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Abstract

Living spaces in our day are densely furnished with very different artificial objects. Especially
urban life requires that these objects should be various as well as their materials. Interior and
outer spaces in cities, interior fixtures of living and working spaces accommodate all items of
the material culture and thus spaces are swarmed with objects. Objects of use in living
spaces, as products of design, are structures made of one or two materials. These industrially
produced designs are products whose features were determined according to many factors
such as their function, their place of use, their users, the competitive power of their
manufacturing company, the company’s expectations, and to environmental protection and
recycling factors.

Also among the factors that affect the design of industrial products are material and structure.
Designating the right material, production type and right structure are important in terms of the
sustainability of designs and production management. This paper studies how the type of
structure, amount of materials used in the structure, the number, thickness, and weights of
parts that form the structure, the number of processes in the production affect the design of
product and sustainability of production. For this purpose, designs are categorized under
different structure types in the study. Furthermore, in the production method, the study
explains a measurement technique with the strain gauge and making use of computer
analyses as an auxiliary method in developing the mentioned structure types.
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1. Introduction

Material and structure are of great importance among the criteria that affect
industrial product design. It is compulsory that material and structure have to
be considered together with production and with all other factors related to
production. Various structure types with different structural features are
developed during industrial product design. While one step in the design
process is producing the design with a suitable material another step in the
process is choosing a structure which is suitable for the material, function,
space, production methods, etc. Structure design of the product requires
team work of people that include designing engineers, constructors,
marketing experts, etc. A design process is required to meet the
expectations from the design in the production process in the most precise
and proper manner. In this context, the relations between form-material-



structure are observed and analyzed in various industrial product samples.
The study considers the effects of structure in industrial product design in
the context of sustainability of future designs.

Material choice is of great importance in design, and the structure of the
design is effective in such choice. This article deals with structure, which has
not been studied much in the literature of product design. What's more, the
place of each structure in product design is considered in terms of
sustainability. The relations of each studied structure with the form and
material require a comprehensive examination. Comprehensive studies on
the relations of structure, form, and material will make it possible to gather
different information about different products. Various structure types were
analyzed in this study in order to identify the connection of structure-form-
material relationship with design and its sustainability. These relations were
considered along with the laboratory tests made on a design, and their
connections with productivity and sustainability were established.

2. The Structural Features of Industrial Product

It is the objective of this study to direct design process towards focusing on
structural works in terms of the sustainability of designs. The extent to which
design may be improved by focusing on structural work and different
measurement methods will be shown with an application. Today the
employment of material and energy are matters of great importance in all
fields. The use and quantity of material gain importance in industrial product
design where millions of products are mass-produced in industrial plants.
The material, its amount, its type and manner of use, the shapes and
numbers of assembly parts are decisive in the structure of design. Producing
an optimal solution for the design will be easier with decisions made by
focusing on these details in design management. Productivity is one of the
important criteria of sustainability (Bal, lldirar, Ozmen, 2001). One aspect of
this multi-faceted phenomenon could be the creation of products whose
structures economize on material, work force and energy. This article deals
particularly with various structure types used in designs and their
productivities. According to the definition by Mayall (1967) the requirements
of product design fall into three groups: technical, ergonomic, and
aesthetical. All three groups are closely interconnected and all factors of
design could be considered within these three. Structure is in the technical
group: structure, as a system of relations between elements and parts and
as a concept that shapes these relations is the physical basis of product
design. The structures that will be dealt with in the scope of product design
could be defined as follows (Gunal Ertas, Bayazit, 2007).

2.1. Shells

Shells are structures in which an outer shell of a certain thickness forms the
structure and keep it standing. They are elements with curved surface,
whose thickness is rather small compared to their other dimensions. Shells
are structures with curved surface for easy removal from their molds as it is
the nature of their production; they have radiuses (a segment of a circle) on
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their sides and corners and they form an upper surface similar to the skin,
which covers the viscera of organisms (Figure 1,2). Shells could be used in
many fields in design such as furniture, household and office objects of use,
sanitary materials, food containers, products whose inner volume is used
such as suitcases and bags, etc.
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Figure 1: Shell design Figure 2: Behaviors of shell design
top: Deformation diagram of shell
design
bottom: Moment diagram of shell
design

Structural features:
e Shells generally stand alone as one piece; they are continuous,
curved and thin surface carriers.
e They are structures where few materials could be used and whose
strength depends on the measurement, thickness, form and material.
e They generally convey load with tensile, compressive, and shearing
forces (Engel, 2004: 226-257).
e Their resistance against uniform load is better than against
concentrated load.
Thin shell structures makes it possible to economize on material. Despite the
fact that they are thin they provide the required resistance to forces. Thanks
to this feature, shell designs are productive and sustainable.

2.2 Massive Structures

They are structures that stand as a solid mass. This is a type of structure
from the ancient times when, not knowing much about material processing,
they processed only the outer surface of the material Massive wood
structures were encountered a lot. This structure is employed when a mass
weight is required and when solidity is required as with the case with light
materials of today. Traditionally, massive structure is seen in chiseled and
engraved wood and stone ornaments, and in contemporary forms we can
see polyurethane foam, etc and some two-component material (Figure 3,4).
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Figure 3: Tension diagram of Figure 4: Deformation diagram of
massive prismatic cube stool massive prismatic cube stool

Structural features:

e They are structures whose static and dynamic features and resistance
depend on their geometrical form.

e They are massive conveyors which bear loads in all directions.
Although their resistance depends on the massive structure of the
material, long-term resistance may change according to dimension,
form, and type of material.

Massive structures are used when design, material, or production method so
requires. Massive structures do not provide productivity in terms of
economizing on material. However productivity increases in some designs
where massive structures make it possible to use different contemporary
and regional materials and simple production techniques.

2.3. Frames

Frames are systems obtained by a rigid horizontal, vertical, or diagonal
connection of hollow or solid rods. Frame structures could be grouped as
pipe-section frames and massive-section frames. Generally bicycles,
furniture, fitness tools, bathroom-kitchen accessories, display units, etc. may
be counted among frame structures (Figure 5,6).
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Figure 5: Tension diagram of frame Figure 6: Deformation diagram of frame

Structural features:

e Frames are systems where loads are conveyed by rods at different
directions (Engel, 2004: 178-191).

e The directions of the rods in the system, section types of parts,
dimensions and materials are important for the balance of the frames.

e The structural behavior of the frame differs according to uniform load
and concentrated load.

Frames are ideally sustainable structures because of their productivity. They
are systems with high rates of use in product design. Frames make it
possible to create designs with less material and parts, to use ready-made
parts and support modularity. A longer life-span is provided with their
endurance. These qualities provided by frames increase productivity in
product design. The experimental study in the article was based on a frame
design which has high productivity and sustainability.

2.4. Membranes

These are structures filled or inflated with material such as air, gas, liquid,
granule, foam, waste, etc. Depending on the material they are called filled or
inflated (Figure 7,8). Filled or inflated structures are generally spherical,
cylindrical or curved. Products such as filled or inflated furniture, toys, rubber
dinghies, sea toys, life vests, air-pressured huts, and sports tents, etc. could
be counted in this group.
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Figure 7: Inflated
membrane

Figure 9: Deformation Figure 10: Figure 11:

diagram of the filled Tension diagram Deformation diagram

membrane of the filled of the filled membrane.
membrane

Structural features:

e The materials used in membrane structures are generally resistant to
pressure thanks to the air or fill inside. They are flexible, but with a weak
tensile strength (Figure 9,10,11).

¢ Inflated membranes could be subject to compressive, tensile, and
shearing loads. Their flexural rigidity is low (Engel, 2004: 89-103).

e The membrane is theoretically in balance when inner pressure is equal
to the outer forces. The surface tensions are zero. The force affecting
the surface changes according to the air, liquid, or granule inside the
membrane and conveyed to certain areas. No breaking occurs during
conveyance.

Since membranes are fillable or inflatable outer surfaces, they are easy to
use and practical. Economical material use in membrane designs increases
productivity of design. The use of right materials with proper techniques in
membranes adds to the endurance and life-span of the product, thereby
increasing the sustainability of design. Bio-degradable plastic could be used
as material in membranes instead of harmful plastics to avoid problems in
sustainability.

2.5. Sheets

Sheet structures could be of plane, ribbed, or folded type and they are
structures whose thickness is quite smaller than other dimensions as their
name suggests (Figure 12). Load distribution could be seen in two
directions. Examples for this group are display, roof covers, advertisement
panels, cupboards, tables, writing boards, etc.
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Figure 12: Sheet Figure 13: Tension diagram of Figure 14: Deformation
furniture a sheet furniture diagram of a sheet furniture

Structural features:

e Sheets are subject to tensile, compressive, shearing, and flexural forces,
they convey the load best to the surface. In such case they behave
according to section thickness and material (Figure 13,14).

e Their resistance against uniform load is higher than against
concentrated load.

e Flexural moment is more in sheets.

e The balance of the sheet structure is proportional to the correct
positioning and connection of sheets in the structure.

Sustainability of sheets differs according to design, material and production
method. In some designs endurance is provided by twisting the material in
proper areas. Sometimes the thickness is increased in order to increase
endurance. The sustainability of sheet-structure designs are affected by
processes on material such as pressing, perforating, folding, laminations,
etc. Design could provide the development of optimum solution.

2.6 Space Systems

Space systems which find extensive use particularly in the field of
architecture are systems where rods are joined at their ends together in
web-like networks. They form quite a steady structure with very little
material. Among the designs that bear the features of this structure display
stands, storage, sales and advertising units, modular toys, furniture such as
chairs and tripods, etc. could be counted (Figure 15).

n
Figure 15: Chair witha  Figure 16: Distribution of ~ Figure 17: Deformation
space system - Tom force on the product diagram of the product
Dixon design, produced
from steel rods (Fiell,
1997, pp: 650)
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Structural features:

e In load conveyance at space structures, affecting forces are
distributed on many rods and on components at different directions.
Since they are determined geometrically, various designs could be
made with different angles (Figure 16,17).

e Generally the top surface resists to compressive force, and bottom
surface to tension.

o Different joint point solutions could be used. Different solutions
developed for joining the rods include bolting, welding, and sliding
into one another.

Space structures are the closest to sustainability with their basic structure.
The semi-product rods they contain require a minimum amount of material.
Since space structures contain reusable modular prats they are ideal
systems in terms of productivity and sustainability

2.7 Hung- tensile Systems

Hung tensile systems are structures with tensile strength hung with
components such as rope, wire, cable, etc. They can be mounted to the
ground, wall, or to other fixed elements. Display units, tents, shelf systems,
etc. could be counted as examples to these systems (Figure 18).

Figure 18: Forces in hung Figure 19: Moment Figure 20: Deformation
system tent diagram of the hung diagram of the hung
system tent system tent

Structural features:

Materials subject to tensile, compressive, and flexural forces show physical
reactions such as twisting, turning upside down, and crumpling. Therefore
additional safety measures should be taken (Figure 19,20).

e Materials with high resistance are more suitable for use.

e Wires or ropes installed in the system and membrane surfaces with
no elasticity of flexure may convey the load if they are positioned so
that they are deformed in the direction of the force and the whole
system will be operable.

Hung-tensile systems are used both indoors and outdoors. Therefore,
products with hung-style systems have a longer life when proper weather-
proof materials are chosen and the structure is installed accurately.
Productivity and sustainability of space structures could be increased with
correct decisions in the design process.
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2.8 Mixed Systems

They are mixed systems that bear the characteristics of different structures
at the same time. Mixed structures may be tools with complicated systems,
furniture, lighting fixtures, display units, roof covers, direction systems, etc.
Structural features: They carry the features of different structures they
embody.

Each of the mixed structures carry different structural features. Therefore, a
different solution should be developed to provide sustainability to each.

3. Sustainability and its Development

In recent decades the number of forest fires and population increased,;
industrialization pervaded the world, petroleum products have been used
increasingly as fuel; natural sources are on the decline. Scientific studies are
in progress for the protection of habitats and researches are in place for the
measures that could be taken for the sustainability of such protection.

For the last 40 years, raw material and petroleum fuels have been used
extensively. Accordingly, “sustainability” emerged as the outcome of
increasing waste and resulting environmental pollution that put lives into
peril. In 1984, World Commission on Environment and Development
(WCED) convened for the first time and issued the Brundtland Report in the
spring of 1987. This report defined the term “sustainable development” for
the first time, and it showed that people could achieve sustainable
development (www.mddep.gouv.qc.ca). In 1992, the United Nations
Conference on Environment and Development-UNCED) convened in Rio de
Janeiro. The conference opined that the main reason for the gradual
deterioration in nature was the unsustainable models employed in
production and consumption in industrialized countries. With the “White
Paper” issued by the European Commission in 1994, a political infrastructure
was formed with the title “Growth, competitiveness, employment: new
formations and methods to follow on our way to 21% century”. To state it
briefly, raw materials have to be used as efficiently as possible. Mounting
technologies should be improved, recycling and reproduction capabilities
must be supported. Recycling of materials is possible with design measures
taken during the planning of the product or the process. Experts should
accompany designers and engineers who are competent in product
development. For a sustainable development of the product in terms of
structural features: Design process could easily perceive the integrity of
respective elements.

e The integrity of elements should be judged well.

¢ In this integrity, design and the structure of the product are important.
Sustainability starts where future lives could be intuitively guessed by
gathering information from the present.

e We live in an era that is flooded with irrelevant and excessive
information. So, it is important to ensure that beneficial information is
chosen.

e It is essential to support designers in their efforts to find solutions to
problems and ease their work at a period when design problems are
both exhaustive and various, and to work in teams when necessary.

In solving complex design problems, team work is ideal in relieving the

burden of designers and developing proposals for sustainable solutions.

However, we are in dire need of design managers who will perceive the

design problems of the future in advance. Meier's (1978:246) schematic
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definition made by making use of Andersen’s (1971) studies show the
comprehensive scope of the design management that would address this
need. Design management covers all issues related with the following
concepts:
e Design purpose system,
e Design information (Informatics),
e Design planning,
e Design organization
For a conscious development of structure in design all these concepts
should be considered together. The relations between the concepts and
information flow will lead to development in design. Design process should
most efficiently deal with the production methods of the manufacturer firm
and cost-efficiency of the material. This takes into account not only the
sustainability of the company, but also of the future habitats. It may be
necessary to plan again the whole organization and design; obtaining
information will be more sensitive and comprehensive with concepts such as
green design and production. Although the purpose of design is to create
income for the enterprise, design management should accept that income
system will collapse if sustainability is ignored. Accordingly, while the
products differentiate for the market, design management has to find a
balance between innovative design and rational and economic behaviors. It
should be among the tasks of the design management to improve the
corporate identity and relevant product identity for sustainability. Sustainable
production requires environment-conscious enterprises and designing
sustainable products. Sustainable design could be grouped in the following
manner:
e Products which could be collected and reused, such as glass,
stainless steel, etc.
e Products whose modularity and worn parts could be changed and
renewed such as household and office objects, cars, etc.
e Products which could be recycled to obtain new raw materials, such
as paper, metal, plastic etc.
e Products whose structures are retouched with economic measures
to save energy, time, etc.
“Productive design of structures” will be considered in this study with a
model work. This model study employs frame structures which are widely
used especially in design sector. Other structure types were analyzed in
terms of the productivity of sustainability.

4. Improvement of Structural Features in Terms of Sustainability of
Design

In the scope of the sustainability of design products, strain gauge technology
and stress analysis methods were employed in the study of product
structure. The applicability of these techniques in industrial product design
was interrogated. Methods were applied on a seating unit which was
manufactured with pipes in a frame, or skeleton structure. According to
measurement and analysis results seating unit was redesigned. Design
should be made taking into consideration the strength of the product,
material selection, and material balance. It should be noted that not only
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designers but also administrators of the design process should attach
importance to structural measurements. Each structure type has its own
measurement and analysis type. The objective for the frame structure here
is to provide resistance for the seating unit, while decreasing the number of
parts and materials. For these objectives, deformation measurements and
strain analyses were carried out on the structure. Strain measurement
technique, applied with the “Strain gauge” will be briefly mentioned below.

4.1 Measurement Technique with the Strain gauge

Experimental strain analyses in engineering applications could be made
possible only by measurement of deforming units and establishing relations
between these figures and strains. The most reliable method for the
measurement of stretching is by measurement with strain gauge. The strain
gauge technique has become a popular tool for the measurement of many
physical magnitudes.

Figure 21: Original perspective of Figure 22: Points of measurement
frame chair in the frame

204002

Figure 23: Tension diagram of the  Figure 24: Perspective of suggested
frame chair structure

In this study, the change in resistance resulting from deformation could be
tracked by applying tensile force on a metal wire with electrical resistance

64 ITU A|Z 2010-7/1-D. Giinal Ertas, S. Satr



strain gauges. The relation between change in resistance and unit stretching
could be established by approximations. Deformation component could be
known by measurement of change in resistance making use of material
coefficient and “gauge” factor. Elasticity and sliding module is used in the
measurement of values such as fatigue strength (Toprak, 1997).

In this study, the change in resistance resulting from deformation could be
tracked by applying tensile force on a metal wire with electrical resistance
strain gauges. The relation between change in resistance and unit stretching
could be established by approximations. Deformation component could be
known by measurement of change in resistance making use of material
coefficient and “gauge” factor. Elasticity and sliding module is used in the
measurement of values such as fatigue strength (Toprak, 1997).

Steel frame is the dominant component of the structure and sight of the
design (Figure 21). Strain gauge was applied on certain points on the frame
(Figure 22). Various loads (120-180 kg) were applied on the structure,
resulting deformations were measured and tensions were calculated (Figure
23). The values obtained by measurements and by finite element analysis
on computer were considered together to suggest changes in the design to
meet the established objectives for the structure. Whether resistance was
obtained in the suggested design was studied with computer analyses
(Figure 24). The tensions in the considered structure may be found too much
for a standard chair, deformations, yields and breaks may occur. However
spring steel, a material with a high yield stress, was employed in this design
to prevent various structural problems.

4.2 Analysis of Suggested Structure

No problems occurred in the suggested structure since the tensions at
various points remained below vyield stress. It was seen following both the
experimental work and computer analysis of suggested structure that the
suggested design could be manufactured with the objective to decrease the
number of parts, to lighten the structure, to reduce cost and to shorten
production process. The design suggested here could provide sufficient
resistance although the dimensions were reduced and some parts were
removed. The differences between the current seating unit and the one
developed after long structural measurements are so striking as to attract
the attention of designers and experts who administer design.

The superiorities of suggested structure over the current frame structure are
expressed below:

o The weight of current chair's frame structure is 13 kg. Suggested
frame structure is 9 kg. A redundant 4 kg was removed by reducing
the length of pipe, decreasing the number of parts and changing the
steel employed. The product became more portable.

e 2 parts were reduced from the frame structure of the chair, namely a
U-shape part and a rod patrt.

e The reduction in the number of parts in the structure made welding
unnecessary at four points, thus decreasing the number of
processes and shortening production time.
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The benefits of structural developments in design include cost-effectiveness,
lightweight design, ease of use, longer life, removal of physical faults, ideal
dimensioning, sophisticated details, and reduction in workmanship as well as
new functions, and a different look. It is essential that workers in product
design and development are experts of their field and diligent in their work.
What is more, it is important that the designer should have know-how about
endurance. Heskett, keynote speaker in D2B Shanghai 2006 1* International
Design Management Symposium, in his presentation titled ‘Ten Steps to
Heaven: Managing Design for Innovation’ determined the roles of designer
in the formation of a new and strategic product in the fifth step called
“different levels of design practice”:

e Designer as Differentiator,

e Designer as Planner,

e Designer as Interpreter,

e Designer as System Creator.

In the same organization the role of design management is ‘Original Strategy
Management’ among “strategic and organizational emphases” next to the
designer’s “planner” role. On the other hand, again in the same system, the
management has the role of “Original Brand Management” between
“organizational emphasis” and “existing products” besides designer’s role of
“System Creator”. In the light of this information, design management will
undertake important tasks in the original strategies and brands of our time
and of the future. The sustainable products that they will manage will be
studied in detail in terms of structure, and these products will be measured
with various methods similar to the ‘strain gauge’. It must be expected that
design management should have a closer understanding and knowledge
about these matters rather than mere familiarity.

5. Conclusion: Principles For an Accurate Conduct of Sustainable
Design
Realizing an ideal sustainable product is team work. This team work was
shown by Heskett (2006) in the 21 section of his presentation, “Different
Levels of Corporate Activity”. The integrality of the team work is shown there
with an upside-down triangle. The role of “Original Strategy Management” is
the most comprehensive top of this triangle. The increase in values and risks
lie at the sharp bottom tip. It shows that products are developed towards this
direction. It denotes that if ‘original strategy management’ is achieved
completely, the value of the product will increase and the risk will be
reduced. Thus strategically, the future lives should be predicted in the
sustainable designs. Measures should be taken to decrease sale risks and
to increase productivity and value of the product. One such measure is to
improve the designs structurally. In this context, this paper investigated the
sustainability of structure types mentioned here in the scope of productivity.
The originality of this study in terms of product design lies in the fact that it
took as model one of the analyzed structure types. What’'s more, laboratory
tests were made on the product with a new method and obtained results.
Accordingly; a design development which takes into consideration the
structural features in sustainable products should:

e Master the purpose system of design,

e Ensure that multi-sided information and acquired contemporary

information about design are taken into consideration,
e Have grasped the meaning of its top role in the planning of design,
and master every detail in its subject,
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e Be a decision maker who knows about all levels from the decisions
of the institution to the end of production cycle and to recycling
levels, and warns and make interventions when necessary,

e Establish all links between all equipment from design to final
production and master the chain of values, a popular concept of our
time,

e Be aware of and evaluate all added values in the integrality of the
organization besides mastering all these features.

Sustainable production and design have no place for negligence. Besides
large enterprises, SMEs, which have a large share in world industry, should
employ design management with the help of SME support organizations.
The design management with the above features must have well perceived
the importance of sustainable structures of products in their future life.
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Tasarimi etkileyen striiktirel
ozelliklerin siirdiiriilebilirlik yoniinden gelistiriimesi

Gunimiz yasam ortamlari olduk¢a farkhh ve yodun yapay objelerle
donatilmigtir. Caddas yasamin gerekleri bu objelerin yalniz tdrlerinin
yogunlugunu degil, malzemelerinin yodunlugunu da icine almak
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durumundadir. Dis ve i¢ mekanlar, calisma ve yasama alanlarinin ig
donanimlari maddi kdltirtn bitin verilerini iginde barindirmakta ve mekanlar
madde yigini haline gelebilmektedir. Yagsam ortamlarinin tasarim Uriini olan
tim kullanim objeleri bir ya da birka¢ malzeme ile meydana getirilmis
strikturlerdir.

Endlstrinin - Urettigi bu tasarimlar, igslevine, kullanildigi yere, kullanici
kitlesine, Uretici isletmenin pazardaki rekabet giiciine, maddi beklentilerine,
gevre koruma ve geri dénisum gibi bircok etkene gore 6zellikleri belirlenmis
ardnlerdir. Endustri Grinu tasarimini etkileyen bu farkli faktorler arasinda
malzeme ve struktir de dnemli bir yer almaktadir. Malzeme, Uretim ydntemi
ve striktirin dogru belirlenmesi tasarimlarin sirdirdlebilirligi ve Uretim
yonetimi bakimlarindan énemlidir.

Endustriyel Grin tasarimlarinda farkli striktirel 6zellikleri tasiyan cesitli
struktar tipleri gelistiriimektedir. Tasarim slrecinin bir adimi tasarimin uygun
bir malzemeyle ya da Ureticinin surekli kullandidi malzemeyle Uretiimesiyken,
surecin baska bir adimi da malzemeye, isleve, kullanim konumlarina,
mekana, Uretim ydntemine vb. uygun olan bir striktlrin segilmesidir.
Malzeme ve striktlrin, Grdndn tim bigimini meydana getirecek sekilde
tasarlanmasi, tasarimci muihendis, konstriktér, pazarlama uzmani gibi
tasarim slrecine katilan ekipte yer alan farkh kisilerce yapilacak ortak
calismalarla saglanabilir. Uretim siireci iginde Uriinden beklenen farkl
Ozellikleri en iyi sekilde saglayacak tasarimin meydana getiriimesi, tasarim
arindnin en iyi sekilde yonlendiriimesi ve gelistiriimesi ile mumkin
olmaktadir. Bunun basariimasi ise Urunin striktirel 6zelliginin
surdurulebilirlik baglaminda ele alinmasi ve tasarim sireci kapsaminda
sonlu elemanlar ve gerinim dlgme tekniginden faydalaniimasiyla saglanabilir.

Bu calismada tasarimi ayada kaldiran stroktirin tdrt, bu striktirde
kullanilan malzeme miktari, striktlrd olusturan parcalarin sayisi, parcalarin
et kalinliklari, agirliklari, Gretimdeki islem sayisi gibi bazi degiskenlerin
urindn tasarimina ve Uretimin  surdurdlebilirligine nasil  etki  ettigi
incelenmektedir. Bu amagla da c¢alismada tasarimlar farkli striktir tipleri
altinda siniflandirilmaktadir. Ayrica Uretime hazirlama surecinde bahsedilen
farkli striktir tarlerini gelistirmeye ve sirdurilebilirlige yardimcei bir yontem
olarak, gerinim olcer ile 6lgim tekniginden ve bilgisayar analizlerinden
faydalanilmasi anlatiimaktadir. Bu baglamda bigim-malzeme-striktir iligkileri
cesitli endustriyel drin &rnekleri Uzerinden gdzlenmekte ve analiz
edilmektedir. Calismada endustriyel Urlin tasariminda struktirin etkileri
gelecegin tasarimlarinin surdurdlebilirligi baglaminda ele alinmaktadir.

Mayall (1967)in tanimina gére Urin tasariminin gereklilikleri teknik,
ergonomik, estetik olmak Uzere Ug¢ grupta ele alinir. Her i¢ grubun birbirleri
ile siki bagi vardir ve tasarimin tum etkenleri bu ¢ grup iginde ele alinabilir.
Striktir, teknik grup iginde yerini alir. Elemanlar ve pargalar arasinda bir
iliskiler duzeni ve bu iligkiler arasindaki tasiyici dokuyu bigimlendiren bir
kavram olarak struktir Griin tasariminin fiziksel temelidir.

Uriin tasarimi kapsaminda ele alinacak striiktiirler arasinda kabuklar, dolu
striktarler, cergeveler, membranlar, levhalar, uzay kafesler, asma gergi
sistemler, karma sistemler yer almaktadir. “Struktirlerin verimli tasarlanmas”
konusu bu bildiri kapsaminda bir 6rnek ¢alisma ile ele alinmaktadir.
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Kisaca tanimlamak gerekirse, hammaddelerin olabildigince verimli
kullaniimasi gereklidir. Montaj teknolojileri gelistiriimeli, geri dénligsim ve
yeniden imalat kabiliyetleri desteklenmelidir. Malzemelerin geri kazanimi,
yeniden kullanimi vb. ézellikler tGrlnln ya da slrecin planlanmasi sirasinda
alinacak tasarim Onlemleri ile saglanabilir. Bu tasarim &énlemlerinden ¢ok
onemli bir tanesi Urandn struktirel 6zelligini en dogru ve en verimli sekilde
gelistirmektir. Burada tasarimcilarin ve muihendislerin igbirligi icinde
c¢alismalarinin, tasarimin ve Uretimin surdurdlebilirligi adina, Gran gelistirme
surecinde zaman, emek, ve malzeme kaybina son verecek o&lgim
yontemlerini kullanarak drindn gelistiriimesini saglamalari ¢ok ©nem
tagsmaktadir. Ayni zamanda tasarimci da bu 6lgiim yodntemlerini 6grenebilir
ve daha tasarim asamasinda s06zl edilen ydntemlerle tasarimini
dogrulayabilir.

Gelecegin tasarim problemlerini bu glinden algilayabilecek tasarim ve urin
gelistirme uzmanlarina simdiden ¢ok ihtiyag vardir. Bu ihtiyaca cevap
verecek tasarim  taniminin  ve  gelisiminin  Andressen(1971)in
arastirmalarindan yararlanarak Meier (1978:246)’in ortaya koydugu sematik
tanimi kapsamin ne kadar blylk oldugunu anlatir: “Tasarim amag sistemi,
tasarim bilgilenme, tasarim planlama, tasarim organizasyon” dahilindeki tim
konulari kapsamaktadir. Her biri oldukga kapsaml kavramlar, tanimin
genelini kapsayan bu maddeler yalniz kiglk bir alan gibi duran striktirel
yapinin bilingle gelistiriimesi icin, tasarim gelistirme nezdinde, iletisim iginde
olacaklar ve birinden 6tekine bilgi akigi siirerken aksamaya neden olmayan
bir gelisim gerceklesmis olacaktir.

Batan bir tasarim sdrecinin icerdigi bu kavramlarin her biri slre¢ icindeki
striktur gelistirme calismalarinin en iyi sekilde yurGtilmesini saglamaya
yarayacaklardir. Burada konu surddrdlebilir bir tasarim gelistirme
cercevesinde, Uretici isletmenin imalat yontemlerini ve kullanilan
malzemenin ekonomisini en verimli sekilde dederlendirmeyi kapsamaktadir.
Ayrica igletmenin  gelecekteki drlnlerin  ve yasam ortamlarinin
surdurilebilirligi de hesaba katiimaktadir.

Strukturel 6zelliklerin surdurulebilirlik baglaminda ele alindigi bir tasarim
gelistirme, organizasyonun ve tasarimin yeniden planlanmasini, yesil
tasarim ve Uretim, minimum malzeme ve enerji, maksimum verim, tasarlama
sureci icinde tiim Olgimlerin yapilarak zaman, emek ve para ekonomisi vb.
kavramlara daha ¢ok 6nem verilmesini gerektirecektir.

Tasarim amag¢ sisteminin, temelde isletmenin kazan¢ sistemine ydnelik
oldugu dikkate alindiginda surdirulebilirlie gereken énemin verilmesiyle,
strikturel gelisimleri énceden olgllen bir tasarim sirecinin basarisi daha
kalici olacaktir. Olgim glivenligi kazanmis, surdirdlebilir bir tasarim ile
urinlerin pazar farkhlagsmasi saglanmasinin yani sira yaratici tasarimlar,
ekonomik ve akilci ¢ézimler gelistirilebilecektir.

isletmenin kurum kimliginin ve Griin kimliklerinin sUrdurdlebilirlik bilinci ile
gelistiriimesinde faydali sonuglar dogacaktir. Isletme kiltiriine, isletmenin
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tasarim gelistirme sureclerine hakim olacak cevrecilik ve surdurilebilirlik
anlayisi, surdurulebilir Uretimi ve ayni zamanda surdurulebilir Granlerin
tasarlanmasini da beraberinde getirecektir.

Sirdirllebilir  tasarimlar a) Toplanip dezenfekte edilerek yeniden
kullanilabilecek cam, paslanmaz celik vb. Griinleri, b) Geri donustirilerek
yeni hammadde kazanimi saglanan kagit, metal, plastik vb. Urlnleri, c)
Modulerlikleri ile eskiyen pargalari dedistirilerek yenilenebilecek ev, is
araglari, otomobil vb. Grinleri, d) Striktirlerinde ekonomik énlemler alinarak
hammadde, enerji, zaman vb. verimlilik sadlanan Grinleri igermektedir. Bu
bildiri kapsaminda striktirlerin verimli olmasi konusu uygulamali bir érnekle
ele alinacaktir.

Siardurdlebilir, basarili bir tasarim gelistirmenin, tasarim ve Uretim siirecinin
iyi bilinmesini, slrecte yer alan evreler arasindaki iligkilerin dogru
kurulmasini, beklentileri karsilayacak tasarimin yapilmasini, ideal gézimlerin
Uretilmesini saglamasi gereklidir. TUm bu iglerin ve aralarindaki iligkilerin iyi
organize edilmesi, sudrdurulebilir, mukavemet o6lgimli-striktirel tasarim
¢6zUmlerinin gergeklestiriimesi ile saglanabilir.

Striktirel  ozelliklerin ~ sirdlrilebilir  tasarimlar  elde  etmek igin
degerlendirildigi  bir tasarim gelistirme: Tasarimin amaglarini  dogru
belirlemelidir. Tasarimda c¢ok yonli bilgilenmeyi ve bilgilerin iyi
degerlendirilmesini saglamalidir. Tasarimin planlanmasinda yapilacaklari
dogru tanimlamali ve her ayrintiya hakim olmalidir. Seri Uretimin tim
asamalarina ve Urlnin geri donisimine kadar Urdnle ilgili tim asamalari
cok iyi tanimlamali ve ydnlendirmelidir. Tasarim surecindeki tim bilesenler
arasindaki baglantilari kurabilmeli ve tasarima arti deger katabilmelidir.
Sardurdlebilir bir tasarim gelistirme, bitin bu 6zelliklere sahip olmasinin
yani sira avantajlarin ve dezavantajlarin dogru degerlendiriimesini, arti
degerlerin farkina varilmasini, organizasyonun butininun iyi planlanmasini
saglamalidir.
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