quality criteria, customer needs and demands and releasing the 
product on the right time to the market. Carr et al. 13 revealed 
that manufacturers started pay more attention to the 
collaboration with suppliers since then they realized the role of 
suppliers in customer satisfaction. One of the most important 
factors that determines the quality of the furniture product is 
the quality of the supplied components. In this regard, it is 
important to create a strong collaborative bond with the 
suppliers right in the beginning of the product development 
process 14. 
The common trait of all advanced industries is to have 
advanced subsidiary industries alongside with the competition.  
Such advanced industries are supported by quick-witted, 
sophisticated, technically and executively developed, rapid 
responsive suppliers. For instance, automotive industry takes 
advantage of such equipped suppliers 15.  
At this point, furniture accessories and hardware along with the 
producers of these equipment worth to be investigated due to 
their importance in both for furniture production and usage. In 
conjunction with the industrialization, furniture production 
severely transformed into a different dimension distinctly from 
its traditional roots. Traditionally furniture products used to be 
produced in ateliers by carpenters with restricted additional 
hardware. Today, by using mass production techniques 
furniture products turned out to be modular and multipartite. 
Legs, wheels, PVC profiles, fasteners, fixtures, hinge systems, 
aluminum components, rails, door knobs, handles, locking 
systems, paint and colorants, roving and a lot more are essential 
compounds of a mass produced furniture. Conscious and 
malcontent customer profile push furniture manufacturers to 
produce well designed, equipped, high quality and cheap 
furniture. It is crucial to expand collaborative relations with the 
suppliers to meet demands of the customer from the early 
beginning of the hardware and furniture design stage. 

4 Method 

Qualitative research methods have been applied in scope of the 
investigation as this study aims at evaluating the opinions of 
participants, investigating the cases in their natural 
environment and to gain a broader understanding of the 
inquiry. Various approaches might be practiced in qualitative 
research techniques such as interview, focus groups, 
observation, case study etc. 16.  
The objective of the study is to investigate the relationship 
between the furniture manufacturers and suppliers in Turkish 
home furniture industry in new product development process. 
Face to face interviews expedites the opportunity of in depth 
analysis in gathering data process. It is evident that non-face-
to-face interviews limit questioning opportunities and 
receiving reliable responding, becloud investigation and 
reduces the reply rates 17. Hence, interview method was 

evaluated as the most appropriate method for scope of the 
study.  
Interview method is one of the most approached qualitative 
research method among others as it makes possible to receive 
standardized answers, annihilates the possibility of prejudice, 
enables to compare findings and its ease of application. 
Interview method leans on personal communication and it is 
known as one of the oldest research methods 18. There are 
three types of interview method: structured, semi-structured 
and unstructured interview.  
In this study data gathering method was semi-structured 
interviews. In semi-structured interviews, even if the questions 
are prepared in a certain structure, the approach might change 
route during the interview depends on the flow, interviewer 
may ask improvised questions in order to deepen the subject.  
Originality of the research sample is more important than its 
quantity in qualitative research. Hence, while the research 
sample consists of a wide range in quantitative research, in 
qualitative research originality trait is aimed to be expanded 
19. Research sample in scope of this study is limited to large-
scaled furniture manufacturers and their suppliers. According 
to the SME definition of KOSGEB, the companies with the 
employee of less than 250 and the annual financial statement of 
less than 40 million Turkish Liras are classified as small-scaled 
companies 20 and other companies are classified as large-
scaled companies. Large-scaled furniture companies in Turkey 
are presented in Table 6.1., semi-structured interviews were 
conducted with the companies marked in red by considering 
the time and cost limitations. 

5 Results 

5.1 Contribution of Supplier Integration in New Product 
Development Process to the Companies 

Furniture manufacturers have been asked questions related to 
their supplier choice criteria and the demanded characteristics 
of the suppliers were tried to be defined through these 
questions. In line with the answers to these questions, it was 
found out that manufacturers consider the production 
techniques, technological possibilities possessed by the 
suppliers, their quality perception and design capabilities in 
order to constitute long-term relationships with the suppliers. 
In case of suppliers’ inabilities in above mentioned factors, 
furniture manufacturers declared that they support their 
suppliers in order to enhance their competencies. 

Contributions regarding to quality 

Furniture manufacturers constituting the research sample are 
large-scaled companies who undertake the Turkey’s furniture 
exportation to a great extent along with their domestic sales. In 
respect to their exportation mission, their furniture products 
have to meet certain quality standards. The only way to attain 
these quality standards is to collaborate with capable suppliers. 
The interviews showed that, furniture companies who are 
willing to be successful in global marketplace has a strong 
motivation in achieving the quality standards. At this point, the 
existent quality policy of the manufacturer turns into a must for 
the supplier which needs to be granted and by time this quality 
policy becomes existent for the supplier as well 21. The 
buying manager of Boytaş Mobilya, one of the companies in the 
research sample, Erkan Tuzcuoğlu summarizes the buying 
process as follows: 
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       “When our furniture designers choose a new furniture 
accessory of a supplier’s collection, we ask them to send us a 
product sample. The sample is tested in our high standard, TSE 
certified quality laboratories. After applying the needed quality 
tests, a detailed quality report is prepared and the report is 
shared with the supplier. The report contains both the optimum 
values of our company and the values the tested sample. If the 
values are lower than the optimum values, the supplier is 
expected to make the necessary improvements on the product. 
It is an iterative process and we ask the supplier to make the 
further improvements until our quality standards are satisfied.” 
Figure 2 shows the approval process of new component in 
furniture industry. 
In the same interview, it was stated that, in the previous years 

suppliers used to be all alone in the improvement process, but 
recently Boytaş Mobilya started to take an active role in this 
process with their expert material engineers. It has turned to a 
more mutual process which prevents supplier being alone 
during the improvements and gives Boytaş Mobilya an 
opportunity to develop its capability in engineering abilities.  
It was also stated that, a brand new unit has been established in 
Boytaş Mobilya which is called “Supplier Development 
Department” whose role is to trace and support the 
developments of the suppliers consistently, for instance 
concerning with occupational health and safety etc. It was 
declared that they terminate their engagement with suppliers 
who are likely to refuse their criteria.  
Similar approaches related to quality manner were observed in 
other manufacturers in the research sample. It was concluded 
that, irrespective of the accessory’s visual, structure or other 

positive characteristics, quality values are the most important 
feature of the products of suppliers.  
In this context, the contribution of supplier integration in new 
product development process to quality function of the 
manufactured furniture has been presented. It was concluded 
that the production of wholly quality furniture might emerge as 
a result of consistent and continuous supplier-manufacturer 
relationship.  

Contributions regarding to production and technology 

It was exhibited that supplier integration in new product 
development process might contribute to the production 
techniques and technological infrastructure of both supplier 
and furniture manufacturer in a long-term relationship. As a 
natural outcome of the mass-production techniques in 
furniture industry traditional production methods fall short in 
meeting the required quality standards and also incapable of 
meeting the demanded order of quantity. Hence, it was 
observed that, furniture manufacturers push their suppliers to 
invest in new production techniques and force them to use 
contemporary manufacturing machines in order to get more 
productive service.  
For example, wood carving as a traditional furniture decoration 
technique, had to be replaced with the polyurethane casting 
technique. Recently, furniture manufacturers have begun to use 
polyurethane legs, handles and decorative panels as it is faster 
for production and more consistent for standards. These 
change push suppliers to learn polyurethane casting techniques 
and necessitate them to be equipped with the required 
machines and technological infrastructure.  
In this way, suppliers have amended their production 
techniques, they have attained time and cost acquisition and 
also they have possessed superior and contemporary 
manufacturing techniques which is well accepted in the global 
market place. The change in the suppliers’ production method 
would be painful at first, however in long term it has beneficial 
acquisition. Suppliers hold modern production techniques, 
produce quality and low-cost products may conveniently 
service to domestic furniture manufacturers while they might 
be serious actors in the global market place. 

Contributions regarding to design ability 

In accordance with the interviews conducted with the furniture 
companies, it was found out that the integration of supplier and 
furniture manufacturers lead to progression of design 
perception and abilities of both parties. Generally, furniture 
industry and furniture accessories industry might be classified 
as distinct industries in terms of material usage, production 
techniques, product development processes etc. Nevertheless, 
the products of these two distinct industries meet in a single 
final furniture product. It is a seminal activity to work together 
and exchange opinions for expert designers and engineers of 
both parties who are specialized in different areas. 
One of the important factors affecting the supplier election 
criteria of the manufacturer is having a design department in 
their organization. One of the interviewees, a designer in a 
furniture company, stated that they can build rapport with 
suppliers who have in-home designers and they can get faster 
responds to their design related demands. Besides, suppliers 
who employ in-home designers have a better product and 
design language which enable furniture designers to use their 
products 22. Traditionally, suppliers tend to copy or imitate 
the existing furniture accessories products of foreign brands, 
however, their intimate relationship with furniture 
manufacturers open a road for them to perceive the importance 

Figure 45. Approval of new component process in furniture 
industry 

Product selection from the catalogue 

Sample demand from the supplier 

Quality control 

Giving order to the supplier 

Final quality control 
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of the design and employ in-home designers. Many suppliers 
have started to perform their product development processes 
in a more genuine way. This progression is for the favor of both 
parties, while the suppliers started to produce more 
competitive products, the furniture manufacturers can attain 
well-designed and quality product in domestic market, most 
probably with reasonable prices and rapidly.  
Suppliers and furniture manufacturers who create decent, long-
term relationships, have started to produce demand-oriented, 
innovative, high-quality and low-cost products. 

5.2 Contribution of Supplier Integration in New Product 
Development Process to the Product Characteristics 

As stated in the previous sections of the study, integration of 
suppliers in new product development process is beneficial in 
various ways. It was proved that supplier integration reduces 
the product development cost and time significantly 23. 
According to Gupta and Sauder 24 companies have short 
product development span can more effectively integrate their 
suppliers to their process than the companies who have long 
product development span.  Kessler 25 stated that external 
ideas and technological framework supplied by suppliers 
significantly reduce the product development costs. Also, Clark 
26 in his product development analysis in automotive 
industry concluded that integration of suppliers positively 
affects the final product delivery time.  
Some other researchers investigated the quality and 
performance outputs of supplier integration and found out 
positive results. McGinnis and Vallopra 27 stated that supplier 
integration provides precise improvement in product quality 
beside reducing cost and delivery time. Ragatz et al. 28, after 
their comprehensive research project including 60 different 
companies, presented positive impacts related to the quality of 
the purchased material, accessing the technological facilities, 
project cost and project delivery time.  
Additionally, researches showed that new products would have 
better manufacturability features with the help of supplier 
integration. Wasti and Liker 29, presented that designers 
working with suppliers tend to consider producibility criterion 
much more than before. Similarly, Swink 30 found out the 
positive impacts of suppliers in producibility of new developed 
products’. According to him, an improved producibility 
standard has direct positive impacts on product characteristics 
such as development time, unit cost, reliability and total quality.  
Above mentioned researches show that active supplier 
integration in new product development processes has valid 
and direct positive effects on product characteristics such as 
cost, quality and delivery time. Field researches conducted in 
scope of this study has parallel findings with the literature. 
Additionally, field research showed that synchronized 
collaboration between supplier and manufacturer leads to 
customer satisfaction, standardization in the supplied 
materials from different suppliers, producibility with different 
techniques and materials.  

Contribution to product cost 

Furniture manufacturers who work in collaboration with 
suppliers constitute a fund of knowledge related to material 
technology, production techniques and possible improvements 
during time and this knowledge turns into practice in 
convenient situations. Interviews conducted during the study 
showed that the collaborations might result in changes in 
existing accessories and hardware related to dimension and 
material.  

 
Figure 46. Assembly pieces of wardrobe doors 

Metal components presented in Figure 3 is used to assemble the 
sliding doors of the wardrobe. Because of the dimension 
limitation of the lamination line the doors can not be produced 
in monolith-type, but in two separate parts. The two-pieced 
doors have been assembled with the bigger metal component 
presented in the figure for years until furniture manufacturer 
and the component supplier made a collaborative work. After 
the improvement work supplier cut the size half and 
manufacturer stopped using pins during the assemblage. 
Following, customer complaints related to this joint apparatus 
dramatically reduced. It was stated by the purchasing agent of 
the manufacturer that in the year of 2014 725.000 pieces of 
joint apparatus were purchased and the cost of the component 
to the company was 1.2 TL. After the improvement work the 
cost has been reduced to 0.6 TL, additionally the manufacturer 
stopped using pins during the assemblage. Moreover, the 
reduction in the dimension enabled to use the same component 
fixing the toilet table and tv units. This case shows that, a minor 
collaboration between the manufacturer and supplier result 
with roughly 750.000 TL annual profit, more standardized 
stock and simple workmanship. Table shows the positive 
effects of the improvement work to the manufacturer. 
 
 
 

Table 15. Results of renovation work of assemblage 
component 

 Previous component 
 
Renovated component 

Product cost 1.2 TL 0.6 TL 

Production 
Doors need to be processed 
in drill line 

Doors don’t need to be 
processed in drill line 

Assembly 
With the help of threaded 
insert  

Direct connection to the 
surface 

Customer 
satisfaction 

Customer complaints 
related to door adjusting 
and deflection 

Significant decrease in 
customer complaints 

Contribution to standardization 

As stated in the previous sections of the study furniture 
manufacturers are in connection with various suppliers. 
Collaboration with too many different suppliers, procuring 
components with similar qualification from different suppliers 
causes discordances in furniture manufacturers mass 
production inventories. For instance, existence of plenty of 
suppliers in the field of wardrobe hinges push furniture 
manufacturers to make an election between suppliers. 
However, changing supplier would be bothers for furniture 
manufacturer if the production standards have been set 
according to a certain kind of hinge model and the other 
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variations are not harmonical with these standards. In this 
respect, certain technical specifications published according to 
the existing standards in the industry. Although this kind of 
standardization is set for several product groups, it doesn’t 
exist for rest and these cause problems for the furniture 
manufacturers who adopted to mass production techniques. 
Hence, collaboration between manufacturers and suppliers 
maximizes the standardization opportunities. Figure 4 sets an 
example to this standardization mission.  
 

      
Figure 47. Hinge montage guides of supplier companies 

As seen in the figure hinge producers Samet, Hafele and Hettich 
set the same assembly standards for their hinge collections. 
Accordingly, a furniture manufacturer using the hinge product 
of Samet can conveniently substitute the hinge of the other 
suppliers Hettich or Hafele. This situation provides a valuable 
advantage for the furniture manufacturers as they do not need 
to make any changes in their production drawings and plans. 
Collaboration between suppliers and manufacturers give an 
opportunity for the products which do not have this kind of 
standardization. Rails used in furniture rails can be presented 
as a contemporary example to this opportunity. In the furniture 
accessory industry there are three major suppliers perform in 
Turkey. Blum is claimed to be leader in this field with its 
experience and expertness. Hettich as a foreign company and 
Samet as a local firm are the other two alternatives who 
produce equivalent drawer rails. Though, because of the 
differences in the connection details, one furniture 
manufacturer using the rail of a supplier couldn’t be able to 
switch with the rail of another. Due to this reason furniture 
manufacturers would face with time and cost loss in case they 
need to consume products of different suppliers depending on 
the factors such as cost, logistics and stocking. In order to 
prevent these kind of casualties Boytaş Mobilya and suppliers 
performed a collaborative work and as a result they came up 
with standard connection details with the rails of all suppliers 
and the industry has reached a new standardization in a 
product group. Since then furniture manufacturers could be 
able to use the drawer rails of any supplier and they can 
interchange between the suppliers conveniently. Figure 5 is an 
example of a recent standardization work with suppliers. 

 
Figure 48. Standardization work in drawer rails 

 
Such standardization attempts conduce toward various 
advantage for both furniture manufacturers and suppliers as 
presented in Table 2.  

Table 16. Advantages of standardization to the companies 

 
Advantages for furniture 
manufacturers 

Advantages for supplier 
companies 

1 
Opportunity to work with 
different suppliers 

Accessibility to the rival 
supplier companies 

2 
Providing flexibility in logistics, 
cost and stock. 

Gaining new customers  

3 
Accommodation with the mass 
production parameters 

 

Contribution to producibility 

Supplier integration and collaboration between suppliers and 
manufacturers lead to a wide range of positive impacts related 
to producibility. Manufacturers would face with difficulties 
while using the purchased components of suppliers as they are 
producing their product groups with their established 
manufacturing techniques. Findings related to these problems 
will be presented in the following parts of the study.  
Decorative panels are accessories that are used widely in the 
furniture industry in order to enhance the visual properties of 
the furniture and authenticity in an applicable and affordable 
way. This kind of visual properties used to be attached with the 
furniture by carving-inlaying techniques traditionally, however 
recently these decorative panels are used by using mass 
production methods. Figure 6 shows examples of decorative 
panels.  

 
Figure 49. Decorative panel examples 

Decorative panels seen in the Figure 6 are produced by 
polystyrene material with the extrusion method and the 
patterns   are imprinted with the help of foil cylinders. These 
decorative panels are purchased by furniture manufacturers 
and used as seen in Figure 7.  

Connection holes 
  

Side panels 

Drawer insert 
notch 
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Figure 50. Usage of decorative panels on furniture 

Polystyrene panels have a wide range of usage area in furniture 
industry, however they are exposed to deflection based upon 
contraction factor and this causes customer complaints 
frequently. Furniture manufacturers who face with this kind of 
customer complaints share the problems with their suppliers 
and expect them to come up with suitable solutions. Though, 
suppliers couldn’t be able to provide solid solutions for a long 
time and both parties had to get together to achieve progress.  
Engineering teams of Boytaş Mobilya and Dörtdivan Profil 
executed a collaboration in order find efficient solutions to the 
customer complaints originated from deflection deficiency. In 
this context parties organized corporate travels, exchange 
correspondences, remote connections and try to enhance 
proper solutions for the deficiency. As a result of the 
comprehensive collaboration between both parties the 
material used in panel production turned into PVC with the 
same extrusion technique and visual patterns proceed to be 
imprinted on the PVC panels with foil cylinders. In conclusion, 
supplier ended up with a brand-new production line for PVC 
extrusion and the furniture manufacturer prevented the 
customer complaints in a significant extent.  
This example is a valuable indicator to show how integrated 
sources of both parties such as experience, knowledge, 
engineering skills etc. can be used in order to achieve 
deficiencies related to producibility and how to come up with a 
process innovation. Figure 8 shows the samples of PVC 
decorative panels and Figure 9 shows the usage areas.  

        
Figure 51. Examples of PVC decorative panels     

 

Figure 52. Usage of PVC decorative panels on furniture 

Contribution to customer satisfaction    

The accessories and hardware used in furniture products are 
usually designed and produced in compliance with suppliers’ 
production and technical conditions. Material type and 
production method of the produced accessories are related 
with the supplier’s production technique and fund of 
knowledge. However, these accessories and hardware reach 
significance as long as the furniture are exhibited and 
purchased by the customers. Problems and complaints related 
to these accessories and hardware are primarily in the 
responsibility of the furniture companies. In this sense it can be 
said that furniture companies have a better understanding of 
customer needs and demands as they are the competent 
authority who face with the customer feedbacks in the first 
place.  
Sharing the complaints and demands coming from customers 
with the suppliers, giving them feedback about their requests, 
moreover taking steps in the direction of solving problems 
originated from accessories and hardware are important 
factors for furniture companies in order to create a valid and 
quality brand identity and perception.  
Especially products supplied from international suppliers tend 
to behave differently in different climate conditions. For 
example, the company of Renolit is a Germany based, 
internationally well-known PVC foil manufacturer. The PVC foil 
produced by this company is purchased by local melamine 
coated chipboard manufacturers, is covered over MDF plates 
and these chipboards are used in furniture manufacturing. 
Local furniture manufacturers’ exportation has significantly 
increased recently to the Middle East countries and accordingly 
customer complaints related to blenching are increased as well. 
Boytaş Mobilya, an important customer of Renolit, shared these 
complaints to the supplier and demand them to prevent their 
PVC foils’ blenching issue also propose them to have an active 

Polystyrene profile 
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role in their improvement process. Boytaş Mobilya itself has 
established a climatization laboratory, tested PVC foils under 
high climate conditions and supported Renolit’s improvement 
trials by sharing the quality reports with the supplier. The 
improvement trials which last more than a year has been 
terminated with success and the company managed to produce 
PVC foils that don’t blench even under harsh climate conditions. 
The interesting factor here is Renolit as a European company 
didn’t have a clue that their foils had blenching problem as they 
have never been tested under Middle East’s climate conditions. 
In conclusion, they became aware of a deficiency of their 
product with the help of their Turkish customer who export 
furniture to Middle East, thus, they could make an improvement 
on their product and they advanced their quality standards on 
a higher level. This was a good example of a win-win situation 
gained by creating a consistent collaboration between parties 
as both supplier and manufacturer satisfy their customers with 
more quality products. Figure 10 represents a photo related to 
the blenching complaints by the customers. 

 
Figure 53. Image showing the blenching complaints by 

customers 

Contribution to the new product development 

Furniture manufacturers conduct their new product 
development activities by the help their in-house designers and 
engineers aiming at designing and producing innovative and 
unique furniture products. These designers and engineers 
sometimes might be in need of non-existing accessories and 
hardware in the market place. In this cases they attempt to 
produce the accessories or hardware that were designed by 
themselves by using their suppliers’ manufacturing facilities. As 
furniture designer don’t have a comprehensive knowledge 
related to accessory manufacturing techniques they come 
together with the technical staff of their suppliers’ and as a 
result they would come up with innovative products.  
Figure 7.11 represents a good example how designers of both 
parties may create unique accessories that provide added-
value to the furniture products. In this case the designer of 
furniture manufacturer is in the process of designing a child 
room with the concept of tree and nature theme. He wished to 
use a branch shaped furniture leg in his design. Instead of 
producing a totally new leg, he decided to use an existing plastic 
leg of a supplier and transform it into branch-like shaped with 
a minor change.  

           
Figure 54. ABS furniture leg developed with collaboration of 

supplier and manufacturer     

Figure 7.12 shows a laptop table attached on the mitt of a sofa. 
The table was designed by the furniture manufacturer’s 
designer and the supplier’s technical staff materialized the 
design into actual life.  

 
Figure 55. Laptop table design       

In conclusion, it can be said that furniture designers according 
to their needs related to the workpiece, can design accessories 
or hardware and with the help and desire of their suppliers’ 
technical support the innovative ideas might be actualized.   

6 Conclusion 

The relationship between the furniture manufacturers and 
their suppliers in the Turkish home furniture industry has been 
investigated in the scope of the study. Although the subject has 
been neglected in the literature from the standpoint of 
furniture industry, detailed and valuable investigations exist in 
various manufacturing industries which support the current 
research with valuable findings, therefore these findings were 
represented in the related sections of the study. The interviews 
and field research conducted with furniture manufacturer and 
suppliers strengthen insight related to the importance of the 
subject for furniture industry. It was found out that limited, 
though continuous integration endeavors exist between the 
suppliers and manufacturers. Although these endeavors are in 
voluntary and companies’ self-pushing level, it was observed 
that supplier integration in furniture industry would come up 
with considerable positive results.  
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Abstract   

This study was carried out to investigate the relationship between the static and cyclic strength of wood chairs.  For this purpose, static and cyclic front 
to back loading capacity of chairs in which the chair seats were loaded in a front to back direction were determined. 90 chair frames were constructed of 
Turkish beech (Fagus orientalis L.) with round edge mortise and tenon joints with tenons that varied from 30, 40, and  50 mm in width and 30, 40, and 50 
mm in length. All joints were assembled with 65% solids polyvinyl acetate (PVAc) adhesive. Half of the test chairs were subjected to “cyclic stepped 
increasing loads” and the other half of the test chairs were subjected to “static loads” during the front to back tests, thus the relations between cyclic loads 
and static loads were examined. Front to back loading tests were performed according to the American Library Association (ALA) test method. In 
conclusion, it is recommended that the cyclic stepped increasing load capacities could be taken as the 56% of the maximum static load capacities for chair 
performance tests.  
 
Keywords: Chair, front to back loading, cyclic stepped increasing loading, static loading.  
   

AHŞAP SANDALYELERDE ÖNDEN ARKAYA YÖNDE STATİK VE DEVİRLİ YÜK 
TAŞIMA KAPASİTELERİ İLİŞKİLERİ 

Özet   

Bu çalışmada ahşap sandalyelerin statik ve devirli yükler altındaki mukavemetleri arasındaki ilişkiler araştırılmıştır. Bu amaçla, ahşap sandalyelerin hem 
statik hem de devirli yükler altındaki önden arkaya yük taşıma kapasiteleri belirlenmiştir. Çalışma kapsamında, Doğu kayını (Fagus orientalis L.) 
odunundan 90 adet sandalye hazırlanmış ve sandalye birleştirme yerlerinde zıvanalı birleştirme uygulanmıştır. Köşeleri yuvarlatılmış zıvanalı 
birleştirmelerde 30, 40 ve 50 mm olmak üzere 3 zıvana genişliği ve yine 30, 40 ve 50 mm olmak üzere 3 farklı zıvana uzunluğu olacak şekilde 9 farklı 
zıvana ölçüsü kullanılmıştır. Zıvanaların yapıştırılmasında %65 katı oranındaki Polivinilasetat tutkalından yararlanılmıştır.  Statik ve devirli yükler 
arasındaki ilişkilerin belirlenebilmesi için, sandalyelerin yarısı statik yükleme ile diğer yarısı ise devirli basamaklı artan yükleme metoduna göre önden 
arkaya yükleme testlerine alınmış olup, testler American Library Association (ALA) test yöntemine göre uygulanmıştır. Sonuç olarak, sandalye performans 
testlerinde devirli basamaklı artan yükleme mukavemetinin, statik yükleme mukavemeti değerlerinin % 56’ sı olarak alınması önerilmiştir.    
      
Anahtar Kelimeler: Sandalye, önden arkaya yükleme, devirli basamaklı artan yükleme, statik yükleme. 
   

1 Introduction 

Performance tests may be defined as accelerated use tests that 
predict the ability of a product to fulfill its intended function. As 
indicators of performance, these tests are powerful analytical 
tools that can be used to eliminate many of the hazards and 
uncertainties associated with the development and production 
of furniture, as well as with its specification and buying. 
Demands for meaningful, well designed performance tests have 
increased as both manufacturers and consumers have become 
aware of the potential value of the information the tests can 
provide [1]. 
 
In developing performance tests for furniture, it should be 
recognized that they are expensive. It is important that the 
testing costs be consistent with the value of the information 
obtained and with the price of the product itself.  
 
A testing program for a commodity such as furniture should 
employ tests which are relatively simple in nature does not take 

undo time to complete. The equipment needed to carry out the 
tests should be relatively simple in construction, reliable in 
operation, and inexpensive to build and maintain.  
 
In the performance tests of furniture, the consideration should 
be paid to the types of load that could be used in the tests and 
the number of times that they are applied. Different kinds of 
loads could be used in evaluating the performance of furniture. 
The two most common loading types are static and simple 
fatigue loads.  
 
The loading types are used, respectively, in single cycle tests, 
which may be referred to as static load tests and multi-cycle 
tests, which may be referred as fatigue tests. Static load tests 
are ordinarily utilized either to determine the ultimate strength 
of furniture or to qualify it in a pass/fail type of test. Fatigue 
tests are carried out to determine the resistance of the furniture 
to repeated applications of low level loads such as might occur 
in service. They may be conducted at a constant load level until 
the furniture fails or for some prescribed number of load cycles. 
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The letter type of testing is ordinarily done on a pass/fail basis 
[2, 3].   
  
Static loads do not appear well-suited for evaluating the 
performance characteristics of chairs because most chair 
failures appear related to repeated use rather than the 
overloading [2, 3].  
 
Simple fatigue load models also do not appear well-suited for 
evaluating the performance characteristics of chairs. Typically, 
such tests are carried out at a given load level for an indefinite 
number of cycles until the furniture fails; i.e., they determine 
the structural resistance of a chair to repeated applications of a 
single load. Alternatively, such tests may be continued for only 
a designated number of cycles, and if the chairs successfully 
completes these cycles, it is presumed to qualify for a given end 
use. Rarely, however, is a chair subjected to the same repeated 
action at one load level in service. Furthermore, during the 
course of fatigue tests carried out at a constant load level, it is 
often apparent that the chair would fail if the load were 
increased even a slight amount, yet the chair may continue to 
carry the load for thousands of additional cycles at the constant 
load level [2, 3].  
 
Consequently, the results of the tests may vary over such a wide 
cyclic range that it is difficult to interpret the results; in 
addition, the values may tend to give an optimistic prediction of 
service life since chance overloads are not allowed to occur [2, 
3].   
 
Development of more realistic load models for furniture 
subjected to repetitive dynamic loading requires a realistic 
reappraisal of typical service histories and the courses and 
modes of failure. A representative scenario is as follows. During 
the course of its service life, furniture is subjected to repeated 
normal load applications along with occasional chance abusive 
loadings. While the furniture is relatively new and retains a 
high degree of its initial design strength, it is able to resist these 
loads. As its strength decreases with time, however, a point is 
reached when the magnitude of a chance over-load exceeds its 
residual strength and it fails [2, 3].   
 
This sequence of events corresponds to what may be defined as 
a “first crossing” concept of failure (Fig.1), which is based 
largely on a cumulative damage theory. In essence, it is 
postulated that each time the furniture is subjected to a load; it 
is slightly damaged by this action and thereby slightly 
weakened. When it is new, the furniture retains a high degree 
of its initial strength, and it is able to resist both normal and 
abusive abnormal loadings. With time and use, the strength of 
the parts and joint diminishes, and eventually a point is reached 
when an applied load, often abusive load, is greater than the 
residual resistance of the construction. At this point, a first 
crossing occurs, i.e., the load applied to the furniture exceeds its 
strength and failure occurs [2, 3]. 

 
Figure 1. First crossing concept of failure [3] 

 
It would be difficult to incorporate a firs crossing concept 
totally into a simple test method for furniture, primarily 
because the load/use spectra for furniture are not known, and 
appropriate load models have therefore not been developed. 
Also, it would be somewhat difficult to introduce complex 
design service loads spectra into the loading sequence using 
simple equipment. A compromise method that satisfies several 
of the desired requirements of a first crossing test system may 
be described as a “cyclic stepped increasing load” method (Fig. 
2). 

 
 Figure 2. Sample load schedule [3]  

 
In this method, a given load is applied to the furniture at a given 
cyclic rate for a specified number of cycles. After the prescribed 
number of cycles completed, the load level is increased by a 
given increment, and the procedure is repeated. This process is 
continued until a desired load level has been reached, or until 
the furniture fails [3]. 
 
The cyclic stepped increasing test method appears best suited 
for use in chair performance tests. This method involves an 
interaction between “initial starting load”, “load increment”, 
“load cycles at each load level” and “total load cycles” [2, 3].  
 
Design loads have rarely been developed for furniture frames, 
however.  Hence, it is necessary to obtain estimates of such 
loads from other sources.  Perhaps the best source of such 
information comes from the “GSA Test Method for Upholstered 
Sofas” [4]. This is a cyclic stepped load test method in which the 
strength and durability of one part of the sofa is determined 
independently of the other parts. The test procedure is carried 
out as follows.  A part of the sofa is subjected to a given load for 
25,000 cycles at a rate of 20 cycles per minute.  Once 25,000 
cycle have been completed at this load level, the load is 
increased a specified amount and testing continued for another 
25,000 cycles. This procedure is repeated until the sofa suffers 
disabling damage or until a desired acceptance level has been 
reached. A problem exists in using the loads specified in this 
standard for static design purposes in that a relationship 
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between cyclic load strength and static load strength, which is 
needed for design purposes, has rarely been defined.  
Experience has shown, however, that cyclic load strength 
should not be assumed to be higher than 50% of static load 
strength [5]. 
 
Research by Haviarova et al. (2001) demonstrated that 
furniture constructed with round mortise and tenon joint is 
both strength and highly resistant to cyclic loading [6].  The 
study carried by the Tankut and Tankut (2005) was undertaken 
to obtain the strength of round tenon/round mortise, 
rectangular tenon/rectangular mortise and rectangular 
tenon/round mortise joints assembled under nominally the 
same conditions with different end configurations.  The results 
of the study showed that rectangular end mortise and tenons 
are about 15% stronger than both round end mortise and 
tenons and rectangular end tenons fitting into round end 
mortise joints.  Meanwhile, joint geometry has a significant 
effect on the strength of those particular joints.  Results also 
indicated that if tenon width or length were increased, the 
strength of the joint was correspondingly improved [7]. The 
strength of school chairs constructed with pinned but unglued 
round mortise and tenon joints with those of chairs with glued 
but unpinned joints were compared.  Results of the tests 
indicated that chairs constructed with round mortise and tenon 
joints with small cross pins should provide nearly strength and 
durability of comparable chairs constructed with glued joints, 
and therefore cross–pinning could be considered as an 
alternative method of joint construction in areas of the world 
where adhesives are in short supply [8]. Comparative bending 
and fatigue strength of rectangular mortise and tenon joints 
constructed of oil palm (Eleais guineensis) lumber were 
evaluated.  Results showed that the bending strength of oil palm 
lumber joints were half strength of the wooden joints.  In terms 
of fatigue strength, joints constructed of oil palm lumber 
showed comparable performance with the other wood 
materials. The results of the study also showed that the 
allowable design stresses of rectangular mortise and tenon 
joints could be set at 20% of its bending strength [9]. Likos et 
al. (2012) investigated the effect of cross sectional tenon 
geometry on static and cyclic load capacities of side chairs 
constructed with mortise and tenon joints. At the end of this 
research; it was deduced that chairs with mortise and tenon 
joints constructed with round, rectangular, and diamond 
shaped tenons had static load to cyclic passing load ratios of 
56.5, 66.8 and 69.2, respectively [10].          
   
Cyclic loading tests are effective methods for evaluating the 
performance of chair frames. In practice, however, the cyclic 
stepped increasing loading tests require different equipment 
and longer time to complete than do comparable static loading 
tests. Here, the question is that is there any relationship 
between static and cyclic loading capacity. The primary 
purpose of this study was to obtain practical information 
concerning the ultimate static and cyclic front to back loading 
capacity of identical chairs constructed of Turkish beech using 
different tenon sizes, and determine the relationship between 
the static chair strength and cyclic chair strength that the 
furniture engineers could use in the design of chair frames. 

2 Plan of Study 

Altogether, 90 chair frames (3 tenon width, 3 tenon length and 
10 replications for each) in 1/1 scale were constructed of 
Turkish beech (Fagus orientalis L.) with round edge mortise 

and tenon joints and subjected to static and cyclic front to back 
loads. 
 

3 Materials 

All chair frames were constructed of Turkish beech (Fagus 
orientalis L.) which is commonly used in Turkish Furniture 
Industry.  Wood materials were obtained from the commercial 
suppliers.  Average density value was 0.62 gr /cm3.  The 
moisture content of wood was conditioned to and held at 12% 
before and during testing. The 65% solids content polyvinyl 
acetate glue which is widespread assembly glue especially for 
frame furniture was utilized for assembling the chair frames. 
 
3.1. Description of Specimens 
 
Construction of the chair frames is illustrated in Fig. 1. 

 
Figure 3. Chair frames tested in this study 

 
During material preparation and joint and chair frame 
assembly, small wood-shop techniques were utilized. All wood 
used in this study was cut from air-dried timbers with a band 
saw. A mortising machine was used to machine the mortises; 
likewise, a tenoning machine was used to machine the tenons. 
The clearance and type of fit were not observed according to a 
standard or a norm. However, a snug fit (average mortise-tenon 
clearance of 0.076 mm ± 0.025) was obtained between tenons 
and mortises. Adhesive was liberally applied to all faces of the 
tenon and to the sides and bottom of the mortise at a rate of 
about 150 ± 10 g/m2. Pieces of wax paper with mortises in them 
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to accommodate the tenons were used to prevent any 
possibility of tenon shoulders adhering to the areas 
surrounding the mortises.  Tenon configurations are given in 
Fig. 4.                                                 

 
a  
 

 
b. 

Fig. 4. Geometries of the various size of mortise and tenon 
joints (a) and detail of round edge (b) mortise and tenon 

(measurements in mm)  
 
Cross sections of the all members of the chair frame were same, 
in 21 mm thick and 60 mm width except for the stretcher.  
Stretcher member was in 21 mm thick and 30 mm width. The 
sequence of assembly of chair frames was as follows: (a) sub-
assembly of side frames (b) assembly of the whole chair frames.  
The side frames were constructed first.  In the side frame of 
chair frames, the tenons were inserted into the mortises, and 
the assembly then was pulled together by means of bar clamps.  
The attachment of two side frames with top, back and front rails 
were provided with two dowels measured 8 mm diameter and 
35 mm length.  Dowels were placed to the center of the 
thickness of the members.  Depth of the embedment of the 
dowels in the edge was 20 mm, and the depth of embedment of 
the dowels in the face was 15 mm.  The distance between the 
centerlines of two dowels and screws was 32 mm.  The dowels, 
dowel holes were coated with adhesive.  Bar clamps were again 
used to pull the two side frames together and thereby force the 
dowels into the holes.   
 
Before the tests, in order to eliminate moisture content 
variations the joint specimens and chair frames were allowed 
to cure for at least one month after assembly in an 
environmentally controlled conditioning room that was set to 
produce an average equilibrium moisture content of 12%. 
 

4 Method of Tests 

Static front to back loading test of chair frames were carried out 
on a 50 kN capacity universal-testing machine with a 6 mm/min 
loading rate under the static loading, while the cyclic stepped 

increasing loading tests were performed on the furniture 
performance testing equipment system. 
 
Front to back loading tests of the all chair frames and individual 
joint tests were conducted using the test set up shown in Fig 4a 
and b.  Chair frames were tested according to the principles of 
ALA (American Library Association test method by applying 
front to back loads which the chair can be imposed upon in 
service.  Horizontal front to back loads were applied from the 
point that was 410 mm far from the supports. In the tests, the 
ultimate failure loads were recorded in Newton.  
 
In the tests, reaction brackets were placed behind each of the 
back legs to prevent the chair from sliding backwards.  A steel 
rope attached to the load head of the universal testing machine 
passed over seat from front to back.  The other end of the steel 
rope was dropped over an angle iron that rested on the tops of 
the front legs, allowed to hang vertically, and attached to the 
floor located directly below the front edge of the seat.  This steel 
rope provided the reactive force required to keeping the chair 
from overturning; it was placed in a perfectly vertical position.  
Loading was continued until the chairs suffered catastrophic 
failure.    
 

 
                                                   a.       

 
                                                     b. 

Figure 5. Static (a) and cyclic (b) front to back loading of the 
chair frames 

5 Results and Discussion 

In general, the chair frames failed completely in 4-5 minutes 
under the static loading while the cyclic stepped increasing 
loading tests took approximately 7–9 days.  Similar failures 
were observed under both loading types. Normally, joints 
failures occurred suddenly. In the chair frames constructed 
with narrow but long tenons; failures occurred owing to 
fracture of the tenons at their point of entry into the walls of the 
back and front legs. In the case of frames constructed with short 
tenons, joints failed because of glue line fracture, i.e., tenons 
withdrew completely from the front and back leg members. In 
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the case of frames constructed with wide by long tenons; the 
common modulus of failure was the pull-out of tenons from the 
front and back leg member with some core wood materials 
attached to the tenon.  
 
The static and cyclic front to back loading capacity values of the 
chair frames tested are given in Table 1, according to each 
tenon size. 
 

Table 1. Static front to back loading capacity of the chairs 
tested 

 
Tenon 
Size 
(mm) 

Static Front to Back 
Loading Capacity (N) 

Cyclic Front to Back 
Loading Capacity (N) 

Mean COV (%) Mean COV (%) 
30 x 30  2292 8.59 1312 17.28 
30 x 40 2564 1.66 1423 7.65 
30 x 50 2386 9.26 1824 4.86 
40 x 30 2502 8.06 1379 12.07 
40 x 40 2835 6.62 1379 6.45 
40 x 50 2505 8.35 2313 11.54 
50 x 30 2751 6.31 1423 7.65 
50 x 40 3133 3.24 1468 7.42 
50 x 50 3545 2.03 2180 4.08 

         
The comparative results of the static and cyclic front to back 
loading capacity of chair frames are graphically shown in Fig. 6.    
 

 
Figure 5. Static (a) and cyclic (b) front to back loading of the 

chair frames 
 
According to the results of the tests, it could be clearly seen that 
the static front to back loading capacity of the chair frames were 
higher than those the front to back loading capacity of the chair 
frames that were tested under cyclic loading.   
The Pearson correlation analyses were performed to the static 
and cyclic front to back loading capacity values of the chairs for 
determining the relationship between the static and cyclic 
strengths.  In the analyses, two hypotheses (H0, H1) below were 
investigated; 
 

 H0: There was no positively correlation between the 
static and cyclic front to back loading capacity values 
of the chair frames, 

 H1: There was positively correlation between the 
static and cyclic front to back loading capacity values 
of the chair frames. 

 
Finally, a reasonable coefficient that could be used for 
estimating the cyclic front to back capacity of the chairs from 
the static front to back loading capacity of the chairs was 
obtained.  
 
As a result of the correlation analyses; the weak correlations 
were obtained when the front to back loading capacities of all 
nine chair groups incorporated into the analyses. If the values 
were checked, it was observed that the two groups (40x50 and 
50x40 mm size tenons) diminished the correlation. Hence, the 
correlation analyses were performed by utilizing the front to 
back loading capacities of seven groups. The mentioned two 
groups that diminished the correlation were not used in the 
analyses. 
 
According to results of the Pearson correlation analyses that 
were performed for determining and measuring the 
relationship between the static and cyclic strength of the chair 
frames, there was a meaningful relationship (0.70) between the 
two variables at the 5% significance level (Table 3).      
 
Table 3. The correlation between the static and cyclic front to 

back loading capacity of the chair frames 
 

 
Static loading 
capacity (N) 

Cyclic loading 
capacity (N) 

Static loading 
capacity (N) 

1.00 0.70 

Cyclic loading 
capacity (N) 

0.70 1.00 

      P < 0.05 
 
In the case of interpreting the Pearson correlation coefficient 
obtained, it has been accepted that when the Pearson 
correlation coefficient obtained between the 0.00 – 0.25, it is 
interpreted that “there are very low level correlations between 
the variables”; when it is between the 0.26 – 0.49, it is 
interpreted that “there are low level correlations between the 
variables”; when it is between the 0.50 – 0.69, it is interpreted 
that “there are medium level correlations between the 
variables”; when it is between the 0.70 – 1.00, it is interpreted 
that “there are high level correlations between the variables” 
[11].  
 
According to results of the analyses, the hypothesis (H1) (H1: 
There was positively correlation between the static and cyclic 
front to back loading capacity values of the chair frames) was 
accepted and it could be said that there is positively and high 
correlation between the two loading types.   
 
The ratios of average cyclic front to back loading capacity to the 
average static front to back loading capacity of chair frames 
were given along with the statistical values in Table 4 according 
to each tenon size.       
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Table 4. The ratio of average cyclic to average static front to 
back loading capacity for chairs 

 

Tenon 
width 
(mm) 

Tenon 
length  
(mm) 

Static 
Strength 
(N) 

Cyclic 
strength 
(N) 

Cyclic / 
Static 

Strengt
h Ratio 

(for all 
groups) 

Cyclic / 
Static 

Strength 
Ratio 
(for 

seven 
groups) 

30 30 2292 1312 0.57 0.57 

30 40 2564 1423 0.56 0.56 

30 50 2386 1824 0.76 0.76 

40 30 2502 1379 0.55 0.55 

40 40 2835 1379 0.49 0.49 

40 50 2505 2313 0.92 * 

50 30 2751 1423 0.52 0.52 

50 40 3133 1468 0.47 * 

50 50 3545 2180 0.61 0.61 

Mean - - - 0.61 0.58 

Standard 
Deviation 

- - - 0.13 0.09 

Median - - - 0.56 0.56 

*The groups that diminished the correlation 
 
The obtained average, standard deviation, and median values 
are 0.61, 0.13, 0.56, respectively, when the results of all groups 
were taken into account. However, obtained average, standard 
deviation, and median values are 0.58, 0.09, 0.56, respectively, 
when the results of seven groups except for the groups of 40x50 
and 50x40 mm size tenons were taken into account.  For to be 
on the safe side; it was recommended to use median value 
(0.56) for predicting the cyclic front to back loading capacity 
values from the static front to back loading capacity values. 

6 Conclusion 

 
In this study, it is attempted to find a coefficient which could be 
used to estimate cyclic front to back loading capacities of the 
chairs from their static front to back loading capacities. It can 
be clearly seen from the experimental results, a coefficient 
(0.56) is served to users who related with furniture engineering 
design which is used to predict cyclic front to back loading 
capacity of chairs by the actual static front to back test results.
  
 
At the end of the study, it is recommended that the cyclic 
stepped increasing load capacities could be taken as the 56% of 
the maximum static load capacities for chair performance tests. 
This recommended value is consistent with the values, 0.50 and 
0.56 that are given in the literature (Eckelman and Erdil 1999; 
Likos et al. 2012). It can be said that useful relationship exist 
between the static and cyclic front to back loading capacity of 
the chair frames. This relationship could simplify the design 
process for chairs that must pass cyclic performance tests. 
Accordingly, technical and economic advantages could be 
provided by means of the recommended coefficient. 
 
In conclusion, performance testing was proven to be an 
essential part of the engineering design process. These tests 
allow discovery and observation of unexpected failures and 
provide useful insight into actual usage and failure conditions. 
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Abstract   

In this study, it is aimed to determine physical and mechanical properties of heat-treated Scots pine wood. For this purpose, it has been tested full dry 
density, bending strength, modulus of elasticity, compression strength parallel to fibres, that were applied heat-treatment for 2 hours, 6 hours and 10 
hours at 120°C 150°C, and 180°C.  

As a result, it is seen that full dry density values of the heat-treated specimens are lower than full dry density values of the control group. While the 
highest bending and compressive strength are obtained in the control specimens, the lowest bending and compressive strength values have been 
obtained in the test specimens which are heat-treated for 10 hours at 180°C. Furthermore, it has been observed decreases in the modulus of elasticity 
values of the heat-treated test specimens.  
Keywords: Wood, Scots Pine, Heat Treatment, Physical Properties, Mechanical Properties 

   

 

ISIL İŞLEM UYGULANMIŞ SARIÇAM ODUNUNUN BAZI FİZİKSEL VE MEKANİK 
ÖZELLİKLERİ 

 
Özet   

Bu çalışmada, ısıl işlem gören Sarıçam odununun bazı fizikse ve mekanik  özelliklerinin belirlenmesi amaçlanmıştır. Bu amaçla 120°C, 150°C ve 180°C 
derecede 2 saat, 6 saat ve 10 saat ısıl işlem uygulanan deney örneklerinin tam kuru yoğunluk, eğilme direnci, elastikiyet modülü, basınç direnci, test 
edilmiştir. 

Sonuç olarak, ısıl işlem uygulanan deney örneklerinin tam kuru yoğunluk değerleri, kontrol grubunun tam kuru yoğunluk değerlerinden daha düşük 
olduğu görülmüştür. En yüksek eğilme ve basınç direnci, kontrol örneklerinde elde edilirken, en düşük eğilme ve basın direnci değerleri 180°C’ de 10 
saat ısıl işlem gören deney örneklerinde elde edilmiştir. Ayrıca ısıl işlem gören deney örneklerin elastikiyet modülü değerlerinde de düşüşler 
gözlemlenmiştir.  
Anahtar Kelimeler: Sarıçam, Isıl İşlem, Fiziksel Özellikler, Mekanik Özellikler 
   

 

1 Introduction 

As a result of study performed for determination the effect of 
heat treatment over physical properties of Uludag fir and Scots 
Pine (full dry density, air dry density and enlargement), it is 
observed that the full dry density and air dry density is reduced 
in both trees according to the temperature and duration of heat 
treatments and it is emphasized that the heat treatment had a 
positive effects on dimensional stability 1. 
The full dry and air dry density values are reduced with 
increasing temperature in heat treated wood material in all 
groups. It is stated that density losses in heat treated specimens 
were aroused from the removal of cellulose, lignin and some 
extractive materials from wooden material with heat 
treatment, thus cause mass loss from the wood material and in 

less hygroscopic wood material from the reduction of balance 
moisture 2. 
In Eucalyptus (Eucalyptus camaldulensis Dehn.) specimens 
heat treatment with temperatures alternating between 120°C 
and 180°C is applied between 2 to 10 hours. As a result of the 
study is demonstrated that with the increasing of the 
temperature and duration of heat treatment air dry density, 
compression strength parallel to fibres and surface smoothness 
values are reduced 3. 
As a result of investigation of changes occurred in technological 
properties of Scots Pine wood after the heat treatments at 
150°C, 170°C and 190°C’ for 4, 6 and 8 hours, it is disclosed that 
the most affected parameter is bending strength 4. 
In a study which includes wild peer, it is disclosed that after 
heat treatment for 2 hour at 160oC’, modulus of elasticity is 
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increased 5%, bending strength decreases 7.42%, compression 
strength parallel to fibres decreases 7,55% 5. 
In a study which employed pinewood, in the pinewood that is 
heat treated at 180-250ºC with water vapor protection, when 
the  heat treated specimens are compared with control 
specimens it observed that there were certain level of bending 
strength losses 6. 

2 Material and Method 

2.1 Scots Pine Wood (Pinus sylvestris L.) 

Scots Pine (Pinus silvestris L.) is an important and valuable 
forest tree.  Scots Pine whose growth area spanning from 
Eskişehir, Yeşildağ and covers the high areas of the Northern 
Anatolia and transmits to the Caucaus over Sarıkamış and also 
reached the see in the vicinity of and Surmene, rises to 2100 
meters around Artvin and Rize by establishing forests with 
Caucasian spruce.   Scots Pine has ranked 3rd among the 
coniferous forests with 1.239.578 hectares. Scots Pine takes its 
name from foxy yellow color of its trunk crust which is 
separated in form of sheets 7. 

2.2 Selection of test specimens  

In the study special emphasis is given for the selection of the 
Scots pine wood material accordingly, non-deficient, proper, 
knotless, normally grown (without zone line, without reaction 
wood and without rot, insect mushroom damages) wood 
materials are selected.  
All the specimens that had been prepared is polished first with 
100 sandpaper and 120 sandpaper. After these all the 
specimens are held in oven until they reach the stable weight.  

2.3 Heat Treatment to test specimens   

This method named as thermal modification (heat treatment) 
is performed in three stages. These stages are heating stage, 
drying stage and cooling and acclimatization stage. 
Control pieces which are polished with sandpaper before was 
held in the oven until they reach the stable weight. For the 
application of heat treatment, three different temperatures and 
three different durations are selected. Temperature and period 
are provided at Table 1. 

 
Table 1. Heat treatment application hours and temperatures 

 
During the application heat treatment ovens temperature is 
increased gradually. When the internal heat of the wood and 
temperature of the oven was equalized desired heat treatment 
is commenced. This process is named as 1st stage heating stage. 
In the 2nd stage drying was performed. Heat treatment is 
applied for 2 hours, 6 hours and 10 hours. 
In the cooling and acclimatization stage as 3rd stage gradual 
cooling was performed. During the cooling and acclimatization 
of the particles, in order to balance the moisture and help 
cooling water is sprayed to particles.  
Heat treated test pieces are stored in the acclimatization 
cabinet. The pieces are removed from the acclimatization 

cabinet for the testing and tests were performed as fast as 
possible.  

2.4 Full dry density  

In order to determine full dry density values TS 2472 8 
principles are followed. According to these principles, air dry 
specimens were dried in drying cabinet until they reached 
unchangeable weight at 103 ± 2oC. Full dry density test 
specimens are shown Fig. 1.  
 
 

 
Figure 1. Examples of full dry density experiments 

 
The specimens were then taken from the drying cabinet and 
weighted at 0,01 g sensitive analytical balance. Dimensions of 
the specimens are measured with 0,01mm sensitive digital 
caliper and their volumes are measured with stereo metrical 
method and thus the density was calculated. 

2.5 Bending strength 

For bending strength 12% air dry specimens are prepared in 
acclimatization cabinet (Fig. 2.) The experiments were 
performed in computer controlled universal test machine. 
In order to determine bending strength and modulus of 
elasticity, 20x20x360mm specimens according to TS EN 326 9 
was prepared. 

 
Figure 2. Acclimatization Cabinet  

Applied 
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2.6 Modulus of elasticity 

For the modulus of elasticity experiment, 20x20x360mm, 12% 
air dry density specimens are prepared at acclimatization 
cabinet. Bending strength and modulus of elasticity test 
mechanism is provided at Fig. 3. 
 

 
Figure 3. Bending strength and modulus of elasticity 

experiment. 
 
For determination of modulus of elasticity specimens were 
used and during the experiment TS EN 310 10  and TS 2474 
11 principles are followed. 

2.7 Compression strength parallel to fibres  

Compression strength was determined according to the 
principles of TS 2595 12. For the experiment, 20x20x360mm, 
%12  air dry density specimens are prepared at acclimatization 
cabinet. Test specimens of compression strength test are 
shown in Fig. 4. 

 
Figure 4. Test specimens of compression strength test. 

3 Results and Discussion 

In this part, density of wood material, bending strength, 
modulus of elasticity and compression strength parallel to 
fibres are mentioned.  

3.1 Full dry density  

Average values of full dry density test specimens are provided 
at  Table 2. 

Table 2. Full dry density values (g/cm³). 

Temperature 
(oC) 

Period 
(Hour) 

Average   
(X) 

Std. Dv. 
% Change 

according to 
control  

Control Control   0.51* 0.02 - 

120 2 0.50 0.01 (-1.96) 

120 6 0.48 0.01 (-5.88) 

120 10 0.45 0.01 (-11.76) 

150 2 0.46 0.01 (-9.80) 

150 6 0.44 0.02 (-13.73) 

150 10 0.41 0.05 (-19.61) 

180 2 0.43 0.02 (-15.69) 

180 6 0.40 0.02 (-21.57) 

180 10 0.38 0.03 (-25.49) 

X: Average full dry density values    

*: Density values of the wooden material. 

 
When the full dry density values are investigated, it is 
determined that the highest values belong to control group 
specimens 0.51 g/cm³ and lowest values are the heat treated 
specimens which were heat treated at 180 oC for 10 hours, 0.38  
g/cm³. 
Similar results were found in some researches. In these studies 
in the heat treated wooden material, with increase of 
temperature, air dry and full dry density values are decreased 
in all test groups. It is stated that density losses in heat treated 
specimens were aroused from the removal of cellulose, lignin 
and some extractive materials from wooden material with heat 
treatment, thus cause mass loss from the wood material and in 
less hygroscopic wood material from the reduction of balance 
moisture 2 

3.2 Bending strength 

Average values of bending strength perpendicular to the fibres 
are provided at Table 3. 
 
Table 3. Average values of bending strength perpendicular to 

the fibres (N/mm²). 

Temperature 
(oC) 

Period 
(Hour) 

Average   
(X) 

Std. 
Dv. 

% Change 
according to 

control  

Control Control   84.00* 3.94 - 

120 2 83.03 3.14 (-1.15) 

120 6 80.67 4.26 (-3.96) 

120 10 79.85 8.29 (-4.94) 

150 2 79.71 1.71 (-5.11) 

150 6 76.68 6.81 (-8.71) 

150 10 78.08 2.42 (-7.05) 

180 2 74.38 5.29 (-11.45) 

180 6 70.91 5.67 (-15.58) 

180 10 65.88 7.84 (-21.57) 

X: Average bending strength perpendicular to the fibres 
 *: Maximum bending strength perpendicular to the fibres  

 

It is determined from the heat treated and control (not heat 
treated) specimens those highest values bending strength are 
observed in control specimens. The result of the multiple 
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variant analysis for determination of the factors that cause 
these differentiation is provided at Table 4. 
 

Table 4. Multiple variant analysis of bending strength 

Source of 
variation 

Sum of 
Squares 

Degree 
of 

Freedom 

Average 
of 

Squares 

F 
Calculation 

Degree of 
Significance 

%5 

Factor A 930.19 2 465.09 16.09 0.000 

Factor B 153.19 2 76.59 2.65 0.083 

A*B 80.01 4 20.00 0.69 0.602 

Error 1155.95 40 28.90   

Sum 301504.62 50    

Factor A: Temperature (120C, 150C, 180C),  
Factor B: Hour (2, 6, 10 hour) Variation coefficient 

 
According to the result of the multiple variant analysis of 
bending strength, it is determined that the heat is statistically 
important and heat-hour interaction is only mathematically 
important in bending strength perpendicular to the fibres 
(α=0,05). 
It is observed that with increment of the period of exposure and 
temperature bending strength is decreased and it can be 
suggested that in place where the bending strength 
perpendicular to the fibres, such as load carrying systems of 
wooden houses and other furniture elements, it is 
inappropriate to use this sort of wooden material and it is also 
suggested that the materials used in aforementioned places 
might be selected among materials except the aforementioned 
ones 6. 

3.3 Modulus of elasticity 

Average values of modulus of elasticity are provided at Table 5. 
 
Table 5 Arithmetic averages of modulus of elasticity (N/mm²). 

Temperature 
(oC) 

Period 
(Hour) 

Average   
(X) 

Std. Dv. 
% Change 
according 
to control 

Control Control 914.13 1013.33 - 

120 2 929.22 768.70 (-1.65) 

120 6 979.75 920.47 (-7.18) 

120 10 981.48 500.71 (-7.37) 

150 2 1002.22 770.89 (-9.64) 

150 6 1016.11 785.55 (-11.16) 

150 10 1026.53 141.18 (-12.30) 

180 2 1036.70 555.62 (-13.41) 

180 6 1057.99 485.38 (-15.74) 

180 10 1059.94* 1157.81 (-15.95) 
X: Average modulus of elasticity value  
*: maximum modulus of elasticity value of wooden material  

 
The average modulus of elasticity values of the heat treated and 
control (not heat treated) have been found different, the 
highest values (most rigid) is observed at the specimens that 
are heat treated 180oC for 10 hours and lowest value (most 
elastic) specimens are control specimens. The result of the 
multiple variant analysis for determination of the factors that 
cause these differentiation is provided at  Table 6. 

 
Table 6. Multiple variant analysis of modulus of elasticity 

values. 

Source of 
variation 

Sum of Squares 
Degree of 
Freedom 

Average 
of  

Squares 

F 
Calculation 

Degree of 
Significance 

%5 

Factor A 7551965.93 2 3775982.97 6.48 0.004 

Factor B 3030480.95 2 1515240.48 2.60 0.087 

A*B 242342.37 4 60585.59 0.10 0.980 

Error 23327330.08 40 583183.25   

Sum 5038653375.25 50    

Factor A: Temperature (120C, 150C, 180C), Factor B: Hour (2, 6, 10 
hour) Variation coefficient 

 
According to the result of the Table, it is determined that the 
heat is statistically important and heat-hour interaction is only 
mathematically important in modulus of elasticity (α=0,05). 
Modulus of elasticity value averages in which the all test 
groups appear together and the situation of homogeneity 
groups are provided at Table 7. 
 

Table 7. Averages of modulus of elasticity for all groups and 
homogeneity distribution. 

 

Temperature 
(oC) / Period 

(hour) 

Averages 
(N/mm2) 

% Change 
according 
to control X HG 

Kontrol 9141.30 A - 

120 /2 9292.20 AB (-1.65) 

120 /6 9797.55 B (-7.18) 

120 /10 9814.83 BC (-7.37) 

150 /2 10022.28 C (-9.64) 

150 /6 10161.19 C (-11.16) 

150 /10 10265.38 CD (-12.30) 

180 /2 10367.05 CD (-13.41) 

180 /6 10579.99 CD (-15.74) 

180 /10 10599.44* D (-15.95) 

Duncan : 0.050  X: Average  HG: Homogeneity group 
*: maximum modulus of elasticity  
LSR: 200.55 

 
According to the literature search, it is reported that in the 
studies on pine and beech which are heat treated for different 
periods and under different temperatures, it is determined that 
at temperatures above 150 oC reduction in modulus of elasticity 
is present 13. 

3.4 Compression strength parallel to fibres   

Average values of the compression strength parallel to fibres 
are provided at Table 8. 
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Table 8. Averages of compression strength parallel to fibres 
(N/mm²). 

Temperature 
(oC) 

Period 
(Hour) 

Average   
(X) 

Std. 
Dv. 

% Change 
according 
to control 

Control Control 57.83* 0.67 - 

120 2 56.78 1.47 (-1.82) 

120 6 54.60 0.73 (-5.59) 

120 10 53.67 0.42 (-7.19) 

150 2 53.52 1.15 (-7.45) 

150 6 51.37 0.77 (-11.17) 

150 10 50.39 1.13 (-12.87) 

180 2 49.02 0.81 (-15.23) 

180 6 47.92 0.72 (-17.14) 

180 10 45.83 0.87 (-20.75) 

X: Average compression strength parallel to fibres 

*: maximum compression strength parallel to fibres value of 
wooden material  

 
It has been found that the average compression strength 
parallel to fibres values of the control (not heat treated) and 
heat treated specimens are different and it is also determined 
that highest values are found in control specimens.  The result 
of the multiple variant analysis for determination of the factors 
that cause these differentiation is provided at  Table 9. 
 

Table 9. Multiple Variant Analysis of compression strength 
parallel to fibres. 

Source of 
variation 

Sum of 
Squares 

Degree of 
Freedom 

Average 
of 

Squares 

F 
Calculation 

Degree of 
Significance 

%5 

Factor A 416.95 2 208.48 246.74 0.000 

Factor B 74.40 2 37.20 44.03 0.000 

A*B 2.17 4 0.54 0.64 0.636 

Error 33.80 40 0.85   

Sum 136603.71 50    

Factor A: Temperature (120C, 150C, 180C),  
Factor B: Hour (2, 6, 10 hour) Variation coefficient 

 
According to the result of the variant analysis, it is determined 
that the heat is statistically important and heat-hour 
interaction is only mathematically important in modulus of 
elasticity (α=0,05). 
Compression strength parallel to fibres value averages in which 
the all test groups appear together and the situation of 
homogeneity groups are provided at Table 10. 

 
Table 10. Averages for all groups and homogeneity 

distribution. 

Temperature ( oC) / 
Period (hour) 

Averages 
(N/mm2) 

% Change 
according to 

control X HG 

Control 57.83* - - 

120 /2 56.78 A (-1.82) 

120 /6 54.60 B (-5.59) 

120 /10 53.67 B (-7.19) 

150 /2 53.52 B (-7.45) 

150 /6 51.37 C (-11.17) 

150 /10 50.39 D (-12.87) 

180 /2 49.02 E (-15.23) 

180 /6 47.92 E (-17.14) 
180 /10 45.83 F (-20.75) 

Duncan : 0.050  X: Average  HG: Homogeneity Group 

*: Maximum compression strength parallel to fibres value 
LSR: 0,15 

4 Conclusion 

It is observed that the temperature levels and time dependent 
densities are decreased in heat treated specimens according to 
control (not heat treated) specimens, highest density is in the 
control specimens (0,51 gr/cm3) , and lowest density is in the 
heat treated specimens which were  treated under 180oC for 10 
hours. With the increment of temperature and exposure time 
applied to the test specimens, the decrease of density is 
observed it is required that wooden material that would be 
used in places where the density is important shall not be heat 
treated under high temperatures or long heat treatment 
exposure period.  
In the study it is determined that the compression strength 
parallel to fibres is decreased in heat treated specimens than 
control (not heat treated) specimens depending of the applied 
temperature and exposure time, videlicet highest pressure 
compression strength parallel to fibres is observed in control 
specimens (84 N/mm2), lowest compression strength parallel 
to fibres value is determined in heat treated specimens which 
are treated 180oC for 10 hours (65,88 N/mm2). 
In the study it is determined that the modulus of elasticity 
values are increased in the heat treated specimens than control 
(not heat treated) specimens depending of the applied 
temperature and exposure time, videlicet lowest modulus of 
elasticity is observed in control specimens (914.13 N/mm2), 
highest modulus of elasticity value is determined in heat 
treated specimens which are treated 180oC for 10 hours 
(1059.94 N/mm2). 
In the study it is determined that the pressure compression 
strength parallel to fibres is decreased in heat treated 
specimens than control (not heat treated) specimens 
depending of the applied temperature and exposure time, 
videlicet highest compression strength parallel to fibres is 
observed in control specimens (57,84 N/mm2), lowest 
compression strength parallel to fibres value is determined in 
heat treated specimens which are treated 180oC for 10 hours. 
For that reason in the wooden material that will be used in 
places where the mechanical properties are important, this 
result must be taken into consideration.  
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Abstract   

Gumushane province has important features in terms of the diversity of traditional architecture located between Eastern Black Sea and Eastern Anatolia 
region. Gumushane which includes the ruins of the oldest Bronze Age period, has been an important cultural center in history owing to its location on the 
silk road. The formation of architectural features of Gumushane mansion has been formed by rich in history, cultural diversity, geographical circumstances 
and climatic conditions. Part of these structures which should be an example to future generations as a cultural heritage are disappearing due to 
indifference and neglect while some of them are recovered with restoration projects. With this study it is aimed to ensure the integration of contemporary 
living and to pass on to future generations by examining general characteristics of Gumushane’ s mansion.  
Keywords: Gumushane, mansion, historical, archıtectural features 
   

 

GÜMÜŞHANE’ DEKİ TARİHİ KONAKLARIN MİMARİ ÖZELLİKLERİ 
Özet  

 

Doğu Karadeniz ve Doğu Anadolu Bölgesi arasında yer alan Gümüşhane ili geleneksel mimarinin çeşitliliği açısından önemli özelliklere sahiptir. En eski 
Tunç Çağı döneminden kalıntıların bulunduğu Gümüşhane, üzerinden ipek yolunun geçmesi nedeniyle tarihte önemli bir kültür merkezi olmuştur. 
Gümüşhane konaklarının mimari özelliklerini zengin tarihi geçmişi, kültürel zenginlikleri, coğrafi koşulları ve iklim şartları biçimlendirmiştir. Kültür 
mirası olarak gelecek nesillere örnek olması gereken bu yapıların bir kısmı ilgisizlik ve bakımsızlıktan dolayı yok olurken, bir kısmı da restorasyon projeleri 
ile geri kazanılmaktadır. Bu çalışma ile Gümüşhane konaklarının genel özellikleri incelenerek, çağdaş yaşamla bütünleşmesini ve gelecek kuşaklara 
aktarılmasını sağlamak amaçlanmıştır. 
Anahtar Kelimeler: Gümüşhane, konak, tarihi, mimari özellik 
   

1 Introduction 

Gumushane is on a branch of the historic Silk Road in the inner 
part of the Eastern Black Sea, on the Harsit river valley adjacent 
to Bayburt on east, Trabzon on north, Giresun on west, Erzincan 
on south. Gümüşhane province has been important until period 
of roman, byzantine and ottoman to today because of 
containing transit transport routes tie Middle East to Black Sea. 
The history of city has been determined to oldest by 
archaeological Bronze Age remains. The city became the center 
of various civilizations because it’s an area where people 
extract gold, silver and copper mines [1]. The region where city 
is established provide to remain hidden as cultural wealth and 
led to not to be affected by surroundings thanks to its situation 
which is mountainous and divided by valleys and rivers. There 
has not done too much study on old Turkish mansion in 
Gümüşhane. Aim in this study is to transfer cultural heritage of 
these structures to the next generations. In this context, it‘s 
intended to ensure the integration of modern life, while 
preventing the extinction of traditional mansions of 
Gumushane among new constructions,  
 
 

2 Traditional Turkish House and Gümüşhane 
Mansions 

Anatolian lands have witnessed the changing and developing 
architecture of the house from the Neolithic period. House 
plans and materials differs in each region with climate, religion, 
traditions, economic status, environmental conditions and 
many active ingredients such as local topographical conditions. 
The stone has been used in South East Anatolia, stone with 
bonding timber in Eastern Anatolia, typical wooden skeleton in 
the Eastern Black Sea, stone and brick in Central Anatolia for 
residential architecture [2]. The main materials used in 
Gumushane are stone, adobe and wood 
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Picture 1. Gumushane mansions (1920) [3]. 

2.1 Archıtectural Features Of Gumushane Mansıon  

Hall 

While separating Turkish house according to plans, no-hall, 
exterior-hall, inner hall and central hall plan type is used [4]. 
Major determinant of plan shape of Gumushane mansions is the 
hall like in traditional Turkish house architecture. Halls are 
located in the center of all rooms and room doors opens to the 
hall. Structures in Gumushane are designed according to inner 
hall plan type. Inner hall plan type is the most common type of 
traditional Turkish house. In this plan type, rooms are lined up 
to both sides of the hall, the hall stays as the center. 

 

Picture. 2. Hall [3]. 

Floors 

The houses in Anatolian Turkish residential architecture 
mostly have one or two floors. In Istanbul two or three floors, 
in Central Anatolia one floor, in Gumushane there are two or 
three floors to enable the multipurpose use. Floors are 
generally done overflowing 15-20 cm to outside [5]. The 
entrance to the ground floor is enabled from main doors in the 
middle. The ground floor is designed as kitchen, pantry, toilet 
and servis area. In the entrance, side rooms are passed through 
interior hall or can go to upstairs with wooden stairs. The first 
floor forms the main life space. 
 

Rooms 

The room is the life unit that meet the basic needs like living, 
sitting, eating, relaxation, meal preparation. Gumushane 
mansions are done accordingly so as not to restrict multiple 
private life like kitchen, groom room, bride room, mother in law 
room and guest room to meet the needs of patriarchal family 
like in the traditional Turkish way. One or two of the walls in 
rooms are covered with closets and cabinets. The parts without 
closets in front of windows are decorated with couches formed 
with cushions called “peke” in colloquial speech [6]. 

 
Picture 3. Bride room with Peke [3]. 

Windows 

Windows of Gumushane mansions are made in rectangular or 
arched form. Windows move narrowing from inside to outside 
to increase the amount of insolation and sun against 
continental climate. Generally, windows are made from wood, 
fences are from iron. 

 
Picture 4. Wood windows and fringe of Balyemez Mansion [3]. 

Roofs 

External pitched roof, shoulder roof and saddle roof systems 
are seen in Gumushane house [6]. Mostly tops of the houses are 
covered with pitched roofs. Ceiling parts of the houses are 
coated with wood material, applied with wood sconce lath or 
beams. Sheet iron, silo and mostly tile are used to cover roofs. 

 
Picture 5. Roof and fringe of Balyemez Mansion [3]. 

Starting from first floor, fringes overflowing outside are 
supported with wood profiles from the bottom, a harmonious 
look is formed with windows and roof. the most striking 
characteristic of the fringes on those mansions is that they are 
arranged overflowing and graded with wood laths because of 
the rainy climate of the region. 

Gardens 

Garden walls are done high so as to protect the privacy and 
reached to the floor starting level thus separating outdoors and 
indoors. Gumushane houses are done mostly within wide 
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gardens. House gardens are filled with trees and flowers which 
makes them flashy. The arrangements named “The Famous 
Gumushane Gardens” which makes Gumushane houses special, 
has a compatible structure with houses [5]. 

Decorations 

The most important element of the outdoor ornaments on 
Gumushane mansions is doorknobs. Wood carving appliques 
are used especially on doors, windows, eaves and bow-
windows. Local stones helped to gain an aesthetic look in 
ground floor. White clay over mud plaster is used on outdoor 
face. White walls especially on window pediments are 
decorated with pen work motifs.     
Indoor decorations are focused on cooking areas (stove), halls, 
rooms and ceilings. Baroque ornaments are seen both interior 
and exterior decoration.  
For being a transition zone between Eastern Anatolia and Black 
Sea regions, the influence of the architectural features of cities 
like Trabzon, Giresun and Erzurum on Gumushane is observed. 
To exemplify the Gumushane mansions we can count Adil 
Balyemez Mansion, Erdemir Akagun House  with wide garden 
landscaping, Erkan Kocaturk House, Zeki Kadir Bey Mansion 
which is an example for houses with wood eaves, Hasan Fehmi 
Atac Mansion with a doorknob which is a common feature in 
Gumushane house , Ahmet Kaya House, Rafet Cubukcu House, 
Abdi Bey Mansion, Hikmet-Mahmut San Kardesler House with 
a karniyarik plan, Tevfik Kucuk Omeroglu house, Fahri 
Gumuseli House which has a ground floor stone flooring and 
round arched window arrangement, Sahbenderoglu Mansion 
whose exterior side has pen work decoration [2]. We will 
examine some of this house in general terms. 

2.2 Gumushane Mansions 

Zeki Kadirbeyoglu Mansion 

This mansion, a unique example for Gumushane historical 
mansions, is almost completed after being too ruined to be lived 
thanks to the restoration project. 

 
Picture 6. Zeki Kadirbeyoglu Mansion [7]. 

The mansion has two floors and an indoor hall. The building is 
bonded with stone covering and the building’s walls are 
covered with lime after being plastered with a mixture of hay. 
The second floor is formed according to lathing style, the view 
domination is earned by moving out room corners. 
At first floor, there are pekes for living and recreation, closets 
and plaster flower bed. 

 
Picture 7. Flower bed of Zeki Kadirbeyoglu Mansion [8]. 

Doors are generally double gated and pediments that we often 
encounter in Gumushane houses are used. There is a big bath 
whose restoration has just started in front of the mansion. 
There are pen work decorations in east and north sides of Zeki 
Kadirbeyoglu Mansion [9]. 

Adil Balyemez Mansion 

The construction whose restoration project completed in 2005, 
operates as restaurant and cafeteria. 

 
Picture 7. Adil Balyemez Mansion [10]. 

The structure has three floors.  It is done separated from first 
floor on hall width, which we encounter frequently in 
Gumushane Mansions. Having a wide garden, Harsit stream 
flows in the east side. The construction has young roof and 
circle shaped windows. While the entry floor is arranged as 
service place, the upstairs is works as living area. 

Hasan Fehmi Atac Mansion 

The mansion has three floors. The construction is done in two 
stages, first floor and penthouse are added later. The 
restoration of the mansion that provides restaurant and 
accommodation service was completed in 2005. 
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Picture 8. Hasan Fehmi Atac Mansion [11]. 

It has a wide and aesthetic garden landscaping. Ground floor is 
built with local stones, penthouse with wood beams.  Lighting 
amount is increased with long rectangular windows. Wood and 
stone work has been used heavily.  Gable roof which is seen in 
Gumushane Mansion widely is built and bottom of eaves are 
supported with wood profiles. Both front domination and 
aesthetic look is provided with central door and windowed 
balcony that are placed in penthouse. 

Sahbenderzade Mansion  

It is typical Gumushane house consisting of “haremlik and 
selamlık” (the parts of a house occupied by the women and 
men) sections with two floors. Wood and pen interior 
ornaments are used densely above the construction [8]. 

 
Picture 9. Sahbenderzade Mansion [5]. 

The structure is built with the content and construction style 
similar to Zeki Kadirbeyoglu’s Mansion which was built in the 
almost same period.   

Turan Manisali’s House 

It is a construction with two floors. Downstairs is built with 
local stone; upstairs is built with lathing style. It is the 
construction with densest interior decorations. Sword and 
shield reliefs are used on stone fireplace at the entrance of the 
ground floor [8]. 

 
Picture 10. Turan Manisali winter stove [8]. 

Upstairs’ rooms have decoration figures like cabinet, couch and 
flower bed. 

Erdemir Akagun’s House 

The ground and top floors of the construction is built on 
different times. Similar penthouse and door knobs to Atac 
Mansion are seen. 

 
Picture 11. Erdemir Akagun’ s House [12]. 

Wood flooring is used in rooms, stone flooring in halls’ ground. 
Iron fenced rectangle windows and doors have wood 
pediments. Stone filler is used at basement and ground flour 
and adobe filling material is used at first floor and penthouse. 
There are wood decorations bounded with rectangle shaped 
borders in ceilings [8]. 

Rafet Cubukcu’s House 

It is a Gumushane Mansion with an interior sofa and two floors. 
On ground floor stone is used, adobe material is used on 
upstairs and stone diversion border is used on side [11]. 

 
Picture 12. Rafet Çubukcu’ s House [12]. 

Front domination increases by pitched roof with oriel window 
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Ahmet Kaya’s House 

The construction is built with 2 floors and four shoulder roof.  
Upstairs is entered from back side [8]. 

 
Picture 13. Ahmet Kaya’s House [11]. 

3 Conclusion 

Local architecture that forms our cultural heritage is 
disappearing with the use of reinforced concrete materials and 
multi-storey formation. Public housing system only meets with 
the physical requirements like the human’s need to sleep, drink, 
eat. However, humans as their nature is dependent to be 
provided with social, cultural and psychologic requirements.  
Nowadays, the process to regain historical mansions through 
restoration retrieves this cultural and artistic value that 
vanishes with great speed. During this process notably ministry 
of culture, scene administrations, universities and profession 
groups relevant with topic need to take necessary measures. 
We will mention some of the precautions that can be taken.  

 
1) Some part of historical mansions can be used for 

accommodation, museum and tourism purposes. 
2) New constructions harmonious with old mansions 

can be established.  
3) Instead of reinforced concrete constructions which do 

not suit regional conditions (like amount of rain, 
snow, sun bathing), construction matching with old 
regional architecture can be chosen. 

4) By driving apart mansion gardens from reinforced 
concrete constructions, those mansion gardens can be 
arranged as parks and jogging areas from which both 
tourists and urbans can benefit.  

5) The use of those constructions on the architectural 
projects should be increased by promoting them, 
which are local cultural heritages. 

6) As well as the accommodation of tourist, required 
substructure for transportation should be provided. 
Transportation with highway, maritime, plane should 
be eased. 
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Abctract  
In the present study, it is aimed at determining the performance characteristics of the single dowel, double dowel, and without socket frame corner joints, 
used in the furniture frame corner cover, subjected to diagonal tension and diagonal compression, and comparing the data gathered through FEM (Finite 
Element Method). The standard MDF panels overlaid with PVC were used for the experiments. Polyurethane (PU) glue and MDF kit were used in the assembly 
of the panels. Considering the assembly type (3), glue type (2), and experiment type (2), a total of 120 experimental setups comprising 10 experimental 
setups for each group were prepared (3x2x2x10). The density, humidity amount, bending strength, and elastic modulus values of the MDF panels which 
were used in the experiments were determined according to the related standards. The diagonal tension and diagonal compressions moment resistance 
capacities of the L type experimental setups were measured in a 5-ton universal testing machine. Besides, by using the Autodesk Simulation Mechanical 
2015 software, a Finite Element Analysis was conducted for the experimental setups through modelling. The results of the experiments were statistically 
interpreted. As a result of the experiments, the highest diagonal tensile moment capacity was found in the assemblies with PU glues double dowel (66.00 
Nm); the lowest capacity was found in the assemblies with MDF kit glues without socket (36.07 Nm). Regarding diagonal compression moment capacity, 
the highest value was found in the assemblies with double-dowel glued with PU (67.93 Nm); the lowest value was found in the assemblies with one dowel 
glued with MDF kit (47.03 Nm). The results of the finite element analysis revealed that the findings obtained from the experiments and the analyses were 
consistent.  

Keywords: : Frame Cover Corner Joints, , Diagonal Tensile Resistance, Diagonal Compression Resistance, Dowel Joints, FEM  

 

KAVELALI ÇERÇEVE KÖŞE BİRLEŞTİRMELERİN PERFORMANS 
ÖZELLİKLERİNİN DENEYSEL VE SONLU ELEMANLAR ANALİZİ İLE 

BELİRLENMESİ 

 
Özet 

Bu çalışmada, mobilya çerçeve kapak köşe birleştirmelerde kullanılan, tek kavelalı, çift kavelalı ve kavelasız çerçeve köşe birleştirmelerin diyagonal çekme 
ve diyagonal basınç altındaki performans özelliklerinin belirlenmesi ve elde edilen verilerin FEM(sonlu elemanlar metodu) ile karşılaştırılması 
amaçlanmıştır. Deneylerde PVC kaplı standart MDF profil kullanılmıştır. Örneklerin birleştirilmesinde poliüretan (PU) tutkalı ve MDF kit tutkalı 
kullanılmıştır. Birleştirme türü (3), tutkal çeşidi (2) ve deney türü (2) dikkate alınarak her bir grup için 10 adet olmak üzere (3x2x2x10) toplam 120 adet 
deney örneği hazırlanmıştır. Deneylerde kullanılan MDF profillerin yoğunluk, rutubet miktarı, eğilme direnci ve elastikiyet modülü değerleri ilgili 
standartlara göre belirlenmiştir. Hazırlanan L tipi deney örneklerinin diyagonal çekme ve diyagonal basınç moment taşıma kapasiteleri 5 tonluk üniversal 
test cihazında belirlenmiştir. Ayrıca deney örnekleri modellenerek Autodesk Simulation Mechanical 2015 yazılımında sonlu elemanlar analizi yapılmıştır. 
Deney sonuçları istatistiksel olarak değerlendirilmiştir. Deneyler sonucunda, diyagonal çekme moment kapasitesi en yüksek çift kavelalı (66.00 Nm ) 
poliüretan tutkallı birleştirmelerde, en düşük ise, soketsiz (36,07 Nm) MDF kit tutkallı birleştirmelerden elde edilmiştir. Diyagonal basınç moment kapasitesi 
ise, en yüksek çift kavelalı (67.93 Nm) poliüretan tutkallı birleştirmelerde, en düşük ise tek kavelalı (47.07 Nm) MDF kit tutkallı birleştirmelerde elde 
edilmiştir. Sonlu elemanlar analizi sonucunda, deneysel sonuçlar ile analiz sonuçları arasında uyumlu sonuçlar elde edilmiştir. 

Anahtar Kelimeler: Çerçeve kapak köşe birleştirmeler, Diyagonal çekme direnci, Diyagonal basınç direnci, Kavelalı birleştirmeler, 
FEM 
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1 Introduction 

 
In parallel with the industrial development, the use of wooden 
material has been increased in the world. While the wooden 
materials were abundant in the last century, it has decreased 
over this century. Instead of the solid wooden material which is 
insufficient in terms of both shape and size, the use of low-value 
wooden row material by changing its shape and moulding 
through different techniques has both stopped the waste of 
timber in the world and a remarkable development has been 
experienced in the economic use of the row material [1].   
 
Medium-density Fiberboards (MDF) has a homogeneous 
structure and is a synthetic product with natural wooden 
characters. The difference between the density of the surfaces 
and the middle layer is lower in MDF, therefore, it’s structure is 
more homogeneous. The board surfaces are appropriate for the 
surface processes, and the processed surfaces do not show 
roughening or decrease in the shine in time [2]. 
 
The literature on the physical and mechanical characteristics of 
MDF material provides an important field of study. It is stated 
that the diagonal tension values are higher than the diagonal 
compression values in the samples prepared using ethyl 
cyanoacrylate (ECA) based fast glue, polyvinyl chloride (PVC), 
polyvinyl acetate (PVAc), and 18 mm thick, 70 mm width and 
22 mm thick, 50 mm width MDF profile joint with grooved 
dowel and plastic dovetails, additionally, PVC glue found as 
having higher values compared to PVAc glue [3]. 
 
Dowel, rod-shaped cylindrical timber is used to connect the two 
furniture elements with the adhesive or other connection 
means. Both the box-type frame as well as the most widely used 
technique for joining the linking element of furniture is joining 
dowel. Wooden dowels, both mass production and workshops 
fixed in producing the type suited for businesses is a technique 
commonly used. Because it is low in cost and dowel joints it can 
only be made by simple drilling operations.  The dimensions of 
the dowel body forms, together with factors such as the number 
of unit length correct selection of the method used in the 
opening of the dowel holes and ensuring sufficient adhesion 
factors are effective on the strength of joining the dowel [4]. 
 
Both tensile and compressive strength distance between 
dowels and effect of the type of profile 0.1 % important with the 
possibility of error, the interactions were found insignificant. 
Also the type and size of the profile used affects resistance It has 
been found to increase the resistance and increase the size of 
profile [5]. 
 
Dowel were compared with various corner joints are used 
extensively in furniture frame structure. with dowel joints and 
dovetail sockets for use in combination were compared 
framework of joining. Produced with dowels and dovetail 
sockets with manufactured joining of the resistance 
comparison results against the diagonal load dowel joints are 
used fairly in mass production, since the easily have opened the 
holes and components until the glue dries the switch eliminates 
the need to keep the compression [6]. 

 

2 Materials and Methods 

 
2.1. Materials 
 
The samples for experiments were composed of PVC coated 
150x50x18 mm MDF profiles which are widely used in the 
furniture industry in our country. In the experiment, two 
different types of glue which are one component PU glue and 
two components MDF kit fast glue were used. The dowels were 
randomly obtained from the commercially available materials. 
The sizes of dowel were 8x36 mm. L-type corner joint and 
dowel is shown in Figure 1. 
 
 

    
Figure 1. The dowel sizes (in mm) for experiment sample  

 
One component PU glue was selected from the one component, 
polyurethane based, having a high curing rate, having short 
pressure time, and applicable to many surfaces such as wood, 
MDF, concrete, polystyrene, PVC, granite, polycarbonate, glass, 
ceramic which is  widely used by the furniture industry in the 
corner joints [7].  
 
MDF kit fast glue provides the opportunity of two component 
use, and used in many fields such as assembly and maintenance 
of the wood components, in the MDF, rubber, plastic and leather 
surfaces, and especially preferred in applications where fast 
curing is desired. It has a high adhesive power, therefore, it is 
applicable to the vertical surfaces, additionally, since it has a 
high viscosity it especially enables to increase the adhesive 
power in the porous surfaces and the surfaces difficult to fasten 
[7]. 
 
2.2. Preparation of the experiment samples 

 
The experiment design of the samples is shown in Table 1.  
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Table 1. Experiment design used in L-type corner joint 

experiments  

 
Experiment 

Method 
Glue  
Type 

Joint 
Type 

Board 
Type 

Board 
Thickness 

Rep. 

Diagonal 
Tension 

MDF Kit 

One 
Dowel 

MDF 
Profile 

18 

10 

Without 
Socket  

10 

Double 
Dowel 

10 

Diagonal 
Compression 

Polyurethane 

One 
Dowel 

MDF 
Profile 

18 

10 

Without 
Socket  

10 

Double 
Dowel 

10 

 
In the preparation of the samples with one and double dowels; 
dowels were obtained from the commercially available ones. 
The dowel holes were opened in the multi drilling machine in a 
way that one dowel holes will be placed at a 30 mm distance 
from the edge of the MDF profile, the mid-point of the dowel 
holes will correspond to the edge axis of the profile, and Doble 
dowel holes will be placed at a 24 mm distance from the edge 
of the MDF profile, the mid-point of the dowel holes will 
correspond to the edge axis of the profile the dowels will be 
inserted inside the profile to a 18 mm depth which is the size of 
the dowels, also we prepared without socket sample and just 
joined with adhesive (Figure 2, Figure 3, Figure 4). The dowels 
were glued and assembled in line with the recommendations of 
the manufacturer and clamped to obtain the experiment 
sample. 

 

 
 

Figure 2. Experiment sample with one dowel 
 

 
 

Figure 3. Experiment sample with double dowel  
 

 
 

Figure 4. Experiment sample with double dowel  
 
Before the experiments, samples were kept in the 
acclimatization fridge under 20 ± 2 °C heat and % 65 ±5 
relative humidity according to ASTM-D 1037-12 [7], standards 
until they reached a constant weight.   
 
2.3. Method 
 
The density of the samples was done according to TS EN 323 
[8], standards, while the ratio of humidity was based on TS EN 
322 [9], and the bending and elasticity module was based on 
TS EN 310 [10] standards.  
 
Bending resistance, modulus of elasticity, diagonal tension, 
and diagonal compression experiments were conducted using 
the universal testing machine with a 50 KN capacity in the 
technology laboratory of Gazi University Faculty of 
Technology, Department of Wood Products Industrial 
Engineering. The loading speed was set as 5 mm/min in the 
experiments. Diagonal tension and diagonal compression level 
setups are shown in Figure 5. 
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Figure 5. Experiment setups (a): Diagonal tension, (b): 
Diagonal compression 

 
Before head loss occurs ultimate loads are recorded until 
maximum load. The bending moment capacity of the joints in 
tension (Mt), and compression (Mc) are calculated according to 
the following equities (Eq. 1 and 2),  
 

       𝑀𝑡 =
𝑃

2
 𝑥 𝐿𝑡                                                                                     (1)     

                                                                                        
       𝑀𝐶=P x 𝐿𝐶                                                                                                        

(2) 

In these equities,  
 
 𝑀𝑡 (Diagonal tension moment capacity), P (maximum load 
(N)),  𝐿𝑡  (Tension moment rod), 𝑀𝐶  (diagonal compression 
moment capacity), P (maximum load) (N), 𝐿𝐶   (compression 
moment rod). 
 

3 Findings 

 
The density and moisture ratio of the PVC coated MDF profiles 
used in the experiments are shown in Table 2 
 

Table 2. Density and moisture values of MDF profile 
 

Material Type 

Dry 
Density 
g/cm3 

Air Dry 
Density 
g/cm3 

Moisture 
(%) 

𝐗 
v 

(%) 𝐗 
v 

(%) 𝐗 
v 

(%) 

18 mm PVC 
Coated MDF 

Profile 
0,68 1,31 0,72 1,32 6,57 0,48 

 
The bending resistance and modulus of elasticity values of the 
MDF profiles used in the experiments are shown in Table 3.   

 
 
Table 3. Bending resistance and modulus of elasticity values of 

the MDF profile 

 
The diagonal tension moment capacity values of the samples 
are shown in Table 4. 
 

Table 4. Diagonal tension moment capacity values of the 
samples 

 

Glue Type Joint Type  

Diagonal tension moment 
capacities (Nm) 

Min. Max. 𝐗 v(%) 

MDF KIT 

One Dowel 36,5 58,9 46,5 18,0 

Without 
Socket 

26,3 43,8 36,7 18,6 

Double 
Dowel 

31,7 46,0 40,7 11,9 

POLYURE- 
THANE 

One Dowel 50,1 66,5 59,4 8,5 

Without 
Socket 

59,0 68,0 63,2 5,1 

Double 
Dowel 

56,5 77,3 66,0 11,0 

 
The highest diagonal tension moment capacity was obtained in 
the double dowel joints with polyurethane glue.   On the other 
hand, the lowest result was obtained from MDF kit glue 
without socket joints.  
 
The values for the tension of load-displacement results 
obtained from the diagonal tension experiments and Autodesk 
Simulation Machine program are shown in Table 5.  
 

Table 5. The extension of Simulation Mechanical and 
experiment results in the tension experiments 

  

Joint 
Type 

EXPERIMENT  
SIMULATION 
MECHANICAL 

Difference 
(%) 

Max. 
Load 
(N) 

Max. 
Extension 

(mm) 

Max. 
Extension 

(mm) 
One 

Dowel 
1000 1,071 0,905 1 

Without 
Socket 

1000 0,994 1,016 2 

Double 
Dowel 

1000 1,378 1,242 10 

 
When the experiment results and Simulation Mechanical 
results were compared, it was revealed that the values were 
close to each other. The diagram for this is shown in Figure 3. 
 

Mater-
ial 

Type 

Bending Resistance 
(N/mm2) 

Modulus of Elasticity 
(N/mm2) 

X 
min 

X 
max 

X 
ort 

V 
(%) 

X 
min 

X 
max 

X 
ort 

V 
(%) 

MDF 
Profil

e 

34, 
88 

37,
36 

36,
07 

2,94 
3201

,21 
3359

,14 
3289

,31 
1,83 
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Figure 3. Comparison of experiment results and the results of 

Simulation Mechanical  
 
The displacement characteristics of the samples in tension 
experiments under 1000 N loading are shown in Picture 1. for 
one dowel, without socket and double dowel joints.  
 

 
 

 
 

 
 

Picture 1. The results of the tension experiment analyses for 
One dowel, without socket and double dowel  

a) One dowel b) Without socket c) Double dowel 
 
The values of the experiment samples’ diagonal compression 
moment resistance capacities are shown in Table 6.  

 
Table 6. Diagonal compression moment resistance capacity 

 

Glue Type Joint Type  

Diagonal tension moment 
capacities (Nm) 

Min. Max. �̅� v(%) 

MDF KIT 

One Dowel 29,5 61,3 47,3 22,4 

Without 
Socket 

45,1 52,7 49,8 5,2 

Double Dowel 41,8 61,3 50,0 12,5 

POLYURE- 
THANE 

One Dowel 59,6 71,4 64,7 5,5 

Without 
Socket 

60.8 66,6 63,5 3,7 

Double Dowel 64,7 71,3 67,9 2,9 

 
The highest diagonal compression moment capacity was 
obtained from double dowel joints with polyurethane glue. On 
the other hand, the lowest results were obtained from one 

dowel joints with MDF kit glue.  
 
The comparison of values for load-displacement results 
obtained in the diagonal compression experiments and 
Autodesk Simulation Machine program are shown in Table 7.   
 

Table 7. The comparison of values for the results obtained in 
the compression experiments and Simulation Mechanical  

 

Joint 
Type 

EXPERIMENT  
SIMULATION 
MECHANICAL 

Difference 
(%) 

Max. 
Load 
(N) 

Max. 
Extension 

(mm) 

Max. Extension 
(mm) 

One 
Dowel 

1000 2,853 2,359 20 

Without 
Socket 

1000 2,973 3,966 24 

Double 
Dowel 

1000 3,026 3,978 23 

 
When the results of the experiments and Simulation 
Mechanical were compared the results of Simulation 
Mechanical were found as closer to the experiment results. The 
diagram for this comparison is shown in Figure 6.  
 

 
 

Figure 6. The comparison of the results of experiment and 
Simulation Mechanical   

The displacement characteristics of one dowel, without and 
double dowel joints under 1000 N loading in compression 
experiments are shown in Picture 2.  
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Picture 2. The results of the sompression experiment analysis 

for one dowel, without socket and double dowel  
a) one dowel b) without socket c) double dowel 

 

4 Results and Discussion 

 
The full dry density amount of PVC coated MDF profile 
material used in the experiments was obtained as 0,68 g/cm3 

while the air dry density amount was 0,72 g/cm3. The ratio of 
moisture was found as % 6,57. 
 
The mean score for bending resistance values of the experiment 
samples was 36,07 N/mm2, while the mean score for the 
modulus of elasticity was found as 3289 N/mm2. The previous 
literature provided the elasticity module values as                       
3844 ± 311 Nmm2 (Derikvant and Eckelman 2015). These 
values are in convenience with the results of the study.  
 
In the diagonal tension experiments, the deformation type 
occurred in the joints with one dowels are shown in Picture 3, 

without sockets in picture 4 and the deformation type of joints 
with double dowels are shown in Picture 4.  
 

 
 
Picture 3. Deformation types of experiment sample joints with  

One dowels 
a) MDF kit b) Polyurethane    

 

 
 
Picture 4. Deformation types of experiment sample joints with  

without sockets 
a) MDF kit b) Polyurethane    

 

 
 
Picture 5. Deformation types of experiment sample joints with  

double dowels 
a) MDF kit b) Polyurethane    

 
In the one dowel, without socket and double joints, during the 
force application deformation was observed in the first glue 
layer, afterwards breaks occurred the dowel holes in the part. 
 
In the diagonal compression experiments, the type of 
deformation occurred in the joints with one dowel is shown in 
Picture 6, without sockets are shown in Picture 7, and the 
deformation types in joints with double dowels are shown 
Picture 8. 
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Picture 6. Deformation types of experiment sample joints with  

one dowels 
a) MDF kit b) Polyurethane   

  

 
 
Picture 7. Deformation types of experiment sample joints with  

without sockets 
a) MDF kit b) Polyurethane    

 

 
 
Picture 8. Deformation types of experiment sample joints with  

double dowels 
a) MDF kit b) Polyurethane    

 
In the one dowel, without socket and double joints, during the 
force application deformation was observed in the first glue 
layer, afterwards breaks occurred the dowel holes in the part. 

5 Conclusions 

 
Considering the results of the experiments the following 
recommendations can be made: 
1. In the joints with one dowel and double dowels different 
variations of the distance between dowels can be tested.   
2. Polyurethane glue and MDF kit glue are used in the 
experiments and based on the results of the diagonal tension 
experiments one component polyurethane glue was found as 
38% more resistant compared to two component MDF kit glue. 
On the other hand, in the diagonal pressure experiments, again 
one component ply urethane glue was found as 27% more 
resistant compared to MDF kit glue. In the light of these results 
one component polyurethane glue can be recommended in the 
frame corner joints.  

 
3. Joints with dovetail sockets and polyurethane glue can be 
used in the production of frame corners since they are easy to 
assemble and enable practical joints. Additionally, although 
glue degradation in joints can occur in time, it shows enough 
resistance.  
 
4. The results of the experiments showed that deformation 
first occurred in the glue line. In this respect, further studies 
for glues to carry more loadings can be recommended for 
researchers.    
 
5. Joints with double dowels and polyurethane glue can be used 
in the production of frame corners since they are easy to 
assemble and enable practical joints. Additionally, although 
glue degradation in joints can occur in time, it shows enough 
resistance. 
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Abstract   

Guerrilla Marketing was created by Jay Conrad Levinson in 1984 with the launch of his first book Guerrilla Marketing. Guerrilla Marketing is a form of 
marketing that uses creativity, effort, energy and time with a low (even no) marketing budget.  “Guerrilla Marketing" concept, the "minimum cost 
maximum profit" with the main idea has entered into marketing literature. Guerrilla marketing, especially small and the forces in today's increasingly 
competitive environment for midsize businesses art is an important marketing techniques that can be used to run. Guerilla marketing is defined by the 
researcher as a creative, non-traditional and many times interactive type of marketing that is typically a low-budget production. IKEA is a Swedish-based 
international furniture store. The name IKEA is formed from the founder's initials Ingvar Kamprat(I.K.) plus the first letters of Elmtaryd (E) and 
Agunnaryd (A), the farm and village where he grew up.  Most, especially in Europe, there are 235 stores in 43 countries. Despite being a global brand in 
the furniture sector guerrilla marketing is best practice companies. The aim of this study was to examine the IKEA brand and guerrilla marketing efforts 
to draw out lessons for the furniture industry in our country. 
 
Keywords: Guerrilla Marketing, Marketing Strategy, IKEA Furniture 
   

 

MOBİLYA SEKTÖRÜNDE GERİLLA PAZARLAMA UYGULAMALARI  
VE IKEA ÖRNEKLEMİ ÜZERİNDEN BİR İNCELEME 

Özet   

Gerilla Pazarlama kavramı onun ilk kitabı gerilla Pazarlama Lansmanı ile 1984 yılında Jay Conrad Levinson tarafından ortaya atıldı. Gerilla Pazarlama 
düşük bir pazarlama bütçesi ile yaratıcılık, çaba, enerji ve zaman kullandığı pazarlama şeklidir. "Gerilla Pazarlama" kavramı, "Minimum maliyet, 
maksimum kazanç" ana fikir ile özellikle küçük ve orta ölçekli işletmeler sayesinde pazarlama literatürüne girmiştir. Gerilla Pazarlama genellikle düşük 
bütçeli üretim pazarlama, yaratıcı geleneksel olmayan ve birçok kez interaktif türü olarak araştırmacı tarafından tanımlanır. IKEA İsveç merkezli 
uluslararası mobilya mağazasıdır ve özellikle çoğu Avrupa'da, 43 ülkede, 235 mağazası vardır. IKEA ismi kurucusunun adının baş harfleri Ingvar Kamprat 
(IK) ve büyüdüğü çiftlik ve köy ilk harflerinden Elmtaryd (E) ve Agunnaryd (A), oluşmaktadır. IKEA markası mobilya sektöründe bir dünya markası 
olmasına rağmen gerilla pazarlama en iyi uygulayan şirketlerden biridir. Bu çalışmanın amacı, ülkemizde mobilya sektörü için IKEA markasının gerilla 
pazarlama çalışmalarını inceleyerek ülkemizdeki mobilya sektöründeki firmalar için gerekli dersleri çıkartmaktır. 
 
Anahtar Kelimeler: Gerilla Pazarlama, Pazarlama Stratejisi, IKEA Mobilya 
   

 

1 Introduction 

On the basis of guerrilla marketing tactics of guerrilla warfare 
lies and implemented in stages. Guerilla marketing attention 
like a guerrilla fighter tries to pull another party. In doing so, 
various uses amazing strategies. 
 

2 Guerrilla Marketing 

The American, Jay Conrad Levinson coined the term Guerrilla 
marketing in the 1980s, meaning unconventional marketing 
that uses campaigns and/or strategies to make a significant 
promotional effect. Guerrilla marketing comes from military- 
and warfare- related terminology. It means that this kind of 
marketing is much more aggressive than the traditional kind, 
and the marketers aim to affect the consumers’ emotions on a 
deeper level. In other words, the different marketing types are 
battling to conquer the consumers’ mind. [1] 

At the beginning, guerrilla marketing was very popular among 
small businesses because of the small budget investments, 
which provided big results. Today, larger companies also use 
the concept of guerrilla marketing. Guerrilla marketing tends to 
be very eyecatching and surprising for the customers. It makes 
the customers feel attraction to the company resulting in 
customers coming to the company, instead of the company 
constantly trying to get the customers’ attention.[2] 
Guerrilla marketing is as an alternative, holistic marketing 
approach. The concept designates the selection of atypical and 
non-dogmatic marketing activities that aim to achieve the 
greatest possible impact with a minimum investment. Guerrilla 
marketing has developed into a basic strategy overarching the 
marketing mix, a basic marketing policy attitude for market 
development that goes off the beaten track to consciously seek 
new, unconventional, previously disregarded, possibly even 
frown-upon possibilities for the deployment of tools .[3] 
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3 Characterization of Guerrilla Marketing 

 
The term “guerrilla” originates with the military. “Guerrilla” is 
the diminutive of the Spanish word for war, “guerra”. Thus, 
“guerrilla” is equivalent to “small war” or “partisan warfare” 
whose goal it is to weaken the opponent in certain spots. The 
transfer of the guerrilla concept to marketing terminology 
results in diverse interpretations and opinions as to the 
implementation and functions of guerrilla marketing. The 
fundamental determinant in characterizing guerrilla marketing 
is its unconventional nature. “Guerrilla marketing is a body of 
unconventional ways of pursuing conventional goals. It is a 
proven method of achieving profits with minimum money”. [4] 
 

4 Differences of Guerrilla Marketing and 
Traditional Marketing  

 
The difference between guerrilla marketing with traditional 
marketing is as in the table 1. 

Table 10. Differences of Guerrilla Marketing and Traditional 
Marketing 

Traditional Marketing  Guerilla Marketing  
Primary investment is money Primary investment is time, effort 

and creativity 
Model for big business Focus on small business 

Success measured by sales Success measured by profits 

What can I take from the customer? What can I to the customer? 

Mass media usage (Direct mail, 
radio, television, newspaper) 

Advertising works 
 

How much money do you have at 
the end? 

Marketing weapons are numerous 
and most are free 

Types of non-traditional marketing 
succeed 

How many relationships do you 
have at the end? 

 

 
Picture 1: Mc Donald’s traditional marketing campaign 

 
Picture 2: Mc Donald’s guerilla marketing campaign 

 

 
Picture 3: Linford Christie with Puma contact lenses 

 
Picture 4: Coca-Cola guerilla marketing campaign 
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Picture 5: Trabzon guerilla marketing campaign 

 

5 Guerrilla Marketing Tools 

Guerrilla marketing can be implemented with diverse tools. 
Thereby, until now no uniform categorization of these 
instruments has prevailed. In the following the most important 
instruments of guerrilla marketing are structured in the four 
categories “word of mouth”, “buzz marketing”, “ambush 
marketing”  and “viral marketing”. [5] 
 
5.1 Word-of-Mouth (WoM) 
Word-of-Mouth is one of the most important effects of guerrilla 
marketing. The idea of the marketing method is to use 
spectacular and unexpected marketing activities to make 
people start talking about the company or brand. WoM is when 
a customer becomes aware of a product that a company 
markets and then tells five to ten people about it. WoM is a very 
effective way for small businesses to make people aware of 
their company and products. After a customer experiences the 
product or service, he or she shares the experience with family 
and friends. The sharing of the experience increases the 
customer base and the sales of the company. To spread the 
information, the marketers have to think very carefully before 
they promote a product. It is important to think about the 
customer’s entire experience with the brand and how the 
company can build strong brand loyalty with the customer. [6] 
 
5.2 Buzz marketing  
When the concept buzz marketing first started it was just oral 
communication; nowadays the buzz is in all social media like 
Facebook, Twitter and MySpace that have been involved in 
creating buzz marketing. Buzz marketing has become a very 
effective way because individuals find it easier to trust friends 
and family than an ordinary promotion of a product, the buzz 
requires a different way of thinking about the brands. To create 
buzz, companies use different tactics; one example to create 
buzz is by using celebrities in different promotions and 
marketing. Some places where the buzz can come from are 
public relations, event marketing, sports marketing and online 
marketing. [7] 

5.3 Ambuss Marketing 
To define ambush marketing it is important first to define the 
meaning of what commercial sponsorship is. A sponsorship is 
an investment, in cash or kind, in an event, person or idea. The 
definition of ambush marketing is that a company acts as if they 
are sponsor to an event, but they are not. At the same time, they 
get the same benefit as if they are the official sponsors. [8] 
 
5.4 Viral marketing 
Viral marketing creates a chain effect unlike WoM. Viral 
marketing is similar to WoM; the difference is that when a 
consumer becomes aware of the viral marketing activity, he or 
she tells five to ten people about it and then they tell another 
five to ten people, and so on. This chain is like a virus that 
spreads the information very fast. At the beginning it was only 
one person that was affected by the viral marketing but after a 
while there are hundreds of people that know about it, and the 
information spreads without requiring additional marketing 

activities. [9] 
 

 

6 Effects Of Guerrilla Marketing 

There are both positive and negative effects of guerrilla 
marketing, which are important to have in mind when 
considering using this marketing technique. [10] 
 
6.1 Positive effects  
The effect of guerrilla marketing is divided into three effects; 
these are the surprise effect, diffusion effect and low cost effect. 
These effects lead to the guerrilla effect. Figure 2.5.1 below 
shows how unconventional advertising campaigns create 
guerrilla effect. A guerrilla effect is when unconventional 
advertising creates a high level of attention at a relatively low 
cost. Low cost does not necessarily mean that the 
advertisement has to be cheap. The advertisement can cost a lot 
of money, but at the same time capture the interests of 
thousands of people. In the end, when the cost is divided 
between all these people, the cost per person that was reached 
is low. [11] 
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Figure 1 Guerrilla effect model 
 
6.2 Negative effects  
In some cases the marketers do not consider the negative side 
effects that can occur while using guerrilla marketing, and this 
may lead to ethical problems. Using guerrilla marketing draws 
a lot of attention, and it is often created to affect the emotions 
of the consumers. Therefore, emotions in guerrilla marketing 
campaigns are important. [12] 
 

7 IKEA Case Study 

IKEA is a Swedish-based international furniture store. The 
name IKEA is formed from the founder's initials Ingvar 
Kamprat(I.K.) plus the first letters of Elmtaryd (E) and 
Agunnaryd (A), the farm and village where he grew up.  Most, 
especially in Europe, there are 235 stores in 43 countries. 
Despite being a global brand in the furniture sector guerrilla 
marketing is best practice companies. [13] 

 
Global brand IKEA has demonstrated originality and creativity 
in their guerrilla and experiential marketing initiatives for 

some time now – from a 20X20 box to promote their Brooklyn, 
NY store opening to the Oval Office they furnished for Obama’s 
then-new office last year. The international retailer’s most 
recent effort to get on customers’ minds and in their hearts – 
where they least expect it – entails furnishing Parisian public 
transportation. [14] 
 

 
As part of IKEA's "Everyday Fabulous" campaign, the company 
decorated a bus stop in Manhattan. 

8 Conclusion 

Guerilla marketing concept in general as extraordinary means 
and represents a very small budget and carried out 
promotional activities. In recent years, most operating on 
looking for ways to get rid of the chaos caused by traditional 
marketing practices, are turning to a different marketing 
communication method of guerrilla marketing to reach 
consumers using unconventional methods and tries to live an 
unforgettable experience related to their brand. Be 
knowledgeable about guerrilla marketing strategies, creating 
marketing plans for enterprises, will provide significant 
benefits to him. Guerrilla marketing tactics include extreme 
specialization, aiming every effort at favorably impressing the 
customers, providing service that goes beyond the customers' 
expectations, fast response time, turnaround of jobs, and 
working hours that match the customer's requirements.  
Guerilla marketing gets its power from originality and 
innovation. 
IKEA is a global brand in the furniture sector guerrilla 
marketing is best practice companies. The aim of this study was 
to examine the IKEA brand and guerrilla marketing efforts to 
draw out lessons for the furniture industry in our country. 
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Abstract   

The word "niche" comes from a French word that means to nest. A niche market is a marketing term used to refer to a portion of a market segment in 
which individuals possess homogeneous needs and characteristics, and the latter are not entirely covered by the general offer of the market. These “niches” 
can be geographic areas, a specialty industry, a demographic or ethnic group, a specific gender group, or other special group of people.  Cilek furniture 
specialization in strategic decision to move the was of furniture. Cilek furniture in accordance with this resolution "Youth Room" came out with the concept 
and created a whole new industry. Cilek  furniture Youth Room Furniture has given the concept in Turkey and was the leading sector of the idea. Çilek  
furniture, a total of 5 continents and 444 sales points to 2,000 employees, 60,000 m2 of sales area and 40 percent of production is exported annually with 
about 220 million worth of retail sales. And it came home today to more than 1 million children and young rooms in the world. Japan's success in the 
furniture industry Çilek  furniture 'case study' was presented. 

Keywords: Niche Marketing, Cilek Furniture 
   

 

MOBİLYA SEKTÖRÜNDE NİŞ PAZARLAMA REKABET AVANTAJI OLABİLİR Mİ? 
ÇİLEK MOBİLYA ÖRNEĞİ 

Özet   

Kelime olarak "niş" yuva anlamına gelen Fransızcadan geliyor. Bir niş pazar bireylerin homojen ihtiyaçları ve özelliklere sahip olan bir pazar segmentine 
bir kısmı başvurmak için kullanılan bir pazarlama terimdir ve ikincisi tamamen piyasanın genel teklif kapsamında değildir. Bu "nişler" coğrafi alanları, 
özel sektör, bir demografik ya da etnik grup, belirli bir cinsiyet grubu veya halkın diğer özel grup olabilir. Çilek mobilya stratejik kararı ihtisas 
mobilyacılığında ilerlemek oldu. Bu karar doğrultusunda Çilek’in “Genç Odası” kavramı ile yola çıktı ve yeni bir sektör oluştu. Türkiye’de Genç Odası 
kavramını Çilek Mobilya kazandırdı ve sektörün fikir lideri oldu. Çilek Mobilya, toplam 5 kıtada, 444 satış noktasına, 2.000 çalışana, 60.000 m2 satış 
alanına ve yıllık yaklaşık 220 milyon TL'lik perakende ciroya sahip üretimin yüzde 40’ını ihraç ediyor. Ve bugün dünyada 1 milyondan fazla evde çocuk 
ve genç odalarına girmiştir. Çilek’in başarısı Japonya’da mobilya sektörüne ’örnek vaka’ olarak sunulmuştur. 
Anahtar Kelimeler: Niş Pazarlama, Çilek Mobilya 
   

 

1 Introduction 

Marketing is the science and art of exploring, creating, and 
delivering value to satisfy the needs of a target market at a 
profit.  Marketing identifies unfulfilled needs and desires. It 
defines, measures and quantifies the size of the identified 
market and the profit potential. It pinpoints which segments 
the company is capable of serving best and it designs and 
promotes the appropriate products and services. Marketing is 
often performed by a department within the organization. This is 
both good and bad. It’s good because it unites a group of trained 
people who focus on the marketing task. It’s bad because 
marketing activities should not be carried out in a single 
department but they should be manifest in all the activities of the 
organization. [1] 

The word “niche” comes from a French word that means to nest. 
Niche marketing is targeting a product or service to a small 
portion of a market that is not being readily served by the 
mainstream product or service marketers. Nearly every 
business—fast food chains, convenience stores, even Wal-

Mart—was begun to fill perceived voids in the market place. 
However, niche marketing usually refers to small or moderate 
size businesses or farms that produce a specialty product or 
service for a limited segment of the market. Market niches can 
be geographic areas, a specialty industry, ethnic or age groups, 
or any other particular group of people. Sometimes a niche 
product can be a variation of a common product that is not 
produced and marketed by the main marketing firms. [2] 

2 Niche Marketing 

Target marketing, focused marketing, concentrated marketing, 
and micromarketing are all used as synonyms for niche 
marketing. Although they exhibit substantial similarities, they 
differ to some extent. We will however attempt to define niche 
marketing. In order to do so, we have to establish the meaning 
of the word niche. [3] 
According to Philip Kotler, a niche market is a group with a 
more narrow (that market segment) definition. Usually it's a 
small market whose needs are not being well served. 
Complementing this definition, the niche market (unlike the 
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market segments that are larger and easily identifiable groups), 
is one group reduced (from individuals, companies or 
organizations), with needs and/or specific wishes, willingness 
to meet them and economic capacity to make the purchase or 
acquisition. [4] 

3 Niche Marketing With The Comparison Of Mass 
Marketing 

Niche marketing refers to specialized products or services that 
answer to the need of a relatively limited target (compared to 
mass marketing). Moreover, consumers of niche produits relate 
to each other (by their hobbies, financial means, location... Or 
else) Mass marketing is more focused on the consumer need to 
fulfill than the consumer type to target. The target is often 
wider and less precise. To make it very simple: a pen is a mass 
marketing product, while a pen especially designed for left-
handed belongs to niche marketing. 
Table 11. Differences of Niche Marketing and Mass Marketing 

Niche Marketing  Mass Marketing  

Modern marketing concept Production concept 
High profit margins High production level 
Differentiated products Standard product 
There is no competition or 
weak 

Intense competition 
 

Rotary and flexible 
organization 
Target: the unmet needs of a 
small group 

Central and bureaucratic 
organization 
Target: All market 
 

 

4 Requirements For Niche Marketing 

Permission must be taken to be ready to make your niche 
market's requirements. Enough frustration may have entered 
the final of the niche market research. These conditions for 
niche marketing reasons are as follows: [5] 
1. Operations to display geography, convenient distribution 
channel members, the target customer buying motives, 
important strategic points must be defined that can be applied 
to enter the market. 
2. In order to understand competitors' goals and strategies of 
the past, how to monitor a policy against competitors entered 
the market, they must learn to fight. 
3. It must be determined whether the technology is ready to 
enter the market. 
4. Area and the company's ability to compete strongly should 
be identified. 
5. Top management should explain the company's strategy to 
all companies and should be adopted 
6. Before entering the niche market by marketing research, 
marketing mix should be developed in accordance with the 
results obtained. 
7. Must be sufficient demand created by the private market 
segment. 
8. Specific market segment must have growth potential. 
9. Major competitors that they need not interested in this 
particular market segment. 
10. Business of mastery, talent and expertise should be able to 
deliver adequate services to this market segment. 
11. Must be strong enough to prevent competition arising 
business. 
 

5 Niche Marketing Preparation Shape 

Marketing consultant known for his book on entrepreneurship 
Kim T. Gordon, says that the three rules for niche marketing. 
Here Gordon's rules and recommendations: [6] 
5.1. Set Special Needs: The first and important rule is to 
produce products and services to meet customer's specific 
needs. If you promise to consumers and the products you offer 
if you do niche marketing should be specific with both benefits. 
At the same time new and attractive to consumers must come 
from every direction. To do this, you first need to determine the 
specific needs of the target audience. They can submit your 
products and services and then reposition it in line with needs. 
For example, there is no change in soap production for many 
years and are major players in the market. However, if you want 
to produce the swimmers special soap, you can produce a soap 
that removes chlorine without damaging the hair. So you can 
enter a niche market with continuous product that will appeal 
to people going for a swim. 
5.2. Audience Relevant Messaging: say the right thing the 
customer is very important and this is the second rule. It is 
important to speak the language of your audience. Such as the 
right thing to say to the customer. If you are entering a niche 
market, your target audience where the most important one of 
the factors that speak the language of the narrow space. Let's 
say you are a man over the website in the first place for 
marketing and leather products are a corporation that 
determines the target audience. After you determine the target 
audience of working women. However, as you can not appeal to 
appeal to men and women. Because the simplest of women are 
waiting for more information on the product's content. Thus, 
accordingly to change your message, you need to enrich your 
content. 
5.3. Make the test of the market in every direction: Thirdly, 
you should always test the market. My advice to you before 
entering the market, market, determine your revise their 
position against your opponents accordingly. Analyze the best 
means of communication to the opponent while browsing 
market. Identify the point they emphasize that while their sales, 
their pricing strategies, how to do the work they perform for 
transportation and other services. 
 

6  Implementation Of Niche Marketing Strategies 

When the niche marketing strategy response to the question of 
what is selected will or conditions will be as follows: "If your 
company is better than the other firm and useful, different 
sense can create consumer willingness in a special talent and 
does not have the short term." Moreover, competition in the 
private market when choosing niche marketing strategy focus 
on long-term interest of providing the benefits and advantages 
of points must be taken into account. Niche marketing is a guide 
to the steps that may include, [7] [8] 
1. Recognition of the company itself: What are the strengths 
and weaknesses of the company? 
2. Customer Recognition: specialization in customer 
recognition, customer focus and finished product fitting the 
customer's needs. 
3. Recognition of competitors: Why is found to prefer the 
other company's products for consumers and companies to 
adapt to it. 
4. Continuous An Information System Development: 
Progress in the publication regarding the use of services 
supplied market niche next to the log database is continually 
monitored. 
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5. Apply to Differentiation: Differentiation should be done, 
and this difference should be noticeable to the consumer. 
6. One customer or product Become Dependent Failure: 
Alternative maneuver should be created. For this, the non-
targeted market niche exists a significant other, to meet the 
needs of the group, revising the production or service can be 
modified to fit well on this target audience. 
7. Protection of creativity: Name rights, the protection of 
innovation through patents must be provided. 
8. Power to Overcome the Company: The Company shall not 
exceed the limits when you find your niche market. 
9. Development of the Company's Marketing Strategy: 
Continuous synergy and efficiency should be created. 
10. Become Preparedness and Control obtained the 
Cessation: The trend of the market should not be overlooked. 
11. Becoming Dynamic: The company should reveal new 
areas and markets differ seekers should be sought 
 

7 The Niche Marketing Applicatıon Of Swot 
Analysis 

Once you put a business idea, to see how real life can get help 
from the SWOT analysis demonstrate a stance. SWOT acronym 
strengths, weaknesses, opportunities and threats is formed 
from the initials of the words and queries on these four 
attributes name. Besides being able SWOT analysis carried out 
in a relatively short time is often indicative about the validity of 
the idea. Of course, while SWOT analysis must be impartial and 
sincere. For example, should not be approached with the idea 
of bias is a powerful idea that will be recognized instantly, the 
question should be answered in detail as possible. questions 
can be asked when taking out the SWOT analysis can be 
illustrated as follows: [9] 
7.1 Strengths: 
What are the benefits? 
What do you do better than others? 
Intellectual life which type of pass you have the original or low-
cost resources? 
competitors in the market in which direction you think is your 
strongest? 
7.2 Weaknesses: 
What aspects need to develop? 
What you need to avoid situations? 
He sees weak from your competitors in the market in which 
direction? 
7.3 Opportunities: 
What are you waiting for better opportunities? 
Are you aware of what the market trends? 
How can you benefit from the latest changes in technology? 
How can you benefit from recent changes in the rules? 
How can I convert opportunities into your strengths? 
Can you convert your weaknesses into opportunities? 
7.4 Threats: 
What are the obstacles in front of you? 
What are your competitors doing? 
recent changes in technology can affect how you negatively? 
recent changes in the rules can affect how you negatively? 
It can be converted to threaten your strengths? 
It can be converted to threaten your weaknesses? 

8 Case Study of Cilek Furniture 

Bursa plant producing furniture since 1970. In 1995, he 
launched Cilek Family 'strawberries' The success of branded 
furniture in a nature lesson for all entrepreneurs. Every child 

has dreamed of living space that is different and who want to 
meet the expectations of their interest in accordance with Cilek 
style, only for children and young people today, designing 
products for their age and interests. Cilek products, today 
entered into more than 1 million home for children and youth 
room in the world, said entrepreneurs Muzaffer Cilek, says: 
"Designed specifically for cross-0-24 age, the bed from the 
comforter, the curtain of the carpet, the dresser from the lamp 
to the pillow from the closet, a man in a room brought together 
in a way that meets all the requirements we offer furnished 
room atmosphere. We are the first marker of the design and 
production idea to a specific age group in our own industry to 
realize. We believe that we really have their own unique 
designs and styles of all the companies to strong competition. 
the most powerful we have in our original design. "Victorious, 
indicating that the designer of the world to visit Cilek," They 
know well the world's children and youth. Disneyland 
amusement centers toys, fashion and industry are close to the 
fair. That’s why our designs are really like the world of children 
and young people. First our exports in 1996 to Switzerland we 
did. Today we export to over 50 countries. Our production are 
exported to 40 percent, "he said." My grandfather was a 
furniture business also grandparents, "said Cilek Furniture 
Chairman Muzaffer Çilek," Cilek logo and brand were registered 
in 48 countries before 1995. We are extremely glad to be 
eligible to become a brand name, "he says. [10] 
Cilek marketing manager, according to information provided by 
Erkan Aydin, benefiting from the experience of the industry in 
the setup phase of strawberries has achieved a market research 
if the results of this research Cilek brothers was to advance in 
the specialization of furniture making. Cilek in accordance with 
this resolution "Youth Room" is set off by the concept and Aydin 
stated that creates a new industry, " Cilek gave the concept of 
Youth Room in Turkey and was the leading sector of the idea," 
he adds. [11] 
 
Muzaffer Cilek, "the success of Cilek Japan in the furniture 
sector 'case studies' as is presented, stating he says:" Japan 
External Trade Organization (JETRO), Foreign Trade Deficit 
given done a research in the furniture industry in Japan and in 
a short time outside the furniture industry in the world as a 
company established and success has identified cilek. Then by 
contacting us and presented us with a case study report 
prepared by the Japanese benchmark furnishers. " Cilek 
Furniture Chairman Muzaffer Çilek, Turkey and the many 
famous people in the world also stated that paved the children's 
room Çilek on, "In recent years, U2's Bono a reseller of our 
competitors cot in the UK for his son Elijah 'C Bad' taken. More 
after Elijah cameraman during an interview at his home 
showed the bed, taking her own room and have banter with the 
cameraman by turning on their headlights. Blew our sales after 
the program broadcast. Thanks to the short duration of more 
than 1,000 'Racer cot' we buy, "he says. 
         Who had the idea to design and manufacture a particular 
age group is the first brand to life Cilek, making more than 500 
thousand products per year production. Special designs, which 
successfully promote the brand and Cilek Stores in the 
international field Cilek, first began selling in 1996 in 
Switzerland. In the same year, "Cilek" brand, logo and products, 
was registered in 70 countries all over the world. Cilek, Europe, 
close neighbors and is moving towards becoming an 
international company by expanding its franchise model in the 
world. Cilek Today, a total of 5 continents and 444 sales point, 
with 2,000 employees, 60,000 m2 of retail space and annual 
retail sales of $ 220 million with approx. Given by Superbrands 
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International, one of Turkey's Superbrands award picked 
strawberries in the furniture industry. Also Cilek, by the 
Turkish Patent Institute "Famous Brand" (well-known brand) 
was considered. The famous brand; without the need for any 
reminder reflexive in people's minds (generic) to mean that the 
brand association with a specific product. [12] 
 

9 Conclusion 

Exit points in niche marketing, the audience unsatisfied it is to 
identify the needs. Correct these needs are important at this 
stage it is detected. Come to the right place starting from the 
wrong needs It is not possible. Following the identification of 
needs unsatisfied, businesses began to address the audience 
differentiated products. It important product differentiation 
stage next to us, it to convey the difference to the customer. To 
this end, businesses, end consumer tool they use to achieve by 
training, of differentiated products the ability to transmit the 
properties consumer correctly. 
As a result, businesses in the furniture industry niche 
marketing principles apply determine the customer group has 
different expectations and unsatisfied and larger competitors 
are able to produce goods and services to these customers 
despite being able to continue their business. 
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Abstract   

This Today it is accepted that the factors of methods should be added into accounts to have very appropriate conclusions in the establishmentswith  
revolving  funds. Therefore, especially, today it is unavoidable the important decisions in the field of thesliding capital And to utilize mathematics technics 
to have such kind of decisions. İt is commented on which factors change the level of the revolving funds and these changing should be in what quantities 
besides, in the light of the techniques which are determined by the method’s principals, it is calculated the costs of a product or a group of products which 
are produced in a certain period and the costs with market prices, separately. In the conclusion section; it is considered that each work could show a 
different production specifications concentration on being gathered according tote works and products assignments and delivered of the cost’s elements 
which are appropriate for the lıquidity and productivity aims of establishment. of finished products and packaging materials are made. 
Keywords:Establishments with revolving funds, Sliding capital, Order cost, Liquidity, Productivity, Specification. 
   

 

ORMAN ÜRÜNLERİ SANAYİİ VE DÖNER SERMAYE 
 

Özet   

Günümüzdeki  döner sermayeli işletmelerde isabetli kararlara ulaşmada yöntem faktörlerinin de hesaba katılması gerektiği kabul edilmektedir. Bununla 
beraber, özellikle değişir sermaye alanında verilecek önemli kararlar ve bu tür kararların verilmesinde matematiksel tekniklerden yararlanmak bugün ve 
ilerisi için kaçınılmaz hale gelmiştir. Döner sermaye seviyesinin hangi faktörlerle değiştiği ve bu değişmelerin ne miktarlarda olacağı açıklanmıştır. Ayrıca 
yöntemin esasıyla belirtilen tekniklerin ışığı altında Trabzon Anadolu Teknik, Teknik Lise ve Endüstri Meslek Lisesi Döner Sermaye İşletmesinin belli bir 
dönemde üretilen belli bir mamul ve mamul grubunun maliyetleriyle piyasa fiyatlı maliyetler ayrı olarak hesaplanmıştır. Sonuç kısmında işletmenin 
sermaye ihtiyacı ve verimlilik amaçlarına uygun maliyet unsurlarının işlere ve mamul partilerine göre toplanmasına ve dağıtılmasına ağırlık vererek her 
işin ayrı bir üretim spesifikasyonunu temsil etmesini sağlayabileceği düşünülmektedir.       
Anahtar Kelimeler:Döner  Sermaye  İşletmeleri,  Değişir  Sermaye,  Sipariş  Maliyeti,   Sermaye İhtiyacı, Verimlilik,  Spesifikasyon 
   

 

1 Introduction 

 
The state fact which has shaped through the needs of 
individuals as a community, in time, has not shaped its duties 
towards developing communities only security, safety, justice 
and health. With the development of the communities, the state 
not only limited its duties above mentioned subjects, also has to 
bring innovations.  [1]. 
Within the normal operating ciycle of a business (generally a 
year), fund is the one turned into cash or realized. That is also 
called working capital. Manufactured goods, semi-
manifactured goods, raw materials, safe, and the money in 
banks are used and consumedlike that kind of stocks in short 
time with a date of one year or shorter time notes. These assests 
which are used to maintain the operating activities and have the 
ability to be turned into cash in a short time are called 
circulating capital. According to another definition, it is 
expressed, the goods, which are necessary for a business 
enterprise’s realization and conduction, that are money or all 
the things can be turned into cash [2,3]. 
According to a different definition, it is a capital that is assigned 
to public corporations to run the goods and services which 
cannot be carried out as regards to the public administration 
laws.Continuation of the acitivities regarding goods and 

services can be conducted by administrations that are set up 
bound to public administration. And this capital expresses that 
definition [4].   
Circulating capital principal liberalises the corporations within 
the general budget in terms of financial quality and 
management.In other words, those corporations attaching to 
principal of universality for life does not match the reality and 
restricts the actions and abilities.Thereby, this acception is 
applied for those corporations to move free and be 
successful.Hereby, general budget institutions through 
circulating capital liberate managementship opportunities and 
constitute annexed budget administrations with other types of 
public administrations with industrial and commercial 
qualities within the scope of operating rules to create profits 
[5]. 
Within this study, prime cost factors which are job order 
productions have been chosen incisively and been examined to 
reach up to the mark level. To realize that, so as to fabricate the 
certain time produced manufactures or manufacture groups 
costs of Trabzon Anatolian Technical, Technical and Industrial 
Vocational High School’s Circulating Capital Enterprise’s 
production which mainly depends on furniture fabrication, on 
the phase of recognition of the manufactures “Job Order Cost 
Method” was used. 
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2 Realized Studies 

 
Kaya (2004) tackled State Hydraulic Works’ encountered 
problems, which provides service in different fields depending 
General and Annexed Budget Administrations in Turkey, on 
accounting realizations that has reached 6.5 quadrillion of 
Gross Receipts by 2003 effecting a certain economical 
avoirdupois. To use the accounting system effectively at State 
Hydraulic Works, primarily staff in charge should be trained 
about Unified Accounting System. Moreover, he concluded that 
some regulations regarding associated administrative budget 
inclusion or privatization should be done at State Hydraulic 
Works [6]. 
Due to the administrations with circulating capitals having a 
number of benefits, their numbers are increasing fast and he 
stated that those corporations comprise autonomy at economy. 
Also, he identified that they were reconstructed due to some 
drawbacks [7]. 
He emphasized that states’ duties are to manage their countries 
economically, humane and socially in the best way possible; 
economic development and regularity not only can be 
conducted by setting profit oriented administrations but also 
setting service oriented administrations to direct the 
economy.Also stated that circulating capitals need to have an 
important role as to audit the existing service 
administrations.In the research, ergonomy science was 
narrated, the importance and the necessity of the product 
design was discussed, also it was emphasized usage of 
ergonomic datas were essential.There were held many 
questionnaires in Ankara about the applicability of the 
ergonomic furniture design at technical and industrial 
vocational high schools with circulating capital system and the 
results were evaluated [9] . 
As a part of the industy sector of the country, Technical and 
Industrial Vocational High School Circulating Capital 
Administrations’ applicability and efficiency of stockless 
production wasresearched and concepts, definitions and 

designs of production system about businesses were informed, 
also with the analysis of stockless production concept (JIT), its 
appearance, problems, techniques and elements were 
designated.[10].In this study, principals of technical high 
schools looked for an answer to risks encountered on 
management of circulating capital. They stated they didn not 
face the anticipated problems they might encounter, so they 
were not aware of all the risks on management of circulating 
capital, yet principals reported that while they were managing 
the circulating capital works, a decreasing structure occurred 
[11]. 
With this work, we referred the public circulating capital 
administrations’ establishment aims and their establishment 
that have an important role within Turkey’s economy with its 
legal structure. We also pointed higher education institutions’ 
circulating capital administrations and analyzed Sivas 
Vocational School of Higher Education Circulating Capital 
Administration’s establishment, fields of activity, budget and 
audit and realized a cost-benefit analysis to discourse a solution 
to make them more productive [12]. 
Legal structure on Circulating Capital Administrations of 
Vocational High Schools is Taxation and Accounting 
Transactions. These administrations are managerially bound to 
Ministry of National Education. At schools, principals are chief 
of disbursements, administration and financing officer is vice 
principal, finance officer is accountant and workshop leaders 
are responsible for the production and statement of 
requirements. In the study, instead of financial circulating 
capital structure, corporation circulating capital administration 
was approached [13]. 

3 Materials and Method 

 
3.1.Materials 
 
3.1.1. Datas Used in the Study 
 
 

 
 
Circulating capital administrations deal with a lot of laws for their organizations and operations. The datas used in this studey are 
given at Table 1. 

Table 1.Datas Used in the Study 

General Accounting Laws Circulating Capital Law State Personnel Law 
Budget Laws State Procurement Law Travel Expense Law 
Labor Law Law of Social Insurance Tax Procedure Law 
Revenue Law Value Added Tax Law Court of Accounts Law 
Stamp Tax Law Turkish Criminal Law Turkish Code of Commerce 
Law of Obligations Basic Law of Turkish National 

Education 
Ministry of National EducationOperating 
DepartmentCirculating 
CapitalAdministration Auction Authority 
Limits Principals (2001) 

Circulating Capital Book of Final Entry 
Records  

Circulating Capital General Journal 
Records 

Circulating Capital Ledger Records 

Circulating Capital Control Chart Records Circulating Capital Year End Entries 
Records 

Circulating Capital Annual Financial 
Statement Value Records 
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3.1.2. General Information About Where Study Took Place 
 
As well as general knowledge, this school aims to train strong 
technical educational students while it plays a huge role on the 
country’s development to do their parts with code of ethics and 
knowledgeable about his and friends’ rights to defend 
themselves when necessary, the school has developed trust at 
working environment to meet the requirement of technical 
staff.Having its first graduates in 1966-1967 school year, the 
school had then called “Levelling, Ironsmith, Wookwork” 
departments. Then in 1967-1968 “Electrical” department and 
in 1968-1969 “Engine” department were opened. Afterwards, 
in 1973-1974 “Electronical Machine Draftsman” department, in 
1979-1980 “Casting” department, in 1980-1981 “Modelling” 
department, in 1986-1987 “Heavy Equipment” department, in 
1991-1992 “Computer- Telecommunication” departments, in 
1996-1997 “ Installation Technologies,  Building Draftsman” 
departments, in 1997-1998 “Building” department has started 
their education. Woodwork deparment changed its name 
“Furniture and Decoraiton” department in 1990-1991 School 
year.It still continues its education and has 15 sections within. 
Also the school with one directorate manages Anatolian 
Technical High School, Anatolian Vocational High School and 
Technical and Industrial Vocational High School iwth 
“Circulating Capital Administration. 

 
3.2. Method 
3.2.1. Order-Cost Method  
 
Circulating capital administrations are Order Costs with their 
accounting base are to cover capital industry’s needs. Order 
Cost Method is a system that a certain manufacture or 
manufacture groups’ cost is calculated. In other words, to 
realize the system, business does not have to work on order 
cost. Manufacture at the business can be both to cover costumer 
needs and for stock. Order-Cost method can be used at big and 
separate businesses  like construction, shipping, aircraft, 
engine, furniture and press. 

4 Findings and Studies 

 
4.1. Calculating the Business’ Sales Cost 

General budget at Ministry of National Education is calculated 
by the Circulating Capital Rules’ 18th article. General criterias 
of this cost’s calculation is given at Table 2.  

Table 2. Business Sales Cost (2002 Model) 
  Business and 
  General 
Expenses 

 Against     %10 to % 
30 

 Amortisement  Against     %  1 to 
%100 

 Electricity Cost 
 

 Tedaş Price 

Profit  Agianst    %10 to  % 
15  

 

4.2. Calculation of Circulating Capital Business Sales Cost 
 
Manufacturing cost of business with circulating capital is given 

at Table 3, inventoriable cost is given at Table 4.

Table3. Regulation of Manufacturing Cost (2002 Model) 

Raw Material, Material Cost 4.000.659.504 TL. 
Student Claim 450.900.000 TL 
Direct Labor Cost 536.900.000 TL 
1. Subtotal (Workshops 
Manufacture Total)        

4.988.459.504 TL 

Business & General Expenses 
of (%10 – %30) 

498.845.950 TL 

2. Subtotal 5.478.305.455 TL 
Profit %10 (%10 – %15)                                        547.830.545 TL 
3. Subtotal 6.026.136.000 TL 
Prepaid income  %11  
(%10 – %18)                           

662.874.960 TL 

Total Cost (Sale Price) 6.689.010.960 TL 
VAT  (%18)                                                        1.204.021.973 TL 
General Total 7.893.032.933 TL 

 
Table 4. Regulation of Inventoriable Cost (2002 Model) 

 Cost of Raw Material and 
Materials to Charge 
Workshop’s Account 

4.000.659.504 TL 

Student Claim Cost 450.900.000 TL 
Direct Labor Cost (Business & 
General Expenses Cost)   

536.900.000 TL 

SUBTOTAL 4.988.459.504 TL 
Profit 547.830.545 TL 
Prepaid Income  %11                                                  662.874.960 TL 
General Total    6.689.010.960 TL 
VAT  (%18)                                                        1.204.021.973 TL 
GENERAL TOTAL  (Sales Price)                         7.893.032.933 TL 

 
 
4.3. Removing the Market Pricing Business Sales Costs 
 
Manufacture, Inventoriable Cost is given at Table 5. 

Table 5. Regulation of Manufacrute, Inventoriable  
Cost(2002 Model) 

Cost of Raw Material and 
Materials 

4.000.659.504 TL 

Construction Work, Labor 800.000.000 TL 
1. Subtotal (Workshop 
Production Total)           

4.800.659.504 TL 

Operation Expenses  280.065.950 TL 
2. Subtotal 5.080.725.454 TL 
  
  
Amortisement 150.000.000 TL 
3. Subtotal 5.230.725.454 TL 
Electricity  (Lump sum)                                          120.000.000 TL 
4. Subtotal 5.350.725.454 TL 
Profit 100.000.000 TL 
General Total 5.450.725.454 TL 
VAT  (%18)                                                       981.130.582 TL 
GENERAL TOTAL  (Sales Cost) 6.431.856.036 TL 

 
Circulating Capital Administrations are commercial 
enterprises. Cost factors of Circulating Capital Administrations 
represent unique structure of known definitions. That is why, 
by searching circulating capital administrations’ cost value, we 
can compare private enterprises and public enterprises, and 
notice their expenses from annexed budget and earning are 
differ from each other.  These aspects known, when compared, 
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market price sales cost is more profitable than circulating 
capital market price sales cost. 
 

5 Results and Suggestions 

 
Manufacture costs are calculated with basic mathmeatics as far 
as possible. Order cost is the main element in scope of the study. 
Factors of order cost are referred to manufacture and 
manufacture groups. In order cost method, when a material’s 
cost loaded to order, scalage related cost is loaded to orders. As 
a result of the definition of labor, raw material and material 
used at manufacture, labor-time control, raw material and 
material’s controls can be handled. Different time bought raw 
materials and material parties’ cost of purchase can differ. In 
such case, the problem of evaluation of which raw material and 
material dispatched to manufacture occurs. 
First In First Out (FIFO) is used as it is the cost calculation 
method with floating asset administration of this study. With 
the base of this method, as a result, Trabzon Anatolian 
Technical, Technical and Industrial Vocational High School 
Circulating Capital Administration has generated more profit 
by using low-cost raw material and materials bought. 
Thereby, it faces to pay more taxes. 
–Lack of products are cut from labor and rise of  raw materials 
and materials can arise necessity of closer (FIFO). In the 
regulation of this costs, necessity of scoring the paid labors total 
from order time till finish time.In that case, minör recorded 
major labor is regulated.  Döner sermayeli işletmelerin 
maliyetleşme sistemi de analiz edilerek “piyasa rekabetini 
arttırıcı tercihlerin ve kullanımının belirlenmesi” amacıyla bu 
çalışmada aşağıda öneriler sunulmuştur. With the analysis of 
circulating capital administrations costing system, below 
suggesitons are made in the aim of  “defining the increasing 
choice and usage  of market competition”: 
1 –Stocks should be evaluated according to the cost of market 
price and purchase whichever is lower. 
2  –Current Daily costs should be transferred to the cost. 
3 –In case of a huge difference between cost of purchase and 
market price, costs should stick to the facts. 
4 – Realization of order cost method can cause indirect loss, loss 
fort he financial year can be reduced to prevent unreal profit 
sharing. 
5  –Another important point to take into consideration is to 
change the selected method often. Because, different methods 
every year dispose data crosscheck. 
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Abstract   

The aim of this study is to determine the effect of liquid glass for color stability on wood materials that are stained by natural dyes. The theory of this study 
is, liquid glass can be used as a coating material for its high protective capacity, and with a mixing of natural dye staff, and it can be developed durable 
natural and protective wood stain.  For natural pigments; Licorice (Glycyrrhiza glabra L.), Indigo (lsatis tinctoria L.) and pomegranate skin (Punica 
garnatum L.) have been chosen and extraction of them will mixed with liquid glass and applied to Scots pine (Pinus sylvestris L.), chestnut (Castanea sativa 
Mill.) and mahogany (Khaya Ivorensis)  wood test samples by immersion method.  Coated wood samples have been tested to evaluate the protection degree 
of liquid glass+natural stains against to discoloration by cold check test. After treatment with stain, wood specimens were exposed to cold check test for 
periods of 1 h 50 °C (± 5), 1 h laboratory conditions, and 1 h -20 °C (± 2), for 20 cycles. 
Results showed that the color change values for some wood specimens stained with liquid glass+natural dye staff had better performance compared to 
samples without liquid glass treatment (control). Although, for general definition, liquid glass was not precisely effective on color stability.  
 
Keywords: Liquid glass, (SIO2), Natural plant dyes, Wood protection, Color stability and Cold Check. 
 
   

DOĞAL BOYALARLA BOYANMIŞ AHŞAP MALZEMELERDE SIVI CAMIN RENK 
DEĞİŞİMİNE ETKİSİNİN BELİRLENMESİ 

Özet   

Bu çalışmanın amacı,, doğal boyalar ile renklendirilmiş ahşap malzemelerde sıvı camın renk kararlılığı üzerindeki etkisini belirlemektir. Bu çalışmanın 
teorisi, yüksek koruma kapasitesi ile kaplama malzemesi olarak kullanılabilen sıvı camın ve doğal boyaların karıştırılması ile dayanıklı, doğal ve koruyucu 
bir ahşap renklendiricinin geliştirilebilirliğidir. Çalışmada doğal pigment olarak, meyan (Glycyrrhiza glabra L.), çivit (L. tinctoria lsatis) ve nar kabuğu 
(Punica garnatum L.) seçilmiş ve bunların ekstraktları sıvı cam ile karıştırılarak, sarıçam ( Pinus sylvestris L.), kestane (Castanea sativa Mill.) ve maun 
(Khaya Ivorensis) ahşap test numunelerine daldırma yöntemi ile uygulanmıştır. Sıvı cam ve doğal boya ile kaplanan ahşap numunelere, renk stabilitesini 
belirlemek amacıyla sıcak-soğuk şok testi uygulanmıştır. Bu test, 1 saat 50 ° C ( ± 5 ), 1 saat laboratuvar koşullarında ve 1 saat -20 ° C ( ± 2) olmak üzere, 
20 çevrim olarak uygulanmıştır.  
Sonuçlara göre sıvı cam ve doğal boya karışımları ile renklendirilen bazı ahşap örneklerinin renk değişim değerleri, sıvı cam karıştırılmayan (kontrol)  
örneklere göre daha iyi performans göstermiştir. Ancak, genele bakıldığında, sıvı cam renk stabilitesi üzerinde belirgin olarak etkili olmamıştır. 
 
Anahtar Kelimeler: Sıvıcam (SIO2), Doğal bitki boyaları, Ahşap koruma, Renk stabilitesi, Sıcak-soğuk şok. 
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1 Introduction 

Volatile organic compounds (VOCs) are chemicals used to 
manufacture and maintain building materials, interior 
furnishing, cleaning products and personal care products. 
"Volatile" means that these chemicals evaporate or can easily 
get into the air at room temperature. "Organic" means these 
chemicals are carbon based. The term "chemical emissions" 
refers to VOCs as they evaporate into the air from products [1]. 
 
VOCs are emitted as gases from certain solids or liquids. VOCs 
include a variety of chemicals, some of which may have short- 
and long-term adverse health effects. The majority of VOCs 
found in the indoor environments originate from building 
materials, indoor furnishings, cleaning supplies, consumer 
products and processes, such as printing, cooking, hobbies, 
cleaning, interior renovations and pesticide applications. 
Approximately 12 billion litres of paints are produced annually. 
Typical solvents are aliphatic hydrocarbons, ethyl acetate, 
glycol ethers, and acetone. Motivated by cost, environmental 
concerns, and regulation, the paint and coating industries are 
increasingly shifting toward aqueous solvents [2],[3],[13]. 
 
There are three ways in which people are exposed to chemicals: 
ingestion, dermal absorption and inhalation. Ingestion occurs 
when materials that have chemical content are eaten or placed 
in the mouth.  Dermal absorption occurs when chemicals come 
into contact with the skin.  While these are both significant 
forms of chemical exposure, the majority of everyday chemical 
exposure occurs through the air we breathe in our homes, 
offices, schools and other indoor environments. These airborne 
chemicals are commonly referred to as volatile organic 
compounds (VOC's). EPA's Office of Research and 
Development's "Total Exposure Assessment Methodology 
(TEAM) Study" found levels of about a dozen common organic 
pollutants to be 2 to 5 times higher inside homes than outside, 
regardless of whether the homes were located in rural or highly 
industrial areas [3], [1]. 

 
The ability of organic chemicals to cause health effects varies 
greatly from those that are highly toxic, to those with no known 
health effect. Health effects may include: eye, nose and throat 
irritation, headaches, loss of coordination and nausea, damage 
to liver, kidney and central nervous system, some organics can 
cause cancer in animals, some are suspected or known to cause 
cancer in humans [4]. 
 
In the recent times it is increasing using of water-based paints 
or stains for furniture manufacturing. Unfurtunately water-
based paints are not harmless. Because pigment of water-based 
paints are made of aniline. Aniline is a toxic organic compound 
with the formula C6H5NH2. There are some definitons as “VOC 
Free Paint”, “zero VOC”, “Green-Product” on the packet of paints 
bins. Zero VOC paint does not necessarily mean non-toxic, 
healthy, or safe. Also, the EPA allows paint to be called Zero VOC 
even if the VOC content in it is no actually zero. Because EPA 
Method 24 allows for up to 5g/L of  VOCs as “zero VOC” for  oil-
based paints, 250g/L as “low-VOC” for latex paints, and 380 g/L,  
as “low-VOC” for oil-based paints [4]. 
 
United States Environmental Protection Agency (US EPA) 
suggestions to preventing of VOCs by shuting out of indoor 
environment. Therefore, introducing natural and durable 
colorant and preservatives which are neither carcinogenic nor 
hazardous to environment is a problem that needs to be solved. 

For solving this problem natural dyes are alternative material 
that are environmentally friendly and they can replaceable to 
organik paint. The majority of natural dyes are vegetable 
dyes from plant sources; roots, berries, bark, leaves, wood and 
other organic sources such as fungi and lichens. 
 
Nowadays environmentally-friendly natural poisonous plant 
extracts, stains derived from natural dye plants, water-based 
wood preservatives and boron compounds are being developed 
against wood damaging biotic and abiotic factors. There are 
scientific studies on using natural plant dye staff for wood 
materials. After aplliying natural dyes on wood samples, color 
changing [5],[10],[16],[8] have been determined. 
Unfortunately, natural colorants and preservatives can be 
bleached and discolored by the exposure to outer weather. 
Therefore, introducing natural and durable colorant and 
preservatives which are neither carcinogenic nor hazardous to 
environment is a problem that needs to be solved.  

 
For solving the problem, there was a suggestion to applaying 
liquid glass on wood materails that are stained by natural plant 
dyes and liquid glass. Because liquid glass can sprayed on 
within seconds, creating an anti-microbial, easy-to-clean 
barrier that will last from one to several years, depending on 
the surface. It can be used on mausoleum, hospitals, on a train, 
and on furniture. Coated wood samples have been tested to 
evaluate the protection degree of liquid glass+natural  stains 
against to discoloration by cold check test.  
 

2 Materials and Methods 

 

2.1 Wood materials 

As wood material, Scots pine (Pinus sylvestris), chestnut 
(Castanea sativa Mill.) and mahogany (Khaya Ivorensis)  
woods commonly used in furniture and decoration industries 
in Turkey were chosen. The samples were prepared from first-
class wooden materials, which are smooth fiber, knotless, 
crack-free, without color and density difference, with annual 
rings perpendicular to the surfaces, and from parts of sapwood, 
in accordance with TS 2470 standards (TS 2470, 2005).  
 
For cold check test, the samples were prepared with 
dimensions of 100x100x10 mm and were kept under suitable 
temperature (20 ± 2°C) and suitable moisture (moisture of 
±12% and relative humidity of ±65%) conditions until they 
became air-dried, in order to achieve the moisture value in 
furniture used under interior area conditions in accordance 
with TS 2471, 2005 standard.  
 

2.2 Plant material and mordant agents 

For natural pigments; Licorice (Glycyrrhiza glabra L.), Indigo 
(lsatis tinctoria L.) and pomegranate skin (Punica garnatum L.) 
have been chosen and extraction of them mixed with liquid 
glass and mordant agents. Mordant agents ferrous sulfate 

(Fe2(SO4)37H2O) and aluminum sulfate (Al2(SO4)318H2O) 
were provided from Kimetsan Co. and vinegar was purchased 
from Fersan Co. The synthetic dye used for comparison; 
woodtex – wood colorant was supplied from Kayalar kimya Co. 
 

https://en.wikipedia.org/wiki/Ethyl_acetate
https://en.wikipedia.org/wiki/Acetone
https://en.wikipedia.org/wiki/Aqueous_solution
https://en.wikipedia.org/wiki/Root
https://en.wikipedia.org/wiki/Berry
https://en.wikipedia.org/wiki/Bark
https://en.wikipedia.org/wiki/Leaf
https://en.wikipedia.org/wiki/Wood
https://en.wikipedia.org/wiki/Fungi
https://en.wikipedia.org/wiki/Lichen
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2.3 Preparation of dyestuff 

A weighed amount of dry plant material was extracted with 
distilled water in a bath (Elmasonic X-tra 150 H). In the 
standard procedure the mass ratio of plant material to the 
volume of liquid was 1:20; extraction was performed for 
approximately 180 min. at 45 °C. Due to the rather high liquor 
ratio some manual stirring was sufficient to distribute the plant 
material in the liquid during the extraction period. Volume loss 
due to evaporation was compensated by the addition of water 
at the end of the extraction period to obtain the initial volume.  
 
Aqueous solutions were mordanted by adding ferrous sulfate 

(Fe2(SO4)37H2O) 3%, aluminum sulfate (Al2(SO4)318H2O) 5%, 
and grape vinegar 10% in order to stabilize the color of 
extracted dyes, to ensure it to hang on to the applied material 
(to increase retention amount), and to create color options.  
 

2.4 Dyeing test samples 

The air-dried wood specimens were placed into dye bath 
container according to their intended treatments. Treatment 
procedures are given in table 1. In the treatment immersion of 
dyeing was used. Any extra solution left on the specimens was 
removed with a clean cloth. Specimens were then left to dry at 
20±3 °C in a vertical position. 
 

Table 1. Treatment Procedures 

Dye staff 
Treatment 

Method 
 

Temperature 
(°C) 

Time 
(min) 

Natural/Synthetic Immersion  45 60 

 

2.5 Cold check test 

After treatment with stain and liquid glass mixtures, wood 
specimens were exposed to cold check test for periods of 1 h 50 
°C (± 5), 1 h laboratory conditions, and 1 h -20 °C (± 2), for 20 
cycles according to ASTM D 1211-97 (2001) standard.  
 

2.6 Color measurements 

In order to determine the color change after cold check tests, 
the colors of the coated parts were identified prior to exposure 
by using Konica Minolta CR–10, a portable color reader device. 
Color measurements were performed on each sample due to 
the non-homogenous color structure of the wooden material in 
four measures. The identified color values were classified 
according to the coordinates Commission International de 
I’Eclaireage-CIELAB 1976 set in ISO 2470 standards (Figure 1). 
The obtained colors were indicated with numerical values of L, 
a, and b. Here, L indicates lightness from 0% (black) and 100% 
(white), a from green (-a) to red (+a), and b from blue (-b) to 
yellow (+b). Coated sample pieces were subjected to color 
measure prior being exposed to cold check and stated as “color 
values prior to cold check”.   

 
Determination of color change values  
 Color changes due to cold check test cycle were calculated with 
the following formulas in accordance with ISO 2470 standards.  
 

* * *

f iL L L  
                         (1) 

* * *

f ia a a  
                         (2) 

* * *

f ib b b  
                         (3) 

* *2 *2 *2E L a b           (4) 
 
 Here; ∆L*, ∆a* and ∆b* are the changes occurring between the 
initial state (i) and final state (f) of the colors. ∆E*, indicates 
total changes of the colors occurring in L, a, and b. Here, the 
highest value shows the highest color change.  

 
Figure 1. CIELAB–76 color system [10], 

 

3 Results and Discussion 

 
Color changes values occurring on chestnut (Castanea sativa 
Mill.), Scots pine (Pinus sylvestris), and mahogany (Khaya 
Ivorensis) wood test samples stained with Licorice (Glycyrrhiza 
glabra L.), pomegranate skin (Punica garnatum L.) and Indigo 
(lsatis tinctoria L.) extracts and mordants mixes, exposed to 
cold check test for periods of 1 h 50 °C (± 5), 1 h laboratory 
conditions, and 1 h -20 °C (± 2), for 20 cycles are numerically 
represented in tables 2,3  and 4. 
  
Positive values of ΔL* show whitening, and negative values of 
ΔL* indicate the color turning gray. Positive values of Δa* 
indicate reddening of the colors, and negative values of Δa* 
show a shift towards green. Positive values of Δb* represent 
yellowing in color, and negative values of Δb* represent the 
color turning blue.  
 
As a natural bioresource, wood is hygroscopic, attacket by a 
wide variety of micro-and macroorganisms, unstable at high 
temperatures and degraded by ultraviolet radiation. 
Weathering is the general term used to define the slow 
degradation of materials exposed to the weather. The 
degradation mechanism depends on the type of material, but 
the cause is a combination of factors found in nature: moisture, 
sunlight, heat/cold, chemicals, abrasion by windblown 
materials, and biological agents [14]. 
According to the results, all wood specimens exposed to cold 
check, generally showed negative values of ΔL*. This was 
attributed to chemical changes which occurred, especially in 
lignin, due to photo-degradation resulting from UV exposure 
and, consequently, to a darkening of color on the wood [6], [7].  
 

For natural plant extracts, sensitive degrees to cold check test 
are indigo (lsatis tinctoria L.), Pomegranate skin (Punica 
garnatum L.) and Licorice (Glycyrrhiza glabra L.) extracts. For 
Licorice (Glycyrrhiza glabra L.)  the best color stability (ΔE* 
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3,14) was determined on chesnut wood with vinegar mordant. 
But the biggest changing (ΔE* 49,08) for same dye stuff was 
observed on  chesnut wood with ferrous sulfate. The best color 
stability (ΔE* 3,71) for Pomegranate skin (Punica garnatum L.) 

was determined on mahogany wood with vinegar mordant. But 
the biggest changing (ΔE* 50,06) for same dye stuff was 
observed on  scots pine wood with ferrous sulfate. For indigo 
(lsatis tinctoria L.), the best color stability (ΔE*8,89) was 
determined on chesnut wood with control sample (without 
mordant). For indigo (lsatis tinctoria L.), the biggest changing 
(ΔE* 56,74) for same dye stuff was observed on  the same wood 
with ferrous sulfate.  
Wood materials colored with metal mordant mixes had darker 
colors, but it seems metal mordant had negative effect on color 
change performances. These may have explained with the 
reactions between wood material and mordant mixes and 
definitely the effect of UV irradiation on different colors. Dark 
colors could absorption the light maximum in ratio 98%, and 
transparent colors 11%. Therefore darker wood species could 
have been much more color changes.  
Between wood samples, high color changing values for cold 
check test were respectively observed on as Scots pine, 
chestnut and mahogany. The reason for the differences 
between wood types may be due to the differences of chemical 
composition of the wood types, and interaction of beetroot and 
mordant mixes extract compounds with wood component, 
resulting in the different photo-degradation effects of UV 
irradiation. Several factors, such as anatomical differences, 
growing characteristics, machining properties, pre-treatments 
(e.g. steaming, drying, etc.), can affect the color stability 
[9],[10]. Also, the treatments parameters as treatment time, 
percentage of dyer materials, application temperature and 
percentage of mordant may affect the color stability. All wood 
specimens exposed to cold check, showed negative values of 
ΔL*. This means that all wood samples color partially turned to 
gray. Generally the highest negative values (ΔL*) observed on 
samples that were treated with ferrous sulfate mordant. 
Because in the same group, the mean value ΔL* for control 
samples that were untreated by mordant was not high. This 
result is compatible with literature studies about color 
changing [11] on natural dyes. Ferrous sulfate mordant was a 
big reason for total color changing (∆E⃰) values too. These 
changes may be explained with interaction of ferrous sulfate 
ions and wood components. Metal mordant have been pointed 
out as the reason for color stability. Because metal ions, 
promotes free radical formation [15],[6] of wood components 
even when they are exposed to light. The stabilization of lignin 
by ferrous was reported to occur through the formation of 
complex [12]. 

4 Conclusion 

 
Liquid glass could not be entirely effective on color changing 
stability. This was an unexpected result. May be this was a 
result of dry test environment (Lignocellulosic Fibers.)  We 
guess that, if liquid glass applied on wood in a wet environment, 
it will be effective on color stability.  
 
Generally, natural dyes color changing values were better than 
the synthetic dyes. This result is satisfactory for using natural 
dyes as alternative colorants.  
Vinegar mordant applications provide resistance as much as 
other mordant applications; thus, a 100% natural dyestuff for 
wood surfaces is developed by using natural mordant in natural 
dye application.  

 
Ferrous sulfate is observed to be the mordant type with the 
highest color change among all the wood types in general. 
Sometimes this property is desired on decorative applications. 
By the way, ferrous sulfate mordant should be avoided for some 
environment, or it can be preferred in places of the color change 
may be omitted.  
 
Table 2. Color changing of wood samples stained with Licorice 

(Glycyrrhiza glabra L.), extracts 

 Mordant 

M
ix

tu
re

s Before stain After stain After cold check test 

L ⃰ a⃰ b⃰ ∆L ⃰ ∆a⃰ ∆b⃰ ∆E ⃰ ∆L ⃰ ∆a⃰ ∆b⃰ ∆E ⃰ 

C
h

e
st

n
u

t 
  

Control 
(without 
mordant) 

A 
65,94 9,00 20,26 -2,64 -0,10 1,26 2,93 -3,14 -0,28 1,18 3,37 

B 
65,18 8,80 20,48 -9,30 -1,90 -3,94 10,28 -9,66 -1,54 -2,04 9,99 

Ferrous 
sulfate 

A 
68,26 8,10 19,54 -42,56 -8,10 -24,80 49,92 -42,08 -8,52 -20,58 47,61 

B 
69,96 8,18 19,34 -45,30 -8,68 -23,74 51,88 -43,68 -8,80 -20,58 49,08 

Aluminum 
Sulfate 

A 
62,54 8,80 20,54 -4,76 -1,22 2,20 5,38 -5,90 -1,28 2,36 6,48 

B 
66,74 8,20 19,30 -3,22 -0,88 2,60 4,23 -4,54 -0,58 2,94 5,44 

Vinegar A 
69,20 7,44 19,30 -3,80 0,74 2,44 4,58 -3,88 0,46 1,88 4,34 

B 
65,08 9,14 20,18 -2,74 -0,46 0,80 2,89 -2,88 -0,64 1,08 3,14 

Synthetic stain 
70,02 8,44 19,56 -18,30 11,50 10,98 24,24 -18,38 11,34 11,14 24,30 

S
co

ts
 p

in
e

  

Control 
(without 
mordant) 

A 
82,62 5,66 23,82 -6,42 1,26 3,46 7,40 -8,14 1,52 2,54 8,66 

 

B 
82,74 5,16 24,64 -5,44 0,08 2,10 5,83 -6,60 0,88 1,36 6,80 

 

Ferrous 
sulfate 

A 
81,60 5,64 25,80 -20,04 0,88 -1,56 20,12 -23,34 1,54 -3,30 23,62 

 

B 
81,62 5,26 27,84 -25,80 1,84 -3,90 26,16 -28,24 3,12 -5,46 28,93 

 

Aluminum 
Sulfate 

A 
81,58 5,82 25,52 -4,82 1,58 6,44 8,20 -8,32 4,04 6,26 11,17 

 

B 
80,60 6,22 26,48 -3,64 1,22 4,76 6,12 -8,64 5,24 4,72 11,15 

 

Vinegar A 
82,16 5,16 26,72 -5,16 1,94 1,78 5,79 -6,72 1,56 2,92 7,49 

 

 B 
83,02 4,14 24,90 -5,20 0,22 2,18 5,64 -6,92 1,22 2,60 7,49 

 

Synthetic stain 
82,36 4,60 25,88 -26,58 19,86 10,36 34,76 -27,40 19,68 10,08 35,21 

 

M
a

h
o

g
a

n
y

 

Control 
(without 
mordant) 

A 
51,30 15,68 18,86 -3,72 0,16 0,32 3,74 -7,80 -1,01 -0,24 7,87 

 

B 
48,62 15,22 18,40 -1,94 -1,44 -0,76 2,53 -3,84 -2,40 -0,90 4,62 

 

Ferrous 
sulfate 

A 
50,66 16,30 18,66 -19,34 -14,42 -11,44 26,70 -20,74 -12,92 -10,92 26,76 

 

B 
50,46 15,12 18,48 -20,20 -13,96 -12,04 27,35 -20,10 -11,76 -10,56 25,57 

 

Aluminum 
Sulfate 

A 
50,96 16,04 19,88 -0,64 -3,76 0,26 3,82 -3,58 -4,36 -1,28 5,78 

 

B 
50,02 15,88 18,74 -1,88 -2,98 0,80 3,61 -4,96 -3,66 0,02 6,16 

 

Vinegar A 
50,70 16,24 19,34 -2,86 -0,06 0,24 2,87 -5,42 -0,98 0,54 5,53 

 

B 
50,74 15,38 19,22 -1,46 -0,46 0,20 1,54 -3,12 -1,16 0,02 3,33 

 

Synthetic stain 
50,56 15,96 18,76 -11,38 2,36 1,60 11,73 -12,44 1,10 0,20 12,49  

A: Liquid glass, B: Without liquid glass 
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Table 3. Color changing of wood samples stained with 

Pomegranate skin (Punica garnatum L.) extracts 

D
y

e
 

st
a

ff
s 

 Mordant 

M
ix

tu
re

s Before stain After stain After cold check test 

L ⃰ a⃰ b⃰ ∆L ⃰ ∆a⃰ ∆b⃰ ∆E ⃰ ∆L ⃰ ∆a⃰ ∆b⃰ ∆E ⃰ 

C
h

e
st

n
u

t 
  

Control 
(without 
mordant) 

A 
64,46 10,00 21,72 -2,38 4,48 5,86 7,75 -4,14 0,72 5,16 6,65 

B 
68,18 7,36 19,84 -1,72 -0,78 7,30 7,54 -2,28 -0,52 7,42 7,78 

Ferrous 
sulfate 

A 
66,10 8,42 20,42 -36,46 -9,52 -22,58 43,93 -36,88 -9,32 -19,56 42,77 

B 
68,98 8,04 19,78 -40,56 -9,22 -21,94 47,03 -38,62 -9,20 -18,70 43,88 

Aluminum 
Sulfate 

A 
63,40 9,50 21,60 -3,90 -1,46 8,52 9,48 -5,76 -0,98 8,28 10,13 

B 
62,76 9,12 20,62 -1,80 -1,98 9,28 9,66 -2,96 -0,90 7,96 8,54 

Vinegar A 
67,32 8,14 19,40 -2,96 0,54 8,32 8,85 -5,04 0,78 7,60 9,15 

B 
65,40 8,64 20,24 -3,22 -0,96 6,48 7,30 -3,92 -0,76 6,42 7,56 

Synthetic stain 
70,02 8,44 19,56 -18,30 11,50 10,98 24,24 -18,38 11,34 11,14 24,30  

S
co

ts
 p

in
e

  

Control 
(without 
mordant) 

A 
82,46 4,64 24,80 -6,04 1,68 9,36 11,27 -8,36 2,11 8,98 12,45 

 

B 
83,08 4,54 25,20 -6,54 0,74 11,38 13,15 -8,74 1,94 11,38 14,48 

 

Ferrous 
sulfate 

A 
81,42 5,70 24,96 -45,66 -6,02 -23,42 51,67 -45,36 -5,42 -20,48 50,06 

 

B 
82,92 4,66 24,82 -53,78 -5,86 -26,28 60,14 -21,72 4,06 10,56 24,49 

 

Aluminum 
Sulfate 

A 
81,26 4,88 26,30 -9,92 0,90 15,56 18,48 -14,92 4,76 11,94 19,69 

 

B 
82,32 4,90 25,60 -7,86 0,68 22,00 23,37 -43,80 -3,86 -15,36 46,58 

 

Vinegar A 
82,04 5,00 25,94 -8,98 2,74 10,80 14,31 -11,34 4,16 10,72 16,15 

 

 B 
81,74 5,92 25,52 -9,26 1,48 9,50 13,35 -11,18 2,38 9,86 15,10 

 

Synthetic stain 
82,36 4,60 25,88 -26,58 19,86 10,36 34,76 -27,40 19,68 10,08 35,21  

M
a

h
o

g
a

n
y

 

Control 
(without 
mordant) 

A 
49,28 15,92 19,50 -0,28 0,00 3,26 3,27 -2,96 -0,68 2,54 3,96 

 

B 
51,32 16,12 18,60 -0,04 -1,42 3,12 3,43 -2,24 -3,04 2,58 4,57 

 

Ferrous 
sulfate 

A 
49,90 15,60 18,44 -20,12 -13,36 -13,60 27,72 -21,36 -13,04 -13,20 28,29 

 

B 
50,66 15,54 19,48 -24,66 -15,32 -18,54 34,45 -23,46 -13,58 -15,52 31,24 

 

Aluminum 
Sulfate 

A 
50,76 15,24 19,04 -1,90 -3,60 6,52 7,69 -6,00 -2,92 3,98 7,77 

 

B 
51,94 15,98 19,68 -1,54 -3,78 9,06 9,94 -4,26 -3,90 7,00 9,08 

 

Vinegar A 
47,52 15,68 18,86 -1,38 -0,12 3,06 3,36 -4,06 -0,46 2,12 4,60 

 

B 
50,46 15,50 18,98 -0,20 -1,50 3,06 3,41 -1,58 -2,12 2,60 3,71 

 

Synthetic stain 
50,56 15,96 18,76 -11,38 2,36 1,60 11,73 -12,44 1,10 0,20 12,49  

A: Liquid glass, B: Without liquid glass 

 
Table 4. Color changing of wood samples stained with Indigo 

(lsatis tinctoria L.)  extracts 

D
y

e
 

st
a

ff
s 

 Mordant 

M
ix

tu
re

s Before stain After stain After cold check test 

L ⃰ a⃰ b⃰ ∆L ⃰ ∆a⃰ ∆b⃰ ∆E ⃰ ∆L ⃰ ∆a⃰ ∆b⃰ ∆E ⃰ 

C
h

e
st

n
u

t 
  

Control 
(without 
mordant) 

A 
65,94 9,20 20,64 -4,30 -4,38 -3,38 7,01 -7,36 -4,08 -2,86 8,89 

B 
64,96 9,82 20,30 -5,10 -7,12 -6,06 10,65 -6,58 -8,06 -6,20 12,11 

Ferrous 
sulfate 

A 
66,76 8,00 20,20 -38,94 -8,76 -29,10 49,40 -38,00 -9,52 -23,54 45,70 

B 
67,26 9,02 21,24 -5,10 -7,12 -6,06 10,65 -39,34 -39,34 -11,14 56,74 

Aluminum 
Sulfate 

A 
63,86 9,50 20,72 -13,64 -12,12 -13,70 22,82 -15,34 -11,68 -12,78 23,13 

B 
68,00 9,26 20,68 -13,92 -11,96 -12,64 22,28 -16,42 -11,94 -11,40 23,28 

Vinegar A 
64,54 8,58 20,30 -16,90 -10,40 -16,56 25,85 -17,80 -10,14 -13,90 24,76 

B 
64,78 9,45 21,50 -24,96 -17,35 -25,12 39,43 -25,04 -17,27 -21,60 37,31 

Synthetic stain 
70,02 8,44 19,56 -18,30 11,50 10,98 24,24 -18,38 11,34 11,14 24,30  

S
co

ts
 p

in
e

  
Control 

(without 
mordant) 

A 
82,34 4,62 26,34 -11,78 -8,88 -9,56 17,58 -13,68 -7,86 -9,32 18,32 

 

B 
82,38 7,92 25,98 -16,10 -15,18 -17,16 28,00 -19,02 -14,32 -17,42 29,50 

 

Ferrous 
sulfate 

A 
80,46 5,54 27,08 -24,60 -7,86 -16,70 30,75 -28,90 -4,38 -15,86 33,26 

 

B 
82,18 6,52 25,50 -16,10 -15,18 -17,16 28,00 -27,48 -27,48 -6,94 39,48 

 

Aluminum 
Sulfate 

A 
82,04 4,92 24,08 -24,54 -13,98 -24,08 37,11 -26,96 -12,08 -22,20 36,95 

 

B 
80,50 7,86 25,88 -18,96 -13,86 -19,58 30,58 -25,78 -10,26 -19,48 33,90 

 

Vinegar A 
81,30 6,38 26,10 -23,86 -14,02 -22,98 35,97 -25,68 -12,42 -21,10 35,48 

 

 B 
81,60 7,36 24,82 -39,88 -20,64 -39,48 59,79 -41,86 -20,00 -39,30 60,80 

 

Synthetic stain 
82,36 4,60 25,88 -26,58 19,86 10,36 34,76 -27,40 19,68 10,08 35,21  

M
a

h
o

g
a

n
y

 

Control 
(without 
mordant) 

A 
48,92 15,80 18,78 -3,64 -2,42 -1,94 4,78 -9,10 -5,20 -4,06 11,24 

 

B 
47,78 16,62 18,12 -3,36 -3,84 -1,24 5,25 -7,98 -4,90 -1,86 9,55 

 

Ferrous 
sulfate 

A 
51,30 16,04 18,64 -17,48 -16,50 -14,68 28,17 -18,63 -14,09 -12,94 26,70 

 

B 
49,40 15,92 18,74 -3,36 -3,84 -1,24 5,25 -17,26 -17,26 -13,60 27,94 

 

Aluminum 
Sulfate 

A 
48,40 15,84 18,50 -11,36 -15,90 -16,82 25,78 -13,82 -14,12 -14,32 24,40 

 

B 
49,48 17,06 18,70 -8,38 -11,30 -8,02 16,19 -11,26 -11,74 -9,34 18,76 

 

Vinegar A 
51,24 16,26 19,16 -6,94 -11,82 -9,26 16,54 -13,42 -10,10 -7,84 18,54 

 

B 
47,72 16,84 18,28 -12,04 -18,84 -16,04 27,52 -15,82 -17,24 -14,88 27,73 

 

Synthetic stain 
50,56 15,96 18,76 -11,38 2,36 1,60 11,73 -12,44 1,10 0,20 12,49  

A: Liquid glass, B: Without liquid glass 
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Table 4. Summary means of color changing (∆E⃰) 

  

Licorice 
(Glycyrrhiza 

glabra L.), 
extracts 

Pomegranate 
skin (Punica 
garnatum L.) 

extracts 

Indigo (lsatis 
tinctoria L.) 

 extracts 

Wood 
Synthetic 

stain 
Liquid 
glass 

Withou
t liquid 

glass 

Liquid 
glass 

Without 
liquid 
glass 

Liquid 
glass 

Withou
t liquid 

glass 

Chestnut 24,3 15,45 16,91 17,18 16,94 25,62 32,36 

Scots 
pine 

35,21 12,74 13,59 24,59 25,16 31,00 40,92 

Mahogany 12,49 11,49 9,92 11,16 12,15 20,22 21,00 
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Abstract   

After wood’s density increases, strength properties tend to increase due to a decrease in cavity volume. This study aimed to determine the effect of 
temperature levels in the wood densification process with the open system thermomechanic method on the density, bending, modulus of elasticity in 
bending, compression, shear strength, and Brinell hardness in radial/tangential directions in Cappodocicum Maple. The densification process was applied 
at 6 Mpa pressure and temperatures of 120ºC, 140ºC, and 160ºC to Cappadocian maple prepared in the dimensions of 550 x 70 x 50 mm. The bending, 
compression, shear strength, and Brinell Hardness tests were implemented on the specimens undergoing densification by conforming to the general 
principles of TS 2474, TS 2595, TS 3459, and ASTM E-10-08 standards. The effect of densification temperatures on strength properties was assessed with 
statistical analyses of the data with SPSS statistical program. In conclusion, the densification process significantly increased the strength properties of 
Cappodocian Maple. The most suitable temperature level is 140ºC for a higher bending, shear and compression strength and is 160ºC for a higher radial 
and tangential hardness in the densification of Cappadocian maple. Under these conditions, an increase of 59% in the bending strength, 16% in the 
modulus of elasticity, 12% in the shear strength, 28% in the compression strength, 145% in the radial hardness, and 174% in the tangential hardness can 
be obtained after densification. 
 
Keywords: Wood densification, Maple wood, Physical and Mechanical Properties, Thermal Compressed Wood 
   

 

ISI KULLANILARAK YOGUNLASTIRILMIS AKÇA AĞACIN  
BAZI MEKANİK VE FİZİKSEL ÖZELLİKLERİ  

 
Özet   

Literatür incelendiğinde, ahşam malzeminin yogunluğu artmasıyla, mekanik ve fiziksel özelliklerininde arttığı ve iyileştiği bilinmektedir. Bu çalışmada 
açık sistem pres kullanılarak ahşap malzeminin yoğunluğuna etki eden ısı sistemleri araştırılımıştır. Yoğunlaştırma & Mpa basınç altında 120ºC, 140ºC, 
and 160ºC gibi 3 farklı ısı kullanılarak 550 x 70 x 50 mm ebadında olan ve yoğunlaştırma yapılan kapadokya akçaağacının (acer l.) eğilme direnci, 
elastikiyet modülü, kesme kuvveti ve brinell sertliğine ait değrler araştırılmış.  Mekaniksel özelliklerin elde edilmesi için TS 2474, TS 2595, TS 3459, and 
ASTM E-10-08 standartları kullanılmıştır. Elde edilen verilerin istatiksel analizi SPSS paket programı kullanılarak yapılmıştır. Eğilme direnci, kesme 
kuvveti, liflere paralel basınç kuvveti için en uygun ısı 140 ºC, Brinnel sertliği için ise en uygun ısı değerinin 160 ºC olduğu görülmüştür. Bu koşullar altında 
eğilme direncinde % 59, elastikiyet direncinde % 16, kesme kuvvetinde % 12, liflere dik basınç değerinde % 28, radyal yönde yüzey sertliği değrelerinde, 
%16, teğet yönde yüzey sertliği değerlerinde ise % 23 artış olduğu görülmektedir. Sonuç olarak ahşap malzemenin yoğunlaştırması ile makanik 
özelliklerde  % 12 ile % 174 değerleri arasında artış olduğu görülmektedir.  
 
Anahtar Kelimeler: Ahşap yoğunlaştırma, Akçaağaç, Fiziksel ve mekanik özellikler, Termal sıkıştırılmış ahşap 
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1 Introduction 

There are nine maple species and 19 maple taxons native to 
Turkey. Tatarian maple (Acer tataricum L.), Red-bud maple (A. 
trautvetteri Medw.), Norway maple (A. Platonoides L.), 
Montpelier maple (A. monspessulanum L.), Cretan maple (A. 
sempervirens), Balkan maple (A. hyrcanum Fret. M.), Hedge 
maple (A. campestre L.), Cappadocium maple (A. cappodocicum 
Gledt) and Divergent maple (A. Divergens Pax) are the most 
important species grown in Turkey [1], [2].  
 
In the 1980s, maple woods produced from Turkish forests 
exceeded 10,000 m3 yearly (Carus, 1992). However, since then, 
maple lands have been gradually decreased and today they 
cover about 3000 ha land area and with less than 1000 m3 total 
standing wood volume (Anonymous, 2001). Acer 
cappadocicum (Cappadocian maple) is a maple native to Asia, 
from central Turkey (ancient Cappadocia) east along the 
Caucasus, the Himalaya, to southwestern China. 
 
 
It is a medium-sized deciduous tree growing to 20-30 m tall 
with a broad, rounded crown. The leaves are opposite, 
palmately lobed with 5-7 lobes, 6-15 cm across. The leaf stems 
bleed a milky latex when broken. The flowers are in corymbs of 
15-30 together, yellow-green with five petals 3-4 mm long; 
flowering occurs in early spring. The fruit is a double samara 
with two winged seeds, the seeds are disc-shaped, strongly 
flattened, 6-11 mm across and 2-3 mm thick. The wings are 2.5-
3 cm long, widely spread, approaching a 180° angle. The bark is 
greenish-grey, smooth in young trees, becoming shallowly 
grooved when mature [3]. 
 
The densification process in wood is defined as compression by 
pressing heated wood and filling the cell lumens with a liquid 
material (polymer, melted natural resins, sulfur, melted metal, 
etc.) with the impregnation process or as a combination of these 
two processes [18], [20], [22]. As the density of the wood 
increases, the physical and mechanical properties also increase. 
By acting from this principle, it is targeted to increase the 
density of wood with densification and provide for an increase 
in strength properties. At the conclusion of this process, by 
densification, a wood with low density can attain the strength 
properties of a wood material that has a higher density, and the 
places and objective of use change accordingly. 
The thermomechanic compression and densification of wood is 
realized in four stages [26], [22]: 
 
Softening and plasticizing of the cell wall   
Compressing (densifying) in a radial direction 
Climatizing in a densified condition 
Process of swelling fixation 
 
The species of wood, the temperature and period of softening 
or plasticizing, the densification method, and the compression 
pressure and period are the most important variables that 
influence the strength of wood after densification. Application 
of these variables in a different manner can increase the 
strength properties of the densified wood materials at a rate 
reaching 100 % [22], [4], [5], [7], [8], [10], [13], [15], [16], [17], 
[21], [23], [24], [25], [27], [28], [31], [32], [33].  
 
When densified wood are left in an environment with high 
relative humidity or when the liquid water is absorbed, two 
types of swelling/expansion occur in the wood material: 

“reversible swelling” and “irreversible swelling”. The reversible 
swelling stems from the hygroscopic structure of the wood 
materials and can be eliminated with loss of water. However, 
the irreversible swelling stems from the spring effect of the 
densified wood material and cannot be eliminated, that is, a 
shrinking does not occur with water loss. This is caused by the 
spring effect of the internal tensions arising from the 
compression strength at the moment of the densification 
process, together with the intake of water [22]. This situation is 
one of the most important problems of the densification 
process. In order to prevent the wood from returning to the first 
measurements with the spring effect, a fixation process should 
be applied to fixate the swelling after the compression process 
at a high temperature.  
 
In practice, there are three different applications for fixation 
after compression [26], [22], [30]:  
 
To prevent the intake of water of the cell walls by changing their 
hygroscopicity  
To form covalent cross-links between the compressed wood 
compounds  
To remove the elastic tensions and pressures stored in the 
microfibrils and matrix in the process of compression  
 
It is apparent that it is necessary to remove the tensions that 
appear in the wood in the compression process for prevention 
of the swelling of the wood by intake of water after 
compression. One of the techniques used with this objective is 
to treat the wood with a temperature between 180 to 210ºC and 
saturated steam (100% relative humidity) for periods between 
1 to 10 minutes. With suitable combinations of these variables, 
the irreversible swelling can be removed to a great extent [22], 
[6], [9], [10], [11], [12], [14], [29], [30], [34]. 
 
As it can be observed from the references cited, there are a large 
number of publications on the densification of wood. This study 
aims to increase the density of Cappodocicum maple (acer c.) 
wood, which is one of the relatively soft (relatively low density) 
wood species, by pressing thermomechanically with a fixed 
pressure and different temperatures. This process can obtain 
the physical and mechanical performance obtained from 
medium density woods, such as oak, beech, and chestnut. This 
study also aims to determine the effect of densification 
temperature on physical and mechanical properties of 
Cappadocian maple. Thus, since a less expensive wood material 
could be used instead of a more expensive wood material, it 
would form an economic alternative for the production of 
furniture and wooden structures. Furthermore, since the 
hardness of wood is increased to a significant degree by 
densification, it will be possible to use softwoods as floor 
coverings, and densified hardwoods will be used with even 
greater reliability. As the strength properties are expected to be 
much better, it is also possible to use the material obtained as 
bearing building materials such as column and joist. 
 

2 Experimental  

2.1. Materials 
Cappodocicum maple  
In order to determine the effect of the temperature level 
applied in the densification with the thermomechanical method 
on some physical and mechanical properties, Cappodocicum 
Maple (Acer c.) was selected as a wood species due to its 
relatively low density and widespread use in the wood 

https://en.wikipedia.org/wiki/Deciduous
https://en.wikipedia.org/wiki/Tree
https://en.wikipedia.org/wiki/Leaf
https://en.wikipedia.org/wiki/Leaf_shape
https://en.wikipedia.org/wiki/Latex
https://en.wikipedia.org/wiki/Flower
https://en.wikipedia.org/wiki/Corymb
https://en.wikipedia.org/wiki/Fruit
https://en.wikipedia.org/wiki/Samara_(fruit)
https://en.wikipedia.org/wiki/Seed
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products industry. The Cappadocian maple wood to be used for 
obtaining the test specimens was procured from Siteler district 
in Ankara/Turkey. Importance was placed on selecting lumber 
that was first grade in quality and sound, and was naturally 
colored. Selected lumber had annual rings that were regular 
and parallel to each other and did not include defects and had 
not been subjected to attacks of insects and fungi. 
Densification press 
A 100-ton laboratory press was used with a capacity to heat up 
to a temperature of 250ºC. Densification press is shown in 
figure 1. The press was equipped with a plate surface of 60 x 60 
cm2 for the densification process of the Cappodocicum maple 
with the open system and thermomechanical method. 
 

Figure 1. Densification Press 

 
 
Preparation of the stocks for the densification process 
 
The process given below was followed in the preparation of the 
test stocks that would be used in the densification process: 
 
The lumber procured was stacked and kept in a manner 
suitable to the principles of air drying conditions in a ventilated 
and central heating system environment that did not receive 
direct sunlight.  
Stocks were cut from the lumber in the dimensions of 560 x 80 
x 60 mm (length x width x thickness) in order to conform to the 
measurements specified in the standards for the tests that 
would be conducted. The stocks were stacked and left to dry 
naturally according to standards.  
The stocks were brought to the finished dimensions of 550 x 70 
x 50 mm (length x width x thickness) with the cutting and 
planning processes. 
The stocks were kept in a climatization chamber at a 
temperature of 20±2ºC and a relative humidity of 65%±5% 
until they reached unchanged masses in order for them to reach 
a 12% air-dried moisture level.  
The stocks were wrapped with plastic sheets to prevent a 
change in moisture content that could occur prior to the 
densification process. 
 
2.2. Method  
Densification 
The following process was applied for the densification of the 
Cappadocian maple with the open system thermomechanical 
method: 
 

The press was operated and the thermostats were adjusted so 
that the platens of press reached the planned temperature with 
a sensitivity of ±5ºC. 
The stocks were placed on the lower platen in a manner so that 
the pressure would be applied in a radial direction. 
Furthermore, in order to check if the internal temperature of 
the stocks had reached the planned temperature, three 
temperature control stocks with thermometer were placed in a 
manner so that they would reach both sides and the middle of 
the lower platen of the press. The thermometers were in the 
middle and side parts of the stocks. 
In order to ensure heat transfer to both sides, the upper flat 
surface was contacted on the stock surfaces without applying 
pressure.  
The stocks were kept until they reached the planned internal 
temperature values of 120ºC, 140ºC, and 160ºC. The internal 
temperatures of the stocks were monitored from the 
temperature control stocks with a thermometer. 
The pressure gauge of the press was adjusted to provide a 
densification pressure of 6 Mpa. The stocks were densified by 
being compressed with a 3 m/minute loading speed under 
automatic control.   
The press was kept closed for 10 minutes by preserving the 
pressure in order to prevent an increase in volume of the stocks 
with the spring effect. 
The stocks were removed from the press and kept in a closed 
environment for a period of 10 days. 
 
Preparation of the specimens for the physical and mechanical 
tests. The following process was applied in the preparation of 
the specimens for the physical and mechanical tests: 
 
The stocks on which the densification process was 
implemented were machined into specimens in the 
measurements and number specified in Table 1 in conformance 
to the general principles in the TS 2595, TS 3459, TS 2474, and 
ASTM E-10-8 standards related to the determination of the 
compression, shear and bending strengths, and the Brinell 
hardness values. The preparation of specimens complied with 
the principles stated in the TS 2470 standards.  

 
Table 1.  Measurements and Numbers of Specimens According 

to the Tests That Will be Applied 
 

 
Tests that will 
be applied 

 
Measurement 
of specimen 
(mm) 

Number 

Densified Control 

Density 20 x 20 x 20 24 24 

Pressure 
Strength 

30 x 20 x 20 18 6 

Cutting Strength 55 x 50 x 22 18 6 

Bending 
Strength 

360 x 20 x 20 18 6 

Brinell 
Hardness 
Strength  

30 x 20 x 20 18 6 

 
The specimens were kept in a climatization chamber at a 
temperature of 20 ± 2ºC and a relative humidity of 65% ± 5% 
until they reached unchanged masses to provide for them to 
attain a 12% air-dried level of humidity. The humidity values of 
the specimens were determined according to TS 2471. The 
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specimens were wrapped with plastic sheets to prevent a 
change in moisture that could occur before the tests were made. 
 
Physical and mechanical tests   
The density of Cappadocian maple on which the densification 
process was implemented and not implemented was 
determined in accordance with the TS 3459 standards, the 
compression strength according to the TS 2595 standards, the 
shear strength according to the TS 3459 standards, the bending 
strength and modulus of elasticity in bending according to the 
TS 2474 standards, and the Brinell hardness value in 
accordance with the ASTM E-10-8 standards.   
 

3 Results 

 
Physical and mechanical properties obtained at the conclusion 
of the tests made on densified Cappadocian maple in 
connection with the method explained above have been given 
in Table 2.  

 
Table 2. Physical and Mechanical Properties of Densified 
Cappadocian maple at a Pressure of 6 Mpa and Different 

Temperature Levels 
 
Specimen Statistical 

Value 
Density 
(gr/cm3) 

Bending 
Strength 
(N/mm2) 

Modulus 
Elasticity 
(N/mm2) 

Control  
 

Average 0,64 124,00 13197,21 
Standard 
Deviation 

0,02 2,29 133,47 

Variance 0,00 5,26 17815,15 
Densified 
at 120ºC 

Average 0,94 196,07 15353,14 
Standard 
Deviation 

0,03 2,80 262,58 

Variance 0,00 8,47 74696,75 
Densified 
at 140ºC   

Average 0,93 194,69 14541,18 
Standard 
Deviation 

0,02 2,55 235,44 

Variance 0,00 7,07 60052,85 
Densified 
at 160ºC   

Average 0,94 177,93 13984,69 
Standard 
Deviation 

0,01 1,40 553,75 

Variance 0,00 2,12 13984,69 

 
Table 2 Continue  

 
Specimen Sta.  

Val. 
Shear 
Str. 
(N/mm2) 

Comp. 
Str. 
(N/mm2) 

Hard. in 
Radial 
Directio
n 
(N/mm2) 

Hard. in 
Tangent 
Directio
n  
(N/mm2) 

Control  
 

Av. 11,82 76,40 63,22 71,50 
St. 
Dev. 

0,45 0,62 0,85 0,30 

Var.  0,20 0,39 0,72 0,09 
Densified 
at 120ºC 

Av. 13,26 98,05 104,14 113,82 
St. 
Dev. 

0,55 0,95 1,93 1,28 

Var.  0,32 0,97 4,02 1,77 
Densified 
at 140ºC   

Av. 12,39 84,87 133,85 169,79 
St. 
Dev. 

0,47 0,41 1,31 1,45 

Var.  0,24 0,18 1,85 2,29 
Densified 
at 160ºC   

Av. 12,47 81,18 155,27 195,93 
St. 
Dev. 

0,37 0,61 3,49 2,22 

Var.  0,15 0,40 13,17 5,35 

 
Effect of the Temperature Level on Mechanical Properties 
The analysis of variance related to whether or not the 
temperature level applied in densification was effective on 
mechanical properties has been given in Table 3. 

 
Table 3. Analysis of Variance Related to the Effect of the 

Temperature Level on Density 
 

  
Sum of 
Squares 

Sig.  

DENSITY   

Between 
Groups 

,359 
0.00
0 

Within 
Groups 

,087 

Total ,446 

BENDING 
STRENGTH 
 

Between 
Groups 

20567,364 
0.00
0 

Within 
Groups 

137,592 

Total 20704,956 

MODULUS OF  
ELASTICITY 
 

Between 
Groups 

14874028,43
3 

0.00
0 

Within 
Groups 

2908505,935 

Total 
17782534,36
8 

SHEAR 
STRENGTH 
 

Between 
Groups 

6,313 
0.00
1 

Within 
Groups 

5,513 

Total 11,827 

COMPRESSION 
STRENGTH 
 

Between 
Groups 

1553,447 
0.00
0 

Within 
Groups 

11,656 

Total 1565,103 

HARDNESS IN 
RADIAL 
DIRECTION 

Between 
Groups 

28639,28 
0.00
0 

Within 
Groups 

191,83 

Total 28757,82 

 
HARDNESS IN 
TANGENTIAL 
DIRECTION 

Between 
Groups 

56232,14 
0.00
0 

Within 
Groups 

57,03 

Total 56289,17 
 
The densification process was found to be effective on the 
density, bending strength, modulus of elasticity, shear strength, 
compression strength, hardness in radial direction and 
hardness in tangential direction of Cappadocian maple 
(p<0.05).  
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Table 4 shows the homogeneity tests results related to the 
temperature levels that created a difference according to the 

values of density, bending strength, shear strength, 
compression strength and hardness in radial and tangential 

directions.  
 

 Dens.  
Temp. 
°C 

GRP-1 
 

GRP-2 GRP-3 GRP-4 

DENSITY   

Cont. 0,638
3 

   

120 
°C 

 0,8950   

140 
°C 

 0,9200   

160 
°C 

 0,9400   

BENDING 
STRENGTH 
 

Cont. 123,9
9 

   

120 
°C 

 177,93   

140 
°C 

  194,69  

160 
°C 

  196,06  

MODULUS 
OF  
ELASTICIT
Y 
 

Cont. 1319
7 

   

120 
°C 

 13984   

140 
°C 

  14541  

160 
°C 

   15353 

SHEAR 
STRENGTH 
 

Cont. 11,82    
120 
°C 

12,39    

140 
°C 

12,46    

160 
°C 

 13,26   

COMPRESSI
ON 
STRENGTH 
 

Cont. 76,39    
120 
°C 

 81,17   

140 
°C 

  84,86  

160 
°C 

   98,05 

HARDNESS 
IN RADIAL 
DIRECTION 

Cont. 63,22    
120 
°C 

 104,14   

140 
°C 

  133,85  

160 
°C 

   155,27 

HARDNESS 
IN TANG. 
DIRECTION 

Cont. 71,50    
120 
°C 

 113,81   

140 
°C 

  169,78  

160 
°C 

   195,92 

 

After the densification process, the density of Cappodacian 
Maple, increased from 0,63 g/cm3 to 0,94 g/cm3 at all the 
temperature levels, and a 49% increase in density was realized. 
Since the control specimens and densified specimens appeared 
in separate homogeneity groups. However, since the 
differences among the density values of the densified 
specimens heated 120°C, 140°C and 160°C were not significant, 
it was found that the different temperature levels did not 
increase density at the 6 MPa pressure level.  
The fact that the densities were the same at all temperature 
levels likely stemmed from the Cappodocian Maple having 
reached a maximum compressible point upon application of 
high compression level (6 MPa). Low densities could emerge at 
low pressure because the plasticity of wood is different 
temperature levels. 
 
The difference between the bending strength (123,99 N/mm2) 
of undensified Cappodocian maple and the bending strength at 
temperature 120°C (177,93 N/mm2) and at temperature 140°C 
- 160°C (194,69- 196,06 N/mm2) are in different groups. 
Consequently, the densification carried out 3 different groups, 
between temperatures of 140°C - 160°C (194,69- 196,06 
N/mm2) were not significant (table 4). From the conclusion 
emerges that the densification process increases the bending 
strength, but an increase in the temperature level causes a 
decrease in bending strength.   
 
The shear strength (11,82 N/mm2) of undensified Cappodocian 
Maple was not significantly different from the shear strength 
(12,39- 12,46 N/mm2) of densified Cappodocian Maple at 
temperature of 120°C - 140°C. Consequently, the densification 
made at 160 °C affect shear strength more than other degrees. 
The differences 160 °C were significant from undensified and 
temperatures of 120°C - 140°C of were significant. From this 
the conclusion emerges that the densification process increases 
shear strength.       
       
 Since the lowest compression strength (73,39 N/mm2) was 
obtained in the undensified Cappodocian Maple, the 
densification process increased compression strength. The 
differences between the compression strengths 120 °C - 140 °C- 
160 °C were significant. It could be concluded that compression 
strength is necessary to densify Cappodocian Maple with 
different temperatures.     
 
Since the hardness values (63,22- 71,50 N/mm2) of the 
undensified Cappodocian maple in radial and and tangential 
directions were the lowest, the densification process increases 
the hardness of Cappodocian maple. The highest hardness 
values (169,78 and 195,92 N/mm2) were obtained in the 
densified Cappodocian maple samples 140- 160 °C at tangential 
direction.   

4 Discussion 

  
In this study, the effects of the temperature levels applied in the 
densification process with the open system thermomechanic 
method were determined on the following strength properties 
of Cappadocian maple: bending, compression and shear 
strengths, modulus of elasticity in bending, and the Brinell 
hardness in the radial and tangential directions.  The 
densification process made with a pressure of 6 Mpa and 
temperatures of 120ºC, 140ºC and 160ºC were effective on all 
the physical and mechanical properties of Cappadocian maple.  
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Chemical degradations arise in the structural (cell wall) 
elements of the wood above certain temperature levels in the 
densification process with the thermomechanical method. 
These degradations emerge in the hemicellulose from 120ºC, in 
the lignin from 160ºC, and in the cellulose from 230ºC, and the 
level of degradation undergoes a change according to the 
temperature value and the period of heating. The most 
important degradation observed at the heating intervals 
between the temperatures of 120 to 160ºC that were applied in 
the study are observed in the hemicelluloses, whereas, the 
beginning of degradation emerges in lignin. At these 
temperature intervals, the hemicelluloses with hydrolysis 
reactions are depolymerized into oligomers and monomers. 
Connected to temperature and period of time, the side chain 
components, such as arabinose and galactose separate, and this 
is followed by the degradation of main components, such as 
mannose, glucose, and xylose. Pentoses and hexoses are 
dehydrated to furfural (C5H4O2) and hydroxymethylfurfural 
(C6H6O3). Furthermore, acetic acid from the acetyl side chains 
of hemicellulose is separated, and the acetyl (COCH3) content of 
wood is decreased. With these degradations, the degree of 
polymerization of hemicelluloses is decreased and the 
secondary bonds, such as hydrogen and the Van der Waals 
bonds within the hemicellulose polymer, the secondary bonds 
between the hemicellulose and cellulose, and the covalent 
bonds between the hemicellulose and lignin are broken [16], 
[17], [25], [19]. The decrease in the strength values observed 
with an increase in the temperature level in densified 
Cappadocian maple under a pressure of 6 Mpa/cm2 can be 
explained with this increasing degradation. 
 
The improvement of the strength properties with the 
densification process gives the possibility of bearing a heavier 
load with the same sectional area of wood or bearing the same 
load with a thinner section in buildings. Furthermore, the large 
increase in hardness will provide for even softwoods to be used 
as flooring after densification.  
 
The irreversible swelling that emerges with the absorption of 
water in densified wood materials is the most important 
problem. It is necessary to apply fixation processes after 
densification in order to eliminate this swelling. An ongoing 
study related to fixation the swelling with the absorption of 
water in densified Cappadocian maple will be presented as a 
complement to this study.  
 

5 Conclusion  

 
The densification process with a pressure of 6 Mpa and 
temperatures of 120ºC, 140ºC, and 160ºC are effective on all of 
the physical and mechanical properties of Cappadocian maple.  
 
The temperature level for densification with a pressure of 6 
Mpa is not effective on the densified density of Cappadocian 
maple. After the densification process the density of 
Cappadocian maple increased from 0.42 g/cm3 to 0.81 g/cm3 
at all the temperature levels, and a 49% increase in density was 
realized. 
The increase of temperature in the densification process affects 
all of the strength properties of Cappadocian maple. An 
increase in densification temperature decreases strength 
properties. 
 

The most suitable temperature level is 140ºC for a higher 
bending, shear and compression strength and is 160ºC for a 
higher radial and tangential hardness in the densification of 
Cappadocian maple. Under these conditions, an increase of 
59% in the bending strength, 16% in the modulus of elasticity, 
12% in the shear strength, 28% in the compression strength, 
145% in the radial hardness, and 174% in the tangential 
hardness can be obtained after densification. 
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Abstract   

Although particleboard is extensively used in furniture industry, its flexural strength and flexural modulus is lower than medium density fiberboard (MDF).  
This can results in permanent deformation in the particleboard when it is used as horizontal applications in the furniture. In this study, some physical 
properties (density, thickness swelling, and water absorption) and mechanical properties (flexural strength, flexural modulus, and screw withdrawal 
resistance) of 10 mm OSB panels were overlaid with 3 mm thick MDF panels with  melamine impregnated paper on the one layer were determined. For 
the physical properties, density, thickness swelling (24 h), and water absorption (24 h) were found to be 0.73 g/cm3, 8.3%, and 19.0%, respectively. For 
the mechanical properties; flexural strength, flexural modulus, and screw withdrawal resistance were found to be 28.5 N/mm2, 4358 N/mm2, and 1581 N, 
respectively.  The results of the present study showed that 10-mm thin OSB faced with 3 mm-MDF panels could be efficiently used in the load-bearing 
horizontal applications for use in dry conditions such as bookshelves as alternative to 18 mm-thick MDF and particleboard in terms of panel price and 
performance.   
 
Keywords: MDF (medium density fiberboard), OSB (oriented strandboard), particleboard,  furniture, physical properties, mechanical properties 
   

İNCE MDF KAPLI OSB LEVHALARIN BAZI FİZİKSEL VE MEKANİK 
ÖZELLİKLERİ  

Özet   

Mobilya endüstrisinde yongalevha yoğun olarak kullanılmasına karşın, MDF ile karşılaştırıldığında eğilme direnci ve eğilmede elastikiyet modülü daha 
düşük kalmaktadır. Bu durum yongalevhadan yapılan mobilyaların yatay düzlem uygulamalarında yükün miktarına bağlı olarak kalıcı deformasyon 
oluşumuna neden olabilmektedir. Bu çalışmada mobilya endüstrisinde yongalevha ve MDF’ye alternatif olarak yüzeyleri 3 mm kalınlığında ver tek yüzü 
beyaz renkli melamin kağıt kaplı MDF ile üre-formaldehit tutkalı kullanılarak kaplanan OSB levhaların (10 mm) fiziksel özelliklerinden yoğunluk, 
kalınlığına şişme, su alma oranı; mekanik özelliklerinden eğilme direnci, eğilmede elastikiyet modülü ve vida tutma gücü tespit edilmiştir. Test sonuçlarına 
yüzeyi MDF kaplı 16 mm kalınlığındaki OSB levhalar 16 mm kalınlığındaki MDF göre aynı kalınlıkta yongalevha ve MDF ile karşılaştırıldığında, yoğunluğu 
0.73 g/cm3, , kalınlığına şişme oranı %8,3, su alma oranı %19,  vida tutma gücü 1581 N, eğilme direnci 28.5 N/mm2, eğilmede elastikiyet modülü 4358 
N/mm2 olarak tespit edilmiştir. Araştırma sonuçlarına ince MDF kaplı OSB levhaların düzgün yüzeyi ve yüksek mukavemet özellikleri ile mobilya 
endüstrisinde yüke maruz kalan yatay düzlem uygulamalarında (raf vb.) maliyet ve performans bakımından 18-mm kalınlıktaki yongalevha veya MDF’ye 
alternatif olarak başarı ile kullanılabileceği tespit edilmiştir.  
 
Anahtar Kelimeler: MDF (orta yoğunlukta liflevha), OSB (yönlendirilmiş yongalevha), yongalevha, mobilya, fiziksel özellikler, mekanik özellikler 
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1 Introduction 

OSB (Oriented Strand Board) is an engineered wood-based 
panel consisting of strands of wood which are bonded together 
with a synthetic resin; the strands are pressed together in 
layers. In the outer layers strands are generally oriented 
longitudinally in line with the panel length, whereas in the 
middle layers strands generally lie in a cross wise direction [1].  
For most applications, stiffness is one of the biggest benefits of 
wood structural panels. Excellent stiffness is measured as 
resistance to deflection under uniform and concentrated loads 
and to forces that would tend to distort the panel from its 
rectangular shape in the panel plane, a process known as 
racking. This stiffness often permits wood structural panels to 
be used with no additional bracing by other materials [2]. Wood 
structural panels are perfect for heavy-duty applications 
common in industrial uses. Tankut [3] reported creep 
deflection was found to correlate with the bending stiffness of 
the wood composite panels. For furniture production, 
dimensional stability, fastener performance and bending 
properties are important properties in terms of the 
performance of the furniture. 
Wood-based panels, in particular MDF and particleboard, can 
exposed to heavy loads. If the stiffness of the panel is low, this 
results in distortion problem. For this reason, improving 
bending properties of the panels used as bookshelf, table, or 
cupboard are important for some usage area. In addition screw 
withdrawal resistance is important factor for the performance 
of fastener in the furniture industry. MDF and particleboard are 
commonly used in the furniture industry. However, they can 
exposed to the creep problem under permanent heavy load. 
OSB is one of the structural panels and its price is lower than 
particleboard and MDF. In addition, its flexural properties are 
higher than those of the particleboard and MDF.  OSB can be a 
good choice for horizontal applications in the furniture 
production. As the surface of the OSB can be covered thin and 
smooth material is covered the surface properties and 
mechanical properties of the OSB can be improved.   
The objective of the present research was to introduce 
furniture industry a new hybrid based wood-based panel 
consisting of an OSB (core board) and a one-side melamine 
paper overlaid with thin MDF panels. This hybrid board can 
decrease the deflection problem in the panel type furniture 
products. Water resistance, flexural properties, and screw 
withdrawal resistance of the 0SB panels overlaid with thin 
MDFs were investigated.  
 

2 Materials and Methods 

2.1    OSB Panels 
The 10 mm OSB Type 2 panels (1220 mm x 2440 mm) were 
supplied from a local OSB dealer in Istanbul (Fig. 1). The OSB 
panels were commercially produced in Kronospan Bulgaria 
factory. The OSB panels were made from a mixture of pine and 
aspen strands. 
 
 

 
Figure 1. 16-mm OSB/2 panel 

 
The 3-mm MDF panels (2100 mm x 2800 mm) which were 
commercially produced were supplied from Kastamonu 
Integrated Company in Gebze, Turkey. The MDF panels were 
produced with urea-formaldehyde resin (UF). The one side of 
the MDF panels was overlaid with the melamine impregnated 
paper at the factory (Fig. 2). 
 

 
Figure 2. One-side melamine paper faced MDF. 

 
A commercial liquid urea-formaldehyde (UF) (E1 class) 
adhesive with 65 wt% solid content was supplied from 
Kastamonu Integrated Wood Company in Gebze, Turkey. As a 
hardener 1 wt% of ammonium sulfate solution based on the 
adhesive solid content was added. As an extender 15 wt% 
wheat flour was added into the resin solution. No wax or other 
hydrophobic substance was used in the flakeboard 
manufacture. 
 
2.2   Production of OSB Panels Overlaid with Thin MDF 
Panels 
 
Two pieces of the MDF panel were glued onto one piece of OSB 
panel. A commercial liquid UF resin was used to bond the 
veneers to the OSB. The UF adhesive was uniformly applied on 
one side of the MDF panel at approximately 180 g/m2. The 
unfaced side (without melamine paper) of the MDF panel was 
bonded with the OSB panel. The OSB was then sandwiched with 
the sheet veneers and pressed at 3.5 MPa and 110 °C for 6 min 
in a laboratory type hot press (Fig. 3). Prior to physical and 
mechanical property tests, specimens were conditioned for at 
least 3 weeks at 20 °C and 65% relative humidity.  
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Figure 3. The 16-mm OSB panel overlaid with the 3-mm MDF 

panel. 
 
2.3   Test Methods 
The flexural properties (modulus of rupture (MOR) and 
modulus of elasticity (MOE)) of the specimens were conducted 
according to EN 310 (1993). Ten specimens with dimensions of 
370 mm x 50 x 16 mm from each test panel were tested on a 
Losenhausen Universal testing system equipped with a load cell 
with a capacity of 10 kN. Six specimens were cut with their long 
dimension parallel to the outer veneer layer and six specimens 
with their long dimension perpendicular to the outer veneer 
layer. Load-deflection data for the calculation of the specimen’s 
MOE were recorded at the 10% and 40% values of failure load 
(Pmax). The crosshead speed was adjusted so that failure would 
occur within an average of 60 s±10 s. 
Twenty thickness swelling and water absorption specimens 
with dimensions of 50 mm x 50 mm x 16 mm were taken from 
each of group (control OSB and faced OSB). The initial weight of 
the specimens were immediately taken. Average thickness was 
determined by taking several measurements at specific 
locations.  After 24 hours of submersion, specimens were drip-
dried for 10 min, wiped clean of any surface water, and 
weighed. Thickness was determined as described in EN 317 
(1993). Densities of the specimens were measured according to 
EN 323 (1993).  
For screw withdrawal resistance (SWR) perpendicular to the 
plane of the board, ten specimens with dimensions of 75 mm by 
75 mm 16 mm were tested according to EN 320 (1993). Each 
screw was inserted into a prebored hole and screwed into the 
board to a depth of 15 mm. Care was taken that the screw was 
kept perpendicular to the appropriate surface of the test 
specimen. The force was applied at an even rate and the rate of 
application was adjusted so the time from the initial application 
of the force until failure of the test specimen was not less than 
30 s and not more than 120 s. The force required to withdraw 
each screw was recorded. 
 

 
Figure 4. The preparation of test specimens. 

 

3 Results and Discussion 

The physical and mechanical properties of the OSB panels 
overlaid with the MDF are presented in Table 1. The results 
were also compared with other wood-based panels such as 
particleboard, MDF, and OSB. As expected, the flexural 
properties of the OSB panels significantly improved as the 
surface of the OSB panels was overlaid thin MDF panels. For 
example, the bending strength and modulus of the elasticity of 
the OSB panels overlaid with the MDF were found to be 28.5 
N/mm2 and 4358 N/mm2, respectively. These values were 
reported in the literature as 3139 N/mm2 and 30.8 N/mm2 for 
18 mm thick MDF and 2816 N/mm2 and 14.1 N/mm2 for 18 mm 
thick particleboard, respectively [4,5].  The bending modulus of 
the 10-mm thick OSB panels faced with the one side melamine 
paper MDFs (3-mm thick) was considerably higher than that of 
18-mm unfaced MDF and Particleboards. In addition, the 
bending strength of the MDF-faced OSB panels was greatly 
higher than particleboard. As known, the density of the surface 
layers of the wood-based panels significantly affects their 
bending properties. The 3-mm thick MDF panels significantly 
increased the surface density of the hybrid composite. No 
delamination was observed between the face MDF panels and 
core OSB panel after the bending tests.  
The perpendicular to the panel surface SWR of the faced OSB 
panels was found to be 1581 N, which was significantly higher 
than that of the unfaced 18-mm particleboard and MDF panels. 
The SWR is important property for the panel type furniture 
because it affects the performance of the fastener. The 
improvement in the SWR of the OSB when it was faced with the 
MDF was mainly due to the increment in the surface density of 
the hybrid composite. In most cases, denser boards tend to have 
the higher screw holding strength [6]. Furthermore, the UF 
adhesive layer between the thin MDF face layer and core OSB 
could positively affect the SWR of the hybrid composites. The 
SWR of the OSB panel faced with the MDF was twice higher than 
that [5] of the particleboard. The SW values of all treated panels 
were higher than that (1468 N) of untreated 15 mm thick 
commercial plywood tested by Akbulut et al. [7].  
Thickness swelling and water absorption values of the hybrid 
composites are presented in Table 1. The thickness swelling 
and water absorption of the OSB panels faced with the thin 
MDFs were found to be 8.3% and 19.0%, respectively. The 
water resistance of the hybrid composites was not lower than 
those of the unfaced 18-mm MDF or particleboard. The 
thickness swelling, bending strength, and modulus of elasticity 
in bending of the faced OSB panels met the minimum 
requirements for general purpose boards for use in dry 
conditions (type MDF) specified in EN 622 (2006). 
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Table 1. Physical and mechanical properties of the OSB panels 
faced with MDF and comparison with commercial MDF and 

particleboard.  
Property OSB faced 

with thin 
MDF* 

     MDF 
       [4] 

Particleboard 
[5] 

Thickness 
(mm) 

16        18  18  

Density 
(g/cm3) 

0.739 
(0.03) 

     0.647 0,760 

MOE 
(N/mm2) 

4358 608)      3139 2816 

MOR 
(N/mm2) 

28.5 (1.8)        30.8 14.1 

Face SWR 
(N) 

1581 
(175) 

       962 731 

TS (24-h) 
(%)  

8.3 (1.0)         6.7 13.9 

WA (24-h) 
(%) 

19.0 (1.5)       16.0 77.1 

TS: thickness swelling. MOE: modulus of elasticity in bending.  
MOR: bending strength. MOE: modulus of elasticity. SWR: screw 
withdrawal resistance. TS: thickness swelling. WA: water 
absorption.  
*The test results were found to be in this research. The values 
in the parenthesis are standard deviations. 
 

4 Conclusion 

 
The results of the present study showed that 10-mm thin OSB 
faced with 3 mm-MDF panels could be efficiently used in the 
load-bearing horizontal applications for use in dry conditions 
such as bookshelves as alternative to 18 mm-thick MDF and 
particleboard in terms of panel price and performance. 
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Abstract  
The following determines performance stability of curved laminated wood elements made with a vacuum membrane press. For this purpose, 13 layers 
of 1.5 mm thick beech (Fagus orientalis Lipsky), sessile oak (Quercus petrean Liebl) and pine (Pinus sylvestris) veneer layers were glued with D4 adhesive 
using a vacuum membrane press and  curved laminated wood samples were prepared. Diagonal compression test was applied on the prepared samples 
according to ASTM D143-09. The highest diagonal compression strength difference found between beech laminate and oak laminate was statistically 
insignificant. Most low strength samples consisted of laminated pine. 
Keywords: Vacuum membrane presses, laminated wood, wooden veneer 

 
KAVİSLİ AHŞAP LAMİNE ELEMANLARDA  BİÇİM (FORM) KARARLILIĞI 

PERFORMANSININ BELİRLENMESİ 
Özet 
Bu çalışmada, vakumlu membran preste üretilmiş kavisli ahşap lamine elemanların biçim (form) kararlılığı performanslarının belirlenmesi 
amaçlanmıştır. Bu amaca uygun olarak 1,5 mm kalınlığında Doğu kayını (Fagus orientalis Lipsky), sapsız meşe (Quercus petrean Lieble) ve sarıçam 
(Pinus sylvestris) papel kaplamalar, PVAc dispersiyonu D4 tutkalı ile vakumlu membran preste yapıştırılarak 13 katmandan oluşan kavisli lamine ahşap 
örnekler hazırlanmıştır. Hazırlanan numunelere ASTM 143-88'e göre diyagonal basma direnci deneyi uygulanmıştır. Sonuç olarak,  diyagonal basınç 
direnci en yüksek kayın laminasyonda çıkarken meşe laminasyon ile arasındaki fark istatistiksel olarak önemsiz çıkmıştır. En düşük direnç değerini 
sarıçam laminasyon örnekler vermiştir. 
Anahtar Kelimeler: Vakumlu membran pres, lamine ahşap, papel kaplama 

 
 

1 Introduction 

Compared to other composite materials (wood-based boards), 
laminated wood is preferred as it demonstrates strong similarity 
to wood and has forming-flexibility. Laminated materials are 
widely used as columns, beams, arches, molding, and various 
building elements, such as brackets and in furniture 
manufacturing. In particular, the use of laminated material in 
curved furniture elements are more technical, aesthetic and 
economical and offer several advantages in terms of ease in 
production. 

It is stated that laminated wood is formed from wooden panels 
handled by cutting, peeling and trimming techniques, then the 
layers are glued hot or cold pressing flat in a mould. The wood 
fiber are parallel to each other and to the axis of the length 
between the elements [1], [2]. 

With laminated wood, wood waste can be avoided, with 
homogeneous layer regulation and pres could be obtain desired 
building or furniture elements. Laminated wood allow with the 
help of large column-free spans and can be safely crossed [3].  

Laminated Veneer Lumber (LVL) has superior value, 
technological properties, and aesthetic qualities and it is more 
economic than solid woods. It can be used in the manufacture of 
such as furniture, cupboard, desk, chair, table and so on [4]. 

According to the deformation analysis results of curved 
laminated wood structural members by loading and unloading 
when the installation of wood type and time periods of 
deformation were not effective. 11 mm of elastic deformation 
and 4 mm of plastic deformation in the examples have been 
identified within the specified period of deformation (fatigue) 
were not increase [5]. 

To determine the bonding performance in laminated wooden 
elements produced with a vacuum membranne press, with 1,5 
mm thickness beech, oak and pine papel veneers pressed in 13 
layers by using PVAc D4 adhesive were prepared. Parallel and 
vertical adhesion strength tests were applied to the samples. The 
highest parallel adhesion strength was obtained in oak, the 
lowest in pine and the highest vertical adhesion was  obtained in 
beech, the lowest in pine samples [6]. 

Parallel to the fibers and the counter directional 3 layers, static 
bending resistance of laminated samples that were prepared 
from 5 wood types was investigated in this study. As a result of 
this study it was stated that the modulus of elasticity, tear 
resistance is proportional to the voltage limitation and 
perpendicular to fibers, increases counter-lamination and 
decreases the density of the material which determined to 
continue this increasing [7]. 

Glued with Klebit 303, 305.0 and Super Lackleim 308 KLEIBERIT 
the beech, oak and pine wood with the highest order of 
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resistance of fibers parallel to the bonding adhesive used Klebit 
303 beech and oak, and lowest in use of super glue Lackleim 308 
303 Klebit used glue were mentioned [8]. 

PVAc-D3 strengthened with the addition of 5% hardener two 
component PVAc-D4 and polyurethane adhesive with glued 
acacia, pear, chestnut, sessile oak, fibers parallel to the bonding 
strength and Taurus cedar wooden prepared samples, the 
highest-D4 PVAc glue with the acacia (14.418 N / A mm²), the 
lowest in the PVAc-D3 with glue Taurus cedar (6.249 N/mm²) 
has been reported [9]. 

To determine the effects of open-air conditions on the 
performance of laminated elements, fir wood and glue with 
phenol-resorsin solid-solid, veneer-solid laminating and veneer-
veneer combinations of elements were prepared according to 
the principle. As a result of the experiments, the shear and 
tensile resistance in the direction perpendicular to glue line is 
the most high-solid-solid samples, water samples kept in the 
most solid-solid samples in resistance takes place, solid-solid 
samples of shear resistance showed more than 44% compared 
to according veneer-veneer samples was determined [10]. 

Study investigating to the effect of the mechanical properties of 
Alder lamination process, the layer thickness of 2 mm thick layer 
of laminated specimens are more resistant than the layer 
thickness of 4 mm laminated samples, fibers parallel to the 
pressure, shear parallel to the fibers, fibers perpendicular to the 
bending modulus of elasticity resistance are higher on the 
samples with PVAc glue, fibers perpendicular to tensile splitting 
strength and screw holding ability of polyurethane glue in the 
samples were found to be higher [11]. 

This study of laminated wood type examined the number of 
layers of glue and the effects of cultivar strength to bending. As a 
result of the study, the 7-layer samples, respectively, the highest 
bending strength of beech, pine and oak laminated materials 
have shown the highest bending strength [12]. 

Taurus cedar, pine, beech and sessile oak veneers were 
produced by gluing with PVAc-D4 adhesive the technological 
properties of the laminated elements of 4-layer and every layers 
of 5 mm thickness were found to be superior to solid elements 
[13]. 

Oriental Beech and Black Poplar were prepared with a 
combination of 5-layer laminated specimens (glued with PVAc-
D4 glue) air-dry density of 0.571 g/cm³, bending strength 98.66 
N/mm², flexural modulus of elasticity of 9020.24 N/mm², 
compression strength 54,49 N/mm², shear strength 9.11 
N/mm²and the cleavage strength is determined as 0.540 N/mm² 
[14]. 

Shaped laminated wood components with Radio Frequency (RF) 
presses are widely used in wooden laminated furniture 
elements. However, the use of RF presses, hazardous to human 
health and the environment as known (Genbilim 2007). Double 
sided patterns are also needed for them and double-sided mold 
making is a very sensitive, very difficult and costly task. In case 
the mold and the conjugate are not compatible, the mold affects 
the quality of the product adversely. This study aimed to 
determine production capabilities and some mechanical 
performance by encouraging the usage of vacuum membrane 
presses which eliminates the above mentioned disadvantages. 

2 Material and method 

2.1 Papel veneer 

In laminated veneer which has 1.5 mm thickness and 8-10 % 
moisture content up to the amount of dried, beech (Fagus 
orientalis Lipsky), oak (Quercus petrean Liebl) and pine (Pinus 
sylvestris) were used. Papel veneers were obtained with a 
random type of purchase. In papel veneer was given special care 
by production of the excellent wooden materials with smooth 
fiber. 

2.2 Glue 

The samples were glued with 5% of hardening adhesive (Turbo 
Hardener 303.5) and reinforced with two-component polyvinyl 
acetate (PVAc-D4) glue. PVAC-D4 increased resistance to 
moisture, according to BS EN 204 glue that brought the quality 
of adhesion D4 (Söğütlü and Döngel 2007). The manufacturer 
gave the following technical characteristics of the glue as density 
~ 1.12 g/cm³, viscosity (20 ºC) 13 000 ± 2000 mPas, pH ~ 3, the 
gelling time of 6-10 min., frost resistance -300 ºC, the amount of 
180-200 g/m², mode of application by brush or roller riding 
machine, storage duration ~ 12 months, press time, 20 ºC for 15 
min., 50 ºC for 5 min., and 80 ºC for 2 min. [15]. 

2.3 Preparation of Test Specimens 

Papel veneers were placed without sunlight in a dry 
environment (202 °C temperature and 65% relative humidity) 
until they reach an equilibrium moisture. According to TS EN 
322 (1999), front control, the average moisture content of 20 
randomly selected samples were determined as 12%  0.5 [16]. 
Curved (shaped) samples of the experimental aspects of the 
draft have been prepared in parallel fiber number of 13 layers. 
By bonding of the layers the glue applied one surface of the 180-
200 g/m² account and is pressed in the membrane press. 
Pressing time was 20 minutes. Press temperature was 80 ºC. The 
curved outline samples, experiments as to BS EN 204 [16] from 
temperature 202 °C by 65% relative humidity and air-
conditioning cabinet, which were 5  waited until the weight 
does not change. 

Test samples have been produced in convex mold (Figure 1). 
Moreover curve lower limit of the production of curved 
laminated element was determined by preparing molds having 
curves in four different radious (40, 60, 80 and 100 mm). Test 
samples were prepared by cutting the standard sizes (Fig. 2). 

 
Fig. 1 Test samples used in the production of a convex mold 
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Fig. 2 Three test samples of different widths 
 

3 wood types, 3 widths and 5 radius of samples prepared with 
10 units to 450 units. 

2.4 Method 

The diagonal compression test was applied to the test samples 
according to the principles of ASTM D143 – 09 (2007) and with 
of 5 tonnes 'of universal tester' and with static loading which 
enabled 2 mm / min.speed at pressure column (Figure 3). The 
diagonal compressive strength (Mb) was calculated by the 
formula. 

 

bbb LFM  max  
 

 

Mb         = Moment (Nm) 

Fmaxb = Maximum force at 
the time of       fracture (N) 

Lb          = Moment arm (m)  

 

 

Fig. 3 Diagonal compression test 

2.5 Evaluation of the data 

Multi-variance analysis was performed to determine the effects 
of the wood type, curve radius and width difference of curved 
laminated elements. Mutual interactions of sources of variance 
α=0.05 according to the case of significant differences, which are 
important factors determined by Duncan's test. 

3 Results 

The average values of diagonal compressive strength are given 

against wood type, curve radius and width of the formed 

laminated elements in Table 1. 

According to Table 1 the highest strength was with the beech 

lamination (78.5 N/mm²) and the lowest strength obtained with 

the pine lamination (32.75 N/mm²). With the increase in the 

radius and width of the beech lamination, the strength of 

element was seen to be thriving. Increasing the overall strength 

increases as the radius of the curved sessile oak lamination. 

However, the element would decrease the width of the transition 

to 150 mm. The Pine lamination strength change curve radius of 

sessile oak, with 40 and 60 also showed similarity. 

 

The beech samples did not change the form, in the form of pine 

and oak samples of opening (deformation) were found to occur. 

Some oak and beech samples seen in the outer layers of the 

fracture, pine samples were broken all the layers from outside 

to inside. The diagonal compression strength acting on the 

wood type, radius and width of the multiple variables analysis 

of variance results are given in Table 2 

In terms of the diagonal compression strength the effects of 
wood type, radius, width variables and the interaction between 
the binary wood type-radius are a significant difference the 
between groups (α = 0.05). The averages of the diagonal  
 
Compressive strength at the level of the wood type, radius, width 
variables and values of the LSR to 0.95 Duncan test comparison 
results are given in Table 3. 
 
According to Table 3 at the level of wood type the highest level 
strength is in the eastern beech (66.55 N/mm²) and sessile oak 
and the dual interaction between them are ineffective and scotch 
pines are recorded with the lowest strength (46.32 N/mm²). At 
450 mm width at the level of strength to the highest (63.58 N / 
mm ²) and the lowest at 50 mm (57.46 N/mm²) and 150 mm, 
with the minor was found. The high strength level of 100 mm in 
radius (64.72 N/mm²) and the low strength of 40 mm (54.17 
N/mm²) are found. 
The wood type-radius of the test samples of the binary 

interactions of the effects of diagonal compression strength of 

the diagonal averages and Duncan test results of the 

comparison are given in Table 4 

According to the binary interactions of wood type and radius the 
high strength in 100 mm radius was beech and sessile oak, the 
difference between the minor was found. Scotch pine was the 
lowest with 40 and 60 mm radius. Effects of wood type at the 
level of pressure and radius of the diagonal are given in Fig. 4 
graphically. 
 

According to correlation analysis (Table 5); to the diagonal 
compression strength the highest linear relationships with rate 
of 0.354 between curve – wood type, the lowest linear 
relationship with rate of 0.082 between curves - widths were 
observed.  
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Table 1 Average values of diagonal compressive strengths 

Radius 
(mm) 

Width 
(mm) 

Wood Type Diagonal Compressive Strengths (N/mm²) 
Beech Oak Pine 

DCS1 S DCS1 S DCS1 S 

40 
50 61,12 8,53 62,72 9,31 37,12 2,26 

150 63,36 9,65 59,15 2,44 32,75** 4,37 
450 67,25 6,51 64,29 3,96 39,84 6,79 

60 
50 63,21 6,31 61,54 5,95 43,99 3,14 

150 65,74 4,07 63,01 5,65 37,02 4,61 
450 71,35 4,78 68,97 5,94 46,42 5,18 

80 
50 58,53 12,93 67,69 7,03 49,21 3,63 

150 65,39 4,87 64,24 3,73 51,09 10,79 
450 74,39 3,94 69,47 10,46 50,92 3,47 

100 
50 65,76 2,20 64,86 1,07 53,78 3,87 

150 66,17 7,80 63,31 7,02 58,59 3,18 
450 76,38 3,12 78,50* 4,20 55,18 3,90 

1DCS: Diagonal Compressive Strengths (N/mm²) 

 
Table 2 Diagonal compression strength acting on the wood type, radius and width of the multiple variables analysis of variance 

results 

Source of Variance Sum of Squares Degrees of Freedom Mean Squares F Value P  0,05 

Wood type 9399,01 2 4699,51 126,89 0,00 

Radius 1649,17 3 549,72 14,84 0,00 

Width 895,23 2 447,61 12,08 0,00 

Wood type x Radius 689,58 6 114,93 3,10 0,01 

Wood type x Width 236,68 4 59,17 1,59 0,18 

Radius x Width 81,33 6 13,55 0,36 0,90 

Wood type x Radius x Width 404,71 12 33,72 0,91 0,54 

Eror 2666,52 72 37,03    

Total 398476,13 107      

 
Table 3 The results of the comparative averages of diagonal compression strength at the level of wood type, width and radius 

Wood 
type 

Diagonal compression 
strength (N/mm²) Width 

(mm) 

Diagonal compression 
strength (N/mm²) Radius 

(mm) 

Diagonal compression 
strength (N/mm²) 

Xav HG Xav HG Xav HG 

Beech 66,55 A 50 57,46 B 40 54,17 C 

Oak 65,64 A 150 57,48 B 60 57,91 B 

Pine 46,32 B 450 63,58 A 80 61,21 B 

LSR  0,91 LSR  0.02 

100 64,72 A 

LSR  3.32 

 
Table 4 The wood type-radius of the binary interactions and the Duncan test results of the comparison  

Radius (mm) 
Wood Type Diagonal compression strength (N/mm²) 

Beech Oak Pine 
Xav HG Xav HG Xav HG 

40 63,91 AB 62,05 BC 36,57 E 
60 66,76 AB 64,51 AB 42,48 E 
80 66,11 AB 67,13 AB 50,41 D 

100 69,44 A 68,89 AB 55,85 CD 

LSR  0,37 
 

  



 
 
 
 

Necmi KAHRAMAN, Mustafa ALTINOK 
IFC 2016 International Furniture Congress 13-15 October 2016 

 

603 
 

 

Fig. 4 At the level of the radius the effect of wood type to diagonal compression strength 

 
Table 5 The relationship between the radius, width, wood type variables and diagonal compression strength and on the shaped 

laminated elements 

 

Variables Radius Width Wood type 

Strength (N/mm²) Radius 1,00 -0,08 0,35 

Width -0,08 1,00 0,21 

Wood type 0,35 0,21 1,00 
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4 Discussions and conclusions 

The diagonal compression strength, the effect of wood type and 
width, wood type-width binary interaction terms were 
significant statistically. At the level of wood type strength of 
beech samples were higher and between their strength and oak 
the difference of strength was negligible. The other two wood 
types Scots pine strength of the samples was approximately 
50% lower. 

Radius and width of the samples increases, the strength of 
beech experiment also was seen as increasing. As resistance 
increases, increasing the overall radius of oak samples width of 
50 mm to 150 mm, but decreased strength to the transition. On 
the Scotch pine lamination the radius of 40 and 60 samples 
were similar the strength change with oak lamination. 

Correlation analysis; between strength with wood type radius 
width the highest linear correlation with the ratio of 0.35 
between radius-wood type, the lowest linear relationship ratio 
of 0.08 between the radius of - the width were obtained.  

Convex and concave, with two different test pieces made of 
mold, but the concave curved inner parts of the membrane 
during vacuum pressure to provide the desired die pattern 
produced for the concave curved adhesion test samples were of 
poor quality. For this reason, only by the convex curved molds 
produced draft samples were used in the study. 

As a result, with formed bucks veneers production of laminated 
furniture components such as radio-frequency system press 
(requires two-sided mold, emit radiation, mold and die 
reflected to the cost of failure is high) instead of using a single 
mold of membrane vacuum press, first in Oriental beech wood 
as proposed. Concave-convex-shaped molds shaped vacuum 
membrane presses gave better results than can be said. In 
practice, this situation was considered to be advisable. 
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Abstract   

Tests were carried out to compare the edge and face withdrawal force capacity of different size (diameter and penetration) dowels from medium density 
fiberboard (MDF) and particleboard (PB). 9 dowel combinations including 3 different diameters (6, 8, and 10 mm) and 3 different penetrations (15, 20, 
and 25 mm) into the panel were used for preparing the samples. 18 mm thick MDF and PB were utilized as wood based panels in the study. The dowels 
were glued with 65 percent solid content polyvinyl acetate adhesive. Samples were tested under static withdrawal force in compliance with accepted test 
methods. The results showed that the maximum edge withdrawal force capacity was obtained with the MDF samples when the dowel was 10 mm diameter 
and 25 mm penetrated. Edge and face withdrawal force capacities of MDF samples were stronger than those of the samples constructed of PB. Results of 
the tests indicated that a dowel joint becomes stronger as either dowel diameter or dowel penetration is increased. 
Keywords: Edge/face withdrawal force capacity, Dowel joints, Medium density fiberboard, Particleboard, Dowel diameter/depth. 
   

 

ORTA YOĞUNLUKTA LİF LEVHA VE YONGA LEVHANIN ÇEKME KUVVETİ 
KAPASİTESİNE FARKLI ETKİLİBOY VE ÇAPTAKİ KAVELANIN ETKİSİ   

Özet   

Deneyler, farklı etkili boy ve çaptaki kavelaların, orta yoğunlukta lif levha ve yonga levhanın yüzeyden ve kenardan çekme kuvveti kapasitelerinin 
karşılaştırılması için yapılmıştır. Deney örneklerinin hazırlanması için 3 farklı çap (6, 8 ve 10 mm) ve 3 farklı etkili boyda (15, 20, ve 25 mm) olmak üzere 
9 farklı kavela kombinasyonunu kullanılmıştır. Çalışmada ahşap esaslı levha olarak 18 mm kalınlıktaki orta yoğunlukta lif levha ve yonga levha 
kullanılmıştır. Kavelalar yüzde 65 katı madde içeren Polivinilasetat tutkalı ile yapıştırılmıştır. Deney örnekleri kabul görmüş test yöntemlerine uygun 
olacak şekilde statik çekme kuvveti ile test edilmişlerdir. Sonuçlar orta yoğunlukta lif levha örneklerinde maksimum çekme kuvvetinin 10 mm çap ve 25 
mm etkili boydaki kavela örneklerinde elde edildiğini göstermiştir. Orta yoğunlukta lif levha (MDF) örneklerinin kenardan ve yüzeyden çekme kuvveti 
kapasitelerinin yonga levhadan (PB) yapılmış örneklerden daha fazla olduğu belirlenmiştir. Deney sonuçlarına göre, kenardan veya yüzeyden kavela 
çekme kuvveti kapasitesinin kavela çap ve etkili boyunun artması ile yükseldiği görülmüştür. 
Anahtar Kelimeler: Kenar/yüzey çekme kuvveti kapasitesi, Kavelalı birleştirme, Orta yoğunlukta lif levha, yonga levha, Kavela çap/boy. 
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1 Introduction and Literature Review 

 
Wood pin or dowel is one of the primary, cheap yet strong 
connector in woodworking. It is used not only in furniture 
manufacturing, but also in wood frame construction. It can be said 
that every woodshop from small to industrial size mass production 
use dowel as one of their connector for joint fabrication. In last 
two decades application of wood based panels in furniture 
manufacturing in the world have been growing rapidly, this 
boosted up the utilization of dowels in furniture manufacturing. 
Nowadays dowels are used a lot in assembly of box type furniture. 
They are also using as guide dowels next to metal connectors 
which ease the assembly process of the ready to assemble 
furniture by end users in their homes & offices. For this latter 
application plastic dowels also have been introduced to the 
market. These are strong evidence of the importance of dowels in 
wood and panel made furniture and light weight wood structures.  
By developing furniture engineering concept by pioneer 
researcher such as Eckelman, the idea of expressing qualitative 
factors into quantitative and measurable figures as the base for 
engineering design studies have been emphasized. For this reason 
many researchers (Eckelman, Liu, Zhang, Erdil, Englesson, 
Bachmann, Albin…) have tried to measure and report their 
findings. Since dowel pins are often used as the primary 
connectors in furniture frames constructed of both solid wood and 
composites panels [1] they can be considered as an important 
subject for further studies. For this reason some studies were 
focused on withdrawal strength of the dowel from different raw 
materials utilize in furniture manufacturing to provide 
fundamental data for furniture engineers. This study is one of 
them.  
Eckelman 1969 [2] for the first time developed an empirical model 
that could predict the ultimate strength of dowel joints in wood. 
He tested several different types of wood and defined two 
tentative formula for calculation of the ultimate strength of dowel 
for end to side and end to end grain direction. He also in 1971 [3] 
studied the effect of dowels face pattern on their withdrawal 
strength. Erdil and Eckelman in 2000 [4] published a paper about 
the withdrawal strength of dowels from two widely used panels 
(plywood and OSB) in sofa and box type furniture manufacturing. 
They noticed that not only dowel diameter, dowel penetration and 
density of the panel, but also production process of the panels can 
affect withdrawal strength of the dowels. Since furniture designers 
have no control over the panel production process they can 
overcome this shortage by generous use of glue in the process of 
dowel attachment in joint fabrication. Zhang et al. in 2002 [1] 
studied the torsional strength of dowel joints in sofa frames 
especially the seat rails when manufactured by plywood and OSB. 
They find out that there is a positive direct relation between 
increase in the dowel spacing and rail width with increase in the 
torsional strength of rails thus the whole structure durability. This 
study suggests that placement of seat rails is better to be arranged 
in a way that they are in vertical position to carry loads on their 
edges. Reinforcement practices such as corner blocks and gusset 
plate can add to the strength thus the durability of the structure. 
Eckelman et al. in 2002 [5] conducted a comprehensive study of 
the withdrawal and bending strength of dowel joints constructed 
of different plywood and OSB boards. They incorporated the 
results of withdrawal strength into a predictive expression thus 
allow designers to estimate withdrawal strength as a function of 
the diameter of the dowels, their depth of embedment and the 

density of the composite material. They also proved that the 
bending strength of two pin dowel joints of above mentioned 
panels can be predicted by the same expression for the solid wood 
joints.  
Other researchers have studied the strength of different types of 
popular L or T-type joints constructed by dowels. Joints are the 
most important parts in any construction and engineering studies. 
Eckelman [6] believes that the strength and stiffness of joints used 
in furniture construction will normally determine the furniture 
strength and rigidity. He also [7] added that tightness of the joint 
is in direct and positive relation with the stiffness of it. 
In a study by Eckelman in 1971 [6], he carried out tests to 
determine the bending strength of T-joints made of wood. In his 
experiment two wood dowels were used for joint fabrication. 
Variables were dowel spacing and rail width. Results which come 
with a predictive formula showed that increasing in the bending 
strength has a positive relation with increasing in dowel spacing 
and rail width. Englesson in 1973 [8] studied the strength of five 
types of corner joints constructed of particleboard which one of 
them was a miter joint with dowels. This joint was second in 
strength among others. Bachmann and Hassler in 1975 [9] studied 
the effect of adding to the number of dowels in increasing corner 
joint strength. They noticed that there is a direct relation between 
the number of dowels (with 100 mm spacing) and the strength of 
the produced corner joint as the width of the joint member 
increases. In another word the strength of the dowels in multiple 
dowel joint were additive. Eckelman in 1979 [10] state that dowels 
used in joints of furniture are subjected to axial, shear, torsional 
and bending force. He again in 1979 [7] studied the dowel T-joints 
strength loaded in flatwise and edgewise bending. These joints are 
very practical joints in manufacturing of wood as well as upholster 
furniture. He also studied the effect of joints tightness and 
thickness of bending member in flatwise condition on the overall 
strength of the joint. Finally he suggested an expression to predict 
the bending strength of the joints. Albin et al. 1987 [11] carried out 
tests on corner joints constructed with four dowels. Joints were 
made by 16 and 19 mm thick wide boards. They understood that 
joint strength was strongly influenced by the type of used board. 
Zhang & Eckelman 1993 [12] in a well written paper reported the 
bending moment strength of single dowel corner joint made of 
19mm particleboard in tension and compression. They studied the 
effect of different dowel diameter and depth of dowel embedment 
in face and edge member of the joints and finally offered two 
equations to predict the strength of the joints both in tension and 
in compression within the scope of their studies. They noticed that 
as the dowel diameter and dowel depth of embedment in face 
member of the L-type joints increases, the bending moment 
resistant of the joints increase, but increasing the depth of dowel 
embedment in edge member does not have any effect on the 
overall strength of the joint. Also joints in tension showed an 
average of 10% higher strength compare to the joints in 
compression. Zhang and Eckelman in 1993 [13] studied the 
strength of different sizes of corner joints in compression and 
tension assembled with different number of dowels. They noticed 
that dowel spacing of at least 7.5 cm in joint fabrication would be 
best if one looks for the strongest per dowel strength and avoiding 
dowel interfering area. They also expressed that the strength of 
corner joints loaded in compression is presumably related to the 
internal bond strength of the board, while the strength of joints 
loaded in tension is presumably related to the tensile strength of 
the board. Liu & Eckelman 1998 [14] carried out lab tests to 
determine the ultimate bending strength of multiple fasteners 
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wide 18 inches L-type joints made of wood based panels. They 
studied both a combination of wood dowels and particle board 
reinforced with white glue and MDF and screws in three different 
sizes for construction of L-type joints with 1 to maximum 36 
fasteners to have a better understanding of the effect of number 
of fasteners on the ultimate bending strength of the joint. They 
noticed that after increasing in the number of fasteners at a certain 
level the strength of the joints decreases because there is an 
invisible tension areas around each fasteners that when interfere 
with the area of the other fasteners (when they are so close to 
each other) causes decrease in the ultimate strength of the whole 
joint. Zhang et al. in 2002 [15] undertaken a study to provide a 
simple database of lateral strength values of the joints constructed 
by dowels that can help in the product engineering of furniture 
frame constructed of plywood and OSB which can provide insight 
especially in the construction of sofa frames. Eckelman and 
Haviarova in 2007 [16] determined the load carrying capacity of 
large wood dowels in double shear. These dowels or round mortise 
and tenon joints are very popular in construction of light timber 
frames such as tie beam connections and spliced ceiling joist. 
Results revealed that dowels under load fail gradually rather than 
suddenly which can be a good news for safety. They also expressed 
that as the dowels diameter increased the stiffness of the joint also 
increased.   
In the current fundamental research the authors investigated the 
withdrawal strength of different dowel diameter and different 
dowel penetration rate in the edge and face of two widely used 
and popular panels in furniture manufacturing 

 

2 Materials and methods 

 

2.1 Test materials  

18 mm Particle board (PB) and Medium Density Fiberboard (MDF) 
were used to prepare test samples. The panels were obtained from 
commercial suppliers with random selection method. Two types of 
sample were prepared namly edge and face sample for edge and 
face withdrawal test respectively. In preparation of the samples, 
1880 x 3660 mm full–size sheet of boards were first cut into long 
and subsequently to the final desired sample length strips. The 
configuration of the specimens used to evaluate face withdrawal 
strength is shown in Figure 1. Similarly, the configuration of the 
specimens used for edge withdrawal strength is given in Figure 2. 
Each test sets were consist of two parts. A load block and a test 
block. A load block purpose was to provide a structure to which 
the other end of the dowel could be attached and then withdrawn 
from the specimens.  A piece of wax paper were also placed in 
between the two blocks whose purpose was to prevent the end of 
the load block from adhering to the test block. This enabled 
researcher to purely measure dowel withdrawal force capacity.  
The test blocks nominal dimension were 75 by 75 mm and the load 
blocks nominal dimension were 75 by 50 mm and both were made 
by 18 mm thick panels (Fig. 1, 2). Samples were cut from both PB 
and MDF panels supplied for the tests in accordance with the 
procedure described. Basic physical and mechanical properties of 
the panels used in this study were determined in accordance with 
the procedures described in ASTM D 4442 (2001) and ASTM D 1037 
(2001), respectively [17]. 
Dowel holes for the withdrawal tests were drilled to the 
appropriate depth in the center of each test block perpendicular 
to the face (Figure 1); alike, dowel holes for the edge withdrawal 

tests were drilled in the center of each edge of each samples 
perpendicular to the face of the appropriate edge (Figure 2). All 
dowel holes were drilled with 3 different drill bit diameter and in 
different depth in the load and test blocks.  Three dowel diameters 
as 6, 8 and 10 mm which are the most conventional dowels used 
in industry were applied in this study. Three dowel embed depth 
in edge samples as 15, 20 and 25 mm and three dowel embed 
depth in face samples as 6, 9 and 12 mm were drilled in the test 
samples. Each individual test repeated for five times to ensure 
reliability of acquired data (Table 1). The depth of embedded 
dowels in load block was constant (30 mm) in all test samples.  

Table 1. Experimental Design of The study 
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MDF 
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25 5 12 5 

8 

15 5 

8 

6 5 

20 5 9 5 

25 5 12 5 

10 

15 5 

10 

6 5 

20 5 9 5 

25 5 12 5 

PB 

6 

15 5 

PB 

6 

6 5 

20 5 9 5 

25 5 12 5 

8 

15 5 

8 

6 5 

20 5 9 5 

25 5 12 5 

10 

15 5 

10 

6 5 

20 5 9 5 

25 5 12 5 

Total 90  Total 90 

 
 Specimen’s fabrication started with gluing and placement of 
dowel in load block until the free length of the dowel protruding 
from the load block was exactly equal to the required depth of 
penetration in the test block. Afterward samples were allowed to 
dry for one day and then the free end of the dowel through a piece 
of wax paper with application of carpenter glue inserted in full 
length into the test block. 
 

2.2 Experimental design  

A complete 2×3×3 factorial experiment with 5 replications per cell 
was conducted to evaluate the effective factors on the withdrawal 
force on the face and edge of the samples. The factors were 
withdrawing types (face or edge), material types (MDF, PB), dowel 
diameters (6, 8, 10 mm), dowel length by 6, 9 & 12 mm for face 
withdrawal tests and 15, 20 & 25 mm for the edge withdrawal tests 
Figure 3 a & b. 
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Figure 3. a- General configuration and dimention of the dowel 

samples used in face withdrawal tests  

 
Figure 3. b- General configuration and dimention of the dowel 

samples  used in edge withdrawal tests 

 

2.3 Prepartion of the test samples  

The configuration of the withdrawal test samples used in the study 
is shown in Figure 1 and 2.  Each samples consisted of two principal 
structural members, a load block and a test block. The members 
joined together by dowel and PVA glue. All test blocks were 750 x 
750 x 18 mm (face and edge withdrawal), the load blocks were 50 
x 750 x 18 mm. All Samples were joined with only one dowel and 
normal carpenter glue applied inside the dowel hole. Before test, 
all  samples were stored in a conditioning chamber sets to 20 ± 2 

C and 65% ± 3  relative humidity for a month. 
 

Load block dowel holes were liberally coated with glue before 
dowel inserted in. The embed depth of dowels was 30 mm to 
ensure that during mechanical test the dowel would withdraw 
from the test block rather than the load block. Dowels were cut 
into certain measured lengths for each sample class to ensure that 
the embed depth in test block comply with what have been 
designed in the study. Additionally a piece of wax paper with a hole 
cut in it of the same diameter as the dowel was placed on the end 
of each dowel to make sure that the load block did not adhere to 
the test block. All samples were allowed to cure for one months in 
conditioned chamber before conducting mechanical tests. 
 
Samples were constructed with only one dowel (Fagus orientalis 
Lipsky) and a commercially available Polyvinyl Acetate (PVAc) glue. 
Application temperature was room temperature and Assembly 
time was 5 minutes. The glue conforms to ASTM D4236. Physical 
and mechanical properties of the panels used in this study are 
given in Table 2.   
 

Table 2.  Physical properties of PB and MDF were evaluated 
accordind to procedures described in related standard method 

ASTM D 4442-92 

2.4 Testing 

All of the tests were carried out in 5 kN capacity universal test 
machine. In the case of the face withdrawal tests, the test block in 
which the dowel was embedded was held in a slotted fixture which 
supported the face of the block on two sides of the block (Figure 
1). This fixture was attached to the lower load head of the testing 
machine. The load block was held by a second fixture attached to 
the upper cross head of the testing machine. This fixture consisted 
of two straps that fit on either side of the load block. Holes were 
drilled through the flat face of each strap near the ends.  The test 
fixtures were aligned so that the line of action of the force applied 
to the joint by the testing machine coincided with the longitudinal 
axis of the dowel in the joint. A rate of loading of 6 mm/min was 
used in all tests.  In the case of the edge withdrawal tests, the test 
block was held in place by straps in the same manner as the load 
block (Figure 2). The rate of loading was again 6 mm/min of cross 
head travel.  
 

2.5 Scope of the study 

18 sets of samples including 5 replications for each and a total of 
90 specimens were prepared for face withdrawal tests and 90 
samples were prepared for edge withdrawal tests to investigate 
dowel withdrawal resistance. In all, 180 samples were prepared (2 

Panel Type 
Moisture 

content (%MC)      

Before 
drying 

After drying 

Density 
(g/cm³) 

Density 
(g/cm³) 

18mm MDF 6.4 0.72 0.65 

18mm PB 7.3 0.61 0.58 

 
 

Figure 1. Typical 
configuration of the 

samples  and apparatus 
used to hold samples for 

testing in the face 
withdrawal test. load block 

up & test block down.  

Figure2.General 
configuration and 
apparatus used to hold 
samples  for testing in  
the edge withdrawal 
tests. load block up & 
test block down.                                                                                              
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tensile types x 2 board material types x 3 dowel diameters x 3 
dowel length x 5 replications = 180).   

2.6 Failure modes 

All joint failures occurred between 60 – 90 seconds in both edge 
and face withdrawal tests. Dowel onnections withdraw slowly, not 
suddenly.  Failures of connections constructed of PB and MDF 
started with the dowels in the face member followed by dowel 
withdrawal from the butt members along with some core material 
together.  The amount of pulled out materials after specimens 
failure under load in PB samples was much more compare to MDF 
samples.   

3 Results and discussion 

Result of the edge withdrawal strength of dowel diameters and 
dowel embed depth is summarized in Table 9 and Mean 
comparisons of ultimate withdrawal strength of dowels from edge 
with interaction of dowel embed depth, dowel diameters, and two 
different wood based panel types in Table 10. The common mode 
of failure for withdrawal samples was the pull-out of dowels from 
the rail with some core wood base panels attached to the dowels. 
In the withdrawal tests, connectings opened up slowly. Failure 
occurred between 30 and 90 seconds. 
withdrawal strength of the dowels from the MDF and PB used in 
the tests are presented in Table 3. 
 

Table 3. Face withdrawal performance of dowels in different 
panels. 

Material type Face withdrawal performance   (N)  HG 

MDF  488.9 A 
  PB 364.0    B 

LSD value = 33.05                                       HG: Homogeneous group    
 
Experimental result showed that withdrawal strength of MDF is  
higher than the PB test material Table 3. The LSD value of 57.36 N 
was calculated based on the mean square error of the full model.  
  

Table 4. Face withdrawal performance of different dowels 
based on their diameter. 

Dowel diameter 
(mm) 

Face withdrawal performance  (N)  HG 

10  660.4 A 

8 342.0 B 

6 276.9 C 

 LSD value = 40.48                                      HG: Homogeneous group  
   
Table 4 indicates that face withdrawal strength of dowels increase 
as the diameter of the dowel increases.The single LSD values of  
40.48 N for  face withdrawal tests were calculated based on the 
error mean square of the full model. 
 

Table 5.  Face withdrawal performance of dowel based on 
their embed depth (penetration rate) 

Depth (mm) Face withdrawal performance   (N)  HG 

12 513.2 A 

9 449.6 B 

6 316.5 C 

LSD value = 57.36                                         HG: Homogeneous group   
 The face withdrawal performance of  dowel increase as the depth 
of dowel embedment increase. The LSD value of 57.36 N was 

calculated based on the mean square error of the full model 
according to Table 5. 
 
Table 6. Edge withdrawal performance of dowels in different 

panels. 

Material type  Edge withdrawal performance  (N)  HG 

MDF  920.0 A 
 PB 604.9    B 

LSD value = 46.83                                         HG: Homogeneous group    
 
Table 6 indicates that experimental samples show significantly 
greater edge withdrawal performance in MDF panels. The single 
LSD values of  46.83 N for  edge withdrawal tests were calculated 
based on the error mean square of the full model. 
 

Table 7. Edge withdrawal performance of different dowels 
based on their diameter. 

Dowel diameter (mm) Edge withdrawal performance  
(N)  

HG 

10 1120. A 

8 713.8 B 

6 453.2 C 

LSD value = 57.36                                        HG: Homogeneous group  
 
Table 7 shows that the edge withdrawal load capacity of dowels 
increase as the dowel diameter increase. These results are similar 
to the results of the withdrawal performance of dowels from face 
of the panels. The LSD value of 57.36 N was calculated based on 
the mean square error of the full model  Table 6.   
 

Table 8. Edge withdrawal performance of dowel based on 
their embed depth (penetration rate) 

Edge dowel depth 
(mm)   

Edge withdrawal 
performance  (N)  

HG 

25 922.4 A 

20 716.5 B 

15 648.4 C 

LSD value = 57.36                                    HG: Homogeneous group    
 
Mean comparisons showed that Edge withdrawal performance of 
dowels increase as the penetration rate in panels increase which 
is very logical. The same increase was observed in the withdrawal 
performance of dowels from the face of the panels. Table 8. The 
single LSD values of  57.36 N for  edge withdrawal tests were 
calculated based on the error mean square of the full model. 

 
Table 9. Edge withdrawal performance of dowels affected by 

both panel types and dowel diameters and their statistical 
homogeneity groups. 

Material +Dowel diameter 
(mm)  

Edge withdrawal  
performance   (N) 

   
HG 

MDF + 10 1415. A 

MDF + 8 878.3 B 

PB + 10 826.0 B 

PB + 8 549.4 C 

MDF + 6 467.0 D 

PB + 6 439.5 D 

LSD value = 81.12                                      HG: Homogeneous group    
 
Table 9 indicates that MDF test samples connected with 10 mm 
diameter dowels showed the highest withdrawal strength among 
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the experimental samples but, MDF and PB test samples prepared 
with 6mm dowel diameters were found to have the lowest 
withdrawal strength. Data also indicate that there is no significant 
difference in withdrawal strength of both MDF and PB test samples 
prepared with 6 mm dowel diameters. The LSD value of 81.12 N 
was calculated based on the mean square error of the full model. 
 

Table 10. Two way comparisions of ultimate edge withdrawal 
strength of dowel diameters and dowel embed depth. 

Edge withdrawal 

Dowel diameter 
(mm)   

Dowel embed depth 
(mm) 

Ultimate 
withdrawal force 

(N) 

HG 

6 

15 513.1       E 

20 317.8       F 

25 528.8       E 

8 

15 526.8       E 

20  738.7     D   

25 876.0     C    

10 

15 905.5     C    

20 1093.       B 

25 1363.     A    

LSD value = 99.35                                    HG: Homogeneous group    
 
The protected least significant difference (LSD) multiple 
comparison procedure at the 5 percent significance level was 
performed to determine the mean differences of those treatment 
combinations.  The LSD value of 99.35 N was calculated based on 
the mean square error of the full model. The withdrawal 
performance of dowel with embed 10 mm diameter and 25 mm 
embed depth showed the highest value on the other hand, the 
withdrawal performances presented in Table 9 indicate that the 
lowest strength for dowel edge withdrawal is belongs to 6 mm 
diameter and two minimum embed depth of 15 and then 20 mm. 
In general the withdrawal strength of the test samples significantly 
decrease as the dowel embed depth decrease from 25 to 15 mm 
and also when the dowel diameter decreased from 10 to 6 mm 
(Table 10).  
 
Table 11. Mean comparisions of ultimate withdrawal strength of 

dowels from edge with interaction of dowel diameters, dowel 
embed depth and two wood panels. 

Edge withdrawal 

Material 
Type           

Dowel 
diameter 

(mm)   

Depth of 
Edge (mm)               

Edge withdrawal 
performance   (N) 

HG 

MDF 
 

6 
15 537.6 FGH 
20 335.5 I 
25 527.8 FGH 

8 
15 639.6 F 
20 863.3 E 
25 1132. CD 

10 
15 1262. BC 
20 1360. B 
25 1623. A 

PB 

6 
15 488.5 GH 
20 300.2 I 
25 529.7 FGH 

8 
15 414.0 HI 
20 537.6 FGH 
25 335.5 I 

10 
15 527.8 FGH 
20 639.6 F 
25 863.3 E 

LSD value = 140.5                                        HG: Homogeneous group  
 

Table 11 gives mean comparisons of the ultimate withdrawal 
strengths of the dowels from panel edge. Factors interacted 
include panel types, dowel diameters and depth of dowel 
embedment in the edge. The least significant difference (LSD) 
multiple comparisons procedure at the 5 percent significance level 
was performed to determine the mean differences of those 
treatment combinations. The single LSD values of  140.5 N for  
edge withdrawal tests were calculated based on the error mean 
square of the full model. However the differences were not 
statistically significant for face withdrawal.  
  

Table 12. Summary of ANOVA results for edge withdrawal 
strength 

Source DOF 
Sum of    
Squares 

Mean  
Square 

F Value p < 0,05 

A 1 2232877.415 2232877.415 179.8070 0.0000 

B 2 6780860.699 3390430.350 273.0213 0.0000 

AB 2 1183112.471 591556.236 47.6363 0.0000 

C 2 1221384.858 610692.429 49.1773 0.0000 

AC 2 20914.517 10457.258 0.8421  

BC 4 729805.961 182451.490 14.6923 0.0000 

ABC 4 166504.575 41626.144 3.3520 0.0142 

Error 72 894109.655 12418.190   

Total                           89                 13229570.151 

Material Types (A)          Dowel Diameter(B)           Penetration (C)   
 
A two way analysis of variance (ANOVA) general linear model 
procedure was performed on individual data from  both edge 
withdrawal and face withdrawal tests to analyze mean effects and 
interaction factors on the mean of the edge withdrawal and face 
withdrawal strengths. In both cases, the ANOVA results indicated 
that the two-factor interactions were statistically significant at the 
5 percent significence level. A summary of ANOVA results is 
provided in Table 12.    
 

Table 13. Summary of ANOVA results for face withdrawal 
strength 

Source DOF 
Sum of    
Squares 

Mean  
Square 

F Value p< 0,05 

A 1 350829.119    
350829.119     

56.7193 

350829.119     
56.7193 

56.7193.119     
56.7193 

0.0000 

B 2 2526935.297 1263467.648 204.2674 0.0000 

AB 2 19404.872 9702.436 1.5686 0.2154 

C 2 604866.425 302433.213 48.8950 0.0000 

AC 2 28133.277 14066.638 2.2742 0.1102 

BC 4 55734.895 13933.724 2.2527 0.0717 

ABC 4 56516.364 14129.091 2.2843 0.0685 

Error 72 445345.963 6185.361   

Total                             89                 4087766.212 

 Material Types (A)         Dowel Diameter(B)             Penetration (C)   
               
Multivariance analysis of the Withdrawal strength values for MDF 
and PB panels according to face joint type is given in Table 13. It 
was carried out on data at the 0.05 significance level. Results of 
this analysis show that there were significant differences in face 
withdrawal strength in terms of wood based panel type, dowel 
diameter and dowel penetration. 
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4 Conclusion 

 
This study was carried out to obtain quantitative information 
about the edge and face withdrawal strength of dowel connections 
constructed of PB and MDF and also to develop estimation 
equation of the withdrawal capacity in the area of testing 
condition. Material type, dowel embed depth, dowel diameters as 
variables on the withdrawal strength of dowel from edge and face 
were investigated. Test results showed that significant differences 
occurred in edge withdrawal strengths with respect to above 
mentioned variables. The statistical analysis of test results 
indicated that joints constructed of MDF yield higher withdrawal 
strength than those of PB.  Withdrawal strength comparisons  
showed that  joints connected with diameter of 10 mm dowel 
connections tested in this study had significantly higher 
withdrawal strength than 8 mm diameter dowel connections and 
6mm dowel connections. And also, withdrawal strength 
comparisons  indicated that joints connected with embedded of 12 
mm depth dowel in MDF connections tested had significantly 
higher withdrawal strength than embedded 9 mm depth dowel 
and embedded of 6mm depth dowel connections 
 
The statistical analysis of test results indicated that joints 
constructed of MDF yield higher withdrawal strength than those 
of PB.  Withdrawal strength comparisons showed that 10 mm 
diameter dowel connections had significantly higher withdrawal 
strength than the 8mm diameter connections and 6mm diameter 
connections. For the connections constructed of PB and MDF 
evaluated in this study a connections with dowel diameter of 10 
mm and penetration of 25 mm the ultimate withdrawal strength 
was obtained. 
The statistical analysis of test results indicated that connections 
constructed of MDF yield higher edge withdrawal strengths than 
those of PB under both face and edge withdrawal.  Results of the 
tests also indicated that a dowel connection becomes stronger as 
either dowel diameter or dowel penetration rate increase. 
Material (MDF) and dowel diameter was found to have the 
greatest effect on the withdrawal strength.   
For the case type furniture constructed of PB and MDF it is 
recommended to use a dowel diameter of 10mm and depth of 
embedment of 25 mm to obtain the highest withdrawal strengths. 
However, it should be noted that manufacturers and furniture 
engineers should take into account the feasibility and economic 
factors in determining the optimum construction parameters.  
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Abstract   

Solid wood and wood-based composite panels are used to produce different types of furniture. In the connection points of furniture, some different types 
of fasteners, such as screws, minifix, and dowels, are used to assemble the parts of the furniture. Melamine-faced fiber board (MF-FB) and melamine faced 
particle board (MF-PB) are used extensively in the production of furniture. In this study, we determined the screw withdrawal strength and screw head 
pull-through of MF-FB and MF-PB. Tests were conducted on the surfaces and edges according to ASTM D1037-12. The data that were obtained indicated 
that the screw holding capacity of MF-PB was greater than that of MF-FB. Also, the screw holding capacity was greater on the surfaces of both MF-PB and 
MF-FB than it was on the edges. In addition, screw head pull-through was greater than that of direct screw withdrawal in both MF-PB and MF-FB.  
 
Keywords: Screw withdrawal, screw head pull-through fiber board, particleboard 
 
   

 

MOBİLYA ÜRETİMİNDE KULLANILAN MELAMİN KAPLANMIŞ LİF LEVHA VE 
YONGA LEVHANIN VİDA TUTMA KAPASİTESİ 

Özet   

Masif odun ve odun esaslı kompozit levhalar farklı tiplerdeki mobilyaların üretimi için kullanılmaktadır. Mobilyanın bağlantı noktalarında, vida, 
minifiks ve kavela gibi bazı farklı tiplerde birleştirme elemanları mobilya parçalarını birleştirme için kullanılmaktadır. Melamin kaplanmış lif levha 
(MK-LL) ve melamin kaplanmış yonga levha (MK-YL) mobilya üretiminde büyük miktarda kullanılmaktadır. Bu çalışmada, MK-LL ve MK-YL’nın vida 
tutma direnci ve vida başı çıkma direnci belirlenmiştir. Testler levhaların yüzeylerinde ve kenarlarında, ASTM D1037-12 standardına göre yapılmıştır. 
Elde edilen veriler, MK-YL’nin vida tutma kapasitesinin MK-LL’ninkinden daha yüksek olduğunu göstermiştir. Bunun yanında, vida tutma kapasitesi 
yüzeylerde kenarlarda olduğundan daha yüksektir. Ayrıca, vida başı çıkma direnci hem MK-LL ve hem de MK-YL’de direk vida çıkma direncinden daha 
yüksekti.  
Anahtar kelimeler: Vida çıkma, vida başı çıkma, lif levha, yonga levha 
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Abstract   

The furniture industry in Turkey has been expanding year by year. The amounts of exports have increased every year since 2001. Turkish businessmen 
have gained excellent experience in the steps of design, production, and sales. The value of Turkey’s exports of furniture was  $2,400,000 at the end of 
2014. Even so, the furniture industry has some important labor problems. Various educational institutions train students for furniture industry, e.g., 
industrial vocational schools, vocational training centers, vocational high schools, and some universities. But, adequate numbers of workers have not been 
provided to the furniture industry. In this study, we investigated the importance of the vocational training centers in providing workers for the furniture 
industry in Turkey. Some important data were collected concerning the students over the last five years. These data were used to analyze the labor 
situation in the furniture industry. 
Keywords: Furniture, labor, training centers 
   

 

TÜRKiYE’DE MOBİLYA SEKTÖRÜNE İŞGÜCÜ SAĞLAMADA MESLEKİ EĞİTİM 
MERKEZLERİNİN ÖNEMİ 

Özet   

Türkiye’de mobilya endüstrisi yıldan yıla büyümektedir. 2001 yılından beri her yıl ihracat miktarı artmaktadır. Türk iş adamları, tasarım, üretim ve satış 
alanlarında önemli tecrübeler kazanmışlardır. 2014 yılının sonunda, Türkiye’nin mobilya ihracat rakamı 2 400 000$’dır. Buna rağmen, mobilya 
endüstrisinin bazı önemli işçi sorunları vardır. Endüstri meslek liseleri, mesleki eğitim merkezleri, meslek yüksek okulları ve bazı üniversiteler gibi çeşitli 
eğitim kurumları mobilya endüstrisi için öğrenci yetiştirmektedir. Fakat mobilya endüstrisi için yeterli sayıda içşi sağlanamamaktadır. Bu çalışmada, 
Türkiye’de mobilya endüstrisi için eleman yetiştiren mesleki eğitim merkezlerinin önemi araştırılmıştır.  Öğrencilerle ilgili son beş yıla ait bazı önemli 
bilgiler toplanmıştır. Bu bilgiler mobilya endüstrisindeki işçi durumunu analiz etmek için kullanılmıştır. 
Anahtar Kelimeler: Mobilya, iş gücü, mesleki eğitim merkezleri 
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FROM EUCALYPTUS, BEECH, and POPLAR VENEER 

Bekir Cihad BAL1*, Hasan ORHAN2, Tuncay BOSTAN2  

1 Department of Forest Industry Engineering, Kahramanmaraş Sütçü İmam University,  46040, Kahramanmaraş/Turkey 
bcbal@hotmail.com 

2Graduate School of Natural and Applied Sciences, Kahramanmaraş Sütçü İmam University, 46040, Kahramanmaraş/Turkey 
hasanbey_118@hotmail.com, tuncay_fate@hotmail.com 

 
 
 

 
*Corresponding author 

 

Abstract   

Combi plywood (combination plywood) consists of plywood made of two or more veneer sheets peeled from different species of wood. Combi plywood has 
some advantages, such as its low weight, low cost, satisfactory performance, and the availability of abundant raw materials. In this study, five-ply combi 
plywood panels were produced from eucalyptus, beech, and poplar using urea formaldehyde adhesive to combine rotary-peeled veneer sheets. Three 
plywood groups were produced with different combinations, and we investigated the screw withdrawal and nail withdrawal of the combi plywood. In 
addition, we determined the air-dried density and equilibrium moisture content of the plywood panels that were produced. The test results were analyzed 
using the SPSS software program.  We used the data that were obtained to determine the combi plywoods that provided the greatest screw and nail 
holding capacities. In addition, we investigated the relationship between density and fastener holding capacity.  
Keywords: Screw withdrawal, nail withdrawal, combi plywood 
 
   

 

OKALİPTÜS KAYIN ve KAVAK KAPLAMALARINDAN ÜRETİLEN KOMBİNASYON 
KONTRPLAĞIN VİDA ve ÇİVİ TUTMA KAPASİTESİ 

Özet   

Kombinasyon kontrplak farklı ağaç türlerinden soyulmuş iki ya da daha fazla kaplama levhasından oluşur. Kombinasyon kontrplak, düşük ağırlık, düşük 
maliyet, yeterli performans ve bol hammadde mevcudiyeti gibi bazı avantajlara sahiptir. Bu çalışmada, beş tabakalı kombinasyon kontrplak panelleri, 
üre formaldehit tutkalı ile okaliptüs, kayın ve kavak soyma kaplamaları kullanılarak üretilmiştir. Üç farklı kontrplak grubu farklı kombinasyonlarda 
üretilmiştir ve bu kontrplakların vida ve çivi tutma dirençleri araştırılmıştır. Ayrıca, üretilen kontrplak panellerinin rutubetleri ve hava kurusu 
yoğunlukları da belirlenmiştir. Test sonuçları, SPSS programı kullanılarak analiz edilmiştir. Elde edilen veriler, en yüksek vida ve çivi tutma kapasitesini 
sağlayan kombinasyonu belirlemek için kullanılmıştır. Ayrıca, yoğunluk ile çivi-vida tutma kapasitesi arasındaki ilişki de araştırılmıştır. 
Anahtar Kelimeler: Vida tutma direnci, çivi tutma direnci, kombinasyon kontrplak 
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Abstract   

In today’s world, the effect of competition between businesses is very important. Due to this, businesses have to compute with counterparties in national 
and international markets. In this competitive environment, only the companies which take into consideration the need of their clients, rapidly produce 
quality and cheap products and deliver the goods to wherever the clients need, will be successful. In this study we concentrated on the effect  of the lack of 
branding that effect the competitiveness of a furniture company and this study also concentrated on the solutions to these problems. This study  has been 
implemented on managers  and R&D staff at furniture businesses in Izmir  province. Result of the survey carried out were analysed and problems with 
branding has been high lighted.  
 
Keywords: Competitive, brand, branding 

   

 

MOBILYA İŞLETMELERINDE REKABETI ETKILEYEN MARKALAŞMANIN 
YETERSIZLIĞI VE ÇÖZÜM YOLLARI (İZMIR ILI MOBILYA IŞLETMELERINDE 

BIR UYGULAMA) 

 

Özet   
Son yıllarda yaşanan ekonomik, sosyal ve teknolojik değişimler insanların ihtiyaçlarını etkilemiş ve bu değişimler uluslararası işletmelerin artmasına ve 
gelişmesine yol açmıştır. Uluslararası işletmelerin hızla büyümeleri karşısında uluslararası rekabetin yapısında da bir değişim meydana gelmiştir. Bu 
süreçte, rekabet edebilme yeteneğini markalaşma ile yapan işletmelerin, marka avantajını kullanarak rakiplerinden farklılaştığı ve sabit müşteri portföyü 
etkisiyle daha güçlü duruma geldikleri, pazarda daha kalıcı bir hal aldıkları gözlemlenmiştir. İnsanlar, sadece yakın geçmişimizden itibaren değil, çok 
uzun zamanlardan beri mal ve hizmetlerini markalaştırmaktadırlar. İnsanlar, bir eşyayı beğenirlerse bunun için kimi öveceklerini, gelecekte bu malı 
nereden temin edebileceklerini veya bir problemle karşı karşıya kaldıklarında bu hatadan kimi sorumlu tutacaklarını bilmek amacıyla, eşyaların ya da 
duvarların üzerlerine bir takım işaretler koymuşlardır. Araştırmacılar tarafından yapılan kazılarda Güney Fransa’daki Lascaux Mağaralarının 
duvarlarında M.Ö. 15 binlere kadar dayandığına inanılan aitlik göstergesinin bir şekli olan çok sayıda el izleri bulmuşlardır. Mısırlılar, Romalılar, 
Yunanlılar ve Çinliler gibi eski medeniyetler de sahiplik ve kaliteyi belirtmek için çanak-çömleğin ve diğer eşyaların üzerlerine mühürler koymuşlardır 
(Perry ve Wisnom, 2003). 
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Abstract   

It is no doubt that structured classes are very significant for individuals with Autism and different kind of physical and mental disabilities. Especially tables 
and chairs are playing an effective role in cognitive training because every student has different kind of physical specialties, behavioral and muscular 
differences. Additionally, these chairs and tables have to be different for individual and group education because children with disorders are more sensitive 
than normal students in terms of cognitive training continuum and perception. Moreover, every student can be different physically and mentally from 
each other in the same special education classes. For this reason, if Special Education Sciences and Furniture Technology studies work collaboratively, 
this interdisciplinary study can provide functional and beneficial education furniture for individuals with disorder in schools. As a result, this academic 
poster aims to provide measuremental and functional information about tables and chairs in special education classes in terms of cognitive learning and 
physical suitability.   
Keywords: Special Education, Chair, Table, Furniture Function, class 
   

 

ÖZEL EĞİTİM SINIFLARINDA (GRUP VE BİREYSEL EĞİTİM İÇİN) MASA VE 
SANDALYELERDE ARANAN ÖLÇÜ VE FONKSİYONEL ÖZELLİKLER 

Özet   

Otizm, fiziksel ve zihinsel engelli vb. farklı engelleri olan bireyler için özel yapılandırılmış sınıfların çok önemli olduğuna dair şüphe yoktur. Her öğrencinin 
davranışı, fiziksel özellikleri ve kas sistemlerinde farklılıklar vardır, buna bağlı olarak özellikle masa ve sandalyeler, bilişsel eğitimde etkin bir rol 
oynamaktadır. Ayrıca, özel durumu olan bu çocukların bilişsel eğitimi, süreklilik ve algı açısından normal öğrencilere göre daha farklı ve duyarlı oldukları 
için bireysel ve grup eğitiminde kullanılan sandalye ve masalar farklı olmak zorunda. Her bir öğrencinin fiziksel ve zihinsel olarak farklı özelliği olması 
nedeniyle aynı özel eğitim sınıflarında birbirinden farklı bireyler bulanabilmektedir. Bu nedenle Özel Eğitim Bilimleri ve Mobilya Teknolojisi Bilimleri 
disiplinler arası işbirliği içinde çalışarak, , okullarda bozukluğu olan bireyler için fonksiyonel ve yararlı eğitim mobilyaları sağlanabilir. 
Sonuç olarak, bu akademik çalışma bilişsel öğrenme ve fiziksel uygunluk açısından özel eğitim sınıflarında masa ve sandalyeler ile ilgili ölçüsel ve 
fonksiyonel bilgi vermeyi amaçlamaktadır. 
 
 
Anahtar Kelimeler: Özel Eğitim, Sandalye, Masa, Mobilya Fonksiyonu, Sınıf 
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Abstract   

Recent years, using coatings on materials have been grown up and the materials surface characteristics where the materials using can be varied by 
coatings. Preparation of Water repellent (superhydrophobic) texture surfaces, is crucial for most areas. Surfaces that have water contact angles larger 
than 150° are called “superhydrophobic”. Superhydrophobic characteristic can be obtain by coating the texture surfaces with nanomaterials. It is possible 
to use various materials for this purpose. Nano, is a unit of measurement techniques and a nanometer is one billionth of a meter refers to. An application 
of nanotechnology in the water-loving (hydrophilic) and water repel (hydrophobic) surfaces to prepare. 
In this study, it is aimed to obtain a superhydrophobic surface on wood with two different materials and to compare the water repellency and structures 
of obtained materials. For that purpose, silicon dioxide (SiO2) and Zinc Oxide (ZnO) nanoparticles are obtained and fabricated on surface and a 
characterization of the study is achieved. 
Superhydrophobic nano-particles of using the effect of surface treatment of wood materials were investigated. Reducing the water exchange in the study 
of wood, which are intended to improve the technological properties, also aimed to contribute to the information gap in the literature by putting forward 
the impact of nanoparticles on the surfaces superhydrophobic operations. 
Consequently, it is observed that the superhydrophobic characteristic can be obtain with both methods and the contact angles are close to each other. 
Keywords: Superhydrophobic nano particles, Nano Technology, Wood-based panels, Wood protection. 

   

 

SÜPERHİDROFOBİK NANO PARTİKÜLLERİN AHŞAP VE AHŞAP ESASLI 
MALZEMELERİN ÜSTYÜZEY İŞLEMLERİ ÜZERİNE ETKİSİ  

Özet   

Son yıllarda malzemelerde yüzey kaplamaların kullanımı yaygınlaşmaktadır ve bu malzemeleri kullanıldığı yere göre yüzey kaplaması ile şekillendirmek 
veya özelliklerini belirlemek mümkün olmaktadır. Malzemelerin yüzey özelliklerinden biriside suya karşı dirençlerinin kullanımıdır. Su itici veya ıslanmaz 
(süperhidrofobik) yüzeylerinin hazırlanması, pek çok alan için önem taşımaktadır. Su damlası temas açısı 150°’den büyük olan, yüzeyler “süperhidrofobik” 
olarak tanımlanır. Nano malzemelerle ahşap yüzeyi kaplanarak süperhidrofobik özellik sağlanabilmektedir. Nano, teknik bir ölçü birimidir ve bir 
nanometre metrenin milyarda birini ifade eder. Nanoteknolojinin bir uygulaması da suyu seven (hidrofilik) ve suyu iten (hidrofobik) yüzeyler 
hazırlamaktır. 
Bu çalışmada, nano boyuttaki iki farklı malzeme kullanılarak ahşap yüzeylerinin süperhidrofobik hale getirilmesi ve elde edilen yüzeylerin 
süperhidrofobik özelliklerinin ve yapılarının karşılaştırılması amaçlanmıştır. Bu amaçla, Silisyum dioksit (SiO2) ile Çinko Oksit (ZnO) nano partikülleri 
yüzeye kaplanarak karakterizasyon çalışması yapılmıştır. 
Süperhidrofobik nano partiküller Silisyum dioksit (SiO2) ile Çinko Oksit (ZnO) kullanılarak, ahşap malzemede yüzey işlemleri üzerine etkisi araştırılmıştır.  
Çalışmada ahşap malzemelerin su alış verişinin azaltılarak, teknolojik özelliklerin iyileştirilmesi amaçlanmış ayrıca süperhidrofobik nano partiküllerin 
Üst yüzey işlemleri üzerine etkisinin ortaya konularak literatürdeki bilgi eksikliğinin giderilmesine katkı sağlaması hedeflenmiştir. 
Sonuç olarak, her iki metotla da süperhidrofobik özelliğin ahşap yüzeyine kazandırılabildiği, elde edilen temas açılarının birbirine yakın olduğu 
gözlenmiştir. 
Anahtar Kelimeler: Süperhidrofobik Nano parçacıklar, Nano Teknoloji, Ahşap Esaslı Levhalar, Ahşap koruma 
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Abstract   

It is possible to say that the structures, which materials are used with nominative in today’s technology, repeat themselves in variety of structure. Concrete 
mass which are exposed the holes of bolt mold, metal surfaces which are protected of view oxidized, wood plaques impregnated for avoid only the 
conditions of outdoor are frequently used in architecture, either indoor or outdoor, due to their natural appearances.  
The designers, who adopted the approach of using materials in their natural states, tend to make difference in about structures in this repetition and try 
several technics. Approaches of usage by giving texture or forming pattern to surfaces of materials of concrete, plaster, etc., which are used pouring into 
molds pre-prepared, can give an example for those technics. 
It’s necessary to shear or contuse the certain regions of concrete surface to create pattern and texture on concrete out of the mold, and these operations 
create loss of time and energy in implementation process.   
Another method of forming pattern and texture on concrete surface is to use the special-designed molds in casting process. It is taken a mould by forming 
model with the materials like clay, mud, plastilin, which can be shaped easily and pouring concrete to these molds, intended texture on the surface of 
concrete out of the mold is obtained.  
In this study, different methods about the forming texture on the surface of concrete are obtained, starting from the traditional molding stage to silicon 
mold technology. Production method and process of texture, which are become different from standard operations and can be premeditated for the texture 
obtained are examined with positive and negative sides as main subject of the study. 
Keywords: Texture, silicone, moulding, casting 
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Abstract 
Furniture emerged with the most primitive form of life, and it maintained its importance as a significant part of everyday life according to people's needs. 
In particular, therewere developments in production techniques when societies became sedentary. Asa result, furniture production and its use became 
widespread. Later on, interms of quality more complicated and more developed furniture were produced than before thanks to the opportunities provided 
by the developments inproduction techniques. As to in our day, the widespread use of computer aided design and digital production concept has a serious 
effect on furniture production. Today these technological innovations enable furniture manufactured with quite different methods from half a century 
ago as can be manufactured more inquantity, more quickly and almost without any error probability. Digital production techniques, which provide this 
opportunity and still develop, enablemore complicated designs to be manufactured by taking into consideration the requirementsof the indoors. 
In this study, the use of digital production systems, particularly based on removing, adding and forming is intented to present the change and advantages 
they provide compared to the past. 
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