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' Figen BEYHAN !

Abstract

The fact that built environments, which are necessary for people to survive by hosting organizations such as
shelters, work, and service cannot meet the functional needs over time, creating a problem for investors, owners,
and users. The way to deal with these problems is to have a flexible building design to suit the new conditions to
change the capacity, function, and performance. The fagade, which is highly affected by indoor and physical
environmental conditions; should have a modular, similar, adaptable, and detachable system. In this study,
facades with these systems are designed with fractal geometry features that mathematically define the
complexity, self-similarity, and access to the macro scale from the micro scales. In conclusion, a facade system
that can adapt to changes by making use of a fractal pattern and provide daylight and solar control in the interior
with the electrical voltage applied to the glass surface has been proposed.

Keywords: Fractal geometry, dynamic and flexible facade, electrochromic glass, fagade design.

Fraktal Geometri ile Dinamik ve Esnek Cephe Tasarimi Gelistirilmesi
0z

Barinma, ¢alisma, servis gibi organizasyonlari iginde barindiran ve insanlarin yasamlarini siirdiirebilmeleri igin
gerekli olan yapili ¢evrelerin zaman icinde fonksiyonel ihtiyaglari karsilayamamasi yatirimcilar, mal sahipleri ve
kullanicilar icin sorun olusturmaktadir. Bu sorunlarla basa ¢ikmanin yolu, kapasiteyi, islevi ve performansi
degdistirmek icin yeni kosullara uygun esnek binalar tasarlanmasidir. Binalarin islevi ile fiziki ¢cevre kosullarindan
st diizeyde etkilenen bina elemani olan cephenin esnek tasarima sahip olmasi icin modiiler, uyarlanabilir, benzer,
sokiliip takilabilir 6zellikte olmasi gerekmektedir. Bu ¢alismada, bu ézelliklere sahip cepheler, karmasiklig,
kendine benzerligi ve mikro éigceklerden makro 6lcege erisimi matematiksel olarak tanimlayan fraktal geometri
ozelliklerinden faydalanarak tasarlanmistir. Sonug olarak, cam yiizeye uygulanan elektrik voltaji ile ic mekanda

glin 1sigi ve giines kontrolii saglayan, fraktal desenden faydalanarak degisikliklere uyum saglayabilen dinamik ve
esnek bir cephe sistemi 6nerilmistir.
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1. Introduction

The service life and potential obsolescence of buildings cause significant problems for investors,
building owners, and users. The usefulness of the buildings weakens due to their inability to meet the
needs in the process. The benefits to be obtained from the building, which reaches the end of its
service life early, decrease, and economic problems arise due to the need for a new building. For this
reason, it is an obstacle for designers to determine minimum performance levels for the life cycle of
the building and solve problems arising from future environmental and functional needs. Rather than
specifying minimum functional requirements for a particular functional use, it is necessary to set
minimum levels of flexibility for buildings with long service life, providing a better way to cope with
future changing demands.

For buildings with long service life, it is necessary to define and design the flexibility levels of elements
such as structure, fagade, service, circulation, and interior. The facade, which separates the exterior
from the interior and is the source of the building's natural lighting and natural ventilation, is a critical
building element for flexible design, as functional and comfort demands are highly affected. The facade
has a long physical life but is only built according to current needs, is difficult to adapt to changes in
the building use process. Similarly, facade systems unchangingly constructed with non-transparent and
transparent surfaces cannot provide indoor comfort and efficiency against physical environmental
conditions that change even during the day. In this direction, similar, addible, modular, and adaptable
forms should be integrated with a dynamic system to change the transparent and non-transparent
surfaces of the facade.

In a flexible facade, design features can be easily provided by developing an algorithm. Within the
scope of the study, additive, modular and adaptive features are created with a dynamic and flexible
facade design consisting of similar forms by benefiting from the elements of fractal geometry like
similarity, incompleteness, and reaching from the micro scale to the macro scale. Also, a system that
can be easily assembled and disassembled, be attached with similar forms, and switch from
transparent to coloured for indoor solar control is developed.

The concept of the fractal comes from the Greek "fractus" and means fragment, fragmented, breaking,
breaking, fraction, and irregularity. Fractals are defined as clusters with self-similarity between scales,
formed by copying small-scale patterns from themselves. Introduced by Benoit Mandelbrot in the
1980s, fractal geometry is a link between the mathematical chaos of nature and Euclidean geometry.
Euclidean geometry contains the concepts of certainty and solidity, while fractal geometry includes
the concepts of uncertainty and disorder (Mandelbrot, 1982). Fractal geometry is used to define forms
that are different from the forms of Euclidean geometry such as circles, squares, and rectangles, and
cannot be defined by Euclidean geometry. Fractal geometry mathematically explains the complexity
of an object in nature based on the order within that object (Yildirim, 2018).

In studies that started with Benoit Mandelbrot and developed later, fractal geometry was classified as
follows according to the degree of similarity and formation type (Mandelbrot, 1982; Mandelbrot, 1989;
Vrdoljak & Mileti¢, 2019; Upadhayay & Maru, 2021):

Degree of self-similarity

1. Exactly self-similar fractals - Contains full-scale replicas of the entire fractal. Also known as
geometric fractals

2. Semi-self-similar fractals - Contains several scaled copies of fractals and several unrelated
copies of fractals. Also known as algebraic fractals.

3. Statically self-similar fractals - Do not contain copies of themselves, but some fractal
properties remain the same.

Category of formation

1. Iterative fractals - These types of fractals are created after translation, rotation, copying, and
replacing elements with duplicates. These fractals are self-similar.
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2. Recursive fractals - These types of fractals are described from recursive mathematical
formulas. These fractals are semi-self-similar.

3. Random fractals - This type of fractal includes partial properties of iterative fractal and
recursive fractal. Clouds, snowflakes, etc. occurrences like these are the best example of random
fractals.

The fractals’ mathematical history began with the mathematician Karl Weierstrass in 1872, and
Weierstrass introduced a “Weierstrass” function, that is perpetual everywhere but nowhere
distinguishable. The Weierstrass function was studied by Helge von Koch in 1904. He improved the
“Koch Snowflake” function (Figure 1a) that was more geometric description of the Weierstrass
function (Lui, Croome & Viljanen, 2012). While Waclaw Sierpinski described self-similar patterns and
the functions that produced them in 1915 (Figure 1b), Georg Cantor gave an example of a fractal self-
similar (Milad, Akhmet & Fen, 2018). The fractals were further developed by Henri Poincare, Felix Klein,
Pierre Fatou, and Gaston Julia in the 19th and early 20th centuries, after in 1975, Mandelbrot brought
these studies together and introduced the concept of fractals (Lui et al., 2012).
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Figure 1a. Koch snowflake (Weisstein, 2022a) Figure 1b. Sierpinski triangle (Milad et al., 2018)

Benoit Mandelbrot stated that the metric measurement of the coastline is not sufficient in the studies
on the measurement of the coastline, and it is wrong to reduce a beach with many shapes to one line.
Mandelbrot introduced the concept of fractal by explaining that it is insufficient to represent some
forms in nature such as mountains, clouds, and plants with Euclidean geometry (Bovill, 2000). In his
studies on a fractal, Mandelbrot explained complex forms consisting of repetitions of similar forms
with fractal geometry, based on the Koch Snowflake, which is formed by dividing a straight line into
three equal parts, placing an equilateral triangle on the middle part, and the endless repetition of these
operations (Ediz, 2003).

Ever-changing fractals have the advantage that they can create a wide variety of forms from a
prespecified first structure. Fractals are models of dynamic systems that are improvable and
modifiable. Fractal geometry relies on creating a whole from parts, as the emergence of the following
step depends on the improvement of the previous one. The whole object is uniquely dissimilar from
the first piece (Mayatskaya, Kashina, Gerlein & Yazyev, 2021).

2. Material and Method

Within the scope of the study, dynamic and flexible facade design with electrochromic glasses is
proposed by the use of self-similarity as the degree of similarity and the iterative as the formation type
of the fractal geometry. It is seen the literature that fractal geometry uses the features of self-
similarity, repetition, imperfection, harmony, and the formation of macro forms from micro patterns

3
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in architectural design. Accordingly, first, fractal geometry and architectural design were analyzed,
electrochromic glasses were detailed and finally, the study method was presented.

2.1. Fractals in Architectural Designs

The fractal dimensions seen in architecture include self-similarity, repetitions, and details that reach
the macro scale from the micro-scale. Fractals are also seen in many details from urban design to the
formation of a building mass, from building materials, and elements to the smallest elements in the
interior. In the past, sub-concepts of fractal geometry were seen in many examples of different
architectural processes. Reflection from fractal geometry in nature and repetition of certain forms or
patterns were used in architectural designs in different periods, cultures, and geographies. Similar and
repetitive patterns at different scales are seen in cathedral and church buildings in Gothic,
Renaissance, and Baroque Architecture in Figure 2 (Jencks, 1997). In modern architecture, especially
in Frank Lloyd Wright's buildings, in addition to the relationship between scales and inspiration from
the forms in nature, complex forms were developed outside of the basic rules, and some structures
had the same characteristics from small to whole (Figure 3) (Vaughan & Ostwald, 2011).

Ostwald, 2011)
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When the existence of fractal geometry in today's architecture is analysed, examples are seen in the
formation of holistic forms that come together from similar forms and modules in the design of the
structure, shell, and interior elements (Figure 4, 5).

Figure 5. Louvre Abu Dhabi Museum designed by Jean Nouvel: The interior effect of the shell design (Mudhaffar,
2019)

Peter Eisenman designed the House X| project based on Mandelbrot's book “Fractals: Form,

Probability, and Dimension” (Figure 6). The concepts of iterative, and self-similarity of fractal geometry

were included in Eisenman's design. House Xl was a composition formed because of the iterative of

the letter "L" shape with rotation and vertical symmetry at different scales. Because, the letter L could

scale efficiently many times and create a fractal architecture (Papasterevski & Cenovski, 2020).
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Figure 6. Peter Eisenman House Xl: Holistic forms designed from similar parts of different scales (Papasterevski
& Cenovski, 2020)

The dormitory building designed by Steven Holl is one of today's structures with fractal characteristics.

The Menger Sponge described by Karl Menger was the inspiration for the building form. (Figure-7a).

Accordingly, the form started with a cube; it was formed by dividing the cube into equal parts, first 9

and then 27. The hollow structure in the building, where there are gaps of different sizes in a

hierarchical arrangement, continued as the scale gets smaller (Mutica, 2016) (Figure 7b).

Figure 7a. Menger sponge (Weisstein, 2022b) Figure 7b. Steven Holl MIT Building (Perez, 2010)

The Federation Square project with public buildings in Melbourne by Lab Architecture Studio; is an
impressive example because of the use of fractal geometry in many areas such as interior, structure,
and facade. Designers used fractal geometry to create geometric patterns consisting of simple
components that allow repetition and differentiation. In the geometric patterns used in the shell
structure of the atrium and amphitheater structures (Figure 8), in the facade cladding panels used in
the buildings in the square, and in the ceiling coverings in the interior spaces, the smallest triangular
form comes together to create holistic and similar forms (Figure 9,10) (Osama, Sherif & Ezzeldin,
2014).

The similar triangular patterns used in the facade panels, structures, and interiors of the Federation
Square project designed by Lab Architecture Studio transformed into very different forms and produce
solutions in many different areas such as facade, interior, and structure. For these reasons, triangular
patterns were the reference for dynamic and flexible facade design from fractal geometry developed
within the scope of that study.



Journal of Architectural Sciences and Applications, 2023, 8 (1) 1-14.

=

- —

F'

-
=<

D~

e
)

O

Figure 8. Fractal geometry in the Federation Square shell structure design (Osama et al., 2014)
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Figure 9. Fractal geometry in the Federation Square facade panel design (Osama et al., 2014)
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Figure 10. Federation Square Buildings' interior fractal geometry effect (Osama et al., 2014)
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2.2. Electrochromic glasses

Electrochromic glasses are materials that change their colour and/or optical properties activated by
the action of electric fields, ions (electric energy), or electrons (Ritter, 2007). Electrochromic glasses
utilize a small electrical voltage to adjust the shading coefficient and visible light transmission. After
turning off the power, they maintain the same degree of dimming. In this way, it is probable to control
the facade’ shading also the lighting and temperature of the inside (Savic¢ et al., 2013).

Electrochromic glass takes advantage of the properties of some elements to change the transmission,
reflection and absorption parameters of solar radiation according to electrical stimulation. The change
of properties of these elements occurs through the addition or removal of mobile ions from the
electrochromic layer. When the electric field is activated, the added ions form compounds that change
the colour of the material and react with the compounds. The amount of energy required by the
system to switch between different coloration states is minimal (1-2.5 Wp/m?), and the amount of
energy required to maintain is even less, thanks to the bistable configuration of electrochromic
materials (Casini, 2015). An electrical voltage of 1-5 Volts is applied to the tungsten oxide film layer,
which is applied to the glass surfaces as a multi-layer film with a thickness of about 1 micron, and the
glass surface is transformed into different colours (Tavil, 2004) (Figure 11).

Electrohome Iayer (clear) Argon filling

Electrohome layer Argon ﬁllmg
Glass Glass Glass
Vig;
e ligh,
Exteriol Interior

Transparent electrochromic layer without voltage applied

Electrohome Iayer (tinted) Argon filling
Electrohome Iaver

Argon ﬁllmg
Glass Glass Glas: Glass
Vis;,
bl gy
Minj,
Mam ),
Che
Exterio Interior

Coloured electrochromic layer with voltage applied
Figure 11. The method of benefiting from daylight with the energy applied to the electrochromic layer

2.3. Method

The features of fractal geometry that contain similar forms, allow additions and subtractions, be
modular, and consist of systematic and harmonious patterns are compatible with dynamic and flexible
facade designs. Accordingly, a facade design that can adapt to changing physical conditions and
changes in the interior caused by user demands is proposed by developing an algorithm in which a
similar whole is formed from the smallest piece with the repetition of similar patterns. The fagade,
created with fractal geometry and electrochromic glass, is a system that, thanks to its dynamic and
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flexible formation when any functional transformation is required or new spaces are organized with
dimensional changes, protects against unwanted radiation levels, prevents glare, prevents unwanted
heat gains on the condition of providing visual comfort inside.

The “1-2- V¥5” triangle, which is used to create texture areas of the facade and interior with panel
elements, and steel structure designs in architectural designs with fractal fiction, is the recommended
pattern for flexible and dynamic facade design. The right triangle “1-2-V5” to be used as a fractal facade
pattern within the scope of this study is a special triangle, and the five triangles come together to form
the larger “1-2-V5” triangle at the same rate. The patterns consisting of five “1-2-v5” triangles can
come together to form a similarly larger triangle. These patterns can come together endlessly and turn
into forms made up of similar patterns (Figure 12).

Figure 12. Example facade form created with a 1-2-V5 triangle (a-1-2-V5, b- five triangle, c- twenty triangle, d-
example rectangle form)

The shading and visible light transmission on the glass are adjusted by electrochromic glasses utilizing
a small electrical voltage. Thus, the glass surface is transformed into different colours. In this study,
different voltages are applied to the electrochromic glass to create transparent and non-transparent
glass surfaces according to the daylight requirement and solar control in the interior. That system
allows changing a similar, modular, addable glass facade form in the interior by fractal geometric
design and transforming transparent glasses to be coloured glasses by the electrical voltage.

3. Findings and Discussion

Fractals consisting of natural forms are used in different fields due to their harmony, aesthetic, and
efficiency features, including architecture and urbanism. While fractals focus on urban planning and
aesthetics in the architectural area, fractal designs are limited functionally and spatially. Since fractals
are regular, modular, and can be articulated infinitely, they can also enable flexible design. The study
also shows the suitability of fractal geometry for flexible architectural design. However, there are very
few studies advocating a flexible design approach with fractal geometry, which allows adaptive and
flexible design setup by responding to changing environments and enables to create of changing
perspectives in the geometric framework (Belma, & Ayyildiz, 2016; Abdullah & Ismail, 2022; Nakib,
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2010). In addition to academic studies, design applications related to fractal geometry in different ways
were developed independently with flexibility and discussed under the title of "Fractals in Architectural
Designs." In particular, the plan system and building envelope formed by the combination of
amorphous and triangular shapes with a fractal pattern in the building designed by Lab Studio, and the
building form formed by the repetition and coming together of cubes in the dormitory building
designed by Steven Holl have taken their place in the literature (Osame et al., 2014; Mutica, 2016).
They are crucial examples that contribute to that study.

Today, where energy conservation is of utmost importance, facade approaches defined as intelligent,
kinetic, adaptable, and dynamic have been put forward to improve energy performance and indoor
comfort levels (Bande, Hamad, Algahtani, Alnahdi, Ghunaim, Fikry & Alkhatib, 2022). Dynamic and
flexible/adaptable facades are classified as mechanical systems in which various mechanisms are
adapted to the facade, hydraulic systems that provide movement on the facade with pistons placed in
the cylinder, and pneumatic systems that can move by pumping air and gas under pressure (Harry,
2016; Yaman & Arpacioglu, 2021). In addition to these, facade systems are developed with material
technologies. Smart glass systems dynamically manage daylight and solar gain by switching between
transparent and reflecting modes to control the flow of natural light into buildings. These systems are
frequently encountered material technologies and are transformed by an electric current named
electrochromic or change under heat-light named photochromic (Jelle, 2013; Yaman & Arpacioglu,
2021).

In the study, a dynamic facade system is proposed based on the electrochromic glass that emerges
due to flexible, developing material technologies with fractal geometry properties. The flexibility and
dynamism advantages of this type of fractal facade:

e Easy formation and assembly due to repeating patterns,
e Changing transparent and non-transparent surfaces according to different needs due to the
electrochromic glass,

e Allowing additions in new space requests due to modular, similar, and single materials,

e Transforming into different forms due to similar and iterative patterns,

e Energy efficiency due to reducing the need for cooling by providing solar control for hot climate

regions,

can be listed as. The triangle patterns designed by making use of the self-similarity and iterative
features of the fractal geometry will meet the adaptation, change, and transformation flexibility needs
expected from the fagade in the building. The fact that infinite patterns can be obtained by adding and
subtracting congruent and similar triangles from triangles has led to the preference for the “1-2-v5”
triangle. In the pattern shown in Figure 12, five of the “1-2-V5” triangles representing the smallest
element on the facade, came together to form a larger triangle. The five triangle patterns come
together to form larger patterns, and patterns consisting of “1-2-V5” triangles turn into a rectangular
form.
In this direction, the dynamic and flexible facade design with fractal geometry developed within the
scope of the study allows daylight and solar control in the interior, physical environment control,
different uses of the spaces, and the change of non-transparent and transparent surfaces. In addition,
the glass surfaces in the fagade design have an electrochromic feature, and the transparency ratios are
changed by applying different voltages to the electrochromic glasses. Thanks to the placement of
electrochromic glasses on the fagade with fractal design in Figure 13, transparent and non-transparent
dynamic facades are presented by changing the colours of the glass surfaces.

10
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Transparent Non-transparent

Dynamic
Figure 13. Dynamic facade design

When a voltage of zero is applied to the electrochromic glasses on the cube surfaces in Figure-14,
where the glasses formed from similar patterns by taking the smallest scale of the triangle 1-2-vV5 form
the building envelope, all surfaces become transparent. With the increase in voltage, the permeability
of the glass system decreases, and it becomes coloured. In addition, applying different voltages to each
of the fractal patterns provides the desired transparent and non-transparent surfaces on the cube
surface. As a result, thanks to the dynamic feature of the fagade design with all glass surfaces, design
flexibility has been achieved, whose transparent and solid surfaces can easily be changed according to
the interior needs.

Transparent electrochromic glass with 0 voltage Coloured electrochromic glass with 5 voltages

Glasses with different voltage on different surfaces  Glasses with different voltage on the same surface
Figure 14. Solid and transparent surfaces were obtained by applying different voltages on cube surfaces with
electrochromic glasses
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4. Conclusion and Suggestions

The underlying of productive approaches is the understanding that the elements come together with
order and rule to form a whole. In architectural design, rule, meaning, and context in the order of the
final product from the architectural elements are similar to the productive approach processes. These
similarities enable generative approaches to be included in architecture and offer designers new
pursuits and solutions with the definition of the productive architectural design approach. Fractal
geometry has been used to support a new approach in productive architectural design in recent years.
In the process of designing forms and layouts that cannot be defined with Euclidean geometry,
iterative algorithms based on fractal geometry provide solutions and conveniences. Although the form
consisting of triangular patterns is a suggestion, the main aim study is to raise awareness among the
stakeholders in the construction sector that flexible and dynamic designs can be achieved with facade
systems created with fractal geometry.

Within the scope of the study, a facade model of flexible design that can easily adapt to environmental
conditions and changing needs of users has been developed, based on the characteristics of fractal
geometry, which offers new solutions in architecture, self-similarity, iterative, incompleteness,
compatibility and the formation of similar large forms from small patterns. In the design developed by
creating similar patterns from the 1-2-V5 triangle, a system that can be added with similar patterns can
be adapted to different conformations and can be controlled indoors with the electrochromic glass
system is proposed. That system prevents unwanted radiation levels, glare, and unwanted heat gains
on facade for interior comfort. In conclusion, thanks to the flexible and dynamic facade design applied
in buildings with long life cycle and where change is inevitable, built environments with continuous
functional service life, economical, efficient, and environmentally effective will be designed.
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Abstract

These buildings, which function as important documents for the period in which they were built, and which have
managed to preserve their original qualities, have been abandoned as a result of various some factors and have
lose their functionality. It is very important to continue to use these original structures, which have since lost their
functionality, with re-functioning as opposed to a passive conservation approach. Architectural decision support
systems, used to create a solution mechanism can assist architects in deciding on the most appropriate function
option for building by systematizing the relationship between spatial analysis of the existing building stock and
functional expectations. Accordingly, the results were observed by using fuzzy logic method in order to determine
the most suitable function option before the design and construction phases for reuse of the building were started.

Keywords: Refunctioning, adaptation, decision support systems, fuzzy logic.

Yapilarda Yeni Islev Secimi Igin Bulanik Mantik Tabanli Karar Destek
Sistemlerinin Kullanimi

0z

Yapildiklari déneme dair 6nemli bir belge niteligi tasiyan, 6zgiin niteliklerini korumayi basarabilmis yapilar, kimi
faktorler neticesinde terkedilmekte ve islevlerini yitirmektedir. islevini kaybetmis ézgiin yapilarin, pasif bir koruma
anlayisi yerine, yeniden islevlendirme ile kullaniimaya devam edilmesi olduk¢a énemlidir. Bu durum, yapilarin
sdrdiiriilebilirliginin  saglanmasinin  yaninda ekonomik, ekolojik ve toplumsal faydalari da beraberinde
getirmektedir. Yapi icin uygun islev segcenedinin belirlenebilmesi adina, mevcut yapi stokunun mekénsal analizleri
ile fonksiyona dair beklentiler arasindaki iliskiyi sistematize eden ve tasarimcilara karar vermede yardimci olan
karar destek sistemlerinden faydalanilabilir. Bu sistemlerden, tasarim ve yapim asamalarina gegilmeden énce,
yapinin yeniden kullanim amacina yénelik en uygun islev secenedinin belirlenebilmesi icin kantitatif bir deger

seklinde sistematik ve rasyonel bir yéntemle sonug (lretmesi beklenir. Bu sonuglarin iretilmesi igcin ¢alismada
bulanik mantik yéntemi segilerek sonug¢lar gézlemlenmistir.
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1. Introduction

Historical environments refer to the ruins and settlements that have survived from past periods to the
present day. These ruins and settlements, which take part in the transmission of such information in
the historical process, are of vital importance in ensuring the continuity of culture. A lot of unwritten
information about the past periods reaches the present day through structures. The structures in the
historical rural settlements, on the other hand, are examples of architecture without architects. These
structures are also important because they are a means of transmitting how sustainable architecture
should be in terms of criteria, such as materials, construction techniques, plan diagrams, and
adaptation to the topography, which have occurred as a result of the experience gained over the years.
However, rural settlements are gradually losing population because the people of the region leave
these settlements due to some reasons such as economic difficulties encountered in rural areas,
security, education, and health; thus, the structures that make up the settlement tissue remain
unclaimed over time. In order to maintain the existence of rural dwellings, which are one of the most
important elements that constitute the rural fabric and which have become open to external
influences because they remain derelict and dysfunctional and are facing the danger of extinction,
different conservation approaches have been developed at different periods on the scale of
settlement. Investigating the adaptive reuse of the settlement, and if possible reuse of it is one of these
conservation approaches. In this context, four different options can be mentioned in order to reuse
rural settlements: museumization, tourism, resettlement, and reforestation (Gller, 2016).

Following the identification of the appropriate revitalization and adaptive reuse option for the current
settlement, it is inevitable that many of the structures shaped according to the time to which they
belong will be loaded with a new function other than their original function. The fact that the structures
maintain their economic life with their new function instead of a passive conservation understanding
brings with it ecological and social benefits as well as cultural benefits. However, in order to ensure
the sustainability of the structures in their original state as much as possible, the existing structure and
the spatial requirements of the new function must be adaptable. In reuse, to be able to decide on the
function option that will serve the revitalization option at the settlement scale, first of all, it is
necessary to conduct spatial and environmental analyzes and, accordingly, the right choice of functions
should be realized. A successful design and implementation can only be possible after this step. In the
process of changing the function of single historical buildings, the intervention method can be
determined by comprehensively analyzing the environmental and architectural features of the
structure. But especially on a settlement basis, to be able to determine the adaptability capacity of the
existing building stock and possible suitable functions, and to be able to provide decision support for
the design and implementation stages, the selection of functions should be carried out systematically
and rationally. At this point, support systems for decision makers can be developed for structure
transformation by using multi-input models. It is thought that in this kind of multi-input design
problem, a model that helps to make the right decision can support architects to decide on the most
suitable function option for any structure by making spatial and environmental analyses of existing
structures and systematizing the relationship between expectations about function. In particular, a
decision support system based on fuzzy logic comes to the fore as a method that can be preferred in
such models in cases where the most appropriate one among the adaptation options is evaluated
instead of the exact results, such as determining the function.

Based on the above-mentioned considerations, this study, it was aimed to create a fuzzy logic-based
decision support system by systematizing the relationship between existing capacity and new
functional change demands and to produce decision support in this way.

2. Conceptual Context

In this section of the study, the concepts of “re-functionalization” and “fuzzy logic”, which constitute
the subheadings of the research, are discussed in line with the limitations of the research, and general
information about reuse and functional adaptation in structures is provided.
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2.1. Re-functionalization

When it is aimed to protect an existing structure, various methods can be applied. Re-functionalization
is one of these methods. It can be expressed as an intervention to extend the life of the structure by
adapting it to a need that is different from its function at the first construction time (Yildirim & Turan,
2012). Structures bearing the traces of the period in which they were built become unable to meet the
requirements expected from them over time as a result of changes occurring in the structure and
identity of society. Especially about the structures in settlements that have lost their population as a
result of various factors, an overall dis-functionalization can be talked about. Structures that are out
of function become structurally unusable over time by becoming vulnerable to the corrosive effects of
external environmental conditions. Giving a new function to the civil architecture samples, which have
the nature of historical documents, by preserving their structural features with certain principles
ensures the transfer of memory and culture in addition to providing a significant amount of energy
and resource conservation. When the sustainability of the existing structure is aimed at a new function,
it is inevitable to experience a change and transformation in the existing space layout with a new
program. In this process of change and transformation, which can be defined as adaptation in reuse,
the adaptation of the structure in a way that can serve the new function and the preservation of its
original identity should be considered in combination. Sustainable adaptation can only be possible in
this way. The first step to be taken for this is to select the right function for the structure and perform
a successful design and implementation (Aksoya & Aydin, 2015).

The sustainability and habitability of the structure depend on the adaptability of the existing structure
to the requirements of the new function. The adaptation of the function to be given to the structure
with the old space means that the context and spatial possibilities overlap (Buyikarslan & Gliney, 2013;
Arpacioglu, Caliskan, Sahin, & Odevci, 2020; Kutlu & Ergiin, 2021, ). Therefore, the spatial requirements
of the new function should be questioned and its compliance with the structure should be well
analyzed. For this, it is relatively easier to perform detailed analysis studies based on a singular
structure. However, a preliminary decision support system will inevitably be needed to be able to make
decisions for a large number of structures on a settlement basis.

2.2. Fuzzy Logic

Fuzzy logic is a concept that was put forward by the mathematician Zadeh in 1965. Fuzzy logic, which
is a rule-based algorithm, also represents uncertainties in contrast to classical logic. This logic type was
designed inspired by the human decision-making mechanism in changing environmental conditions.
With this feature, it has been used for a long time in many decision-support models in the field of
architecture (Baran Ergiil, Varol Malkocoglu, & Acun Ozgiinler, 2022). In Fuzzy Logic, the main idea is
to be able to generate other probabilities that fall between the values of 0 or 1. In classical logic, the
result of a given proposition is either true or false. In fuzzy logic, on the other hand, intermediate values
can be generated to represent uncertainties as an addition to the results of "0-1", "there is-there is
not", and "yes-no" (Zadeh, 1965). The fuzzy logic system is based on the concept of a set and consists
of three basic parts. These parts are as follows:

1. Fuzzification
2. Rule-based inference
3. Defuzzification

In fuzzification, the degrees of membership (membership value) corresponding to the value of the
input variables are determined. These degrees help to determine how much an element belongs to
that set or not. The function that shows the “degrees of belonging” of the set elements is called the
membership function. The start and end values are included in this function. In the function (1) below,
X represents the universal definition set, A represents the fuzzy set, x represents the cluster elements,
and p, represents the membership degrees of the x cluster elements.

Ua(x) = 0; the element x is not included in the set A.
Ha(x): X = [0,1] {pa(x) = 1; the element x is fully included in the set A. (1)
0 < ua(x) < 1; the element x is a part of the set A.
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In rule-based inference, verbal rules are determined by experts using the degrees of membership
coming from the fuzzification unit, and fuzzy results are obtained. That is, the result of the inference is
a fuzzy set.

In defuzzification, in order for these fuzzy sets to make sense in the real world, the obtained fuzzy
information is converted into information used in the real world. These operations can be performed
through various mathematical operations, such as the center of gravity, weighted average, and center
of area methods (Odiik, 2019).

With fuzzy logic, solutions can be produced for complex problems that classical logic cannot solve, and
uncertainties that are also inherent in human nature can be represented. Thus, more objective results
can be obtained by distinguishing between elements that are members of the same set.

2.3. Reuse and Functional Adaptation in Structures

The ability of unused structures to continue their service with their new function is primarily related
to many issues, such as the compatibility of the function to be installed with the spatial layout of the
structure (spatial adaptation) and its location in the settlement layout (environmental adaptation)
(Aksoya & Aydin, 2015). In this context, it is possible to consider the adaptation of an old structure for
the new function under two headings: “spatial functional adaptation" and “environmental functional
adaptation”.

2.3.1. Spatial functional adaptation

In re-functionalized buildings, spatial functional adaptation is determined by identifying the spatial
requirements and analyzing how the use and purpose of use are affected. Since identifying the spatial
requirements related to the function and measuring the adaptation of the existing structure with these
requirements will also shape the future of the structure to be re-functionalized, it is very important for
the sustainability of its function.

The following criteria determine the functional performance of the space in the structures that are
considered to be re-functionalized:

e Spatial dimension (the compliance of dimensional characteristics for the intended use of the
new function and for users),

e Circulation/circulation (compliance of the existing circulation scheme of the structure with the
functional relations of the new function),

e  Zoning/communication/workflow (being able to meet some of the possibilities of the new
function, such as service),

e Flexibility / change (adaptation of the current state of the structure to the needs of the new
function, adaptation of the structure to the current situation, functional adaptation and
flexibility of the reinforcement elements)

e Use / specialization (being a harmony between the original function of the structure and its
reuse)”

2.3.2. Environmental functional adaptation

The re-functionalized structures continue to exist and are protected if they benefit the environment
and the people of the region and if they can respond to environmental needs. Thanks to the re-
functionalizing, it is possible to contribute to the environment by taking advantage of the existing
structures, the sustainability of the settlement is supported, and it is ensured that future generations
benefit from these resources (Dyllick & Hockerts, 2002; Aydin & Yaldiz, 2010). In this context, the
environmental performance of the place can be evaluated through creating a benchmark in the
environment (emphasizing the cultural and historical value of the region, being a means of description
in the environment in which it is located and accepting a new function in the city as a whole) and
symbolic value (revealing the urban symbolic value, aesthetic value, document value of the building)
(Yaldiz, 2013). In addition, the location of the structure within the settlement, reachability as
pedestrians and vehicles, accessibility for different users, or adaptability to the accessibility nature can
be considered within the environmental functional adaptation criteria.
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The reuse and functional adaptation table for the structures created in accordance with the specified
performance criteria is shown in Figure 1. In the study, these adaptation criteria were analyzed, and in
order to determine the ranges for all criteria, values were determined based on literature research.

Spatial Functional Adaptation Environmental Functional Adaptation

1. Structure Dimensions 1. Symbolic Value
2. Flexibility 2. Accessibility
2.1. Additional constructability 2.1. Pedestrian and Vehicular
2.2. Divisibility 2.2. Parking
2.2.1. Vertical 3. Availability
2.2.2. Horizontal 4. View

3. Exterior Embodiment

Figure 1. Reuse and functional adaptation table for structures (Baran Ergiil, 2022)
3. Materials and Methods

Benefiting from decision support systems for re-functionalizing an existing building stock in a way that
will serve the re-evaluation decision taken on a settlement basis will increase the efficiency of the
design and implementation processes. Therefore, the study focused on the development of a fuzzy
logic-based model for the selection of new functions in structures. The main reason for choosing a
fuzzy logic algorithm in the model is that fuzzy logic can produce results that are not sharp and have
high accuracy in uncertain ambient conditions. For this reason, it allows space for intuitiveness due to
the nature of the design. Fuzzy logic can transform the design into a more subjective structure in a
multi-layered decision process such as the selection of new functions in structures by ensuring that
the designers’ point of view and the variable environmental conditions in which the design is carried
out are also included in the decision mechanism.

In this context, the fuzzy logic algorithm was used in the MATLAB environment for the purpose of
creating a model for the selection of new functions in structures. The starting and ending ranges of the
membership functions were determined in accordance with the expert opinion. The Mamdani
controller was used. As shown in Figure 2, there are 9 inputs and 4 outputs in the model. Each input

and output value consists of continuous sets with a certain range.

Accommodation

DESICION SUPPORT MODEL / /><><\

Museum

(mamdani) \ /><><\

Education

L XX\

Housing

Figure 2. Fuzzy logic-based decision support model (Varol Malkogoglu, 2022)

The entry parameters were determined based on the spatial and environmental adaptation criteria.
These criteria were concretized and evaluated in order to be included in the algorithm. For example,
the horizontal divisibility criterion included in the flexibility criterion was evaluated based on the floor
height. In addition, flexibility, which allows changes to the plan according to the new function, was
included in the algorithm depending on the vertical divisibility axle range. The parking criteria included
in the functional adaptation parameter in terms of environmental point of view were numbered taking
into account whether there were enough parking lots in and around the structure, whether the
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structure had a relationship with the surrounding parking lots, or whether there is an urban place that
can be considered as a parking lot. The target values related to all these criteria were obtained from
the literature review and the opinions emerging in the focus group study. The range values determined
for the mentioned properties are shown in Table 1 and Table 2.

Table 1. Membership functions belonging to each input property

Input Parameters

Degree of Membership

Name Parameters Types

None [0 0 0] trimf

- . Small [012] trimf
Flexibility_additional_structure Medium [12 3] trimf
Large [2 3] smf

None [2 3] zmf

Flexibilit _entresol small 2.5 3.25 4] trimf
- Medium [3.5 4.25 5] trimf

Large [4.5 6] smf

Small [1 2.25 3.5] trimf

Vertical_divider Medium [2.75 4 5.25] trimf
Large [4.5 6] smf

Small [1 75 150] trimf

Size Medium [120 235 350] trimf

Large [300 500] smf

Small [0 1 2] trimf

Attainability Medium [12 3] trimf
Large [2 4] smf

None [0 0 O] trimf

- Small [012] trimf
Accessibility Medium [12 3] trimf
Large [2 3] smf

None [0 1] zmf

Parking Small [0.5 1 1.5] trimf
Medium [1.5 2 2.5] trimf

Large [2 3] smf

Small [1 2] zmf

View Medium [1.5 2 2.5] trimf

Large [2 3] smf

None [0 1] zmf

Outdoor_arrangment Small [0.5 1 1.5] trimf
- Medium [1.5 2 2.5] trimf

Large [2 3] smf

None [0 0 0] trimf

. Small [01 2] trimf
Symbolic_value Medium [12 3] trimf
Large [2 4] smf
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Table 2. Membership functions belonging to each output property

Degree of Membership

Output Parameters

Name Parameters Types

Small [0 0 40] trimf

Accommodation Medium [20 50 80] trimf
Large [60 100 100] trimf

Small [0 0 40] trimf

Museum Medium [20 50 80] trimf
Large [60 100 100] trimf

Small [0 0 40] trimf

Education Medium [20 50 80] trimf
Large [60 100 100] trimf

Small [0 0 40] trimf

Housing Medium [20 50 80] trimf
Large [60 100 100] trimf

In the next step of the creation of the model, the structure types were determined. In the re-evaluation
and selection of structures, the possibilities of new functions are quite numerous. However, in this
study, re-evaluation alternatives were focused on for settlements of a rural nature, especially those
that had been abandoned as a result of various factors, and the structure types that can serve options
such as musealization, tourism, resettlement, and forestation were tried to be determined (Giler,
2016). In the study, the structure types were limited to four different types as accommodation service
units, educational buildings, museums, and residences in a way that can serve all the options of
musealization, tourism, and resettlement. Of course, in different studies, it is possible that different
structure types that serve different main functions may also be included in the new function options.

At the stage after determining the types of structures, their interaction with the spatial and
environmental adaptation parameters determined at the previous stage was carried out and they are
shown in Table 3. The interaction values in this table were organized based on the data obtained from
the literature review, and they indicate the importance of the criteria for the mentioned structure
types that have four different functions. For example, structural dimensions are most important for
accommodation service units in order to implement the correct plan design. Whereas reachability is
an important criterion for accommodation service units, educational structures, and museum options
in terms of the sustainability of the function, it is of less importance for the housing option. Whether
the structure has a symbolic value or not is evaluated as an important criterion for choosing the
museum function.

Table 3. Interaction with spatial and environmental adaptation parameters (Baran Ergtil, 2022)

Accommodation Education Museum Housing
Structure Dimensions | high Structure Dimensions | medium | Structure Dimensions | medium | Structure Dimensions | less
Flexibility/ Additional Flexibility/ Additional Flexibility/ Additional Flexibility/ Additional
Constructability high Constructability medium | Constructability less Constructability none
Flexibility/ Flexibility/ Flexibility/ Flexibility/
Divisibility/Vertical medium | Divisibility/Vertical medium | Divisibility/Vertical less Divisibility/Vertical none
Flexibility/ Flexibility/ Flexibility/ Flexibility/

Divisibility/Horizontal | high Divisibility/Horizontal | medium | Divisibility/Horizontal | medium | Divisibility/Horizontal | less
Exterior Embodiment | medium | Exterior Embodiment [ high Exterior Embodiment | none | Exterior Embodiment | less

Symbolic Value medium | Symbolic Value medium | Symbolic Value high Symbolic Value none
Accessibility/ Accessibility/ Accessibility/ Accessibility/

Pedestrians and Pedestrians and Pedestrians and Pedestrians and

Vehicular high Vehicular high Vehicular high Vehicular medium
Accessibility/Parking | high Accessibility/Parking | medium | Accessibility/Parking | high Accessibility/Parking | medium
Availability high Availability high Availability high Availability less
View high View medium | View medium | View less

In the model, after determining the possible structure types, the functional adaptation parameters
that affect the selection of these structure types, and the interaction of these parameters with the
structure types, rules were established based on these interaction states.
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4. Findings and Discussion

In the fuzzy logic-based decision support system designed within the scope of the study, parameters,
ranges of the parameters, and rules were determined by considering the literature review and the
focus group. In order to test the resulting model, the results to be produced by the model were
observed by taking the sample structure criteria. In this regard, the accuracy and likelihood of the
results produced by the model were evaluated using a sample.

With the aim of testing the appropriateness of the decisions made by the fuzzy logic-based decision
support system designed for the selection of new functions in structures, the examination of the Vasfi
Sisoy House, which is located in the historical vicinity of Tokat and had been re-functionalized and
transformed into a Tourism Development and Education center was carried out. The study in question
was conducted based on the data obtained in the study titled “A Traditional House that has been Re-
Functionalized; Tokat Vasfi Stisoy House” (Akin, Kalinbayrak Ercan, Mumcuoglu & Yaprak Basaran,
2018). Vasfi Stisoy House was built in 1933 as a residential building in the Topgular Neighborhood of
Tokat, which is now declared an urban protected area. The layout features, inward-facing layout, and
plan and facade features of the traditional houses in Tokat and Anatolia are also seen in the Vasfi Sisoy
House. The facade of the structure, which is in a garden and located on a plot of land that does not
have a lot of slopes, is seen in a form leaning against the street. Considering the studies on the spatial
performance of the building, and its harmony between the environment and users, the
appropriateness of the Tourism Development and Education Center function for the building emerges.
From the point of view of spatial and environmental functional adaptation criteria, it is seen that due
to the fact that the structure is located in the garden, the outdoor arrangement value is high. The
horizontal divisibility values of the structure are low due to additional constructability and floor height.
However, especially due to the barn space that is present in its original structure, its vertical divisibility
is possible. Although the building has a symbolic value due to the fact that it is located in the urban
protected area, it is not a residential building that has taken place in the memory of the city. In addition,
due to the fact that it is located within the urban protected area, the parking value was also determined
as medium. As can be seen in Figure 3, when the values determined in accordance with the criteria
were processed into the model, the model produced the result showing that the structure in question
can be transformed into an educational structure by 87%. Based on this, it can be said that the model
is able to produce correct decisions.
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Figure 3. The example performed with the fuzzy logic-based decision support model (Varol Malkogoglu, 2022)

5. Conclusion

It is seen that the fuzzy logic-based decision support model, which will be used to decide on a function
option that will serve the revitalization option at the settlement scale in reuse, works if the appropriate
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criteria related to the structures and the rules related to the structure types are determined correctly.
But in order for the model to produce healthy decisions, in the documentation studies on the existing
building stock, it is very important that spatial and environmental parameters related to the reuse of
structures are included as data.

The model designed within the scope of the study has 9 different input features and gives results for
4 different structure types. The number of parameters belonging to the input and output
characteristics used in the structure, the range of the parameters, parameter types, and the rules
created thanks to these parameters were created as a result of a focus group method and literature
review. It is possible to differentiate the number and nature of the determined input and output
parameters in such a way as to serve the re-evaluation option, and to include different target-oriented
structure types into the model as a result of this. In the decision support system developed for the
selection of new functions in structures, more than 20 rules have been determined. It is thought that
the number of rules should be increased to define more detailed results.

Finally, the determination of the interaction between the structure types and the functional adaptation
parameters, which were determined in this study by literature review and the focus group method, is
planned to be carried out by an artificial intelligence-based model in a future study.
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Abstract

Today, with the development of environmental sustainability awareness, measures have been taken in the
construction sector to protect nature and human health. Building production with low environmental impact is
possible with the use of building materials selected through various data and criteria. Studies have shown that
many, and different building materials are used in hotels because hotels are trying to attract the attention of
users. Materials taken from nature in their natural state and used by processed cause many environmental
problems. In this study, the steps to be followed for the selection of finishing materials with low environmental
impact to be used in hotel buildings are explained and evaluated within the scope of environmental
sustainability through a literature review, and interviews with hotels. At the end of the study, it was determined
that a systematic way should be followed especially in material selection during the design process.

Keywords: Environmental sustainability, environmental effect, hotel building materials, material selection.

Otel Yapilarinda Cevresel Etkisi Diisiik Malzeme Secim Kriterlerinin
Belirlenmesine Yonelik Yontem ve Calismalarin Incelenmesi

0z

Gliniimiizde ¢evresel siirdiirtilebilirlik bilincinin gelismesiyle birlikte, doganin ve insan sagliginin korunmasi adina
yapi sektériinde 6nlemler alinmaya baslanmistir. Cevresel etkisi diistik yapi lretimi, cesitli veri ve élglitler
yoluyla segilen yapi malzemelerinin kullaniimasi ile miimkiindiir. Yapilan arastirmalar, otellerin kullanicilarin
ilgisini cekmek adina farkli ve ¢ok sayida yapi malzemesi kullandigini géstermistir. Dogadan alindiktan sonra
islenerek kullanilan malzemeler bir¢cok ¢evresel probleme sebep olmaktadir. Bu ¢alismada otel yapilarinda
kullanilacak olan cevresel etkisi diisiik bitirme malzemelerinin segimine yénelik izlenmesi gereken adimlar
aktarilmis, kriterler; literatiir taramasi ve oteller ile yapilan gériismeler araciligi ile cevresel siirdiiriilebilirlik

kapsaminda dederlendirilmistir. Calisma sonunda otellerde malzeme secimi konusunda sistematik bir yol
izlenmesi gerektigi belirlenmistir.
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1. Introduction

In recent years, rapid urbanization and developments in the building industry have brought about a
wide variety of building materials. The materials obtained naturally in the past and used in
construction without much processing have become multifunctional, but of poor quality, with the
increase in the performance criteria expected from the material today. This situation has brought
with it the issue of mentioning the relationship with the environment in addition to the physical,
chemical, mechanical, technological, economic, and availability properties of the material during the
selection. In this sense, emerging environmental impact assessment approaches, decision-making
and comparison methods, material databases and approaches to material selection, laws,
regulations, and standards are very important (Khoshnava, Rostami, Mohamad Zin, Streimikiené,
Mardani and ismail, 2020; Giiner, 2017; Giileryiiz, 2014). Solving the problems arising from material
selection requires the people involved in the selection to act with awareness from the design stage.
The environmental effects that will occur throughout the material’s life cycle are preventable at this
stage. The selection of materials with optimum properties for the building is defined as a complex
process involving many different data and factors. For this process to be managed properly, a
systematic method should be followed for the performance criteria expected from the material
(Rahim, Musa, Ramesh, and Lim, 2020).

The most used area in hotels is known as the bedrooms. For this reason, the people involved in the
design process try to use so many different finishing materials to attract the attention of the users,
and to keep up with the times, they make renovations from time to time before the material service
life expires. The bedrooms' wall, floor, and ceiling finishing materials are chosen by their price,
availability, color, and texture properties without considering the environmental effects. There are
many decision-making methods to reduce the environmental effects in the selection of these
finishing materials (Glltekin, 2006; Alptekin, 2014; Koyaz, 2016; Bayir, 2020). However, the decision-
making process becomes difficult as there are many different criteria, data, and impact classes. The
inadequacy of the methods for the selection of materials used in hotel buildings and the difficulties
experienced in the decision-making process necessitates the creation of an environmental impact
assessment model that compares different material alternatives. In this study, the problems with the
environmental effects and the importance of the material selection of hotel buildings are discussed.
Then, the most used materials in hotel bedrooms in Tiirkiye were determined. Renovation behaviors
and performance requirements of the finishing materials are examined. Important regulations,
notifications, standards, certificates, and award programs are defined.

2. Material and Method

Within the scope of the study, first of all, a literature review was carried out for the environmental
effects of hotel buildings and the importance of material selection in the hotel buildings’ life cycle
process. Secondly, hotels are classified according to national and international sources by literature
review and selected by the classification of Regulation on the Qualifications of Tourism Facilities for
the study. According to the selection, the most used finishing materials have been analyzed. Due to
the low number of 1, 2, and 3-star chain hotels, a total of 31 hotels, including only 15 5-star chain
hotels and 16 4-star chain hotels, were included in the study. The hotels are selected by the
geographical prevalence with the help of TS 825 Degree Day Regions by Province. (TS 825, 2013). In
terms of suitability for data collection, the lowest-priced double bedroom was selected in each hotel.
Furnitures and the bathrooms are not included in the study. Later on, renovation behaviors were
analyzed by interviewing the hotels, and the findings are shown in the section ‘Renovation
Behaviours of the Materials’. Performance requirements of the materials have been defined
according to International Organization for Standardization, (2016). Important standards,
regulations, awards, and programs were found according to the literature review. Within the scope
of this study, national regulations, notifications, national and international standards regarding
tourism structures were investigated through; the Turkish Presidency Regulatory Information
System, Turkish Standards Institution (TSE), International Organization for Standardization (ISO),
European Standard (EN), British Standards Institution (BSI), American Society for Testing and
Materials (ASTM), The American National Standards Institute (ANSI).
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3. Findings and Discussion

Although studies are carried out at the national and international levels for the impact of building
materials, it is seen that hotels in Tirkiye have a passive role and fail to preserve their values in their
geographical location by not giving importance to the use of renewable resources and energy, raw
material, and water, destroying natural areas for large-scale projects, not paying attention to the
recycling of wastes, changing migration routes of animals, reducing the biodiversity of wastes
dumped into the sea. The lack of necessary legal regulations is one of the biggest reasons for all
these problems. Considering that sustainable architecture requires a holistic and strategic approach
to the building, it is imperative that people take precautions during the design phase of the building.
According to the studies, the most important environmental effects of the materials in Tirkiye are;
global warming, depletion of the ozone layer, acidification, eutrophication, photochemical smog
formation, indoor air quality, fossil fuel consumption, mineral resource consumption, water
consumption, waste, and land use (Karaman Oztas, 2014). It has been found that the subject has not
been adequately addressed and hotels have to take precautions as a result of the research. It has
been determined that the material selection is made regardless of the location of the hotels, there is
no general method for the renewal of the materials, and the performance criteria are not taken into
account, there is no standard or regulation for the selection of sustainable materials in the hotels,
the certificate and award programs preferred by the hotels are based on environmental
sustainability.

3.1. Environmental Effects of Hotel Buildings

Building materials play one of the biggest roles in lowering the environmental impact of hotel
buildings (Vatan & Poyraz, 2016). Increase in waste production, consumption of raw materials,
energy, and water, air pollution, decrease in biodiversity, occupation of agricultural land, seawater
pollution, depletion of the ozone layer, and global warming are just a few of these impacts (Kuo &
Chen, 2009; Chen & Hsieh, 2011). When the environmental policies of the hotels are examined, it is
seen that lowering the effects of building materials has not been adequately addressed. Hotels
attach importance to the concept of eco-label to reduce the environmental impact of the materials
used and to provide other sustainability criteria. Green Flag Award, Biohotels, Sustainable Tourism
Eco-Certification Program, Energy Star, and Enviro-Mark are some of the environmental
management system certificates that hotels receive. In Tirkiye, the hotels use environmental
management system certificates such as GTBS (Green Tourism Business Scheme), Blue Flag,
GreenGlobe, Green Key, White Star, Greening Hotels, Green Star and LEED, I1SO 14000, Travelife
(Nakhla & Mossad, 2022; Ertas, Can, Yesilyurt & Kogak, 2018). In addition, the "Environmentally
Friendly Accommodation Facility Certificate" was given to the hotels that attach importance to
environmental issues by the Ministry of Culture and Tourism; it has been observed that non-
governmental organizations and environmental organizations also carry out studies on the subject.
Reducing the environmental impact of the materials used in hotel buildings is not possible only with
the use of environmental management system certificates and environmental labels. It is necessary
to use Life Cycle Impact Assessment models such as BEES, BEPAS, and BELES, which evaluate the
environmental effects of products, notification services such as GreenFormat, GreenSpec, EPD,
product labels such as EC Eco-labelling scheme, Blue Angel, Eco mark, which discuss materials in
detail and specify the system limit in the life cycle process (Karaman Oztas, Tanacan & Oguz, 2017).
Life cycle impact assessment models should also be compatible with Turkish conditions. In this sense,
although there are studies (Tuna Taygun, 2005; Karaman Oztas, 2014; Giiltekin, 2006; Tirkmen
Bayraktar, 2010; Alptekin, 2014) that have been carried out, a general method has not been
accepted. Reducing the environmental effects of the materials used in hotels is only possible if they
are traceable and measurable. For this reason, it is necessary to establish a systematic method that
facilitates material selection during the design process.

3.2. The Importance of Material Selection in the Hotel Buildings Design Process

The first building materials consisted of stone, wood, and earth which people found without getting
too far from their location. Over time, the increase in population, the increase in human knowledge,
and the advancement in technology caused a wide variety of material alternatives with higher
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performance requirements (Gokge, Aytekin, Kusan & Zorluer, 2017; Tufan & Ozel, 2018). Accordingly,
selecting the best materials at the design stage became hard, which showed the necessity of
following a systematic way. One of the biggest reasons for this is the increase in environmental
effects caused by building materials (Cizmecioglu, 2020). The materials used in the buildings cause
global warming, depletion of raw materials, water, and energy resources, and great damage to
human health (Kaya, 2013; Ciftci, 2021). At this point, selecting materials by evaluating their life cycle
and environmental impact performance is important. When the environmental effects of building
materials in touristic buildings are examined, it is seen that hotels are in the first place (EkoYapi,
2013). Especially after the 1960s, the increasing number of hotel buildings started to use different
kinds of building materials to keep the attention of the masses alive (Horne, 2009). As a result,
hotels’ “environmental sustainability” awareness has started to develop with the emergence of
environmental effects. With this awareness, building materials with low environmental impact have
become a feature; preferred by the building industry, and designers.

3.3. The Most Used Materials in Hotel Bedrooms

According to national sources; hotels are classified according to the purpose of accommodation,
duration of the activity, legal characteristics, and size. The purpose of accommodation hotels is
classified as; central hotels (city hotels), coastal hotels, mountain and sports hotels, spa-cure hotels,
and congress hotels. In terms of the duration of the activity, hotels are classified as; permanent
hotels and seasonal hotels. In terms of legal characteristics, hotels are classified as; municipality
licensed hotel businesses and hotel managements with tourism operation certificates. In terms of
size, hotels are classified as; very small hotels with 25 rooms or less, small hotels with 25 - 100
rooms, medium-sized hotels with 100 - 299 rooms, and large hotel complexes of 300 or more rooms
(Mevzuat Bilgi Sistemi, 2005; Elmas, 2008). According to international sources, hotels are classified
by; the star classification system, American Automobile Association Classification System, Forbes
(Mobile) Classification System, and Michelin Classification System (Minazzi, 2010; World Tourism
Organization, 2015).

In this study, in terms of accommodation purpose; city hotels, in terms of activity period; permanent
hotels, in terms of legal features; hotels with tourism operation certificate, in terms of property;
private hotel businesses, in terms of size; hotels with 25- 100 and 100- 299 rooms, in terms of star
classification; 5-star and 4-star hotels were selected (Figure 1) (Aydogdu, 2017).

Bedrooms are the most used spaces in hotels that need regular renewal. Many building products
used in hotels are discarded before the end of their service life as a result of renewal. It is seen that
as the number of stars in hotels increases, their ecological footprint also increases. To analyze the
most used finishing materials in hotel bedrooms, 5 chain hotels (2 national, 3 international) which
are among the top 10 hotels in Tirkiye have been selected (Table 1).

Table 1. Selected chain hotels for the study (T.C. Kaltir ve Turizm Bakanhgi Belgeli Konaklama Tesisleri, 2021)

No National Hotel number Web page

1 Anemon 21 https://www.anemonhotels.com/

2 Dedeman 18 https://www.dedeman.com.tr/

3 Divan 17 https://www.divan.com.tr/

No International Hotel number Web page

4 Wyndham 8900 https://www.wyndhamhotels.com/tr-tr
5 Hilton 3897 https://www.hilton.com.tr/
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PROVINCE 1 PROVINCE 2 PROVINCE 3 PROVINCE 4 . 5 STAR HOTEL .4 STAR HOTEL
5 STAR CHAIN HOTEL 4 STAR CHAIN HOTEL
HILTON |(WYNDHAM| ANEMON DEDEMAN| DIVAN HILTON WYNDHAM | ANEMON DEDEMAN DIVAN
P1 Antalya (C) | Izmir (B) | Hatay (K) Adana (J) P1 Bodrum (c) | Mersin (d) izmir (b)
P2 Trabzon (N)| Mardin (L) | Denizli (D) |istanbul (A)Sirnak (M) P2 |Adiyaman (p)| Giresun (j) |Diyarbakir (n)| Gaziantep (r) | Tekirdag (a)
P3 Ankara (F) [Nevsehir (H)|Eskisehir (E)| Tokat (G) P3 Bolu (h) Eskisehir (f) | Ankara (e) Elazig (m) Ankara (g)
P4 Van (0) | Kayseri(l) P4 Erzincan (k) Van (s) Kastamonu (i)

Figure 1. Geographical prevalence of selected hotels (T.C. Klltlir ve Turizm Bakanligl Belgeli Konaklama

Tesisleri, n.d.)

To carry out the analysis, the wall-floor-ceiling finishing materials used in the selected chain hotels’
selected rooms were examined through a literature review and field studies. First, a legend is created
for the determination of the materials as a result of the examination (Toydemir, Girdal & Tanagan,
2000). According to this legend, the most used finishing materials in bedrooms are shown in Figure 2.
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Figure 2. The most used finishing materials in bedrooms (Divan, 2022; Anemon Hotels, 2022, Wyndham Hotels
and Resorts, 2022, Dedeman Hotels and Resorts, 2022; Hotels by Hilton, 2022)
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As shown in the analyses, the most used wall finishing materials in the chain hotel bedrooms are;
paint, wood panel covering, wallpaper, plaster panel covering, and glass rigid plate, the most used
floor finishing materials in the chain hotel bedrooms are; non-woven carpet and wood parquette, the
most used ceiling finishing materials in the chain hotel bedrooms are plaster suspended ceiling, paint
and wood suspended ceiling from most to least. It is seen that the bedroom finishing material
selection criteria of chain hotels do not differ geographically, and the same type of materials are used
in the building without changing to maintain the chain hotel perception. Considering that each
geographical region has different climatic characteristics, local materials, and site properties, the
materials used in these regions should also change as they will have different performance
requirements. It is known that during the design of chain hotels, pre-prepared design sheets are used
to maintain the user's perception of trust and to ensure continuity. Unfortunately, these design
sheets do not differ by region, they only help the designer during material selection. Today, the
biggest problems such as global warming, deterioration of human health, regional air pollution, and
climate change occur due to mistakes made in material selection during the design phase
(Mahmoudkelaye, Taghizade Azari, Pourvaziri & Asadian, 2018). Materials should be chosen not only
considering their physical, chemical, mechanical, technological, aesthetic, and economic properties,
but also their environmental impact which will lower the high ecological footprint of chain hotels.

3.4. Renovation Behaviours of the Materials

The renovation behavior of hotels has a great contribution to the environmental problems caused by
the materials. Interviews have been made with each selected hotel about the subject. The resulting
information is as follows:

- There are two approaches to hotel renovation. In the first approach, the hotel is completely closed
and renovated. A complete renovation is possible if the hotel is very old or has changed hands.

- In the second approach, the hotel is kept under regular surveillance. If, for example, there is a
problem with the parquet in the bedroom, the parquet can be repaired/replaced. It is not possible to
change every material at the same time. At this point, depreciation is taken into account. This
increases as a result of the sales and use of the rooms. For example, curtains change on smoking
floors may be more frequent than on non-smoking floors. Since the hotel changes frequently and in
different regions, the hotel renewal date cannot be given.

- Hotels generally carry out renovation work during the winter months (October-November).
However, if there is a very urgent problem, the room can be closed and intervened. In these months,
wall-floor-ceiling finishing materials are renewed sequentially, not at the same time.

- Because it is not needed, there are no serious renovations for the first 5 years after the hotels are
opened.

- It also has been stated that after the hotels change/renew the materials, the old materials end their
life as a waste.

Interviews with hotels have shown that the biggest problem in the renovation behavior of hotels is
the disposal of materials as waste before their end of life which is an important issue in creating
environmental problems. Materials salvaged and reused as a result of construction practices can be
overhauled and reused, or if they are not suitable for reuse, they can be recycled. It can also be used
as a raw material in the production of other products. These recycled building materials not only add
ecological value to the building they are used in but also provide economic benefits and affect
environmental and structural sustainability (ipekgi, Coskun & Karadayi, 2017).

3.5. Performance Requirements of the Materials

The performance requirements of finishing materials in hotels can be determined by using
International Organization for Standardization, (2016). In this standard, 4 levels are proposed to
determine the performance of a building or a part of a building (Figure 3).

A detailed explanation of specifying performance is given below:
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Performance Performance Evaluation of the

Objectives descriptions parameters solution
Level 1 Level 2 Level 3 Level 4

Figure 2. Proposed levels for the performance (1ISO 19208, 2016)

- Objectives: It includes the expectations regarding the properties expected from the material. Some
commonly expected objective categories described in the standard are; stability, fire safety, safety in
use, tightness, air purity, durability, accessibility, contributions to sustainable development.

- Performance descriptions: It defines the agents, factors affecting human behavior, and changes in
performance over time. Agents are classified as; mechanical, electromagnetic, thermal, and chemical
agents; factors affecting human behavior are classified as; physical abilities, sensory abilities, and
mental abilities. Changes over time describe the characteristics, reason, and variation over time of
the performance requirement expected from the material.

- Performance parameters: These sets the qualitative requirements for the behavior of the material.
It may vary depending on the type and nature of the performance. For example, the performance of
the material affecting society can be determined through simulated CO, emissions.

- Evaluation of the solution: It constitutes the stage of evaluating the results of the performance
statements and bringing solution proposals. For example, evaluation of a whole building can be
obtained through; a) experiments on a full-scale building, b) integration of performance of elements
through calculation, etc. (Experimental results of elements), and c) logical reasoning of performance
from materials or products, through elements to a whole building (ISO 19208, 2016)

Considering the environmental problems of today's world, examining all the materials in the design
and production processes with the realization of the act of architecture; it is important to select
performance-oriented materials. The performance requirements expected from the finishing
materials used in the wall, floor, and ceiling in hotel bedrooms differ from each other. Research
conducted in selected hotels has shown that the biggest factor in material selection is visual
appearance and economy. The performance properties of the material such as fire, safety, durability,
and acoustic properties have been ignored and the user has been left vulnerable to various agents.
After selecting the materials suitable for all these criteria in hotels, the long-term performance of the
materials should be analyzed. However, no such practice has been found in the selected hotels. It is
important for everyone involved in the design of the building to act knowing this, and to reduce the
contribution of the material to the environmental impact by working with the best performance and
the best life.

3.6. Standards, Regulations, Awards and Programs

Within the scope of this study, national regulations and notifications (Table 2), national and
international standards regarding tourism structures (Table 3) were investigated. There are several
certificate and award programs to reduce the role of hotels in environmental destruction. There are
many eco-friendly hotel labels around the world today. These differ in areas such as geographical
scale, sub-sectors of tourism, and certification methods. The most well-known national and
international certificate and award programs are summarized in Table 4.

When the regulations, notifications, and standards related to hotel buildings are examined, it is seen
that there is information about the design strategies such as the usage of the textiles or lighting of
the building or the places, but the selection of the materials, specifications, performance
requirements and environmental solutions is missing. Although there isn’t a detailed explanation
about this subject, the marked areas in Table 2 and Table 3 can contribute information about both
material properties and environmental effects but they are not in detail. The number of hotels that
receive certificates and award programs for their environmentally friendly practices is increasing day
by day as can be seen in Table 4.
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Table 2. National regulations and notifications of hotel buildings (Mevzuat Bilgi Sistemi, 2022)

Regulations

Regulation on the Qualifications of Tourism Facilities

Fire Protection Code of Buildings
Regulation on Planning and Implementation In Culture and Tourism Conservation, Development Zones,
and Tourism Centers

Planned Areas Zoning Regulation

Istanbul Zoning Regulation

Bursa Metropolitan Municipality Zoning Regulation

Ankara Metropolitan Municipality Zoning Regulation

Gaziantep Metropolitan Municipality Zoning Regulation

Regulation on the Protection of Buildings Against Noise

Regulation on Evaluation and Management of Environmental Noise

Regulation on Facilities to be Built and Opened Near Highways

Notification

Communiqué on the Implementation of the Regulation on the Qualifications of Tourism Facilities

Communiqué on Preparation and Application of Evaluation Forms Regarding Classification Studies

Communiqué on Issuing an Environmentally Friendly Accommodation Facility Certificate

Communiqué on Giving Bicycle Friendly Accommodation Facility Certificates to Accommodation
Facilities with Tourism Operation Certificate

Table 3. National and international standards for hotel buildings (Turk Standartlari Enstitlisi, 2022;

International Organization for Standardization, 2022; European Standard, 2022; British Standards
Institution, 2022; American Society for Testing and Materials, 2022; American National Standards
Institute, 2022)

Standards

TS 10082 Workplaces- Accommodation Facilities- Hotels Of Tourism Certificated- Classification- General
And Private Rules

TS EN ISO 18513 Tourism Services — Hotels And Other Types Of Tourism Accommodation — Vocabulary

TS ISO 8100-32 Lifts For The Transportation Of Persons And Goods — Part 32: Planning And Selection Of
Passenger Lifts To Be Installed In Office, Hotel And Residential Buildings

TS ISO 22483 Tourism And Related Services — Hotels — Service Requirements

TS ISO 21401 Tourism And Related Services — Sustainability Management System For Accommodation
Establishments — Requirements

ISO/TS 13811 Tourism And Related Services — Guidelines On Developing Environmental Specifications
For Accommodation Establishments

TS 6915 Workplaces- Accommodation Facilities- General Rules

ISO 9000 Quality Management System

ISO 14001 Environmental Management

ISO/DIS 23405 Tourism and Related Services — Sustainable Tourism — Principles, Terminology, and
Model

I1SO 21902:2021 Tourism and Related Services — Accessible Tourism For All — Requirements and
Recommendations

ISO 21621 Tourism And Related Services — Traditional Restaurants — Visual Aspects, Decoration, And
Services

ISO/DIS 21620: Tourism And Related Services — Heritage Hotels — Equipment And Service
Requirements

BS I1SO 17679:2016 Tourism And Related Services — Wellness Spa — Service Requirements

BS ISO 17680:2015 Tourism And Related Services— Thalassotherapy — Service Requirements

BS ISO 21426:2018 Tourism And Related Services — Medical Spas — Service Requirements

ISO/PAS 5643 Tourism And Related Services — Requirements And Guidelines To Reduce The Spread Of
Covid-19 In The Tourism Industry

IES DG-25-12 Design Guide for Hotel Lighting

GB/T 14308-2010 Classification And Accreditation For Star-Rated Tourist Hotels

GB/T 21084-2007 Green Hotels

GB/T 22800-2009 Textiles For Star-Tourist Hotels

GB/T 24453-2009 Plastic Products Used In Guestroom Of Hotel

GB/T 26357-2010 Construction Standards Of Management Information System For Tourist Hotel

GB/T 39634-2020 Management Specification For Water-Saving Of Hotels
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Table 4. The most well-known national and international certificate and award programs (Ovali, Cakir, & Atik,
2020; Ertas et.al., 2018)

Green Star Green Key TUlI Umwelt Champion&Eco Resort

w _ White Star Viabono Green Globe

g Blue Flag EU Ecolabel Green Seal

g?) Greening Hotels Nordic Swan Ecolabel Green Leaf

& Green Key EU Flower Ecotel

-,% Environmental Impact Assessment EHC Green Tourism Business Scheme

% Report (GTBS)

T Eco-Management and Audit Scheme  Blaue Schwalbe Travelife

©  (EMAS)

§ Leadership in Energy and Bio Hotels Naturidyll Hotels

£ Environmental Design (LEED)

5 Building Research Establishment Deutsche Gesellschaft fir ~ Japan Environmentally Sustainable
Environmental Assessment Method Nachhaltiges Bauen Accommodations International
(BREEAM) (DGNB) Standard (ESAIS)

While awards and certificates are the most frequently mentioned environmental factors on the
websites of environmentally friendly accommodation establishments, the most emphasized issues
are environmental policy, waste evaluation, personnel and guest training, and energy saving. In
addition to political and legal pressures, these businesses give importance to environmentally
friendly practices due to reasons such as the increase in tourists' interest in environmental issues, the
increase in environmental regulations, the desire to provide more consumer satisfaction and to solve
problems related to physical appearance (Auzair, 2011). When the websites of the selected chain
hotels (Table 1) are examined, it has been observed that the international hotels clearly share their
environmental policies compared to national hotels. Especially in city hotels where users spend a
short time, the scarcity of awards and programs mentioned in the table above draws attention. It will
be an important step in terms of environmental awareness that environmentally sensitive
accommodation establishments discuss this issue in detail and share it with the public. In addition, it
is seen in this study that the features expected from the material differ according to the certificate
and award program. Establishing a common certification system and award program for a more
effective result is important for the joint development of environmental awareness.

4. Conclusion and Suggestions

Hotel buildings are structures with high environmental impact due to the materials used. Considering
environmental factors in the selection of finishing materials in hotels may cause additional costs for
businesses in the short run, but in the long run, it will be effective in reducing the costs of the
businesses and increasing their profits. This will contribute to the economy and help increase social
welfare. In addition, it will increase the prestige of hotel businesses if they show the environmental
effects of the materials in a clear, and accessible way through sustainability reports. Finishing
materials in hotel buildings are selected by the features such as functionality, durability, ease of
maintenance, cost, and aesthetics. Reducing the environmental impact of hotel buildings is only
possible with the use of sustainable building materials (Basyigit, Hanifi Alkayis & Kartli, 2021). Even
though most of the studies on hotel designs have defined the concept of a sustainable hotel and
mostly focused on the social, economic, and environmental impacts of the operation process
superficially, it is seen with this study that hotels should consider many factors for environmental
impact evaluation. In this sense, it is important to prefer materials that are renewable or reusable,
cause the least damage to the environment and human health, require less maintenance, energy,
raw materials, and water throughout their life cycle by everyone involved in the design process of
the building (Gamal Sahlol, Elbeltagi, Elzoughiby and Abd Elrahman, 2021). The awareness of hotel
designers and decision-makers in this field, especially architectural design teams, and material
preferences and incentives with low environmental impact will also encourage material
manufacturers to publish environmental product declarations for their products and make
improvements in their usage processes. This study is important in terms of thinking about the quality
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of life of future generations and acting on this issue. It is emphasized that the choice of sustainable
materials in the building is not in line with human desires, but is necessary for the realization of
human needs. For the selection of materials used in hotels, it is necessary to establish common and
detailed laws, regulations, and standards, to determine the performance requirements expected
from the material, to give importance to recycling during the material renewal behavior, to select the
materials specific to the geographical region and to establish a common method for material
selection. In this sense, both the state and designers must work together. Thus, a better environment
can be left for future generations by ensuring the use of sustainable materials in the building.
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Abstract

This paper describes an innovative methodology allowing upcycling production waste into legitimate construction
material for spatial structures, with minimal change to elements’ shape. The system is based on interlocking joints
between the boards. The plates are organized around nodes, creating a three-dimensional reciprocal system
guaranteeing the stability of the entire structure, without any fasteners. We use an inversed, data-driven design
process, in which unique components are defining the form of the structure. The design-to-production workflow
consists of measuring and labeling of the elements, creating a data file, data-driven generation of the structure
with a custom form-finding algorithm, structural optimization of the form, robotic processing of the scraps and
manual assembly. The proposed methodology was tested in public spaces as a temporary pavilion and three
wood-clay composite sitting elements, thus practically demonstrating the feasibility of our approach.

Keywords: Circular economy in construction, data-driven design, design based on availability, robotic fabrication,
spatial reciprocal structures.

Atik Kullanarak insa Etmek: Levha Seklindeki Ahsap Uretim
Atiklarindan Uretilmis Uzaysal Miitekabil Striiktiirler igin

Hesaplamali Tasarim ve Robotik Imalat Stratejileri
(o}
Bu makale, iretim atiklarinin, minimum bicim degisikligi ile mekansal yapilar icin mesru insaat malzemesine
dénlstiiriilmesine izin veren yenilik¢i bir metodolojiyi agiklamaktadir. Sistem, levhalar arasindaki ge¢cme
baglantilara dayanmaktadir. Plakalar, herhangi bir baglanti elemani olmadan tiim yapinin stabilitesini garanti
eden li¢ boyutlu bir karsilikl sistem olusturarak diigiimler etrafinda diizenlenmistir. Benzersiz bilesenlerin yapinin
bicimini tanimladigi tersine cevrilmis, veriye dayali bir tasarim siireci kullanilmistir. Tasarimdan (retime is akisi,
6gelerin él¢iilmesi ve etiketlenmesi, bir veri dosyasi olusturulmasi, ézel bir form bulma algoritmasiyla yapinin
veriye dayali olarak olusturulmasi, formun yapisal optimizasyonu, hurdalarin robotik islenmesi ve manuel
montajdan olusmaktadir. Onerilen metodoloji, kamusal alanlarda gegici pavyon ve ii¢ ahsap-kil kompozit oturma
elemani olarak test edilmistir, béylece yaklasimimizin uygulanabilirligi pratik olarak gésterilmistir.

Anahtar Kelimeler: insaatta déngiisel ekonomi, veri odakli tasarim, mevcudiyete dayali tasarim, robotik imalat,
mekdnsal karsilikli yapilar.
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1. Introduction

Ecology and circular economy are becoming major topics in the architectural discourse. This comes as
no surprise, as a significant part of the environmental impact of human activities arises from
construction (Hughes, 2019). The climatic crisis and new globally applied environmental strategies are
forcing construction to change its approach towards more suitable solutions. Such strategies can
involve the reuse of existing buildings by refurbishing them, as was outlined by Pehlivan (2018). Other
approaches include the use environmentally friendly raw materials like earth (Ozgiinler, 2017), or
wood, which is also generally considered a sustainable building material. To the authors’ knowledge,
however, the use of waste streams emerging from construction has not yet been sufficiently
investigated in the literature. This paper presents a novel methodology for using wooden production
scrap as a legitimate building material.

Timber construction companies order wood in standardized dimensions and cut it to final shapes
defined by the current design practice. The remaining cut-offs, irregular in size and properties, cannot
be used in standard buildings and are usually downcycled or burned, which causes significant losses
for the manufacturer and environment. Although the problem concerns roughly 10% of ordered
material, it is mostly neglected, as it is difficult to tackle with available traditional techniques and
approaches. Poor digitization of the construction sector is one of the factors hindering better
exploitation of production waste and opportunities in circular economies (Durmisevic et al., 2021). To
this end, new digital working methods have been defined, in which available materials are considered
as a source of ideas, following the principle: reuse, re-invent and give life again.

Building with heterogeneous elements requires a paradigm change in architectural aesthetics, design,
manufacturing, structural optimization, and assembly. We believe that one of the greatest potentials
of growing digitalization is shifting the construction industry towards more circular solutions. Data-
driven design strategies and robotic fabrication can help in repurposing production waste into form-
found functional structural shapes and lead to smarter and more sustainable cities.

This paper describes working methods to design and fabricate spatial structures out of irregular
production scraps. This includes the following: a description of structural principle of a spatial
reciprocal system consisting of non-uniform rectangular boards, data-driven design, robotic
fabrication and sequencing and assembly of complex structures. Finally, it shows the implementation
of this process in two constructed demonstrators: a temporary pavilion for ArchitekturWoche Basel
(Figure 1a) and 3 wood-clay sitting elements constructed for the TouchWood exhibition in Museum
ZAZ Bellerive in Zurich (Figure 1b).
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a) b)

Figure 1. Constructed pavilions: a) a temporary pavilion for ArchitekturWoche in Basel, b) wood-clay sitting
elements at TouchWood exhibition in Museum ZAZ Bellerive in Zurich (Photos courtesy of ARCHIBATCH)

1.1 State of the Art

1.1.1. Circular strategies for working with wood waste

Wood is a renewable resource, but not an infinite one. Across Europe, the construction sector
accumulates 70.5 million tons of wood waste annually, of which only a third is currently recycled
(WoodCircus, 2019). A significant amount is incinerated, which means the stored CO; is re-emitted into
the atmosphere (Riter & Diederichs, 2012). In this context, several European research projects have
emerged with the prerequisite of establishing a circular economy setting to extend the service life of
wood (WoodCircus (2019) and CaReWood (Risse & Richter, 2018)). One solution is cascading of wood
(Hughes, 2019), meaning that the material goes through usage cycles through consecutive downcycling
to maximize the duration of its availability in construction. An alternative approach is reusing material,
which can further reduce the environmental impact of a building, as less energy is used for
reprocessing (Kromoser et al., 2022). Designing within the constraints of non-standard components,
however, requires changing conventional design and manufacturing processes (Moussavi et al., 2022),
as explored by various research projects (Malé-Alemany et al., 2022, Circulating Matters, 2022). Most
projects that deal with the circular economy in construction focus on working with elements reclaimed
from demolished buildings. The problem of manufacturing waste, although significant, is not
adequately addressed. These scraps are either downcycled (as biomass, panel board or animal
bedding) or burned. This calls for developing new strategies to return the production waste to the
construction cycle.

1.1.2. Data-driven approaches in architectural planning

In the face of growing complexity in the building industry (Kolarevic, 2009) and its low efficiency
(McKinsey, 2016), new data-driven design approaches have recently been introduced, replacing the
traditional, linear, and sequential project workflow (Alvarez et al., 2019). As stated by Brown and
Mueller (2017), despite the widespread belief that architecture depends on human intuition, reasoning
and creativity, data can complement or enhance human activities, for example, by helping to make
informed decisions and to solve complex problems (Wei, Yuan & Liu, 2020). This method is used in
multi-objective design processes, where an architect is guided by simulations that describe several
aspects of building performance (Brown & Mueller, 2017). This data can be either used as guidelines
in the next design decisions, without a direct impact on the generation of the geometry (Deutsch,
2015) or, as shown in the recent studies (Brown & Mueller, 2017, Bianconi & Filippucci ,2019), can be
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connected to the form-finding algorithms. In this case, data-driven design can effectively support the
designer in problem-solving by comparing different generated design solutions. However, it requires
constant human feedback and is still marked by computer performance problems.

Data-driven computational strategies have been also applied in production-aware design practice
(Wei, Yuan & Liu, 2020, Figliola & Battisti, 2019). In these projects, data collected during manufacturing
guide the architects in optimizing the design to improve the adaptability of products to the
manufacturing environment. This approach is particularly beneficial when working with irregular
materials (such as non-engineered wood) and when combined with structural goals, as shown in the
Wood Chip Barn project (Mollica & Self, 2016). Here, the data-driven design, along with advanced
computation fabrication techniques led to the construction of a stable truss with minimal processing
of the original wooden trunks.

Only a few projects have attempted to generate building form by analyzing the shape of the available
material (Monier, Bignon & Duchanois, 2013). One example is "Mine the scrap” by Nolte et al., (2016).
The authors developed an algorithmic tool that scans scrap elements from demolished buildings and
rearranges them into new architectural envelopes using pattern recognition, classification and
machine learning. These forms defined by non-uniform stocks of material are characterized by a new
architectural vocabulary. The challenge in these constructions remains, however, assembly and
structural performance.

2. Materials and Methods

The proposed methodology enables the flexible design of structures from components with predefined
dimensions and properties and facilitates their production and assembly. It is based on the concept of
digital craftsmanship (Augustynowicz et al., 2021), manifesting itself in application of custom digital
design tools and hybrid manufacturing system that intelligently combines automated and manual
production to achieve economic feasibility and high aesthetic quality. The process consists of several
prototypical digital and manual processes, which were developed independently and can be used in
various configurations depending on the design task (Figure 2). All computational tools were written
in the Grasshopper plugin for Rhinoceros with custom Python components. The robotic fabrication
tool additionally uses KUKA|Prc plugin for planning of robotic paths.

1.Collecting scraps

2.Measuring and storing data %

v

Al 7.Fabrication 3,Defining boundary volume w
= &
O ’

6.Sequencing 4.Data-driven algorythmic design

5.Post-rationalization and
structural optimization

Figure 2. Proposed design, fabrication and assembly process in steps
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2.1. Structural Principle

The main objective for developing the structural concept was to ensure the overall stability of the
system, built out of irregular plates. The authors wanted to avoid generating more waste by cutting
the scraps to specific dimensions. It was also crucial that the components return to the construction
cycle after the project's lifespan by avoiding the use of additional adhesives or metal fasteners. An
interlocking plate-based spatial reciprocal system was chosen as the best answer to these
prerequisites.

Reciprocal Frame Structures (RF) are spatial configurations consisting of load-bearing elements, where
each one supports, and in turn is supported by, all the others (Larsen 2014), with no clear structural
hierarchy (Pugnale et al., 2011). The advantage of RF lies in the fact that they can cover large spans
with small and lightweight components (Araullo & Haeusler, 2017) so that the assembly can be
performed by people with little construction expertise and without the need for sophisticated
machinery. Although most research focuses on exploring surface-based linear RF (Larsen, 2014,
Thonnissen, 2014), planar components can also be arranged in a reciprocal arrangement, which has
been applied in furniture design (Baverel & Pugnale, 2013) and has been explored recently in various
projects (Araullo & Haeusler, 2017, Plate Pavilion, 2014). There are several approaches to working with
planar RF (Baverel & Pugnale, 2013). The design principle chosen for this project is based on the
solution developed for the Kodama Pavilion (Kuma et al., 2019). In this project the solid larch slabs of
uniform size were organized in an interlocking manner around nodes (Figure 3a).

a)

Figure 3. Connection principle. Each node is built out of 6 interlocking plates in 6 directions. a) a single node with
uniform interlocking plates (Kodama pavilion). Cyan blocks symbolize the nodes around which the plates
are organized. b) the second generation of structure with irregular plates

Every plate has two nodes in diagonal corners, where each is a starting point for the subsequent
aggregation. To ensure stability, every member must have at least two and optimally four connections
to neighbouring elements through a system of notches. In the project described here, the individual
components were of a non-repetitive size, which posed a challenge in providing each board with
sufficient intersections while avoiding unwanted overlaps (Figure 3b). Therefore, an advanced data-
driven algorithmic approach for aggregation of plates has been developed.

2.2. Material

During the project, the authors collaborated with a local wood construction company, which provided
waste panels from its production accumulated over a month: 1.5 tons of heterogeneous cut-offs both
in dimensions (length:50-100cm, width:20-70cm, depth:1.8-4.2cm) and properties (OSB and layered
panels) (Figure 4).
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Figure 4. Material used in the project: 1.5 tons of cut-offs irregular in dimensions and properties, received from
a local wood construction company, ERNE AG Holzbau

Roughly half of the available plates were measured manually and logged in a CSV file. Out of the 350
measured plates, over 90% were OSB and the remaining plates were three-layer panels. A statistical
overview of the material dimensions is provided in Figure 5. The available material resources were very
heterogeneous. Plates with a width of around 250-300 mm were particularly common, while the
lengths were relatively evenly distributed between 300 and 1000 mm. The distribution of thickness
reflects plate types commonly used in construction. It is noteworthy that the authors were dealing

with aspect ratios that were from close to square up to long strips that were almost four times as long
as they were wide.
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Figure 5. Distributions of the dimensions and aspect ratios of the material used in the project
2.3. Data-driven design approach

This data collected from board measurements was then fed into an algorithm, which organized the

scraps into user-defined boundary volumes according to the structural principle described earlier
(Figure 6).

Figure 6. Results of the plate aggregation algorithm for different, user-defined, boundary volumes

Users can indirectly influence the placement of plates in the volume by parametrically adjusting the
weights assigned to their width, length, or depth, which define the order of elements in the database
and prioritize their selection in subsequent iterations of the program. The proportion of employed
elements and the porosity of the structure are controlled by several numerical parameters: the node
size, the distances between plates and the depth of the notches. The optimum node size should allow
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for sufficient intersection length between plates and correlate with the dimensions of available
material (Figure 7).

‘

Node = 100mm Node = 300mm Node = 500mm

Figure 7. Influence of the node size on the interconnection between the plates. The size of the nodes should be
adjusted to the dimensions of the available plates in the set. In the depicted example node = 100mm
would not ensure enough of intersection surface, whereas node = 500mm is too big for the given set
and would stop the aggregation in the second iteration

A Python-based custom algorithm carried out the distribution of plates and initial optimization of the
structure. It stores data tree for nodes, a nested list containing six items for each plate orientation
relative to a given node, and another one with meshes defining a collision-free zone for each element.
The aggregation process is iterative, where the number of iterations influences the density of the
structure. In each loop, the algorithm distributes plates around the available nodes from the data tree
in such a way as to allow intersections with already placed elements at the neighboring nodes and
simultaneously reach the limits of the boundary volume. Each added plate introduces another node
into the data set, located at its opposite end. The optimal number of iterations enables sufficient
intersections between the scraps while keeping the number of elements within a reasonable range
(Figure 8).

Iteration: 1 2 3 4

Figure 8. The iterative process of generation of the plates within the predefined boundary volume. The nodes
mark the position of the next iteration

However, as the dimensions of elements are diverse, the program's biggest challenge is providing each
board with at least two connection points while avoiding joints impossible to assemble. Several means
have been introduced to address this issue. After each iteration, the script performs self-checking and
automatically removes those boards with insufficient support points. In addition, the geometry is post-
rationalized after it is generated when the user manually removes those elements that overlap or adds
additional supports to ensure sufficient connections to the base. For this purpose, another script was
written to find the best-fitting item in a given location from the data file, excluding already used
elements.

Notches between the plates are automatically generated based on their respective geometries and
assumed tolerances for fabrication and assembly.
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The current implementation of the generating algorithm does not perform any checks regarding the
integrity and static properties of the finished structure. Therefore, the design was exported to RFEM
software for finite element analysis (FEA). Material properties and joint stiffnesses were approximated,
thus no quantitative results on stresses and deformations were obtained. However, this analysis
allowed us to identify areas of concern, which were then supported with additional plates from the
material catalogue (Figure 9). Based on this analysis, 4 plates were added to stiffen the structure.
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Figure 9. Finite Element Analysis of the structure: a) deformation of the structure in the original form, large
deflections can be seen in the centre left of the structure. b) reduced overall deformation after adding
additional support

2.4. Fabrication

In order to compare a manual and an automated process, roughly half of the plates were processed
using conventional hand tools (Figure 10a). The other half was milled on an industrial robot (KUKA KR
60 HA, Figure 10b) equipped with an HSD E919 spindle. All milling was performed with an 8 mm 2 flute
roughing carbide endmill. Plates thinner than 25 mm were milled in a single pass, while thicker plates
were milled in two passes. We used a feed rate of 100 mm/s at 24000 RPM. For work holding, we used
the Schmalz Innospan vacuum clamping system on a 1200 x 800 mm raster table. The vacuum cups
had to be repositioned for almost every board — this process was facilitated by printing 2D plans of
every workpiece. The boards were positioned by aligning two edges with a laser cross projected on the
raster table.

Robotic path planning was performed directly in Rhino/Grasshopper using the KUKA|PRC plugin. This
custom script translated a Brep geometry of the plates to fabrication data. The fabrication relevant
attributes are bit size, location of the notches and thickness of the plates, which define the number of
milling steps. The generated KRL code was exported and transferred to the robot controller, where the
appropriate program for each board was executed.
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Figure 10. Manual cutting (a) versus robotic milling (b) of the notches.

2.5. Sequencing and assembly

The complex nature of the structure required the development of an algorithm to categorize the plates
according to their assembly sequences. The basic logic is as follows - since the notches between the
plates are always orthogonal (X, Y or Z), the structure is divided into layers in which all elements are
connected horizontally (X and Y). Thus, the connection between consecutive layers has only one
vertical direction. This is necessary for simultaneous connecting multiple plates in sliding motion
(Figure 11). However, due to the irregular geometry of the components, the order of assembly had to
be further adjusted by hand in more complex layouts.

Layer 1 Layer 1 &2 Layer1,2&3 Layer1,2,3&4 Layer 1,2,3,4 &5

Figure 11. Clustering of a structure into construction layers. To ensure that the design can be assembled, all
panels within a layer are joined together horizontally (in X or Y direction). The segments must then be
connected vertically

Both constructed demonstrators were manually assembled by students with carpentry backgrounds
on-site in a collaborative effort. As far as a digital model with tags and separated construction
sequences proved essential to the process, the need to look at the screen to place the individual
members in the correct location was suboptimal (Figure 12a). To address that problem, during the
workshops, the students tested a Microsoft HoloLens system with software provided by Tecslot. It was
concluded, however, that the technology failed in the case of multi-agent collaboration, where
immediate communication and feedback are necessary (Figure 12b).
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i " o b)

Figure 12. Manual assembly of the structure. a) collaboration between multiple builders, during which the
position of the plates was checked on a monitor screen. b) Unsuccessful test of using Microsoft
HoloLens during assembly

3.  Findings and Discussion
3.1. “Structure from Scraps’: temporary pavilion for the ArchitekturWoche Basel, 2022

The first application of the described methods was a temporary pavilion designed and constructed by
13 bachelor students from Bern University of Applied Science within a 1-week long workshop for the
ArchitekturWoche in Basel. The workshop task was to construct the possibly largest structure with a
maximum of 150 plates. The final pavilion had a form of a quarter of an ellipsoid of dimensions
5.7mx2.4mx2m, with a spherical void in the centre and consisted of 142 plates (Figure 13).

Figure 13. Temporary pavilion constructed during week-long workshops with bachelor students from BFH for
Architektur Woche Basel. (Photos courtesy of ARCHIBATCH)

This design resulted in a very porous space, where most of the components had only 2 points of
support. The structure was divided into 13 construction segments, consisting of 5 to 20 elements
(Figure 14), which were partially preassembled before the transportation to the final location. On-site
the structure was assembled within just 2 hours. The efficiency achieved during the workshop in
design, fabrication and assembly exceeded the authors' expectations.
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Figure 14. Division into 13 construction segments of pavilion in Basel, each consisting of 5 to 20 individual
elements

3.2. Three wood-clay sitting elements for Touch Wood Exhibition, Zurich, 2022

The second demonstrator was three wood-clay sitting elements, produced in June 2022 in
collaboration with ERNE AG Holzbau for the TouchWood Exhibition in Museum ZAZ Bellerive in Zurich
(Figure 15). This project focused on exploring the potential of hybrid material, where both components
stem from a renewable origin, with digital design and fabrication tools. The clay plinths were
construction waste from the production of the new office building of ERNE AG Holzbau. They were
fabricated robotically at the newly established facility of the company (Figure 16a). Each of these
massive blocks measured 2.26mx0.35mx0.85m, weighed around 900kg, and was transported on-site
with a crane. Due to the delicate nature of the material and uneven ground, the top surface of the
blocks had to be manually levelled after positioning them in the final location (Figure 16b).

= it ? a3 i &) Ahps Y
g E o k % ¢ B R W

Figure 15. Wood-clay sitting elements for the Touch Wood exhibition in museum ZAZ Bellerive in Zurich
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Figure 16. a) Robotic production of clay blocks at ERNE AG Holzbau; b) manual levelling of the top surface of the
clay plinths before the assembly of the wood plates

The 68 pieces of 3-layered boards of uniform depth (27mm) and varied width (0.2m-0.9m) and length
(0.3m-1.65m) were arranged around the blocks in such a manner that they protected their top surfaces
from rain while the clay plinths provided support for the wooden plates. The design process required
increased manual control, so each node was generated separately in just one, maximum of two
iterations. Due to the structural requirements, each plate had, on average, four points of support,
which resulted in a much denser structure and complicated sequencing. The wooden elements were
assembled on-site within seven hours by three workers. Although the plates did not need any
foundations, their bottom had to be adjusted to the correct height to compensate for the sloping,
uneven terrain during assembly.

3.3. Discussion

The built demonstrators represent a successful validation of the proposed methodology for building
from manufacturing waste of irregular size and properties. Both structures were received very
positively by the visitors at these events. Its irregular shape encouraged people of all ages to playful
spatial explorations (Figure 17). The algorithmic design organized the heterogeneous components in
an optimal manner but required significant manual adjustments to guarantee stability and assembly
of the structure. While the reuse of waste materials for construction has been explored in literature
(e. g. Bolden et al., 2013, Purchase et al., 2022) and shown to be ecologically and economically viable,
mostly the reprocessing of bulk materials has been investigated so far. This approach often involves
significant processing to produce materials for the use with technologies like large scale 3D printing
(Dey et al., 2022, Patti et al., 2022). Our approach is new in that it attempts to make use of the
materials’ shape with minimal changes.

A comparison of automated and manual notch fabrication favored the robotic approach. Although it
took significant time to prepare, it outperformed the manual process in terms of processing speed and,
more importantly, precision. The manual assembly of the structures was very efficient, partially due to
the workers' high level of carpentry knowledge. The current process requires coordination between
installers and validation of each component's position in the 3D model, which leaves room for
improvement. The tested AR assembly with Microsoft HoloLens was too slow and inaccurate. Since
the students only worked with one device, group collaboration was impossible, which was of great
importance in the case of the pavilion. We thus faced some of the issues as outlined by Daling &
Schlittmeier (2022), we do, however, expect the technology to advance in the future to become more
viable for our purposes.

49



Journal of Architectural Sciences and Applications, 2023, 8 (1), 38-53.

Figure 17. Usage of the project demonstrators. This type of structure enhances people of all ages to explore them
in various playful ways. Left: Temporary pavilion in Basel, right: Wood-Clay sitting element in Zurich

4. Conclusion and Suggestions

The project is the first step in a longer study focusing on data-driven design, manufacturing and
assembly strategies for reusing wood waste. The study found that the challenges of working with non-
standard building elements create complexity not yet encountered. This requires more integral
planning from the early stages of the project and more advanced design and fabrication strategies to
deal with the induced complexity. It is interesting to note, however, that while the design approach
heavily relies on digital tools, fabrication and assembly can also be performed manually. Therefore, it
is concluded that this approach has an exceptionally high potential for use in lower-income areas
without access to expensive machinery and new resources.

Future research steps will test assisted assembly strategies that allow for greater collaboration
between builders, automated, image-based techniques for measuring the elements and hybrid
material systems. Another potential improvement will be advancing the algorithmic design process to
create more interactive and structurally informed assemblies without requiring manual adjustments.
There are plans to publish the software as open source, opening up the potential of using it in areas
where such an approach would enable construction of functional structures. In terms of design, an
additional investigation must ensure the structure’s safety and durability for long-term public usage.
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Abstract

Today, factors such as rapid and unplanned urbanization and high living costs shape the concept of housing.
The concepts of co-housing and co-living emerged with the desire to reduce the living costs of individuals in the
city and to have a social life by becoming a part of a small community, which are offered as potential solutions
to high living costs in densely populated areas. The co-housing model aims to provide a minimum standard of
living for singles, students or professionals. In this study, adequacy analyzes were carried out in terms of the
user requirements of a residential flat in the city of Padova, Italy, where 6 individuals aged between 20-25 years
lived between 2021-2022. The study is aimed to identify the deficient aspects of housing in terms of user needs
and to guide the professionals who will design this type of housing in the future. As a result of the study, it was
determined that co-living is ideal for young singles in terms of their user requirements, especially for short-term
accommodation in their abroad experience.

Keywords: Padova, co-housing, co-living, co-living, user requirements.

Birlikte Barinma Kavrami ve Uygulamasi: Padova Ornegi

0z

Giiniimiizde hizli ve plansiz kentlesme, yiiksek yasam maliyetleri gibi faktérler barinma kavramini
sekillendirmektedir. Ortak konut (co-housing) ve birlikte barinma (co-living) kavramlari yogun niifuslu
bélgelerde yiiksek yasam maliyetlerine potansiyel birer ¢6ziim 6nerileri olarak sunulan, bireylerin kent
icerisindeki yasam maliyetlerini azaltmak ve kiigiik bir toplulugun pargasi haline gelerek sosyal bir yasama
kavusma istegiyle ortaya ¢ikmistir. Birlikte barinma modeli bekérlar, 6grenciler veya profesyoneller icin asgari
bir yasam standardi saglamayr amaglamaktadir. Bu ¢alismada italya’nin Padova sehrinde birlikte barinma
6zelligine sahip, 2021-2022 yillari arasinda yaslari 20-25 yas aralidinda 6 bireyin yasadidi konut tipindeki bir
dairenin kullanici gereksinimleri bakimindan yeterlilik analizleri yapiimistir. Calisma ile birlikte barinmanin
kullanici gereksinimleri agisindan eksik olan yénlerinin tespit edilip ileride bu tip konutlari tasarlayacak meslek
insanlarina yol gdéstermesi hedeflenmistir. Calisma sonucunda birlikte barinma (co-living) kavrami, geng
bekarlarin ézellikle yurt disi deneyimlerinde kisa siireli barinmalari igin kullanici gereksinimleri agisindan ideal
oldudu tespit edilmistir.

Anahtar kelimeler: Padova, birlikte barinma, ortak konut, kullanici gereksinimleri.
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1. Introduction

The challenge of shelter has begun with the emergence of humanity on earth. Throughout history,
the qualities of the shelters/housings he used and built to meet his needs have changed. But what
has not changed is the need for him a "Place to lay his head" (Onver, 2016). Housing is not only
defined area within the physical environment, but also a cultural product (Kan Ulkii, 2018). The fact
that people spend most of their time outside their homes and the loss of time in transportation in
crowded cities has encouraged users to calculate their basic needs at home with minimum
dimensions (Tavsan & Bektas, 2022).

Housing, which has been one of the common concepts for human beings from the past to the
present and has various meanings, expresses more than just the structure that brings together stone,
brick and other materials that undertake the function of shelter. The type of building that forms the
interface between private spaces belonging to individuals and society is defined as housing (Acar,
1999). Housing is the first type of building that has emerged since the day human beings existed on
earth. The housing concept began in the tree and rock hollows, developed in the process, and
reached today with the modern housing. The process of change and evolution within houses has
never ceased and continues to evolve today (Salihoglu, 2001).

The terms “Co-living” and “Co-housing” are two interrelated concepts presented as potential
solutions to high living costs in densely populated areas (Ehrenberg & Keinanen, 2021). McCamant
and Durrett (1989) defined the term “Bofeallesskab”, which means living community in Danish, as co-
housing in their published communal housing book (Beck, 2019). Szypulski (2016) defines the
concept of shared housing as inclusive housing for all people with and without disabilities. Therefore,
describes shared housing projects as predominantly community based. In this lifestyle, users share a
social life based on community activities, mutual aid and a reliable neighborhood phenomenon.
Osborne (2018) defines communal living (co-living) as a form of rental housing that aims to create
community among users by providing features such as community managers, paired with large
communal spaces and typologically small and furnished private spaces. Moreover, it has been
determined that the lack of sufficient research on the common living typology causes the designers
not to adhere to a certain principle while designing the common living spaces and to make different
applications.

Co-housing structures is a residential project planned for the first time outside of Copenhagen,
Denmark in 1972 by 27 families who wanted to experience a greater sense of community alongside
the possibilities offered by suburban subdivisions or apartment complexes (McCamant & Durrett,
2011). Co-living first appeared in newspaper advertisements in 2011 and 2012, when the housing
need of technology workers arose during the rise of Silicon Valley, but it has been heavily taking part
in people's lives since 2016 (Steding, 2019). There is a graph of the searches on the concepts in the
Google search engine since 2010 (Figure 1). In accordance with the data, it was seen that the concept
of co-living decreased during the pandemic period and increased again in the last two years.

Figure 1. Google trend analysis of the words Co-living and Co-housing after 2010 (Google Trends, 2022)

Another difference between the concepts of co-housing structures and co-living is the ideological
motivation. While the definitions of co-housing are often based on feminist discourses such as
cleaning services, maintenance of common areas, and equality of labor in these fields, co-living is a
market solution created by companies or landlords that can offer similar services as specified. Co-
living aims to provide a minimum standard of living for singles, students or professionals (Ehrenberg
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& Keinonen, 2021). Co-living is associated with individuals having better life opportunities in smaller
spaces and increasing their level of well-being. The community in a residence should not be more
than 8 to 12 people to establish and maintain these values, because individuals in small communities
can get to know each other in a shorter time establish friendships and have a sense of belonging to
the place (Steding, 2019). In other words, co-living is a leaseable place where a group of people live
under the same roof but each person in the residence has a contract independent of the other.
Residences rented in this group usually have single rooms with private or shared bathrooms and
have common areas (laundry, library, gym, etc.) where people can eat and interact. University
students, professionals working in precarious jobs, the need for a dynamic and flexible lifestyle, low
income, and increasing housing rents have given birth to this new lifestyle (DoveVivo, 2022a). The
concept of co-housing structures was brought up for discussion at the international conference on
co-housing structures held in Stockholm in 2010 (Vestbro, 2010). The concept of co-living was not
fully expressed in those years but was expressed under the heading of co-housing structures until
2011. To measure the suitability of co-living, the spaces in the residence must meet the basic
requirements for the people living in that place (Steding, 2019; Ehrenberg & Keinonen, 2021).

Throughout history, individuals have needed settlements to survive, ensure their security and meet
one of their basic needs, which is shelter. These basic needs are expressed in a pyramid form within
the scope of Maslow's hierarchy of needs. Maslow addresses the basic needs in a certain order,
stating that the only way for individuals to move to the upper level is to meet the needs at the lowest
level (Coban, 2021). To date, researchers have determined different classifications for user
requirements. Bugday (1991) and Gl (1993) classified user needs under two main headings as
physical and psycho-social needs. Then, they divided the physical user needs into 4 sub-headings as
spatial, health, physical environment and security. Psycho-social user needs are grouped under 4
subheadings: privacy, behavioral, aesthetic and social (Korur, Sayin, Oguzalp & Korkmaz, 2006).
Spatial requirements are primarily to respond to the dimensions where individuals can perform their
actions (individually or collectively) in accordance with the variability of the number of users.
Furthermore, it should have features such as dimensional ratio, color, and lighting suitable for the
number of users that will provide psychological comfort to the users in the space (imal, 2009). Health
requirements are the whole of the measures taken to prevent all the negative factors that will affect
the health of the users in the space. At the beginning of these factors is the proper discharge of
sewage, garbage and other wastes, and then ensuring the air quality in the space, and the supply of
clean water (Korur, Sayin, Oguzalp & Korkmaz, 2006). Physical environmental requirements are to
create a visual and acoustic comfort area in the space and to provide appropriate temperature
control and humidity balance in accordance with the number of users. On the other hand, the safety
requirements consist of measures to be taken against basic risks such as the strength of the structure
of the apartment against fire and other disasters that may occur there (Bekar & Kog Altuntas, 2021).

Psychosocial requirements are the minimum conditions required for users to be able to perform their
actions in space without experiencing any negativity and without feeling uncomfortable. The privacy
requirements are providing the users with visual, auditory and social privacy conditions both within
the space and with the immediate surroundings it is in. The concept of social privacy tried to be
explained here is that the user can protect the social privacy (secrecy) between him/her and other
individuals in the space he/she is in (Bekar & Kog Altuntas, 2021). For aesthetic requirements, first of
all, the minimum conditions of all basic physical requirements for individuals must be met within
space. Aesthetic requirements are creating values related to visual effects such as color and texture
in spaces, designed with aesthetic concern to ensure that the users are psychologically satisfied in
spaces that meet these conditions at a minimum (Korur, Sayin, Oguzalp & Korkmaz, 2006). Behavioral
requirements are subjective judgments that can vary depending on the wishes and psychology of the
users. This type of requirement consists of subjective phenomena such as the thoughts of the users
when they enter the space (such as the space being large, having high ceilings or having too many
windows), and the expectations of the individuals from the space. Social requirements are the
reflection of the relations of the users with each other in space (Bekar & Kog Altuntas, 2021).
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Special standards have been established by calculating the physical space requirements of the users
for new buildings to be built in European countries and for buildings to be renovated. As stated by
Yunitsyna (2014), the average of the mandatory standards for living spaces in the housing standards
of 31 European countries and 7 regions was taken and the minimum dimensions that the most
common user spaces should provide were determined (Figure 2).

Minimal aggregate living space size for two inhabitants, sq.m 21,9

Minimal aggregate living space size for one inhabitant, sq.m 19,6

Minimal single bedroom size, SQ.M  —— &

Minimal double bedroom size, sq.m 11,2
Minimal living room size, sq.m (for two inhabitants) 16,4
Minimal living room size, sq.m (for one inhabitant) 15,4

Kitchen space (one inhabitant), SO.M  —— G 2

0 5 10 15 20 25

Figure 2. Minimum living spaces according to European housing standards (Yunitsyna, 2014)

As a result of Yunitsyna's (2014) study, he classified the size of the space according to the function
numbers it contains in European House Standards. Accordingly, these standards,

e Ifitis between 15.4 m?and 16.4 m?, that place is universal,

e Ifitis between 11.2 m? and 15.4 m?, it can have 3 functions,

e Ifitis between 8 m?and 11 m?, it can have 2 functions,

e If the area of the place is less than 8 m?, that place is specialized it can only exist within 1
function.

This study aims to determine the suitability of the co-living concept in terms of the basic
requirements of the residential users by examining the floor plan of the apartment for six people
located on the second floor of the Ospedale Civile building of DoveVivo Company in the Veneto
Region of Italy (Figure 3).

Figure 3. Map of Europe, Italy and Padova (Turismoitalia, 2022)
2. Material and Method
2.1. Material

As the material of the study, a 6-person apartment on the second floor of the Ospedale Civile
building owned by DoveVivo Company in Padova, Italy, was chosen (Figure 4).
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Figure 4. Ospedale Civile Building, Furnished Plan for 6 Person

There are several factors in choosing this apartment. This communal lifestyle, which mostly appeals
to young professionals and students, further highlights the location of the building. The fact that the
building is located in the historical city center of Padova and close to the hospital and school districts
(Figure 5) is one of the important factors in choosing the apartment.

Figure 5. Workspace enviromental analysis (adapted from Google Maps, 2022)

Another reason for choosing the apartment is that a historic building was recycled and reintroduced
to the city. This building (Figure 6), which used to be a religious boarding school, was transformed

into a structure consisting of all shared apartments by DoveVivo company in 2021 by preserving its
exterior and renovating its interior and plumbing systems.

Figure 6. Ospedale Civile Building, old view (Google Earth, 2022)

There are 12 shared apartments in total in the renovated building. The number of users of the
apartments in the building may vary. Apartments are designed for 4 to 7 people. At the rear of the
building, apart from the bicycle and parking areas (Figure 7), there is another single-storey building

independent of the main building. There are three shared apartments in this independent building
(Moranduzzo, 2021).
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Figure 7. Ospedale civile building, current view (DoveVivo, 2022b)

In Italy, there are sanitation provisions as a factor in determining that buildings are habitable by
governments. The selected building is deemed suitable according to the living space sanitation
provisions of the Italian Government.

Sanitation is the definition given to the whole of the work done to protect the health of individuals
and to ensure hygiene in societies. Sanitation provisions include the basic principles to be applied for
protecting and improving the user's health, and in the case of loss of health, in the recovery (Simsek,
2014). There are different sanitation provisions according to the conditions of each country. While
there is the provision of "TS13811 Hygiene and Sanitation Management System" in Tirkiye, the
"Main Sanitation of Living Spaces" legislation of the Ministry of Health with the 5 July 1975 date is
applied in Italy (Anonymous, 2022).

The last factor is that DoveVivo is Europe's largest co-living company in terms of room and revenue
(3 Countries, with 10,000 rooms in 15 cities) (DoveVivo, 2022c). The mission of the company
coincides with the concept of co-living. Within this context, the company expresses its main purpose
as follows; "We aim to create a platform where individuals can connect with a local and international
community as long as they want, by making use of personalized services in an all-inclusive life
module. Whether users have moved to a new country for professional reasons such as education,
work, or for personal reasons, the company's aim here is to provide individuals with a good living
experience while they are getting to know a new country" (DoveVivo, 2022c).

2.2. Method

This study consists of five stages. In the first stage of the study, one of the authors between the years
2021-2022 first experienced the lifestyle in the apartment, as the study material. In the second stage
of the study, the suitability of five clauses related to accommodation, which is one of the living space
sanitation provisions put into effect by the Italian Government in 1975, for the apartment as the
material of the study was examined (Table 1).

In the third stage of the study, separate building surveys of the common and individual spaces of a
shared apartment were taken and the layout plans were drawn in the AutoCAD software. Each place
has been examined according to the functions consisting of 6 parameters in accordance with the
information obtained from the literature (Table 2). The functions of the spaces are defined within the
context of these 6 headings provided. These functions are respectively working, sitting, sanitation,
social environment, sleeping and eating.

In the last stage of the study (Table 3), in the light of the information obtained from the literature,
two basic principles of user requirements, the physical and the psycho-social requirements and the
adequacy status of the spaces were evaluated within the scope of the sub-parameters of this
principle. Physical user requirements were examined in four sub-parameters: spatial, health, physical
environmental conditions and safety. Psycho-social user needs are discussed under four headings:
privacy, behavioral, aesthetic and social. The tables in the second and third stages of the study were
created as a result of the observations and analyzes that were personally experienced between the
years 2021-2022 in the apartment, which is the material of the study, and the method flow diagram
of the study is provided in Figure 8.
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Figure 8. Method flow chart
3. Findings and Discussion

In the study, firstly the suitability of 5 clauses related to accommodation, which is one of the living
space sanitation provisions put into effect by the Italian Government in 1975, was examined in terms
of the floor plan of the apartment as the material of the study (Table 1). It has been determined that
the apartment is in accordance with 4 clauses.

Table 1. The living space sanitation provisions issued by the Italian Government in 1975, 5 articles related to
accommodation (Anonymous, 2022)

Article Suitability of the
The Content Of The Substance v
No apartment
21 For each user, a minimum living area of 14 m?, for the first 4 users and Suitable
) no less than 10 m? for each subsequent user must be provided.
3 -
59 Th.e' bedrooms sf;ould be at least 9 m? for single people and a Suitable
minimum of 14 m? for two people.
2.3 Each accommodation must have a living room of at least 14 m2. Unsuitable
2.4 Bedrooms, living room and kitchen should have a pop-up window. Suitable

All rooms of the accommodation unit, except for rooms reserved for
5.1 toilets, corridors, stairs and storage areas, must have natural lighting Suitable
suitable for the purpose of use and direct lighting.

In Table 2, the concept of co-living was examined within the scope of their functions. Because of the
examination of the apartment within the scope of their functions, it has been concluded that the
spaces contain more than one function, regardless of whether they are for individual or shared use.
The kitchen and balcony direct the users to activities that enable them to act collectively with other
individuals (working, eating, etc.) and at the same time turn into social spaces where individuals
spend time together. Shared bathrooms 2 and 3 can no longer be spaces where users only see
sanitation, such as washing, but can also turn into spaces where female users can socialize by dyeing
each other's hair. Since they are common spaces, the cleaning of the bathrooms is carried out by the
users in the order they determine or jointly. If we take the functions of individual spaces into
account, it is possible to say that they mostly have the same functions. Apart from working, sitting
and sleeping functions, also different functions are seen for room 1. Since Room-1 has a bathroom
that is only used by its user, sanitation processes are also included in the room. It has been
determined that all the spaces in the examined apartment have been renewed in accordance with
the articles 2.1, 2.2, 2.4 and 5.1 of the living space sanitation provisions put into effect by the Italian
Government in 1975 regarding accommodation provided in Table 1 and it does only not fulfill the
obligation in the article 2.3 of the same provisions. In the examined flat, there is no requirement to
have a living room of at least 14 m? in each flat specified in article 2.3. In the examination, it was seen
that the individuals met their living room needs from the kitchen and balcony. Moreover, Yunitsha
(2014) determined that the kitchen area should be at least 6.2 m? per person and accordingly, the
kitchen should be 37.2 m? for an apartment used by 6 people. The existing kitchen of the flat is 18
m?, which is insufficient by European standards. According to European standards, a single bedroom
should be at least 8 m? (Yunitsha, 2014). Each room within the scope of the study meets this criteria,
but the provision in the same study indicating that if the width of a room is between 8 and 11 m?, it
only accommodates two functions, does not meet the standard (Room 2-6). The residents of the
Rooms in Room 2, Room 3, Room 4, Room 5 and Room 6 perform their functions of sleeping, working
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and sitting. Regarding Room 1, which is 14 m?, was again indicated to have three functions according
to the average of the European standards, but it was experienced that the Room 1 was used for
sleeping, working, sitting and sanitation functions.

Table 2. Inspection of the apartment in the scope of their functions

PLAN m? FUNCTIONS
rogu4f Fogus |+ § rogy e Working
. - v , ® Sitting
Kitchen 18 m . .
. L e Social environment
ROOM -2 | ROOM-1 i .
I ) e Eating
ROOM.3
Corridor BA%CONY - e Social environment
— =3
0 ]
t'-') ox
< rogH e Working
[72) [T e
d Sitting
% Balcony BALCO . KTgHeN _ _
S e Social environment
g e Sitting
o
— £
RbQIﬂ-B
Bath = e Sanitation
athroom _
2 BALCONY. . KITCHEN —_ 3.8 m? processes
roow-2 | Roow-1 [P e Social environment
-
ROOM4| ROOM 5 o
‘ o g e Sanitation
Bathroom _ - CORRIDOR , ,
3 BALCONY. . KITCHEN i 49m processes
Rowz'rzow1 g e Social environment
- e
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INDIVIDUAL SPACES

Room-1

BAmR0OM 3
4o

e 2
BALCONY | KITCHEN 14m

03

Working
Sitting
Sanitation
processes

Sleeping

Room -2

BALCONY 11m?

03

Working
Sitting
Sleeping

Room -3

BALCONY.

03

Working
Social environment
Sitting

Room -4

BALCONY.

03

Working
Sitting
Sleeping

Room -5

BALCONY 10 m?

03

Working
Sitting
Sleeping

Room -6

BALCONY 11 m?

03

Working
Sitting
Sleeping
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If we analyze the adequacy status within the scope of the user requirements of the apartment, it is
observed that the individual spaces are more adequate than the common spaces (Table 3). If we
consider user requirements under two main headings physical and psycho-social needs, physical
needs are examined according to whether the physical conditions in the space are sufficient for the
user and whether they can meet the physical requirements of individuals.

When we conducted a spatial adequacy analysis by considering all the requirements in common
spaces (balcony, corridor, kitchen, bathroom 3 and bathroom 2), it was observed that the adequate
space was the corridor, and the insufficient space was the bathroom-2 (Table 3). The corridor was
found to be adequate for most of the physical and psychosocial requirements. The balcony was
found to be insufficient for six users in spatial requirements, and it was sufficient in behavioral
requirements. When we compare the shared bathrooms with each other, bathroom-3 seems
insufficient under the spatial heading of physical requirements compared to bathroom-2. The
increase in the number of users using the space is directly proportional to the increase in spatial
requirements. For this reason, bathroom 3, which was considered inadequate, was also deemed
insufficient in terms of privacy and social requirements due to the high number of users. The number
of users using bathroom-2 is 2 (rooms 2 and 5), and the number of users using bathroom-3 (rooms 3,
4 and 6) is 3. The kitchen, which contains many functions, was found to be sufficient except for the
spatial and privacy requirements. When the kitchen is considered within the scope of spatial
requirements, it has been determined that it is difficult for six users to use and actively evaluate the
space at the same time. This situation negatively affects the privacy requirements of individuals and
makes their personal spaces inadequate.

When the adequacy status of the individual spaces (Rooms 1-6) is examined according to the user
requirements, it is seen that rooms 1, 2, 4 and 5 are sufficient and room 6 is insufficient. Rooms 1, 2,
4 and 5 were adequate for all requirements except spatial requirements. This state of adequacy is a
concept that can vary depending on the experience of the users in terms of psychosocial
requirements. Room 3 was found to be inadequate in terms of privacy and spatial requirements. This
is because the kitchen, balcony and Room 3 share the same circulation axis. Users who spend time in
the kitchen late at night should be quiet or head to another area because of the user in room 3.
Likewise, the user in room 3 may experience sleep problems due to the noise made by the users in
the kitchen. Room 6 was found to be inadequate in terms of safety, spatial and privacy requirements.
The main problem here, as in room 3, is that bathroom 3 and room 6 use the same circulation axis.

Table 3. Adequacy analysis of the apartments user requirements

USER REQUIREMENTS

PHYSICAL REQUIREMENTS PSYCHOSOCIAL REQUIREMENTS

Physical

Space Health .
environment

Security ~ Privacy Aesthetic Behavioral  Social

Kitchen - + + * - + + +
g Corridor + + s s + + * +
§ Balcony - + + + + + + +
] i - - - - -
O Bathroom-2 + * +
Bathroom- 3 - + + t - + + -
] Room -1 - + + + + + + +
Q
E Room -2 - + + + + + + +
7))
— Room -3 - + + + - + + +
<
g Room - 4 - + + + + + + +
> Room -5 - + + + + + + +
[a]
£ Room -6 - + + - - + + +

- Inadequate, * Partially Adequate, + Adequate
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4. Conclusion and Suggestions

The co-living model aims to provide a minimum standard of living for singles, students or
professionals. These living standards vary according to the specific laws of each country. For the co-
living model, which is still a new concept in the world and in Turkiye, to function correctly, it is
necessary to determine the minimum standards and the minimum and maximum dimensions
required for the design, in accordance with the laws. While creating these standards, physical and
psychosocial user requirements, which are among the basic requirements that Maslow created in
1943, must be taken into consideration.

Co-living is a special and highly unusual arrangement that reflects a particular way of life. First of all,
this way of life should be handled and analyzed by scientists from different disciplines. This study has
been addressed in terms of interior architecture by the author, who has experienced the co-living. As
a result, it has been determined that this lifestyle is ideal for short-term accommodation abroad
experiences, and people living together at home help each other and socialize a lot.

Acknowledgements and Information Note

The article complies with national and international research and publication ethics. Ethics
committee approval was not required for the study.

Author Contribution and Conflict of Interest Declaration Information
All authors contributed equally to the article.
References

Acar, E. (1999). Neolitik ve Kalkolitik Cag. Y. Sey (Ed.). Tarihten Giinlimiize Anadolu’da Konut ve
Mimarlik (s. 2-21). ISBN: 975-7306-61-4. istanbul: Tarih Vakfi Yayinlari.

Anonymous. (2022). Access Address (12.011.2022): https://bim.acca.it/wp-content/uploads /2018/
10/dm_sanita_5luglio1975.pdf

Beck, A. F. (2019). What is co-housing? Developing a conceptual framework from studies of Danish:
intergenerational co-housing. Housing, Theory and Society, 37 (1), 40-64. Online ISSN: 1651-
2278. Access Address (12.02.2023): https://www.tandfonline.com/doi/full/10.1080/14036096.
2019. 1633398

Bekar, I. & Altuntas Kog, S. (2021). Kullanici Gereksinmeleri Ozelinde Geleneksel Konutlarin Mekansal
Okumalari. International Journal of Mardin Studies, 2(1):83-103. Online ISSN: 2718-
0824.Access Address (22.02.2023): https://dergipark.org.tr/en/pub/ ijms/issue/ 63027/957076

Bugday, H. A. (1991). Endustrilesmis Toplu Konutta Farkl Kullanici Gereksinimlerini Karsilayici
Coéziimler Dogrultusunda Bir Mimari Tasarim Arastirmasi. (Unpublished M.S. thesis) istanbul
Teknik Universitesi Fen Bilimleri Enstitiis{, istanbul.

Coban, G. S. (2021). Maslow’un ihtiyaclar Hiyerarsisi Kendini Gerceklestirme Basamaginda Gizil
Yetenekler. European Journal of Educational and Social Sciences, 6(1):111-118. Online ISSN:
2564-662. Access Address (27.02.2023): https://dergipark.org.tr/tr/download/article-
file/1686993

DoveVivo. (2022a). Dovevivo rooms apartments and much more. Access Address (23.12.2022):
https://www.dovevivo.com/en/blog/coliving-a-new-way-of-living-and-cohabiting/

DoveVivo. (2022b). Dovevivo rooms apartments and much more. Access Address (17.12.2022):
https://www.dovevivo.it/it/building-building-padova-ospedale-civile/

DoveVivo. (2022c). Dovevivo rooms apartments and much more. Access Address (29.11.2022):
https://www.dovevivo.com/en/corporate/about-us/

Ehrenberg, N. & Keinonen, T. (2021). Co-Living as a Rental Home Experience: Smart Home
Technologies and Autonomy. Interaction Design and Architecture(s), (50), 82-101. Online: ISSN

64


https://bim.acca.it/wp-content/uploads%20/2018/%2010/dm_sanita_5luglio1975.pdf
https://bim.acca.it/wp-content/uploads%20/2018/%2010/dm_sanita_5luglio1975.pdf
https://www.tandfonline.com/doi/full/10.1080/14036096.%202019.%201633398
https://www.tandfonline.com/doi/full/10.1080/14036096.%202019.%201633398
https://dergipark.org.tr/en/pub/
https://www.dovevivo.it/it/building-building-padova-ospedale-civile/
https://www.dovevivo.com/en/corporate/about-us/

Journal of Architectural Sciences and Applications, 2023, 8 (1), 54-66.

2283-2998. Access Address (06.02.2023):http://www.mifav.uniroma2.it/inevent/events/
idea2010/doc/50_6.pdf

Google Earth. (2022). PADOVA. Access Address (20.11.2022): https://earth.google.com/web/
search/Padova,+Padova-+ili,+%c4%b0talya/@45.40394512,11.87972844,16.917486273a,1183.9
9085727d,35y,0h,0t,0r/data=CigilJgokCVwICg07_zNAEVwICg07_zPAGc3huW63WEIAlc3huWe3
WENA

Google Maps. (2022). PADOVA. Access Address (20.11.2022): https://www.google.com/maps/
@45.4069817,11.8786259,16.43z

Google Trends. (2022). Co-living and Co-housing. Access Address (20.11.2022):
https://trends.google.comstrends.

Gul, B. (1993). Kullanici Cevre Uyum Probleminin Tasarim Siresinde Coziimlenmesi. definition
(Unpublished M.S. Thesis) istanbul Teknik Universitesi Fen Bilimleri Enstitiis, istanbul.

imal, F. (2009). Sektorel Ofis Binalarinda Calisma Mekanlari ve Sosyal Alanlar. (Unpublished M.S.
thesis) Yildiz Teknik Universitesi Fen Bilimleri Enstitiisi, istanbul.

Kan Ulkii, G. (2018). Konutun Cinsiyeti. Mimarlik Bilimleri ve Uygulamalari Dergisi (MUBUD). 3(2), 63-
80. Online ISSN: 2548-0170. Access Address (01.03.2023): https://dergipark. org.tr/ tr/ pub/
mbud/issue/41514/287911.

Korur, S., Sayin, S., Oguzalp, E. H. & Korkmaz, Z. S. (2006). Konutlarda Kullanici Gereksinimlerine Bagli
Olarak Yapilan Cephe Midahalelerinin Fiziksel Cevre Kalitesine Etkisi. Selcuk Universitesi
Miihendislik, Bilim ve Teknoloji Dergisi. 21 (3-4): 177-190.

McCamant, K. & Durrett, C. (1989). Cohousing: A Contemporary Approach to Housing Ourselves.
ISBN 978-0-89815-306-4. Berkeley, California: Habitat Press.

McCamant, K. & Durrett, C. (2011). Creating Cohousing. Building Sustainable Communities (s.19-
21).ISBN 978-0-86571-672-8. Canada: New Society Publishers.

Moranduzzo, S. (2021). PADOVA E solo il primo passo. In via Ospedale civile, al. Access Address
(19.11.2022):  https://www.ilgazzettino.it/pay/padova_pay/la_  novita_padova_e solo il
primo_passo_in_via_ospedale_ civile_al-6256176.html

Osborne, R. (2018). Best Practices for Urban Coliving Communities (Unpublished bachelor thesis)
Interior Design Program University of Nebraska, Lincoln.

Onver, M. S. (2016). Konut ve Konut Politikasi. ISBN: 978-0-9932118-9-8. London: ljopec Publications.

Salihoglu, T. (2001). K.K.T.C'de kirsal alan yerlesimlerine dayali konut UGretimi icin bir model
(Unpublished PhD thesis) Yakin Dogu Universitesi Fen Bilimleri ve Sosyal Bilimler Enstitiisd,
Lefkosa.

Steding, D. (2019). Coliving: an emerging term without a common definition (Unpublished M.S.
thesis) KTH Royal Institute of Technology, Stockholm.

Szypulski, A. (2016). Co-housing: Abundant Potential for Sustainable Housing and Neigbourhood
Development. In M. Albiez, G. Banse, K.C. Lindeman, A. Quint (Eds.), Designing Sustainable
Urban Futures: Concepts and Practices from Different Countries. (s. 93-101). Karlsruhe: KIT
scientific publishing.

Tavsan, F. & Bektas, U. (2022). Sustainability attitude in micro houses. Journal of Architectural
Sciences and Applications, 7 (Special Issue), 191-205.

Turismoitalia. (2022). Veneto-mappa. Access Address (09.12.2022): http://www.turismoitalia.it
/immagini/ veneto-mappa.jpg

Vestbro, U. D. (2010). Concepts and Terminology. U.D. Vestbro (Ed.), International collaborative
housing conference proceeding book (p.21-30). Stockholm, Sweden. ISBN: 978-91-7415-738-3.

65


https://earth.google.com/web/
https://www.google.com/maps/
https://dergipark/
https://www.abebooks.com/products/isbn/9780865716728/31385168857?cm_sp=snippet-_-srp1-_-PLP1&searchurl=sortby%3D17%26tn%3Dcreating%2Bcohousing%2Bbuilding%2Bsustainable%2Bcommunities
https://www.ilgazzettino.it/pay/padova_pay/la_%20novita_padova_e_solo_il_%20primo_passo_in_via_ospedale_%20civile_al-6256176.html
https://www.ilgazzettino.it/pay/padova_pay/la_%20novita_padova_e_solo_il_%20primo_passo_in_via_ospedale_%20civile_al-6256176.html
http://www.turismoitalia.it/

Journal of Architectural Sciences and Applications, 2023, 8 (1), 54-66.

Access Address (12.2.2023): http://kollektivhus.se/wp-content/uploads/2017/06/
Livingtogetherwebb-1.pdf.

Yunitsyna, A. (2014). Universal Space is Dwelling — the Room for All Living Needs. International
conference in architecture and urban design proceeding book (p. 1-8). Tirana, Albania. Access
Address (02.03.2023): https://www.academia.edu/78185460/Universal_Space_in_ Dwelling_
the_Room_for_All_Living_Needs.

Zorlu, T. & Sagsoz, A. (2016). Mistakil konut sitelerinde kullanici tercihlerine bagl fiziki miidahaleler:
Trabzon Ornegi. METU JFA, 27(2): 189-206.

LM: Journal of Architectural Sciences and Applications e-ISSN: 2548-0170

66


http://kollektivhus.se/wp-content/uploads/2017/06/%20Livingtogetherwebb-1.pdf
http://kollektivhus.se/wp-content/uploads/2017/06/%20Livingtogetherwebb-1.pdf
https://www.academia.edu/78185460/Universal_Space_in_
http://creativecommons.org/licenses/by-nc-sa/4.0/

Journal of Architectural Sciences and Applications
JASA 2023, 8 (1), 67-84.
Research article
e-ISSN: 2548-0170
https://dergipark.org.tr/en/pub/mbud

V

Social Sustainability and Re-functioning of Cultural Heritage: Seljuk
Bath and Ali Aydin House

Sebnem ERTAS BESIR *

Zuhal KAYNAKCI ELING Ayse Yaren SOGUT *

ORCID 1: 0000-0002-6997-7296
ORCID 2: 0000-0002-6724-1138
ORCID 3: 0000-0002-0568-6529

1 Akdeniz University, Faculty of Architecture, Department of Interior Architecture, 07070, Antalya, Tiirkiye.
* e-mail: sertasbesir@akdeniz.edu.tr

Abstract

It is important for preserving our cultural heritage to ensure the social and cultural sustainability of historical
buildings and hand down them to the next generations. Functioning historical buildings by protecting them also
increases circulation to those structures and ensures that they are handed down to the future. In this study, the
social sustainability of the Seljuk Bath and Ali Aydin House, located in the ancient city of Stratonikeia, were
examined. The tracing method, which is a qualitative research method, was used in the study. While ensuring the
sustainability of the buildings, the issue was also considered together with the historical environment they are in
and a performance evaluation was conducted within the context of the historical environment. Since the bath
and residential structures are both in the ancient city and both have become original structures, this study
contributes to the literature on holistic conservation and sustainability of historical buildings.

Keywords: Historical building, sustainability, re-functioning, conservation, Seljuk Bath, Ali Aydin House.

Kiiltiirel Mirasin Sosyal Siirdiirilebilirligi ve Yeniden
Islevliendirilmesi: Selcuk Hamami ve Ali Aydin Evi

0z

Tarihi yapilarin sosyal ve kiiltiirel siirdiiriilebilirliginin saglanmasi ve gelecek nesillere aktariimasi kiiltiirel
mirasimizi korumada énem tasimaktadir. Tarihi yapilarin korunarak islev kazandirilmasi o yapilara olan
sirkiilasyonu arttirarak gelecege aktarimini da saglamaktadir. Bu ¢alismada Stratonikeia antik kenti igerisinde
bulunan Selcuk Hamami ve Ali Aydin Evinin yeniden islevlendirilerek sosyal siirdiirilebilirliGinin saglanmasi
incelenmistir. Calismada nitel arastirma metodu olan iz siirme yéntemi kullanilmistir. Yapilarin siirdiirilebilirligi
saglanirken icerisinde bulundugu tarihi gevre ile birlikte de ele alinmis ve tarihi ¢evre baglaminda performans
degerlendirmesi yapilmistir. Hamam ve konut yapisi hem antik kent igerisinde bulunmasi hem de 6zgiin yapi

haline gelmesi nedeni ile literatiire biitiinciil koruma ve tarihi yapilarin sirdirilebilirligi hakkinda katki
saglamaktadir.
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1. Introduction

Within the frame of the principle of sustainability, conservation in the historical environment requires
the active use of the old texture and planning the changes in the environment in a way that will
respond to the needs of today’s life (Kuban, 2000). For the cultural heritage to be preserved and
sustainable, the management plan should proceed with the aim of keeping it alive, that is,
incorporating it into our daily lives, adding an economic dimension and handing down these
phenomena to future generations (Kuscuoglu & Tas, 2017). Accordingly, the historical environment
and cultural heritage should be taken into account as valuable resources and considered as
development incentives (Grazuleviciaté, 2006).

“Although the sustainability of cultural heritage plays an important role in the heritage of human
civilization and history, the evaluations related to these areas remain limited” (Jiang, Cai, Chen, Zhang,
Wang, Xie & Yu, 2022, p. 1). Although these studies are limited in number, the conservation and
continuity of cultural heritage also play a critical role in the sustainability of societies. It is accepted
that these cultural resources are very important for sustaining the social, economic and cultural
development of communities. For this reason, the physical texture where it is located must also be
protected (Grazuleviciité, 2006). The conservation of cultural heritage assets that ensure handing
down of cultural values and meanings across generations is considered by UNESCO (2013) to be of
critical importance for cultural sustainability to become possible.

Considering that one of the aims of sustainability is continuous improvement, the improvement and
reuse of historical buildings are one of the means to achieve this (Bullen, 2007). Therefore, the adaptive
reuse of historical buildings and passing the wasteful processes of demolition and reconstruction play
a major role in the development of sustainability (Department of Environment & Heritage, 2004).
Charter on the Built Vernacular Heritage ratified by the ICOMOS 12th general assembly, in Mexico,
October 1999 (ICOMOS, 1999). Its strongly emphasizes that the reuse of historical buildings should be
a harmonious use with minimal interference. For this purpose, compatibility evaluations should be
carried out by questioning the new function of the structure and the performance of its new users
(Yaldiz & Asatekin, 2016). In this context, it is important for sustainability in terms of the expectation
that the buildings that have lost their functional properties due to the change in the lifestyle, will be
re-functionalized today, and that the building should be protected to meet the needs in the future
(Tanrisever, Sarac¢ & Aydogdu, 2016).

Likewise, various societies have lived in archaeological areas for centuries and these areas have been
stratified over time and hosted different civilizations. The management of archaeological sites is closely
related to the sustainability of cultural heritage. Cultural heritage management can be defined as the
legal processes and practices for the detailed research, conservation, use, presentation, operation and
planning of archaeological resources (Kerber, 1994). Cultural assets should be considered as a whole
with their environment and their sustainability should be ensured by evaluating them according to the
archaeological sites they are in.

In this study, the ancient city of Stratonikeia, which is an archaeological site, is taken into account.
While, since the ancient city is quite large and contains many buildings, the study area was narrowed
down and the Seljuk Bath, which is considered a cultural heritage, and the Ali Aydin House, which is a
combined structure with this bath, were examined.

As a result of the restoration and re-functioning of these structures, their social and cultural
sustainability has been evaluated by dividing them into time intervals since the date they were built.
Based on the fact that they are located in the historical environment and ancient city, the study was
concluded by evaluating the performance of the bath and residential building in terms of the historical
environment. Questioning the decisions and reports taken during the restitution and restoration
processes of the cultural heritage structures examined were excluded from the scope of the study.
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2. Cultural Heritage and Sustainability in Area Management of Ancient Cities

Archaeological sites reflect the unity of humans and nature that emerged as a result of centuries of
harmony developed by human beings according to the positive and negative conditions of the
environment in which they live (Takaoglu, 2004; Yakar, 2000; Nayci, 2014).

Natural and cultural environmental values should be taken into consideration as a whole for managing
cultural assets within the scope of archaeological site management, the participation of the society
living in the area should be ensured to establish a spiritual bond with the areas, and approaches that
will allow these studies to be established with economically sustainable tools and methods should be
introduced (Nayci, 2014). It is very important to apply a holistic approach to preserving archaeological
sites to hand them down to the future (Bahcgeci, 2004). According to Nayci (2014, p. 192), sustainability
goals in archaeological sites should be two-way; “Sustainability should be ensured in archaeological
site management studies” and “the information value of archaeological sites should contribute to
sustainable development” (Figure 1).

ENSURING SUSTAINABILITY IN ARCHAEOLOGICAL SITES

« tangible-intangible

cultural values + social iu.stice_ !« create an alternate

« continuation of « cultural identity resource .
biodiversity * the right to self- : + making a widespread
- ; determination : impact

« right to the environment « participation .+ self-sufficiency

« disaster management
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« cultural diversity

i common collective memor : + employment
* leaming from the past : . Ve MEMOY 2 cultural industry and
- traditional environmental : * pride, sense of belonging production diversity
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+ local information value with the place and with . balanced distribution
each other
THE CONTRIBUTION OF ARCHAEOLOGICAL SITES TO
SUSTAINABILITY

Figure 1. Sustainable development goals in archaeological site management (Nayci, 2014, p. 192)

It is also important to ensure the sustainability of the cultural heritage it contains while providing
archaeological site management. Cultural heritage management has been going through a process of
change that focuses on the cultural significance of tangible and intangible values and qualities (Pereira
da Silva & Pereira Roders, 2012). According to Kuscuoglu & Tas (2017), cultural heritage is the richness
that has meaning for all humanity in a way that can be intangible and concrete, describing the common
past and historical accumulation of people in the same society. At the same time, Madandola &
Boussaa (2023) defined cultural heritage as creative and symbolic resources that have been handed
down to humanity through generations. The sustainability of cultural heritage is important not only
for the present but also for continuing this heritage in the next generations. Therefore, it is necessary
to increase social awareness by considering it with a holistic approach to make the cultural heritage
sustainable (Kuscuoglu & Tas, 2017).

In a declaration published by UNESCO, it is mentioned that cultural heritage should be protected in all
its forms and that a real bond should be established between cultures by handing down it to future
generations and promoting it in all its varieties (UNESCO, 2001).
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2.1. Preserving and Refunctioning of Cultural Heritage

The concept of conservation can be defined as a chain of studies to ensure that cultural heritage is
handed down to the present and the future due to its artistic, historical and functional characteristics.
This chain also includes stages such as maintenance, repair and restoration (Emre, 2017). It can be
ensured that a structure is sustainable as a result of making it usable by assigning a different function
to the structure that has become unusable and has lost its function over time through the conservation
of historical buildings, which are accepted as cultural heritage. Architectural structures located at
important points of the city and embedded in the memory of the city are of great importance. The
structures that gain value with the concept of conservation come to the fore with the accumulations
carried from past to present (Temur & Kurak Acici, 2022). The concept of reuse is the renewal of a
building for adapting it to a new use. This concept is a common way of preserving our cultural heritage
by making abandoned, underutilized or unused historical buildings suitable for reuse. “The loss of
vernacular forms is not only a cultural loss, but can also have a negative effect on the way of life of the
society concerned” (Arpacioglu, 2016). The alternative to demolishing old buildings is to arrange them
as new and contemporary areas of use (Bacon, 2001).

The issue of the conservation of cultural heritage has started to be studied at the international level
by organizations such as UNESCO within the United Nations. In these studies, it has been accepted that
the concept of cultural heritage is an important value not only for the society where it is located but
also for all people. Within this context, the “Venice Charter” was adopted in 1964, where the rules
applicable everywhere in interventions to historical buildings were determined (Kuscuoglu & Tas,
2017). ICOMOS was established in 1965, following the Venice Charter. The purpose of ICOMOS
(International Council on Monuments and Sites), an international organization, is "to develop
principles, techniques and policies for the conservation and evaluation of historical monuments and
sites, and support and guide any relevant researches and studies (ICOMQOS, 2018). The charter of
ICOMOS, which was published on May 22, 1978, has taken its final form in that issue and continues to
be applicable today. The Law 1710 Numbered on Antiquities with 25.04.1973 date, which is the first
conservation law of the Republic of Turkiye, was also enacted during this period (Dagistan Ozdemir,
2005). With this law, monuments, complexes, sites, historical sites, archaeological sites, ruins and
natural sites were defined and accepted as ancient works, and it was emphasized that they should be
evaluated and protected completely (T.C. Cumhurbaskanhgi Resmi Gazete, 1973).

In the following years, 2863 numbered and 5223 numbered laws, came into force in 1983, and the Law
on the Conservation of Cultural and Natural Property clearly set forth the conservation rules. In
accordance with these rules, it is every individual in society's duty to protect and keep cultural assets
alive (Emre, 2017). Article Number 61 of the Law on the Conservation of Cultural and Natural Heritage
with 21.07.1983 date has the clause indicating that “Public institutions and organizations,
municipalities and real and legal persons must comply with the decisions of the High Council of
Conservation and the Regional Councils of Conservation.” (T.C. Cumhurbaskanligi Mevzuat Bilgi
Sistemi, 2022). All kinds of practices and evaluations regarding “cultural assets” and “protected areas”,
which are deemed worthy to be registered within the scope of this phrase, are carried out primarily in
line with the resolutions of the Supreme Council for the Conservation of Cultural and Natural Assets
and in particular the decisions of the Regional Conservation Boards (Aygin, 2011).

It can be said that cultural heritage is a value that every individual in the society should protect, and
after the conservation of these values, it is extremely important to re-function them by considering
the environmental conditions and the period where they are located and to use them in accordance
with that function. For this reason, while preserving our cultural heritage and handing down it to future
generations, it is necessary to establish the balance between conservation and use to ensure social
and cultural sustainability.

Historical buildings are structures that describe the values and culture of the society in which they are
located (Kavut & Selguk, 2022). The transformation of historical buildings into abandoned spaces due
to natural disasters, migration or neglect may adversely affect cultural sustainability. Restoring these
historical buildings, which have become cultural heritage, in a way that they can adapt to today's
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conditions and provide a new function and continuing their use becomes an important factor both for
preserving historical accumulation and ensuring social and cultural sustainability. “Although it is
thought that the preservation of historical buildings made with traditional system is more costly; it is
a more economical solution compared to the fact that these structures are kept alive with the
protection practices to be carried out regularly” (Kahraman & Arpacioglu, 2019). Considering that
every redesigned building harms the environment, it can be said that environmental, social and
cultural benefits are provided by restoring and using existing structures instead of demolishing and
rebuilding the buildings (Aydin & Okuyucu, 2009). Reuse of a structure is only a tool for the active
conservation of the building, and its new function while maintaining its historical, cultural,
environmental and economic sustainability (Yaldiz & Asatekin, 2016). Reuse acts as a bridge between
the past and the present through the traces it carries, the cultural values, lifestyle and socio-economic
levels of the period in which the historical buildings are located. These cultural assets also contribute
to creating the character and identity of the place they belong to. For this reason, it is necessary to
protect and ensure the sustainability of historical buildings.

3. Material and Method
3.1. Material

Bath structures have been built in various civilizations since ancient times. Especially Turks gave
importance to these structures and ensured they became widespread. The element of water, which
has a great place in Muslim societies, caused the increase in mosques and baths in these periods. Due
to the personal and social cleaning culture of the Turkish people, especially in the Principalities and
Ottoman Periods, the number of Turkish baths built increased accordingly (Ertugrul, 2009).

The main material of the study is the Seljuk Bath and Ali Aydin House, located in the ancient city of
Stratonikeia in the Yatagan District of Mugla. As there is no document about the construction date of
the bath, the exact date of construction is not known, but it is known that it has 14th and 15th-century
characteristics in terms of architecture and findings and it was built during the Menteseoglu
Principality (S6g(t, 2019). Ali Aydin House, a registered house built in 1951, is located in the undressing
section of the bath. Ali Aydin House was built later and became a building together with the bath during
the restoration phase (Figure 2).

Eskihisar Village, located in the Yatagan District of Mugla, is a well-known settlement area with an
ancient city since the Mentese Principality Period. The typological characteristics of the residential
buildings in the South Aegean Region can also be observed in Eskihisar Village. Generally, 1 or 2-storey
houses on large parcels are seen in the construction of this region. In addition to large mansions,
houses are generally built for single-family use and can be found inside the garden or adjacent to the
garden wall.
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Figure 2. Seljuk Bath and Ali Aydin House in Stratonikeia Ancient City (S6gut, 2019)

These two structures were registered as Immovable Cultural Heritage to be Protected in 2002 with the
26.06.2002 dated and 1458 numbered decision of Mugla Cultural and Natural Heritage Conservation
Board. Since the house and bath structures are considered together, restoration works and projects
were also applied together and restoration works were carried out in 2017. The combination of the
bath and the residential structure in this way and the conservation of it in an ancient city is one of the
most important characteristics for keeping the structures original.

3.1.1. Historical Development of Eskihisar Village

Eskihisar Village, which was called Stratonikeia in the ancient period, started to take shape during the
Mentese Principality Period and showed a settlement together with the ancient city. The most
important factor for choosing this place in the ancient city was that a three-orifice water source comes
out of this place. According to the obtained information, it is known that the 19th century and the first
half of the 20th century were among the good times of the village (S6glt, 2019). In this period, the
village hosted many social places such as a mosque, Turkish bath, village room, shop, barber, bakery,
butcher, and coffee house, together with approximately 400 households. Among the main reasons for
the increasing development of Eskihisar Village and becoming a focus of attention is the public bazaars
in the village square, which continue for two days. Due to being a commercial center for every period,
the physical texture of the village has changed and its borders have expanded (Yurdugiizel, 2005).

Eskihisar Village, which has maintained its rich structure for a long time, has experienced many events
in the historical process, including earthquakes and migration. Earthquakes had a great impact on the
development of the settlement and the construction of new buildings. Apart from the frequently seen
small earthquakes, some of them were found to have a magnitude of 7.5 in historical periods. The
most important recent earthquake in the history of the settlement was experienced in 1957 (AFAD,
2022). Because after this earthquake, the people living in the village migrated to other areas. In this
period, a new settlement area was created in the north of the existing village and it was provided that
the ones who wanted to move there moved there. During the period, some families did not leave their
homes in the ancient city and continued to live in the same area (S6gut, 2015).

Later, with the start of coal excavations in the second settlement area, the villagers were relocated
and moved to the third settlement, which was established approximately 1 km west of the ancient city
of Stratonikeia. Thanks to these new settlements, new structures could not be added to the village
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settlement in the ancient city and the old settlement pattern was preserved (S6g(t, 2020). The ancient
city of Stratonikeia (Figure 3) is located in the region that the locals call “Eskikoy”.

. 4 ,' I Stratonikeia Ancient City
. \p=t/ Shaban Agha Mosque ye-

| Pl b &3
ot A o

Figure 3. Stratonikeia ancient city (Google Earth, 2023)

Although Eskihisar village has experienced immigration many times, the area called “Eskikdy” has
never been empty. Today, there are families still living in the old settlement located in the ancient city
of Stratonikeia (S6gut, 2019).

3.2. Method

The study aims to examine the cultural sustainability of Seljuk Bath and Ali Aydin House and the re-
functioning of these structures. The tracing method, which is a qualitative research method, is used in
the study. The tracing method or process monitoring method is a qualitative research method that
examines a single case or a small number of cases and examines the causal mechanisms in general
(Bekler, Soyluk & Aycam, 2021). This method, which ensures that both data collection and sampling
studies are reliable, results in the identification of the organizational processes of the relevant research
topics in a given time frame. Criteria are created by sampling the special cases of the process that is
the subject of the study (Bennett & EIman, 2006; Bekler, Soyluk & Aycam, 2021).

The buildings selected within the scope of the study are divided into four groups according to the
events and changes they have undergone. These periods are the 14th century — 1951, 1951 — 1991,
1991 -2016, and 2016 — 2023. The main reason for choosing the specified periods is that the structures
studied have undergone structural or functional changes during these periods. The periods when the
buildings were built, annexed attachments, and excavations were carried out and restored were used
as a criterion for selecting these year intervals. Within this context, by examining the data obtained
from the changes in the determined periods, the study was concluded by evaluating the performance
of the bath and residential building in terms of the historical environment in the context of
international conservation criteria within the context of the Venice Charter (ICOMQOS, 2023a) and
Washington Charter (ICOMOS, 2023b) to be able to talk about the sustainability of its new function in
the archaeological area.

4. Findings

Seljuk Bath and Ali Aydin House are divided into periodic groups according to the events they have
undergone in the historical process and the changes they have gone through. Structural and functional
changes were revealed by examining these groups with graphics and tables. These periodic groups are
determined as follows (Figure 4);
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Figure 4. Seljuk Bath and Ali Aydin house sustainability scheme from the 14th Century to the Present

e 14th century—1951: It covers the period between the construction date of the Seljuk Bath and
the construction date of the Ali Aydin House.

e 1951-1991: It covers the construction date of the Ali Aydin House and the excavations carried
out during the 1982 excavation period of the Seljuk Bath.

e 1991 — 2016: It covers the survey and restitution period up to the year when these two
buildings were restored.

e 2016 — 2023: It covers the period from the beginning of the restoration works and the
preparation of the survey, restitution and restoration projects of the bath and the house to
the present day.

There have been many cultural and social changes between the years mentioned above. As a result of
these changes, the buildings became unusable and abandoned. With the restoration works carried out,
the baths and house structures were preserved and re-functioned, and structural integrity was
ensured. In this way, while providing cultural sustainability, the buildings were re-functionalized and
handed down to future generations.

The first period covers the years between the 14th century and 1951. During this period, the bath was
used as a single structure. With the construction of a house on the cold section of the bath in 1951,
both these structures became a unified structure. However, the bath is not in use during this period.

The second period covers the years between 1951 and 1991. During this period, the house was built

and afterwards many different events and migrations were experienced. After the earthquake in 1957,

migration started from here, although the house was not destroyed in the earthquake, it was also

abandoned. Later, during the 1982 excavation period, cleaning and drilling works were carried out

around the Seljuk Bath (Figure 5).
i il

a)

Figure 5. a) Northwest view of Seljuk Bath; b) Southeastern view of Seljuk Bath (Bas, 1991)
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The third period covers the years between 1991 and 2016. In this period, the buildings lost their
former use and became abandoned buildings over time. With the registration of Seljuk Bath and Ali
Aydin House in 2002, the structures were expropriated and more detailed excavations and surveys
were carried out between 2009 and 2011 (Figure 6).

Figure 6. a) Ali Aydin house; b) Seljuk Bath (Stratonikeia &Lagina Excavation Archive, 2016)

The fourth period covers the years between 2016 and 2022. In this period, survey, restitution and
restoration projects were prepared between the years of 2016-2017, and with the financial support
of the Southern Aegean Development Agency of the Republic of Turkiye and Pamukkale University,
and the work of the excavation team. Within the scope of the projects, Seljuk Bath and Ali Aydin
House were restored and ensured to reach our time by re-functioning (Figure 7).

Figure 7. a) Seljuk Bath; b) Ali Aydin House (Stratonikeia & Lagina Excavation Archive, 2022a)

With the excavations completed in 2011, the ground plan of the bath was revealed. With the studies,
it was concluded that the building occupies a rectangular area. Half of the undressing section one of
the parts determined within the bath is now under the house. The walls of the undressing section were
mostly destroyed, and the south wall continued under the foundation of the house. On the other hand,
Ali Aydin House has a plan with two floors, one room and an outer sofa. The lower floor of the house
was used as a barn and a sofa when it was built. The main living area is on the first floor and consists
of an outer sofa and a room. The house is covered with Turkish-style tiles on a hipped roof (Figure 8).
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Figure 8. Ali Aydin House restitution sections (Stratonikeia & Lagina Excavation Archive, 2011)

The conservation part of the bath and house structure, with their restoration, was completed in 2017
and was carried out and handed down to the next generations. These structures were later re-
functioned to ensure their social and cultural sustainability. The historical structure of the Seljuk Bath
has been preserved, and it has been converted into an exhibition area to both see the texture of the
bath at that time and understand its interaction with its surroundings (Figure 9). While visiting the
bath, which is still used as an exhibition area, the historical texture can be felt and information about
other structures in the ancient city can be obtained at the same time.

Figure 9. Seljuk Bath Interior Photos (Stratonikeia & Lagina Excavation Archive, 2021)

Ali Aydin House has also been re-functioned and turned into a place that the excavation team and
committee members can use when necessary. In this way, the house was made sustainable by ensuring
the continuity of use (Figure 10).

Figure 10. Ali Aydin House Interior Photos (Stratonikeia & Lagina Excavation Archive, 2022b)

These structures can be visited 12 months of the year, depending on the application made by the
visitors to the city. In the bath, people can sit and read the Turkish and English advertisement boards
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about all the structures of the city. This application provides convenience, especially for individuals
who cannot travel the whole city. By organizing exhibitions in the bath, an area suitable for activities
to increase awareness of the structures was obtained.

4.1. Performance Evaluation in terms of Historic Environment

Since the Seljuk Bath and Ali Aydin House are structures which are re-functioned according to the
historical environment they are in, social and cultural sustainability is ensured, and an environmental
performance assessment has been conducted (Figure 11).

Figure 11. Seljuk Bath, Ali Aydin House and Landscaping (Stratonikeia & Lagina Excavation Archive, 2023)

While evaluating the environmental performance, literature reviews, the building’s survey, restitution
and restoration reports and building visuals were taken as a basis, according to international
conservation criteria and articles related to the study (Kutlu & Erglin, 2021). According to this direction,
within the context of international conservation criteria, a performance evaluation has been
conducted by addressing articles no. 4, 5, 6, 7, 12 and 14 of the Venice Charter (1964) and articles no.
4,8,9,11,12, 13 and 15 of the Washington Charter (1987) (Table 1).
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Table 1. Performance Evaluation of Seljuk Bath and Ali Aydin House in terms of Historical Environment
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The performance evaluation of the bath and residential building was conducted by considering the
articles in the Venice Charter (1964) and the Washington Charter (1987).

According to the 4th article and the 5th article of the Venice Charter (1964), the
aforementioned monuments should be permanent and their continuity should be ensured
while they are protected. Furthermore, while the monuments are protected, they should be
used for useful purposes for society and the building should be re-functioned without changing
the plan. In accordance with these articles, it has been revealed that the proposed function to
ensure the sustainability of the bath and house increases the performance of the building.
According to the 6th article, the conservation of monuments should include care for their
surroundings. In accordance with this article, it has been determined that landscaping must be
done within certain limits since the bath and the house are located in the ancient city.
Therefore, landscaping is included in the table as a performance-reducing feature.

According to the 7th article, 12th article and 14th article, monuments are an integral part of
the environment they are in and the integrity of this cultural property should be protected and
should not be moved to another place. In addition to these, while complementing the
deficiencies, they should be in harmony with the whole, should not reflect the history
incorrectly, should be distinguishable from its essence and should be presented in a livable
way. Due to the fact that the baths and house structures were completely preserved during
the completion of the deficiencies, they were included in the performance-enhancing features.
According to the 8th article and 9th article of the Washington Charter (1987), re-functioning
should be compatible with the city area and the historical city. However, the improvement of
housing should be one of the main objectives of conservation. Due to the relationship between
the bath and the residential structure and the archaeological site, the conformity of the
building’s conservation approach to these items was determined and it was chosen as a
performance-enhancing feature.

According to the 4th article, the 11th article and the 15th article, it is necessary to have a
prudent, systematic approach and discipline while protecting the city area. In addition to this,
archaeological research on the history of the city and the historical area should be developed
and a program that informs the citizens should be prepared to ensure the participation of the
public. Due to the fact that historical buildings are handled in accordance with these items,
they have been chosen as performance-enhancing features.

According to the 12th article and the 13th article, the traffic in the historical city and urban
area should be controlled, and the parking areas should be in such a way as not to damage the
historical texture. Moreover, transportation to the city should be facilitated without
introducing new highways to the historical city and urban area. In accordance with these
articles, the suitability of transportation and roads to historical buildings and the city has been
determined and has been selected as a performance-enhancing feature.

As a result of these evaluations, the articles in the Venice Charter (1964) and the Washington Charter
(1987) were evaluated by considering the Seljuk Bath and Ali Aydin House in separate historical
processes. As a result of the evaluation, performance-enhancing and performance-reducing features
were included in the table and a performance evaluation was conducted in terms of the historical
environment.

5. Discussion and Conclusion

Archaeological sites are one of the most important cultural heritages that provide us with information
about the societies that lived in the past and the architectural structures that were built. These areas
can turn into places that have been destroyed and abandoned as a result of some natural disasters or
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migration over time. These structures need to be re-functioned and brought back to society to protect
our cultural heritage and hand down it to future generations. Re-functioning historical buildings are
also extremely important for understanding and learning the cultural values of the period they were
built.

It enables every archaeological site and structure brought to society to become culturally and socially
sustainable at the same time. The transformation of historical buildings into navigable and usable areas
can only be achieved by preserving and restoring them. According to Yaldiz & Asatekin (2016), carrying
these structures to the present due to their traces and cultural values serves as an important bridge
between the past and the present. According to S6giit (2019), these restorations of the areas in ancient
cities are among the practices that not only protect the building, but also show vital continuity and add
value in transforming ancient cities into living historical areas, and are also places where conservation
awareness is best provided to all visitors.

Gokiz (2022) emphasized that archaeological assets should be exhibited by protecting them from all
kinds of factors and the public should be informed about this heritage. Furthermore, he mentioned
that including archaeological assets in city life will enable the public to become conscious of protecting
these cultural assets. This will also contribute to cultural tourism, which will be an element that
enriches the city life of those living in an archaeological city.

Examples of reuse are the Side Agora Bath and the large bath at Hierapolis (Figure 12). Side Agora Bath
was converted into a museum in 1962 and the findings from the excavations are exhibited in it
(Ahunbay, 2010).

b)

Figure 12. a) Side Museum inside (Antalya Governorship official website 2023); b) Pamukkale Hierapolis
Archaeological Museum (Ministry of Culture and Tourism official website, 2023)

According to Bacon (2001), re-functioning is the sustainability of the cultural heritage, and re-use is
the renewal of the structure in accordance with its new use. Therefore, it is necessary to make the
function of historical buildings open for reuse properly and to adapt to their surroundings. Seljuk Bath
and Ali Aydin House, as the examined structures, have been restored and re-functioned in this
direction, and it is ensured that they are handed down to future generations.

Since the bath and house structures, which are registered structures, are located in the ancient city of
Stratonikeia, it is extremely important for them to re-function. Because the structures in the ancient
city are structures where local and foreign tourists can interact and circulation can be provided
continuously. Seljuk Bath was first restored and opened to use as an exhibition area with panels
describing the ancient city and other structures in it. Moreover, this allows the heating system of the
principalities period, which is under the bath with its glass floor, to be seen. In this way, while visiting
the interior of the bathhouse, the visitors can both see the systems and walls from their period and
get information about the city where it is located.

As a result of the proper re-functioning, the continuity of the circulation in the Seljuk Bath was ensured
and it is ensured that it is handed down to the next generations. Likewise, Ali Aydin House was restored
and its residential structure was preserved. It has become a structure where the members of the
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committee or scientists working in the ancient city can be accommodated by making the interior
arrangement.

As SO6gut (2015) emphasized, the sustainability of this house and handing down it to future generations
were realized by adding a usage function to its conservation function. In addition to this, the
performance evaluation of these two buildings in terms of their historical environment has been
examined in accordance with the Articles of the Venice Charter (1964) and Washington Charter (1987).

As a result of the examination, it has been concluded that the residence and bath are in harmony with
the historical environment where they are located, together with the conservation and re-functioning
of the historical environment.

The structures are very original since the Seljuk Bath has been preserved from the 14th century to the
present day and has been restored by becoming a building together with the Ali Aydin House. This is a
good example of social and cultural sustainability both in the world and in Turkiye.
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Abstract

Although the use of different building materials in a single construction system is a well-known technology and
the design principles of hybridization are similar from the past to the present, they are explained with different
concepts in literature, and there is no single comprehensive systematic classification. This study, which is open to
development in this respect, classifies hybrid structures whose main material is wood according to hybridization
levels and the parts they are used in the building, and each category is evaluated in detail. In determining the
measures, parameters affecting the building's performance were taken into account. In the research, secondary
data gathered with quantitative approaches were evaluated using a qualitative method. The study aims to create
a comprehensive technical guide on wood-based systems and to achieve linguistic unity in the related literature.
In this context, the difference between the uses of a single building material and a hybrid system is evaluated
with their strengths and weaknesses in the context of factors such as heat, humidity, acoustics, and fire. The
hybrid systems presented in the study are modern systems that are frequently applied today and are open to
diversification through development.

Keywords: Wood-based construction, hybrid construction technology, timber structure.

Ahsap Esasli Hibrit Yapi Teknolojisi

0z

Yapr malzemelerinin tek bir yapim sistemi biitiiniinde bir arada kullanilmasi yeni bir teknoloji olmamasiyla
beraber ve ge¢misten giiniimlize hibritlesme tasarim prensipleri benzer olsa da, literatiirde farkli kavramlar ile
aciklanmakta ve kapsayici bir sistemli siniflandirmasi bulunmamaktadir. Gelisime bu yéniiyle agik olan bu
¢alismada ana yapi malzemesi ahsap olan hibrit sistemler, yapida bulunduklari béliimlere ve hibritlesme
seviyelerine gére siniflandiriimis ve her bir kategori detayli olarak degerlendirilmistir. Degerlendirme élgiitlerinin
belirlenmesinde yapinin performansini etkileyen parametreler dikkate alinmistir. Arastirmada, nicel yaklasimlarla
toplanan ikincil veriler nitel bir yéntem kullanilarak degerlendirilmistir. Calismanin amaci ahsap esash sistemler
konusunda kapsamli bir teknik kilavuz olusturmak ve literatiirde bu konuyla alakali bir dil birligi yaratmaktir. Bu
baglamda tek ¢esit yapi malzemesi kullaniimasi ve hibrit bir sistem kullanilmasi arasindaki fark, gli¢lii ve zayif
yénleri, 1s1i, nem, akustik ve yangin gibi etkenler baglaminda degerlendirilmistir. Calismada ortaya konan hibrit
sistemler giiniimiizde uygulanmakta olan modern sistemlerdir ve gelistirilerek gesitlendirilmeye agiktir.

Anahtar Kelimeler: Ahsap esasli konstriiksiyon, hibrit yapi teknolojisi, ahsap yapi.

Citation: Baris, R. & Gur, N. V. (2023). Wood-based hybrid construction technology. Journal of Architectural
Sciences and Applications, 8 (1), 85-99.
DOI: https://doi.org/10.30785/mbud.1195433

Received: 27/10/2022 — Accepted: 07/04/2023 85


https://dergipark.org.tr/en/pub/mbud
https://doi.org/10.30785/mbud.
https://orcid.org/0000-0002-4848-584X
https://orcid.org/0000-0001-8810-5023

Journal of Architectural Sciences and Applications, 2023, 8 (1), 85-99.

1. Introduction

A structure is built of the systematic differentiation of all the parts it includes, as well as the
construction of these parts while keeping this distinction in mind. This differentiation results in
evaluating each section separately and obtaining more systematic data. These sections can be counted
as system, building, unit, part, component, and ingredient. This study aims to gather the weakness and
strengths of wood hybrid constructions compared to other modern systems. While defining them,
their hybridization levels were classified according to the way they come together in different levels
such as building-level hybridization, system-level hybridization, and component-level hybridization to
become a full-fledged construction. In this article, hybrid wood construction systems are elaborated
on by classifying them and taking into account the most suitable parts of the construction, which are
the building, system, and components.

As a traditional and well-known construction material, wood has been used with not only conventional
methods but also advanced technological methods for decades in many regions all over the world.
Given that wood has the potential that can be placed in both the tensile and compression zones of the
component, it performs high durability despite its lightness. Therefore, wood can be used in any
section considering the sustainability and aesthetic purposes to meet the rigidity and other mechanical
performance requirements when it comes to hybrid constructions.

The main purpose of hybridization is to provide and gather the most effective properties of every
material in one system. As a result of this process, the system is expected to be more possible to
prefabricate, construct/deconstruct, and afford with comparatively higher quality of mechanical
properties than using a single material (Schober &Tannert, 2016).

Compared to construction systems consisting of only steel material, it has been understood that a
wood-steel hybrid system will perform better, especially in fire, when similar precautions are taken.
Compared to the building systems consisting of only reinforced concrete, it has been determined that
wood-reinforced concrete hybrid systems perform particularly well in acoustic and thermal insulation,
and in most cases, they are more efficient models in terms of reducing the dead load of the structure
and increasing the tensile strength of the system, when similar precautions are taken. Compared to
only timber structures, with similar precautions, wood-based hybrid systems can perform better or
similarly in some respects (for instance, wood-reinforced concrete slabs have the same acoustic
performance as wood slabs with less thickness, or similar loads can be carried with thinner column-
beam measures in steel-reinforced wood hybrid systems).

2. Material and Method

The study used a qualitative method to assess secondary data gathered through quantitative
approaches. A new categorization for wood-based hybrid constructions was proposed after conducting
a review of the literature and using content analysis. This study which consists of three stages is a
summary of a M.Sc. thesis in which wood hybrid construction technologies are presented and
supported by application examples.

In the first stage of the study, a comprehensive review of the literature was conducted to identify
applied or wood-based hybrid construction technologies that were suggested based on laboratory
tests. These data were used to define the hybridization levels in the second part, and by identifying
the relevant evaluation criteria, an evaluation model that contains the necessary design data for each
construction system was created. In the third stage, the findings were examined and the strengths and
weaknesses of wood-based hybrid construction systems were compared with systems using one-type
material (wood or steel, or reinforced concrete). The second and third parts of the study contain a
strong base potential for future studies and are open to development.

3. Literature Review

A hybrid is an alliance between two things with different origins. In structural engineering, the term
"hybrid" refers to a component, system, or building that combines two different materials or systems
to maximize certain characteristics of each and produce a whole that is better than the sum of its parts
(Fast, 2014). In literature and application examples, the terms hybrid and composite have both been
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used to describe this combination method. However, as the term hybrid is relatively new, it is more
often used for new technologies.

Moreover, Foster, Reynolds, and Ramage (2016) identified different terms to refer to this technology,
such as mixed and composite structures. They created a hybrid category by considering the placement
of various materials along the height of the building. If two or more materials are utilized together
along the height of the building, it is considered a composite structure. If one material goes through
just a few stories and the other stories are built with different materials, it is named a mixed structure.

Alternatively, Salvadori (2021) made a hybridization classification mainly dividing buildings into post
and beam systems or panelized systems, taking into account subsystems of the structure such as
podium and core. As a result, there are now 32 building categories for mid-rise wood-based
construction.

The first attempt to combine concrete and wood was made in 1939 by Otto Schaub, who developed a
wood-concrete composite floor system using H and Z-shaped connectors (Ali et al., 2017).

Bella and Mitrovic (2020) researched the acoustic characteristics of cross-laminated timber (CLT)
systems. Their study found that in masonry structures, the presence of a CLT-paneled exterior
increased strength by 40% and ductility by 100%. Furthermore, when CLT panels were applied in a
building that was severely damaged in an earthquake, the system’s rigidity can be rephrased to an
almost undamaged, pre-earthquake state. When CLT panels were hybridized with reinforced concrete
structures via anchored dowel connections, the system showed good performance.

Selle et al. (2010) studied different approaches for hybrid concrete-wood floors. As the adhesion
between timber and concrete is critical, the researchers analyzed this parameter by taking into account
the connector types and the moisture effects on the timber surface. The results showed that fresh
concrete does not pose a danger of moisture damage to wood.

Winter et al. (2016) examined timber-steel hybrid beams and proposed 26 different beam types, which
were tested. Simple flanges made from folded steel were found to be easy to produce, transport, and
assemble. Additionally, cold-formed flanges were relatively lighter and cheaper than welded beams.
In the context of timber-steel combination, reinforcement of the timber with steel is generally applied.
To compare the mechanical performance of 5x15 cm timber beams reinforced with steel bars by
making 1x1 cm grooves, Soriano, Pellis & Mascia (2016) conducted tests. The bearing capacity of
reinforced beams increased from 51.1% to 79.2% compared to wooden beams.

Chang (2015) conducted an experimental test to observe the behavior of two different types of
tensioned and joined timber walls related to the technique of strengthening wooden shear walls using
the pre-tensioning technique. A U-shaped bent plate (UFP- U-Shaped Flexural Plate) was used to
connect the shear walls. The combined shear walls are expected to successfully distribute and absorb
energy uniformly.

Schanzlin et al. (2018) studied a timber-concrete hybrid system based on a frictional connection system
developed by a Swiss engineering office. It is often called the “Plus-Minus-system” which consists of
doweled wooden elements with varying widths of the planks. Lehmann (2004) (Weimar University)
conducted some research on increasing the resistance by increasing the friction surface area between
wood and concrete plates. He applied bending tests on three different fastening systems.

Dickof (2007) examined the Kanazawa M building, a combination of wood, concrete, and steel at both
the structural and component level. The first floor is a reinforced concrete shear wall, the second and
fifth floors are steel and wood hybrid frame supported, and the columns and braces of the structure
consist of wooden elements reinforced with steel bars in the center. The wood in the beams stiffens
and strengthens the beam in bending under gravity loads and prevents buckling under lateral loads
and lateral rotational torsion under gravity loads. In the columns, the wood around the steel element
prevents buckling and serves as a cover to safeguard the steel from fire. The design is made in the
direction of the wood to take the axial load while the steel is deformed.
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A new wood-concrete hybrid system (HWC box system) including a combination of solid wood and
reinforced concrete for high-rise buildings has been proposed by Tongji University and UBC, taking into
account the Chinese fire code limiting wooden buildings to three floors. This system is built on the
principle of the main system + subsystem, which is a common structural concept for buildings in China.
According to this concept, a reinforced concrete core and frame supported by shear walls on every
three floors constitute the main system, while modules formed with a light wood frame system
constitute the subsystem. The connections between the main and subsystem are critical units as they
hold the system together and transfer shear and axial forces between the concrete and wood
members. With the bolted joint, the connection of the modules with the reinforced concrete core is
ensured. In this system, the connections (bolts) form the third line of defense of the system in case of
an earthquake and are designed to not bend before the shear walls and reinforced concrete elements,
but to keep the two systems completely connected (Kaushik, 2017).

Loss et al. (2016) studied connections for steel-timber hybrid buildings. According to this study, as the
first joint typology in a wood-steel hybrid structure, there are “fully dry” mechanical joints (A-type),
connections using epoxy-based resins (B-type), and mixed mechanical joints combining the resistance
properties of the resin with steel elements (type C). With these several types of modular connection
solutions, it is provided not only the lightness, easy repair, and reuse possibility of components but
also the reduction of costs and time. Kinder & Kingsley (2021) presented some steel-wood and wood-
concrete connection solutions in their study. Okutu (2019) included the results of the research in which
Blass and Schlager tested the performance of different types of fasteners between reinforced concrete
slabs and wooden beam:s.

Hein (2014) researched hybrid timber construction in terms of sustainability in tall buildings. Various
connections between wood beams and reinforced concrete slabs or precast concrete slabs are
presented in this study.

Margani et al. (2020) presented a sustainable design model for the seismic retrofitting of reinforced
concrete structures. The model involves the addition of cross-laminated timber (CLT) facade panels to
the structure to resist lateral loads. A connection detail is also included in the model to act as an
energy-absorbing damper between floors, which enhances the earthquake resistance of the structure.

4. Findings and Discussion
4.1.Hybridization Parameters

The strength of the structural system of a building is as important as its ability to resist external factors
and offer a comfortable space during use. Wood tends to naturally meet sound and heat insulation
requirements due to its structure, but it requires specific design regulations for fire safety as it is a
combustible material. Additionally, it is essential to limit the entry of water and moisture into the
building and prevent them from getting trapped in the elements. Similarly, when reinforced concrete
and steel materials are evaluated, their performance characteristics differ. For instance, steel is a
noncombustible material, but it loses its strength by undergoing plastic deformation in the event of a
fire. This factor should be taken into account when combining it with wood.

4.1.1. Fire design

Fire safety requirements necessitate that structures be built taking into account the conditions that
must be met in case of a fire. These conditions include protection of the load-carrying capacity for a
certain period of time, limiting the formation and spread of fire and smoke, restricting the spread of
fire to neighboring structures, creating evacuation routes for the building occupants, and ensuring the
safety of rescue teams. Wooden structures are generally limited to eight stories due to practical and
economic constraints, but this limit can be increased in the case of hybrid wooden structures (Ostman
et al., 2013).

Structures must undergo fire resistance tests to prevent collapse. The fire resistance of structural
elements can be obtained by supporting the design load for the entire duration required by the fire
test. However, standard fire tests apply only to individual elements such as floors/ceilings, walls,
beams, and columns, and do not cover connections. Under fire conditions, bolted and dowelled joints
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experience a negative effect on their fire resistance, as the heat transmitted into the wood from the
more heat-exposed area of the fasteners leads to a localized reduction in the strength and rigidity of
the wooden member (Létourneau-Gagnon et al., 2021).

The timber structure is classified as a combustible structure in IBC (International Building Code) and
concrete and steel construction is classified as a noncombustible structure. In IBC, timber structures
can be usedin Typelll, IV, and V structures. Type lll, IV, and V structures are limited to low and medium-
rise buildings with limited construction area: Type Il allows combustible construction for internal load-
bearing and non-load-bearing elements. There can be external wall mounts. Fire-resistant wood
provided meet a 2-hour fire resistance rating (FRR) or has non-combustible exterior walls. Type IV
(Heavy wood) is a construction method based on wood elements with minimal measures, providing a
natural FRR (Barber, 2018).

Fire can reduce the cross-section, rigidity, and strength of the timber element on the burning surface,
and rapid thermal degradation of wood can occur at temperatures of around 200 °C. The front surface
of the charred portion is at a temperature of around 300 °C, and the pyrolysis area could be between
200 and 300 °C (Erchinger et al., 2009).

Despite having a zero fire rating for the structure, low-rise structures up to three floors high can
nonetheless sustain considerable damage from a fire. For fire-resistant structures; larger or higher is
permitted if it contains fire-segregated compartments, is separated from adjacent structures, or where
an automatic sprinkler system is applied. Mid-rise buildings with a roof height of less than 25.91 m (85
ft) are supposed to have a 1-hour FRR (Fire Resistance Rating). Multi-story buildings (75 ft (22.86 m) or
more to the highest occupied floor) are supposed to have a 2-hour FRR of primary structure, sprinkler
protection, and many additional fire protection features. For buildings higher than 128 m (420 ft), fire
ratings of 3 hours for load-bearing structures and 2 hours for floors are required (Barber, 2018).

When steel plates are protected from heat by surrounding elements, connections with slotted steel
plates can provide high fire resistance. The rate of heat conduction in the joint zone depends on the
relative exposure of wood and steel elements. The low temperature behind the charred layer also
prevents the wood from decreasing in strength as it heats up (Létourneau-Gagnon et al., 2021).

During ASTM E 119 fire resistance tests, it was estimated that protected surfaces of plywood sheathed
uprights delayed the onset of carbonization by 6 minutes, while surfaces insulated with mineral wool
insulation delayed it by 19 minutes (American Wood Council, 2021).

There are various design solutions available for solid wood structures that are suitable for fire design.
These can be broadly categorized into three types: fully exposed, partially protected, and
encapsulated. In a fully exposed design, structural elements are visible from the start of the fire. In a
partially protected design, the structural elements are behind a protective covering, although this
coating does not prevent pyrolysis (thermal decomposition of the material) for the entire duration of
the fire. In encapsulated design, adequate protection is provided to the underlying structure or
substrate to reduce the onset of pyrolysis until combustion.

In both exposure and partial protection, it must be assumed that the structure will become a fuel
source at some point during a fire. The implementation of these methods requires demonstrating, by
a competent fire engineer with relevant experience, that the likelihood of the structure recovering
from combustion is reasonable, taking into account the effect of the burning structure on fire
development, the structure's self-extinguishing ability, and the structure's ability to support the loads
applied during and after the fire event. Regardless of the solution offered, the residual structural
members must be capable of supporting the load for either the duration of the fire resistance or the
entire duration of a fire (Hopkin et al., 2020).

4.1.2. Acoustic performance

The greatest blocking of sound coming from the source of sound to the people in a place is referred to
as sound insulation. If the sound source and the listeners share the same space, acoustic comfort is
provided by sound absorption methods, and if they share different spaces, acoustic comfort is
provided by insulation methods. If the noise associated with the insulation primarily affects the air, it's
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called air sound; impact sound if the sound affects a structural element; and if walking affects parts of
the building such as flooring, footsteps occur (Neufert, 2014).

Wood, which is a highly absorbent material, is utilized indoors for acoustic purposes. When arranged
in pieces with holes, it can absorb the proper medium or high-frequency noises (Avlar, 1995). The
installation of a floating screed layer or a soft fiber covering material (such as wood) on a jointless
insulating layer, which can be used for all flooring types, is a proven method of reducing the effect of
footsteps that directly vibrate floors (Neufert, 2014).

Achieving sound insulation efficacy heavily depends on the many ways that CLT panels are connected,
even if they have the same mechanical properties as the joint. The potential to use appropriate
fastening methods to lessen vibrations that are conveyed through joints allows the transmissions to
be controlled and, consequently, prevents significant acoustic insulation losses (Bella & Mitrovic,
2020).

Pitts (2000) conducted a research project aimed at identifying solutions to improve the acoustic
performance of timber frame structures. The test results showed that standard wooden beam floors
met the minimum Building Code standards. The addition of a drywall layer to the floor reduced
airborne sound by 1-2 dB and impact sound by 3-4 dB. Wooden I-beams and metal mesh/wood flanged
beams with the same other layers exhibited the same performance as solid wood beams in airborne
sound insulation but performed 2 dB better in impact sound insulation.

Martins et al., (2015) tested the acoustic performance of wood flooring and wood-concrete hybrid
flooring using five different samples. The study revealed that the acoustic performance of hybrid
flooring solutions was better than that of wood flooring. In terms of airborne sound insulation, the
difference between reinforced concrete and wood solutions without ceiling covering was 13 dB and
12 dB for the same samples with suspended ceilings. Regarding impact sound insulation, when
comparing solutions with and without ceiling cladding, a 27 dB gain for wood flooring and a 21 dB gain
for hybrid flooring was achieved. The study also found that simple solutions without ceiling coverings
did not meet the air and impact sound insulation requirements in 24 European countries, whereas the
criteria for airborne sound insulation in five European nations were achieved by wood flooring with
ceiling cladding. Hybrid floors with ceiling coverings were shown to provide air and impact sound
insulation in almost all countries.

4.1.3. Thermal comfort

Natural wood has a porous structure, which generally categorizes it as an impermeable building
material in terms of heat conduction. However, this property may change depending on the type of
wood (lighter woods conduct heat less) and the direction of the fibers (heat conductivity is relatively
higher in the direction parallel to the fibers). The calculation does not account for the shrinkage and
swelling of wood caused by temperature changes (Erkog, 2004).

The thermal conductivity of wood depends on factors such as density, moisture content, fiber
orientation, and knots. The thermal conductivity in the radial and tangential directions is almost the
same, while the conductivity parallel to the grain is higher than the conductivity perpendicular to the
grain (Glass & Zelinka, 2010).

The thermal conductivity of a building material alone cannot determine environmental comfort during
the summer months. In this case, the building components' ability to absorb and release heat as a
whole plays a crucial role. Therefore, it is necessary to evaluate quantities such as specific heat,
periodic thermal permeability, and phase shift. A low-mass building usually has more thermal
emissions than a high-mass building, meaning that there will be higher maximum temperatures inside
the building during the summer months. However, wooden walls and insulation layers can improve
this situation (Bella & Mitrovic, 2020).

Wood has six times more thermal insulation properties than brick, 15 times more than concrete of
equal cross-section, and 400 times more than steel due to its nature. Therefore, heating/cooling costs
may be high in structures built only from steel or concrete. The use of wood, which reduces the amount
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of energy consumed for heat management in buildings, can also prevent moisture condensation from
occurring on cold surfaces (Tokyay, 2017).

Different properties of materials that may be involved in hybrid structures should be carefully
examined during design. For example, for wood-steel hybrid structures at the component level, design
gaps can be left between wood and steel to prevent uneven load distribution due to hygroscopic and
temperature mismatches between the two materials.

4.1.4. Moisture management

Moisture poses no threat to wood or wood-based structures as long as the detailing of the buildings is
done carefully. Moisture management solutions are necessary for hybrid structures, especially in the
junction area details.

It was stated by Aklan (2021) that humidity management was successfully completed in the
Pyramidenkogel observation tower, which was built in 2012 by Rubner Holzbau in Tyrol, Austria.
Moisture management is required for the hybrid attachment points of the structure, which consists of
Glulam bar members, CLT panels, and steel cross and support beams, and for areas of wood exposure
to precipitation. For example, at the top ends of the columns, there are metal caps fixed to the column
at intervals (to allow the wood to breathe inside) (Figure 1a). Droppers have been added to prevent
water from entering the screw gaps at the wood-steel connection points (Figure 1b). The same
insulation solution is found on the upper surfaces of the tower frames of the Mjgstarnet structure
(Figure 2).

Figure 2. Metal caps for the top frame (CTBUH, 2021) (Photo: Moelven)

Indoor air contains moisture that varies with temperature. In cases where detailing is not successful,
humidity in the air may cause condensation on the surface of building elements. It is crucial to prevent
condensation-induced water from damaging the building elements, particularly in hybrid wooden
structures where there is a risk of metal connection corrosion, weakening of wooden elements due to
excessive moisture absorption, and separation of finishing layers from supporting layers.
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To prevent such damages, thermal insulation must be successfully applied. The moisture barrier layer
should also be positioned correctly, and designs that prevent thermal bridges should be selected
(Neufert, 2014).

4.2 Hybridization Levels

It is possible to examine hybridization at different levels within a building. For example, this can include
analyzing a component that contains two materials, a system that contains various components made
of different materials, or a building that contains diverse elements made of various materials in
different parts of the structure (Schneider, 2015).

4.2.1.

Hybridization at the component level

Hybridization at the component level involves using two or more materials to create a single
component that maximizes the benefits of each material. Examples include wood hybrid columns,
hybrid beams, and hybrid wall panels. For instance, in the wood-steel hybrid system, steel is used for
its tensile strength, while wood is utilized for its compressive strength. In contrast, in the wood-
reinforced concrete hybrid arrangement, wood provides tensile performance, while concrete provides
compressive performance. Table 1 outlines four different types of hybridization at the component

level.
Table 1. Hybridization at the component level (Baris, 2022)
Flitch Beam Belted timber Post-tensioned timber Post-tensioned
Steel plate beams are Itisappliedasabeltto beam timber curtain wall

assembled inside the wooden
element. Available in sheet,
box, and H profile

existing wooden
elements to increase
the rigidity of the
element

The bars placed in the
gaps in the wooden
element are tensioned

without being
attached to the
element

After being fixed in
place, the rods are
tensioned in the
prefabricated panels
where the rod
positions were
previously designated

I

l

=

N

The steel pieces are protected
from fire when the wooden

The steel belt cannot
fulfill its function by

A fire design should be
created to guarantee

Steel tension rods in
the gaps of wooden

o section proportions around the flowing during the fire that the wood is panel components
& steel plate are intended for fire = since the element is damaged before the should not be left
bare steel exposed and fire
insulation should be
made
Like wood-beam floors, this It does not require an The performance of The hollow spaces
o system provides minimum additional acoustic  the acoustics is where the tension
'g' standards, and better arrangement as it is unaffected by the steel rods are should also
9 performance can be achieved usually applied to the volume's thinness have insulation
< with an additional layer of individual elements in continuity
drywall the building
¢ The fact that the system It does not require an The fact that the Massive timber
& consists mainly of wood additional thermal system consists mainly panels offer adequate
§ requires precautions to be arrangement as it is of wood requires thermal insulation,
% taken into account in wood usually applied to the precautions to be while additional
E elements individual elements in taken into account in insulation in the
é’ the building wood elements tension holes might

be necessary
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Moisture

The wooden components that
surround the steel must be
joined in such a way that water
vapor cannot contact the steel

When

applied

indoors, the location's
moisture
must be successfully

employed Especially in the case The panels must have
of steel, detailing in a permeable
insulation the joint regions of the covering, and
elements should be moisture must not
planned to prevent accumulate  where
moisture absorption the panels attach to

into the gaps

the tension rods

4.2.2. Hybridization at the system level

Hybridization at the system level involves integrating several components made of different materials
to improve a system's effectiveness, economy, and efficiency. This approach can be used for various
systems in a building, including floors, roofs, facades, cores, frames, and main/subsystems. For
instance, hybrid wood bridges use this approach. Another common application is building the
structure, other than the core structure, with timber and the core structure with incombustible
material such as concrete due to building code restrictions for fire in some regions. Table 2 outlines
ten types of hybrid construction technologies categorized at the system level.

Table 2. Hybridization at the system level (Baris, 2022)

Timber-Concrete
Ribbed Floor
It is constructed
by paving fresh

concrete with
mesh
reinforcement
over wooden
beams with
notched screws or
metal plates
(HBV)

Timber-Concrete

Floor Plate
Mesh
reinforcement
and fresh concrete
are applied on
eccentric located
laminated wood
elements, nails as
connectors
between concrete
and timber

Steel Frame with
Timber Floor
Wooden  panels
are placed on steel
beams or can be

internally and
externally
suspended from

steel H profiles

Concrete Frame
with Timber Panel
Wooden panels are
positioned in these
locations after the

prefabricated
reinforced concrete
frame (or

reinforced concrete
precast) details of
the junction points
with the wood are
completed

Timber Frame with
Precast Concrete
Precast reinforced
concrete slabs that
have joints that
have been modified
are fastened to the

beams at  the
predetermined
locations

“/

=

T

T

In  non-insulated Fire retardant The suspended The cross-sectional No additional
solutions, materials can be ceiling or the measures of wood insulation is needed
wooden beam applied to the connection details flooring are for the concrete
sections should wooden part of with the wooden significant and may part since the cross-
be designed in the section panels can be built have additional sectional measures
@ measures to measures can be to leave the least layers of insulation, of the exposed
i allow the designed amount of steel but a reinforced wood frame
carbonization according to the exposed, concrete frame members are built
layer/ribs can be fire preventing direct does not require with the

closed with
fireproof

plasterboard

exposure of the
steel elements to
the fire

any precautions

carbonization layer
in consideration
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Reinforced This system, which A timber saddle It shows a better The continuity of
concrete slab, exhibits better can be placed acoustic the sound
insulation acoustic between the performance than insulation between
between ribs, and performance than wooden panel solid reinforced the wooden
cladding  board solid concrete system located on concrete floors and elements should be
= (0SB) provide slabs, exhibits the metal to in insulated ensured along the
§ good sound higher absorb the solutions, the gaps and joints
& insulation. The performance by vibration / acoustic layer
concrete  cross- increasing its insulating tape can should be
section can be cross-section be used to continued in the
increased on separate the floor wall-floor junction
uninsulated floors system from the areas
walls
A thermal It doesn't need an The thermal The thermal For both walls and
insulation  layer additional thermal insulation layer insulation layer can flooring, an
can be added insulation layer can be added be hidden in the insulation layer
v between the because of its between the H suspended ceiling comes between the
£ wooden ribs by thermal insulation profiles or on the or applied over the linear wooden
§ supporting it with  property, but wooden floor wooden flooring. elements, for
‘_‘: a wooden panel concrete can still panel; an Thermal insulation floors, the
E from below receive an additional measures are insulation remains
) additional layer if insulation layer applied in inside the
= necessary may not be reinforced concrete suspended ceiling
necessary if the structures for
wood cross- external walls.
section is thick.
There should be a Moisture Moisture insulation = There is no risk of
film between the Wood prevents insulation is is applied between moisture transfer
wood and moisture applied between the wooden floor from concrete to
@ concrete that condensation the wooden floor and the floor wood as it s
*3 prevents from occurring on and the floor covering in wet installed with dry
‘©  moisture in the cold surfaces due covering in wet areas and with a joints on site.
2 fresh concrete to its high thermal areas and with a vapor barrier in the Normal
from penetrating insulation feature vapor barrier in roof system waterproofing is
the wood section the roof system applied for wet
areas

Steel Braced

Timber Frame
Wooden
elements and
steel braces with
metal caps are
fixed with bolts,
screws, metal
connectors, or
screws in timber
frame systems

Podium Structure
The system
includes a podium
whose first floor(s)
is constructed of
reinforced
concrete or steel,
connectors for the
connection  line
are created
simultaneously
with the
construction of

Facade System
They are buildings

with varied
materials and
production
processes used to
create the
building's
structure and

facade system. The
carrier system is
built initially,
followed by the

Core Structure
The construction of

the core system
and the
construction of the
wooden
construction  can
continue

simultaneously

Modular System
Dry jointing is used
to secure the
prefabricated
timber modules to
the field-installed
steel/reinforced
concrete frame
structure.  Except
for module
production, the
assembly order
may differ

the podium facade system depending on how
complex the system
is
m h [ N e
I I 1
= = EEELE 'H( P
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One of the Each material has The wooden The construction of The frame
methods applied separate fire facade system fire-escape stairs supporting the
to protect steel regulations. For doesn't exhibit a from non- modules must allow
from fire is to the hybrid system, destructible combustible 120 minutes of fire
cover the braces the same feature in a fire in materials provides escape during the
with a wooden regulations apply situations when an escape route fire; however,
@  sheath, fire- for the the fagade is not during a fire because the
& retardant paint connections on load-bearing. Pay without the need wooden modules
can be applied to the podium and close attention to for additional do not serve as
wooden and steel wooden the cross-sectional precautions. carriers, the fire has
elements connection line as measurements no destructive
for the fire and consider using effects
regulation fire retardant
required for wood  paints
Acoustic  layers Insulation should It is applied in Additional Ilayers When modules are
are applied to the be continued in combination with should be applied placed side by side
facade, floor, and the connection the acoustic  uninterruptedly for on internal walls,
wall systems line between the insulation facade the insulation of the acoustic
because they are podium and the system. The vibration-induced performance
typically created wooden structure acoustic insulation (machine, elevator, improves as the
o as a part of the layer should be etc.) sounds massiveness of the
'g' exterior wall, continued in the between the core double wall
8 building junction areas of system and other increases. For
E envelope, or the facade panel sections exterior walls, the
lattice frame modules acoustic insulation
system in timber- is removed from
framed structures the module walls or
additional
insulation is added
to the facade
The floor, wall, Wood-concrete; Thermal insulation The wooden For exterior walls,
and facade The insulation is s applied in  construction the thermal
system to be located between combination with system is designed insulation is
combinedintothe the wooden the facade system. to subject to dissolved between
'g system must elements, an extra For wood-filled thermal insulation the studs inside the
€ contain thermal layer of insulation facades, an extra regulations in the module walls or
S insulation layers can be added for insulation system relevant building constructed with
t_g the exterior walls may not be code self-insulating
= and continued required when the composite panels.
= along the insulation layer is An additional
reinforced wood composite insulation layer may
concrete podium panels with come under the
insulation, such as cladding on the
SIPs facade
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Moisture

Protective caps, For wood- In timber facade To prevent |If the wood
droppers, etc., concrete systems, systems, there moisture transfer becomes wet, there
must be kept there must be a should be a layer from reinforced needs to be
intact if the separator that provides concrete walls to adequate room
construction is (timber saddle, moisture control wooden elements between the
situatedinanarea moisture barrier, between the (if there are no modules so that it
subject to etc.) to prevent plywood and the additional can dry out.
environmental moisture transfer cladding / when measures), the dry Additionally, the
conditions at the podium the wood is joint is structure and
junction line applied as a filler recommended connections of the

on the facade, modules shouldn't

sealing should be be left exposed,

provided at the and the facade

junction points might acquire an

with the structure

additional layer of
insulation

4.2.3. Hybridization at the building level

Hybridization at the building level typically involves adding to the building while reusing historical
structures to enhance adaptability. While wood is a common choice for added structures due to its
lightness, the existing structure can also be made of wood. Table 3 outlines three types of hybrid
construction technologies categorized at the building level.

Table 3. Hybridization at the building level (Baris, 2022)

Add-on module into the
structure

Benefiting from the advantage
of easy workability and
assembly, the wooden
attachment is formed as semi-
pre-production or fully
supported in place or mobile

Additional storey

The existing structure is generally
made of a more rigid material
(concrete, brick, etc.). For wooden
additional floors, in some cases,
the attic floor is demolished and
additional floors are added to the
load-bearing system with a support
system

Add-on module from outside
In most cases, the existing
structure and the add-on act as
two different structures, so the
connections are not rigid

i

Fire retardant liquid can be
applied and sprinkler systems

They are built according to the
height limitations of the fire
regulations, they do not pose a

Fire safety designs of existing
and add-on parts are handled

o . destructive risk in fire, as they do separately. Care should be
.= can be integrated for wooden .
u- . not form the carrier system of the taken to ensure that the
attachments, which are usually . . .
. whole building, and they may dilatation space between the
bare for aesthetic reasons . - . . e
require an additional fire escape two structures is not airtight
route
Acoustic solutions dissolve in
o Impact sound insulation is not A floating screed or a soft fiber themselves and do not affect
'g' needed, precautions should be coating can be applied on the each other, since the existing
S taken at the connections for insulation layer, especially in the and add-on often act as two
< airborne sound insulation first layer of flooring added separate structures with
dilatation
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Since the mass of the structure to

t . absorb the heat is increased, the Since some of the fagades of the
£ Because the extensions are L - o
£ . thermal oscillation of the wood existing building that absorb
6 located indoors and the heat
o . . used should be calculated and release the heat are
— insulation feature of the wood, . .
[l according to a hybrid whole by covered by the add-on part, the
g€ it performs well and does not . . .
S . - . . paying attention to the properties thermal release of the new
2 require additional insulation . R
= such as thermal permeability, buildingis recalculated
density, and phase shift
. . The connection line between
The connection line between the ..

o o . the existing and new module
5 Indoor ventilation must be done existing and new module must not
= . must not be exposed and must
@2 wellto prevent condensationon be exposed and must have a vapor .
o . have a vapor barrier layer under
S wooden surfaces barrier layer under the facade

the facade cladding and a

cladding and a minimum gap AR R

5. Conclusion and Suggestions

The systems discussed in this study include construction technologies that have been applied in the
context of modern wood hybrid construction or have been tested in laboratory environments and put
forward by scientific studies as suggested systems. Each presented system also includes inputs from
new wood construction technology. The findings and results of the study, which has the potential to
contribute to the development of hybrid wood construction systems, are as follows:

The efficient design of a wood-based hybrid system requires attention to the design of connection and
joint details, which play a critical role in the construction.

A wood-steel hybrid system, when similar precautions are taken, performs better than construction
systems consisting solely of steel material, particularly against fire. Wood-reinforced concrete hybrid
systems, when similar precautions are taken, perform well in acoustic and thermal insulation and are
more efficient in reducing the dead load of the building and increasing tensile strength in earthquake
design, compared to building systems consisting solely of reinforced concrete material. When similar
precautions are taken, wooden hybrid systems can perform better or similarly in some respects
compared to only wooden structures. For example, wood-reinforced concrete slabs have the same
acoustic performance as wood slabs with less cross-sectional thickness, or similar loads can be carried
with fewer column-beam measures in steel-reinforced wood hybrid systems.

Hybridization at the component level involves using wood as a sheath for the steel element to increase
the fire resistance of the system. It provides the same level of performance as wooden construction
systems in terms of acoustic and thermal insulation and requires similar regulations. Water and
moisture management are important considerations, and care must be taken to prevent water from
entering the structure from the end points of the hybrid elements.

When it comes to hybridization at the system level, design principles should be applied by evaluating
the suitability of each material for fire resistance, and metal connections should be designed in such a
way that they do not yield before any of the hybrid elements. It is also essential to ensure the
continuity of the insulation layers in the junction lines to ensure acoustic comfort. Water and humidity
management are critical, especially at connection points, which should be designed with hidden joints
to prevent water exposure.

It has been determined that the movement of the building as a whole is important in hybridizations at
the building level, and in some cases, articulated joints may be the most efficient way to connect two
separate volumes. Each module must be properly designed for fire resistance, heat, humidity, and
acoustic performance, and must meet individual regulatory standards. In the context of the data
obtained as a result of the research, it is possible to conclude that wood-based hybrid structures built
with modern technologies offer more efficient and economical construction models in the long run
than traditional building technologies in most cases.

This study facilitates the understanding of wood hybrid construction technology and provides a basis
for future research. In the future, the study can be improved by expanding the classified systems.
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Abstract

This study discusses the damage to wooden materials, which is among the most common problems in the
protection of wooden mosques and conveys this issue through examples of mosques in the region. In the case of
Ordu mosque, the problems and interventions in wooden materials were analyzed. The condition of the wooden
material in the building and the protection approach was examined through the protection and art report of the
mosque, the relief and restoration drawings, and photographs. Problems have been identified in wood due to
regional conditions, time, transportation, and lack of maintenance and repair. The approach of conserving the
original parts was adopted, and the material was renewed at the point where there was deterioration, loss or
decrease in strength. It has been revealed that the research in the field should be increased and new strategies
for protection should be developed by evaluating the data holistically.

Keywords: Rural architecture, wooden mosques, protection, wooden material, wood material damages.

Kirsal Camilerde Ahsap Malzeme Hasarlari ve lyilestirilmesi: Ordu
Camii

0z

Calismada ahsap camilerin korunmasinda en sik karsilasilan sorunlar arasinda yer alan ahsap malzemedeki
hasarlar konu edinilmistir ve konu bélgedeki cami 6rnekleri (izerinden aktarilmistir. Ordu ahsap camii érnegdi
6zelinde ahsap malzemedeki sorunlar ve miidahale sekilleri analiz edilmistir. Camiye ait koruma ve sanat raporu,
réleve ve restorasyon ¢izimleri, eski ve yeni fotograflari iizerinden ahsap malzemenin yapidaki durumu ve koruma
yaklasimi ¢6ziimlenmistir. Ahsapta bélge kosullari, zaman, tasinma, bakim ve onarim eksikliGinden kaynakli
sorunlar tespit edilmistir. Temel koruma yaklasimi olarak 6zgiin pargalarin korunmasi, ¢iiriime, kayip veya

mukavemeti azalan malzemede ise yenilemeye gidilmistir. Alan ile ilgili arastirmalarin artiriimasi, verilerin
biitiinciil olarak degerlendirilerek korumaya yénelik yeni stratejilerin gelistirilmesi gerektigi ortaya konulmustur.
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1. Introduction

The historical wooden mosques in the rural area of the Black Sea Region are belief structures built
from the late 15th century to the beginning of the 20th century. Although the first wooden mosque
examples have not survived to the present day, the existing wooden mosques are accepted as the late
examples of the first mosques. These examples represent the Turkish wooden mosque style (Kigtik,
2017). The buildings, in which wood is the basic material, are part of the traditional architectural
identity with the construction techniques and craftsmanship specific to the region. The buildings,
examples of which we still see in the Black Sea rural area, have remained idle over time with the
acceleration of migration from rural areas to the cities and the decrease in population, and have been
neglected in terms of maintenance and repairs. On the other hand, while the new mosques in the area
were built using up-to-date technology and materials, the existing architectural heritage became
unusable and faced the danger of extinction due to inadequate laws and regulations and wrong
policies.

The change and transformation experienced in rural areas around the world have revealed the
problem of protection of the existing architectural heritage. In order to transfer the values of the works
to future generations, a process that starts with the evaluation of the assets in the rural areas as
cultural heritage has been put forward. This process first came to the fore with the Venice Charter
(ICOMOQS) in 1964, and the "rural" area was also included in the historical environment in the definition
of the monument. In the next period, the protection of rural areas has been the agenda topic in various
international statutes and regulations (Eres, 2020). In Turkey, the Venice Charter was accepted in 1967.
The Convention for the Protection of the Architectural Heritage of Europe, confirmed on October 3,
1985, was ratified by Law No. 3534 of April 13, 1989. International conventions and approaches to
protection have been generally adopted in Turkey (Eres, 2013). On the other hand, with regard to
wooden structures, a wood committee for the protection of wooden structures was established within
ICOMOS in 1972. In 1999, at the 12th General Assembly of ICOMOQOS, "Principles for the Protection of
Historic Wooden Buildings" were accepted. The charter outlines the main principles and
recommendations for the protection and restoration of historic wooden structures (ICOMQS, 1999).
While conducting studies for the protection of architectural heritage in rural areas at the international
and national level, it is important to determine what the problems in the field are and how the
protection activities are carried out, and to convert them into usable information through analysis.
Starting from this point, wooden mosques located in the Black Sea rural area and facing the danger of
extinction are discussed in this study. In addition to representing the socio-cultural and economic life
of the period in which they were built, the architectural heritage also carries the art of building
construction, technology, information about materials and construction techniques of the period
(Cakir & Sagiroglu Demirci, 2021). For this reason, the deformation observed in the building and the
factors causing this deterioration and the modes of intervention were analyzed and evaluated by
putting forward an approach in the field.

1.1.The Role of Wood Material in Rural Architecture in the Black Sea Region

Figure 1. Examples of buildings with different functions using wooden materials in rural areas (Yalginkaya, 2016;
Serander, 2016; Buzlupinar Bridge, n.d.)

The Black Sea rural area has a rich building architecture as a region where wood is used as the basic
building material and unique construction techniques are developed. Different techniques have been
used in different construction elements and components of the wooden building with which different
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functions such as serander, mosques and bridges, especially residences (Yalginkaya & Sancar, 2010)
(Figure 1).

The fact that wood is easily accessible and workable in the rural architecture of the Eastern Black Sea
has made it one of the oldest materials used in the region for centuries. The tree species found in the
region has different characteristics. The choice of the tree type to be used in the building and the place
of use in the building comes from the tradition gained over the years (Eruzun, 1977). The most common
type of wood used in buildings in the area is chestnut. It is followed by oak, valonia oak, pine, beech,
fir, spruce and elm. The rich tree species found in the region have enriched the use of wood in the
structures built (Biber & Kurak Agici, 2021). Due to the rainy and humid climate of the region, the stone
material is used to separate the main spaces of the building from the high-humidity ground. Wood
material, which is less resistant to humidity but is abundant in the region, is widely used in sections
above floor level (Vural, 2005; Pinar, 2018). Wood also plays an active role in the construction
techniques which is specific to the region and gives the building a characteristic feature. In particular,
the main element that gives the buildings a characteristic feature is the external wall construction. In
the wooden frame system, "eye stuffing" (g6z dolmasi) and "amulet stuffing" (muskali dolma), in the
wooden stacking system, "wolf throat" (kurt bogazi), "ring throat" (calma bogaz) can be seen
(Ozgiiner,1970) (Figure 2).

G&z Dolmasi Muskali

Figure 2. Local construction technique (eye stuffing, amulet stuffing and throat) (Ozgiiner, 1970)
1.2.Deformation of Wood Material in Rural Mosques in the Region

When the subject is evaluated in terms of rural mosques, wooden materials are used in many parts of
the building in mosques. It is possible to come across the use of wood from the load-bearing system
to the roof, from the minaret to the stairs (Figure 3). The environmental conditions of the tree from
which the wood used in mosques is obtained can strengthen or weaken its features. Environmental
conditions create anatomical defects within the tree and adversely affect the resistance and strength
of the wood material. These environmental conditions continue to be effective on the tree, which turns
into a building material in the process. Problems arising from both the physical environment and the
user in the structures in the region cause problems such as deformation of section-surface in wooden
materials, fragmentation in wooden materials, deviation (deviation from horizontal and vertical),
deterioration, cracks and surface pollution, and loss of value in the original element.

ROOM

Figure 3. The use of wooden materials in mosques in rural areas
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Environmental degradation: Regardless of which part of the building it is used, it is essential that the
wood be dry. The Black Sea Region is a region with abundant precipitation, high cloudiness and high
humidity. The physical, biological and chemical conditions caused by this situation can adversely affect
the wood material. The intense humidity in the region causes irreversible damage to the wood material
over time. For example, while moisture on the material causes swelling, an increase in humidity can
lead to deterioration. Again, the humidity in the area causes the wood to deteriorate and the loss of
parts. Humidity and heat change cause contraction and expansion in the material originating from the
hygroscopic structure of the wood and affect the strength of the wood material. Too many repetitions
of this situation cause cracks and split in the wood (Peker, 2010).

Atmospheric conditions such as rain, snow, temperature changes, UV rays, and wind in the region have
more negative effects on the wood used especially in areas exposed to external atmospheric effects.
Depending on the temperature, excessive dryness of the wood can lead to cracks, and if the
temperature increases, it can lead to splitting (Perker & Akincitiirk, 2006). The color change is common
in wooden mosques due to water contact with the chestnut tree. The most deteriorated area in
mosques is the floorboards of the roof and portico, which are exposed to external weather conditions
(Uzun, 2016).

Another situation that causes damage to wood is the chemical interaction between the metal and the
material. In mosques, the effect of wooden material on items such as locks, hinges, doorknobs, and
door and window elements can be seen. Although the joints technique was used in the wood joints at
the beginning, materials such as nails and screws have been used in the structure over time. Over time,
there is an interaction between wood and metal, and the wood is damaged by the effect of corrosion.

Another factor that causes damage to wood is bacteria and fungus in the environment. Bacteria, fungi
and insects can be physically and biologically effective on wood material. They commonly cause
increased water permeability of the material, decreased strength, and damage such as odour,
deterioration, cracking, discoloration and staining. Insects also cause damage such as flying holes,
insect galleries and dusting on wood (Peker, 2010; Tunca, 2019) (Figure 4) (Figure 5).
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Figure 4. Factors causing deterioration of wood material
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Gunebakan Mosque Kondu Mosque

Figure 5. Examples of deformation in wood material originating from the environment in Wooden Mosques

Deformations Due to Human Causes: One of the main reasons for the deterioration of the wooden
mosques in the region is the factors caused by lack of care and abandonment. Migration from rural
areas to the city and the decrease in the population, the fact that reinforced concrete mosques are
being built instead of repairing and maintaining existing mosques cause these buildings to be
abandoned. The wooden mosques that still exist in the region today are matched with the last ones
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built 50 years ago. The lack of periodic maintenance and repairs of the wooden material used in the
mosques, the material being exposed to water and the surrounding vegetation, the loss of parts in the
original building element or the equipment due to reasons such as wear and tear due to use, and the
collapse of the building in case the problems experienced spread over time. In some cases, there is a
process leading to destruction.

There is a need for heating and lighting in order to provide comfortable conditions in mosques. For this
purpose, the installation system added to the space requires intervention in the wooden material from
place to place. This unqualified intervention damages the building. In order to increase the level of
illumination in the interior, there are examples of expanding existing windows or opening new spaces
(Kligiik, 2017; Uzun, 2016).

Depending on the needs that emerged over time in mosques, interventions were made to the original
plan. The space can be divided or the gathering-place floor can be enlarged. This floor is made of
wooden material, and the material may be damaged at the junction points of the new addition and
the existing wooden elements. On the other hand, it is possible to come across examples in the region
where deformations on wooden wall surfaces are used instead of maintenance and repair. The
construction technique gives wooden mosques the ability to be dismantled and rebuilt. In this process,
reasons such as changing the order of the wooden boards and loss of parts cause damage to the
building in case of transport (Figure 6).

I

Plumbing system attachment additional space, use of unqualified materials
Taskiran Mosque Kondu Mosque Glinebakan Mosque

Figure 6. Examples of human-induced deformation of wooden materials in wooden mosques
2. Material and Method

In the research, the problems and interventions in wooden materials are analyzed through the
example of a rural wooden mosque. This analysis provides data to reveal the protection approach in
the region and to ensure the sustainability of wooden mosques in the region. In the research, the
analysis of the wooden mosque of Ordu village, which bears traces of the traditional building culture
in the rural area, is included. Restitution, relief and restoration project reports, drawings and
photographs of the building were used to designate the determination. Answers were sought to
questions such as in which parts of the mosque in the rural area, what problems were encountered
and what interventions were made as a solution to these problems.

Ordu Mosque, chosen as the study area, is located in Ordu village within the borders of Carsamba
district of Samsun province (Figure 7). The first place of the mosque was dismantled and moved to its
current location due to the periodical overflow of the creek next to it, and the construction of this
mosque is dated to the beginning of the 15th century.

The masonry bag (yigma canti) technique was used in the building, which was built entirely with
wooden materials. The mosque, which consisted of only the existing sanctuary section in the first
period, has survived until today with the addition of the narthex and the portico section in both
directions. Today, it consists of three places, the last congregation place, the main place of worship
and the women's gathering place. The porched section, which surrounds the main space and is the
second-period annex, is designed as a continuation of the narthex. The mosque, which had a flat
housetop at the beginning, was closed from the outside with a hipped roof as an annex of the second
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period. Looking at the life cycle of the building, it is known that its location has been changed and that
it has undergone some additions and renovations in the process. This situation caused different
periodic effects to be seen in the building (Eravsar, 2015; Zan Mimarlik, 2015a) (Figure 8).

Turkey Samsun Province Carsamba district Ordu Mosque

Figure 7. Location and general view of Ordu village mosque (Ordu Mosque, n.d; Zambak, 2019)
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Figure 8. Plan, section and facade of the 1st and 2nd Period of Ordu Village Mosque (Zan Architecture, 2015a)
3. Findings and Discussion

When the condition of the wooden material in Ordu Mosque is evaluated, the location change in the
life cycle of the building, the physical environmental conditions, and the additions and renewals made
over time have caused different types of deformation in the wooden material. For the continuity of
the building, it is aimed to protect its original character with the least intervention. The general
approach for this is to eliminate the factors that cause physical deformation and repair the damaged
points. In the study, the places of these deformations and the repair/renewal decisions are conveyed
through the plan, section and view drawings and their photographs are included. Damages and
interventions seen throughout the building are conveyed with the help of a model.

The condition of the wooden material in the building is discussed under two headings indoor and
outdoor. When the deformation of the wooden material in the roof, narthex, portico and facade areas
exposed to the outdoor conditions and the intervention made are evaluated (Figure 9);
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Figure 9. Deformations and interventions in wooden material in Ordu village mosque; roof, narthex, portico and
facade

e The fact that the columns, railings and beams in the narthex and portico section are open to
atmospheric factors caused the formation of holes, cracks and crevices in the material. Again,
physical damage such as deterioration, wear and tear were observed in the exterior wall
coverings and flooring in this section (Zan Mimarlik, 2015b). In the areas that were problematic
in the protection process, the surface was cleaned, and holes, cracks and crevices were filled
and strengthened in the wooden material in the first step. The areas with high deformation
were renewed in line with the original.

e The wooden balustrades around the narthex and portico sections of the building were
deformed due to atmospheric factors. The damaged wooden balustrades were rebuilt with
hardwood in line with the original (Zan Mimarlk, 2015b). Again in this section, the openings
covered with metal gauze were restored by removing the metal.

e On the south fagade of the mosque, the southeastern and southwestern parts of the portico
were covered with unqualified wood. The woods in this area were removed and the portico
area was completed with wooden railings and supported with wooden studs.

e Various reductions and deformations have occurred on the window door in the building with
the effect of time. The damaged, missing and broken wooden parts on the windows have been
renewed. The south fagade of the mosque has two window openings to the right and left of
the mihrab. These two unqualified windows have been removed and their gaps closed. At the
entrance to the sanctuary, the surface was cleaned, and the damaged and rotten parts were
taken care of; holes, cracks, and crevices were filled and strengthened (Zan Architecture,
2015b).

e Widespread deformation was observed on the roof. As a general approach, the solid elements
were preserved in the wooden roof, and the damaged ones were renewed.
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Ordu mosque has a sanctuary and a gathering-place area as an interior environment. Items such as the
pulpit, mihrab and lectern in this area are made of wood. When the deformation of the wood material
in the indoor environment and the intervention made are evaluated (Figure 10);

Deformations and deterioration were observed on wooden walls, wooden columns and beams
in the sanctuary and gathering place. Common contamination, loss-deformation and
discoloration were observed on wooden surfaces indoors. The surface has been cleaned in the
problematic areas, and holes, cracks and crevices have been filled and strengthened.
Deformation and missing were observed in the wooden material in the core of the wooden
ceiling. The damaged parts are refurbished from hardwood.

Wood deterioration was common in the flooring in the sanctuary and gathering place.
Corrosion was also found on the wooden staircase connecting the sanctuary and the gathering
place. Problem areas on the floor and stairs were renewed with hardwood in line with the
original.

Physical destructions such as deterioration, wear and tear have occurred in elements such as
the pulpit, mihrab and gathering-place kiosk, and lectern (Zan Mimarlik, 2015b). These items
have been strengthened by cleaning the surface and filling holes, cracks and crevices.

Missing and damaged sections were found on the railings on the gathering-place floor (Zan
Mimarlik, 2015b). The railings were scraped and their damaged and missing parts were
renewed.

interior environment

0 illing of splits and cracks 0 the ¢leaning of painted surfaces °n~nvuu\ulum i secordance with the original

o g surface dirt o insect disinfection . strengthening the original wood material

Gathering-place area (Mahfil

Figure 10. Deformation and interventions in wooden material in Ordu village mosque; sanctuary, gathering place

and wooden items
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When the problems and interventions in wooden material in Ordu mosque are evaluated on the basis
of the construction element and its element (Figure 11);

6 different types of wood damage were found on the wall element of the mosque. These are
missing/deformation, contamination, addition, vegetation and deterioration in wooden
elements. These problems were intervened in the form of strengthening the original wood,
removing surface dirt and insect disinfection (spraying) and removing unqualified addition.
Missing / deformation and deterioration were observed in the wooden elements of the
flooring. For this, strengthening the original wood material, insect disinfection and
reconstruction in accordance with the original were preferred.

In the single bearing, contamination and deformation were observed in the wooden element.
Here, the cleaning of surface dirt and painted surfaces and the strengthening of the original
wood material were followed.

Deterioration was observed in the beams and throughout the ceiling, as missing and
deformation of the wood in the ceiling core. Filling of splits and cracks, strengthening of
original wood, cleaning of surface dirt and insect disinfection were carried out.

Deterioration in the stairs, door windows and railings, loss of deformation and vegetation in
additions and materials were seen. On the roof, on the other hand, problems of losing strength
have emerged. In these four areas, it has been tried to be reconstructed in accordance with
the original.

Filling the splits and cracks, cleaning the surface dirt and insect disinfection for the addition
and contamination seen in the lectern, pulpit and mihrab in the building.
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Figure 11. Deformation and interventions in wooden material in Ordu Mosque

Missing/deformation and deterioration of wooden material in the building are seen in points
throughout the building and in larger areas in flooring. It is seen that the repair is based on the building
in general, and the building element has been changed with the reconstruction in accordance with the
original on the stairs, floor and roof.

4, Conclusion

The subject discussed in the example of the Ordu Mosque in the study, in fact, provides data for the
analysis of the problems seen in the wooden mosques in the region and the approach to their
restoration, and the development of a strategy for the sustainability of the wooden mosques in the

region.
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Although the wooden material in Ordu Mosque is in good condition in general, factors such as the
wearing effect of time, climatic conditions and infestation have caused deterioration. Physical
destruction such as size change, color change, deterioration, wear, breakage and corrosion has been
observed in the wooden material in the structure, more intensely in the elements exposed to external
weather conditions and acting as carriers. In the protection studies in the region, it has been found
that in order to eliminate the problems in the wooden mosque and to ensure its continuity by
protecting its originality, the approach is completely avoided, the traces and remains in the structure
are preserved, and the traces of it are made to be read in possible interventions. Within the framework
of this approach, it was determined that the factors causing physical deterioration in Ordu Mosque
were removed and the damaged parts were repaired.

In rural mosques in the region, wooden material was used in many parts of the building, especially the
load-bearing system. The lack of maintenance and repair of the wooden material in the building makes
it more difficult to protect the building group with each passing day. It is seen that the problems caused
by the factors that cause deterioration in the wood material in the regions are similar in general terms.
The life of the material should be extended by increasing the number of research on this subject and
analyzing the material in the buildings. A holistic protection strategy for buildings in rural areas should
be adopted and the sustainability of the existing building stock should be ensured through regular
maintenance and repairs. Thus, the richness of the rural architecture of the region and the country can
be passed on for generations by keeping these architectural works, which are representative of the
local construction tradition and reflect the social-cultural structure of the period in which they were
built.
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Abstract

The negativities brought by climate change, which is among the crisis agendas today, directly affect the cities.
According to the UN, the rate of urbanization in the world is increasing rapidly. It is estimated that it will reach
6.4 billion in 2050. The UrbClim model is also used to project future climate in cities. For the province of Erzurum,
where the climate negatively affects living things, the climate data of the city for the first 10 days of July 2016,
2017, and 2018 were analyzed using the UrbClim model. This study, it is aimed to analyze the exemplary cities
with cold climates in the world, which will set an example in the determination of climate change and support
sustainable and livable urbanization, use energy efficiently, and to produce climate adaptation strategies at the
point related to landscape.

Keywords: Future climate change, UrbClim, planting design, global climate model, Erzurum.

UrbClim Modeli ile Erzurum Kentinin lklim Gelecek Projeksiyonunun
Belirlenmesi

0z

Gliniimiizde kriz giindemleri arasinda yer alan iklim degisikliginin getirdigi olumsuzluklar dogrudan sehirleri
etkilemektedir. UN’e gére diinyada kentlesme hizi hizla artmaktadir. 2050 yilinda 6,4 milyara ulasacagi tahmin
edilmektedir. UrbClim modeli sehirlerdeki iklim tahminleri icin de kullanilmaktadir. iklimin canllar olumsuz
etkiledigi Erzurum ili icin 2016, 2017 ve 2018 Temmuz aylarinin ilk 10 giiniine ait kentin iklim verileri UrbClim
modeli kullanilarak analiz edilmistir. Bu ¢calisma ile diinyada soguk iklime sahip érnek sehirlerin iklim degdisikliginin

belirlenmesinde érnek teskil edecek, siirdiiriilebilir ve yasanabilir kentlesmeyi destekleyecek analiz edilerek
enerjinin verimli kullanilmasi ve peyzaj ile ilgili noktada iklim uyum stratejilerinin lretilmesi amaglanmaktadir.
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1. Introduction

The IPCC stated in 2007 that climate change associated with global warming is a reality. He
demonstrated with 90% reliability the existence of the temperature increases experienced by the
effect of this change, that is, the human being in the leading role of the increasing temperature. This
situation and the human impact on global climate change were also confirmed by the IPCC, and it was
confirmed that the 30-year period between 1983 and 2012 was the hottest in the last 1400 years (IPCC
Synthesis Report, 2014).

According to the evaluation report "Climate Change 2021: The Physical Science Basis" published by the
IPCCin August 2021, it is certain that scientists do not have any doubts about the warming of the world
and that the changing parameters are human-induced actions. According to all the scenarios studied,
it is predicted that the world temperature increase will be above 1.5 °C. It is stated that since 1970,
global surface temperatures have risen faster than 50-year periods in the last 2000-year timeframe
(IPCC, 2021).

Understanding the urban climate is crucial due to the unique climate conditions found in urban areas,
such as higher levels of heat stress during heat waves. To gain a better understanding of the urban
climate, Caluwaerts et al. (2020) emphasize the importance of obtaining detailed insights into urban
environments. In this regard, Hooyberghs et al. (2016) have used the UrbClim model to generate
temperature maps for London, providing an evaluation of the current climate as well as future
projections for the period 2081-2100. Analyses have been conducted using the UrbClim model in
Colombo, Sri Lanka.

The greening simulations show that increasing green space by up to 30% in urban areas can decrease
the average air temperature by 0.1 °C (Maheng et al., 2019).

Reducing urban heat island effects helps to mitigate the harmful effects of climate change. In England,
a temperature increase of 3.0 °C is expected until 2080. As an adaptation strategy, different types of
green areas have been created in local areas of the city, and their relationship with energy demand
has been investigated to reduce the effects of urban heat islands. According to simulations conducted,
energy savings of up to 4.8% have been achieved (Skelhorn et al., 2016). In a study conducted for
Ankara, the urban heat island changes were identified between 1985-2002. Based on these findings,
measures have been proposed to reduce the urban heat island effect under the headings of wind,
sunshine, and vegetation at both the micro and macro scales (Yiksel & Yilmaz, 2008; Nazarian & Lee,
2021).

Climate change through urbanization is accepted as an important indicator of human pressure on the
environment. Urban centers and cities are often several degrees warmer than the surrounding areas
and rural areas, making them vulnerable to changing climatic conditions (Figure 1). Thermal comfort
in urbanization is associated with high surface and air temperature, often referred to as an urban heat
island. The low albedo (reflection) of building roofs, asphalt roads, wide squares, and dense hard
ground surfaces in cities, the trapping of radiation in the urban canopy, the heat storage of urban
components, and the decrease in evapotranspiration due to impermeable surfaces cause heat island
formation in cities. In addition, the intensive use of urban infrastructure components such as
transportation and energy at small spatial scales leads to intense anthropogenic heat releases that can
increase up to 1.0°C in urban heat islands. Due to the urban heat island (UHI) increase, cities are
particularly vulnerable to heat waves (Oke, 1978; Ohashi et al., 2007; Gabriel & Endlicher, 2011;
Tremeac et al., 2012; Uzun & Gul, 2021).

In this paper, the UrbClim numerical model is used to simulate urban heat accurately at a fast rate and
high spatial resolution for the cities of Johannesburg and Ekurhuleni, South Africa (Souverijns et al.,
2022).

A decade-long measurement dataset has been created in Milan, Italy. These data were used to obtain
thermal areas with medium to high resolution close to the surface using grid cells. In this study, the
UrbClim and ERA5 models, which are used to determine future temperature, were compared. During
the winter and summer segments, a comparison was conducted between different datasets with
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overlapping periods of available data. The findings show a general agreement in both cases, but there
is a consistent underestimation of the impact of BSI on Milan. On average, the bias can be measured
at-2.0 °C, but in certain sections considered, this underestimation range could exceed 10.0 °C (Frustaci
et al,, 2022).

Buffalo, New Yor

GCoogle

Figure 1. Urban heat islands measured by NASA satellites in Buffalo, New York (Rosenzweig et al., 2018)

To evaluate common artificial urban boundaries and related climate hazards such as high temperatures
in built environments, an urban analysis is necessary at various spatial scales, including meso, local,
and micro scales. This approach can be applied in different urban planning phases, from zoning areas
to designing urban canyons, and it can provide urban desigh recommendations at various levels.
However, due to the high computational cost of numerical models used in this approach, it also has
limitations. Improvements in the accuracy of numerical modeling capabilities at different scales can
make multi-model coupling more feasible. In this regard, it is becoming increasingly common to
impose boundary conditions on microclimate models (Lobaccaro et al., 2021),

There are academic studies on effective and functional urban uses for reducing the Urban Heat Island
(UHI) effect that occurs in global areas. Urban parks that have the feature of reducing the UHI effect
(Arellano et al., 2020; Jamali et al., 2021; Yilmaz et al., 2022; Mentes et al., 2023), plants (Irmak et al.,
2018; Yilmaz et al., 2023), water surfaces (Wang et al., 2018; Qiu and Jia, 2019), street orientation
(Mutlu et al., 2018; Yilmaz et al., 2021), and eco-friendly materials in ground-building surface coverings
(Irmak et al., 2017; Ranagalage et al., 2017) is known to be effective measures in terms of energy and
economic efficiency (Arnfield, 2003; Taleghani, 2018; Santamouris, 2020; Kim et al., 2021).

The city's social services sectors, such as energy and health, are easily affected by the UHI effect. A
study of a small city in western Greece found that the city center needs more/less cooling/heating in
summer/winter than in the surrounding countryside (Vardoulakis et al., 2013). In Shanghai, China, a
study on the heat island found increased heat-related deaths in urban areas with the negative effects
of high temperatures on health (Tan et al., 2010). Considering the combined effects of increased heat
waves due to climate change and research on the UHI effect, it poses serious health risks for the urban
population (Li & Bou-zeid, 2013).

A comprehensive understanding of the urban climate system is the starting point for the climate risk
assessment process. Critical to this is the need for long-term, quality-controlled, observed climate data.
Without long-term historical records, the role of climate variability cannot be adequately defined and
climate change projections cannot be supported by a strong historical basis. Even where a long-term
record is available, there is often content to expand urban climate monitoring networks to better
understand urban changes and raise awareness of climate risks. (Blake et al., 2011; Rosenzweig et al.,
2018).

114



Journal of Architectural Sciences and Applications, 2023, 8 (1), 112-122.

2. Material and Method

This study will be carried out in Erzurum, which has extreme climate characteristics in Turkey. Erzurum
is known as the only large settlement in the Eastern Anatolia Region, located at an altitude of 1959
meters (Figure 2). The settlements, located in the southwestern part of a high plateau, are located on
a plain reaching up to 2000 meters. There are the Dumlu Mountains in the north of the city and the
Palanddken Mountains in the south. Its area is 25,355 km?, and Erzurum 2020 population is known to
be 758,279. Erzurum is connected to every part of the country by land, air, and railway transportation
network (Anonymous, 2021a; Anonymous, 2021b).

UrbClim is the first and current urban climate model with enough capacity to cover a long period for
creating urban climate projections. It has been confirmed to comply with international scientific
standards. The model was first tested for a short period in Toulouse and Ghent cities (De Ridder et al.,
2015a; Hooyberghs et al., 2016).

The UrbClim numerical model is designed for high-resolution and precise meteorological output,
including temperature, humidity, heat fluxes, and soil parameters, over an extended period at the city
level. It comprises a detailed land surface scheme with simplified urban physics and a 3-D atmospheric
boundary layer model. This makes the model ideal for long-term integrations, especially for urban
climate projections. Studies have shown the model to be effective for this purpose (Souverijns et al.,
2022; Hooyberghs et al., 2016).

Understanding the urban climate system is accepted as the beginning of the climate risk assessment
process. Critical, therefore, is the need for long-term, quality-controlled, observed climate data.
Without long-term historical records, the role of climate variability cannot be adequately defined, and
climate change projections cannot be supported by a strong historical basis (Blake et al., 2011,
Rosenzweig et al., 2018).

WORLD 7 TURKIVE

WORKING AREA

Figure 2. Erzurum location map, working area

The UrbClim model, which will be used in the city of Erzurum, which is a cold climate city, for a
comprehensive understanding of the urban climate system and the initiation of the climate risk
assessment process and forecasting for the future; It is designed to simulate temperature and heat
stress on a city scale. The UrbClim model, which was designed in 2013 to determine the effect of
temperature change and sustainable urbanization on an urban scale, is implemented in many
European cities. This model is a combination of a three-dimensional atmospheric boundary layer and
simplified urban physics. UrbClim generates very high-resolution spatial local climate data by dividing
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information about urban building components (vegetation, soil isolation, typology, land use and land
cover) into forward-looking 100 m grids, combining a physics approach to urban scales. Each grid cell
has its energy balance and corresponding thermal behavior (De Ridder & Schayes, 1997; De Ridder et
al., 2015a; Garcia-Diez et al., 2016; Martinez et al., 2017; Lauwaet et al., 2017; Verdonck et al., 2018;
Ingole et al., 2020) (Figure 3).

The structure of the model includes a comprehensive scheme for the land surface that incorporates
simplified urban physics, as well as a 3-D atmospheric boundary layer model. The land surface scheme
is based on De Ridder & Schayes' (1997) soil-vegetation-atmosphere scheme, which has been adapted
for urban physics by integrating the inverse Stanton number. For further information on the UrbClim
numerical model, including its efficiency compared to full mesoscale models, please refer to (De Ridder
et al., 2015a; Garcia-Diez et al., 2016; Souverijns et al., 2022).

The UrbClim model
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terrain
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Figure 3. Working principle of UrbClim Model (De Ridder et al., 2015b)

The model has been validated by studies in the cities of Barcelona (Spain), Toulouse (France), Brussels,
and Ghent (Belgium).
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Figure 4. UrbClim model steps in the workspace

In this study, first, maps of the study area were created. DEM map was created from the USGS
database. A Land Use Map was created from the Urban Atlas Database. The vegetation cover map was
created from MODIS NDVI Landsat 8 database. A soil sealing map was created from the Copernicus
database. These maps were run with the scripts provided by the UrbClim model manufacturer VITO
company and a total of 6 surface maps were created: Vegetation Cover, Land Use, Roughness Lengths,
Terrain Height, Soil Sealing, and AHF maps (Figure 4).

Secondly, meteorological data for the first 10 days of July 2016, 2017, and 2018 were collected from
the ERAS database.

According to the working principles of the UrbClim model, the data entries were completed and the
analysis was started.

3. Findings and Discussion

Finally, images of UHI, tMean, HWD, HTD maps were produced using new scripts as a result of the
analysis (Figure 5). The findings of 2016 were different compared to other years. This is because,
according to the UrbClim model standards in 2017 and 2018, the threshold for hot days is 35.0 °C; the
up threshold for heat wave day is 35.0 °C; the bottom threshold for heat wave day is 25.0 °C parameters
are used. But in 2016, when Erzurum was a cold climate city, its parameters were threshold for hot
days 25.0 °C; up the threshold for heat wave day 25.0 °C; 15.0 °C bottom threshold for heat wave day
parameters taken. For this reason, as seen in Figure 5, the maps for 2016 yielded different results
compared to other years. Regardless of the climate model used, UHI exists and is increasingly affecting
living organisms (Frustaci et al., 2022). Various climate models simulate future scenarios (Ren et al.,
2017).

The UrbClim model is presented as an urban climate model designed to study the urban heat island
effect at a spatial resolution of several hundred meters. UrbClim is known to be both simpler and at
the same level of accuracy when compared to complex and sophisticated models. It also works much
faster than high-resolution medium-sized climate models. Therefore, the model is well suited for long-
term integrations, especially for applications in urban climate projections (Hooyberghs et al., 2016).

As in this study, the UrbClim model was used in Barcelona. The comparison between heat exposure
index maps detailed directly from the temperature outputs produced by the UrbClim model and those
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produced from the LCZ cartography is well suited for simulating heat exposure index maps for
scenarios corresponding to temperature percentages between 50% and 90% (Gilabert et al., 2021).

Urban areas absorb higher amounts of thermal energy during the day and release slowly in the evening
(Oke et al., 2017). The predicted results obtained in UrbClim were also observed in the UHI study for
Belgium and the city of Bilbao. The correlation coefficient between simulated and observed data was
recorded as 0.95 and 0.90, respectively (De Ridder et al., 2015a).

U |y frst tmeoni uy fret 10 days) HATA s 10 dwe)
e - T S -

2016

2017
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— _ — —m Hl—_m H_L —“

Figure 5. Map findings created from the data of the first 10 days of July in 2016-2017-2018
4. Conclusion and Suggestions

Hot stress is experienced more intensely in urban areas compared to rural settlements, and projections
indicate that the effects of climate change on human health will increase. In this study, the UrbClim
numerical model was applied to enable a high level of detailed analysis of urban climate over long
periods at limited computational costs.

With this research, considering the changing climate parameters, it is necessary to reveal the necessity
of climate projection to reduce the physical and psychological stress of the dense population formed
in Erzurum and cold cities with similar extreme climate parameters and to make sustainable and
ecological plans. In addition, the necessity of reducing the negative effects of urban density on human
life and increasing the quality of life is adopted. Manufacturers design and effectively implement plans
and projects in the current climate change situation, which is a very complex issue in cities. In future
studies, the implementation of urban planning projects in the model enables the quantitative
evaluation of the impact of spatial changes on heat stress. This will be an important step towards a
thorough and detailed knowledge of the urban climate to address climate change resilience. When the
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natural data of the planned area are taken into consideration in the design, it may have a positive
effect on outdoor thermal comfort.
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Abstract

Elderly adults experience physical and cognitive deterioration, which makes them more dependent on others for
their daily needs. It is not always possible to provide adequate care in their own homes, emphasizing the crucial
need for qualified residential care facilities (RCFs). Given that elderly spend most of their time indoors, it's crucial
to provide a good indoor environment quality (IEQ) at RCF. Using the PRISMA scoping review approach, this study
seeks to review the body of knowledge about IEQ elements of RCFs. A keyword search yielded 1044 possible
papers; however, after removing irrelevant articles and duplications, only 94 papers remained to be reviewed. A
snowball search was used to add 32 papers, and finally 126 papers were included in this paper.
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Kurumsal Yash Bakim Alanlarinda i¢ Mekan Cevre Kalitesi: Tasarim

Odakh Arastirma Makalesi

0z

Yasli bireylerin fiziksel ve bilissel islevlerinin azalmasi, yasamlarini baskalarina bagimli olarak siirdiirmeye neden
olmaktadir. Bireylerin evlerinde siirekli bakim saglamaya uygun kosullar bulunmadiginda yash kurumsal bakim
alanlarin acil ihtiyaci karsilamaktadir. Yaslh bireyler zamanlarinin cogunu ic mekanlarda gegirdikleri igin, tesislerin
yeterli ic ortam kalitesini saglamasi hayati 6nem tasir. Bu makalede, tesislerin ic mekdn cevre kalitesi ile ilgili var
olan literatiiriin incelenmesi amag¢lanmaktadir. Makalede PRISMA kapsam belirleme yaklasimi benimsenmistir.
Belirlenen anahtar kelimeler ile yapilan arama sonucunda 1044 potansiyel makale tespit edilmistir, ancak kapsam
dist makaleler ve tekrarlar elendikten sonra geriye analiz edilecek 94 makale kalmistir. Kartopu yéntemi ile 32
adet makale eklenmis olup, toplamda 126 adet makale arastirmaya dahil edilmistir. Elde edilen sonuclara gére;
gliriiltii kontrolii icin izolasyon uygulanmasi ve bélgeleme yapilmasinin, ginisigi kullanimini arttirirken,
kamasmaya karsi kolay kullanimli kontrol seceneklerinin tercih edilmesinin, dogal havalandirmanin etkin sekilde
kullanimina ek olarak kullanicilarin kolay kontrol edebilece§i HVAC sistemlerinin kullaniminin kurumsal yash
bakim alanlarinda i¢ mekdn cevre kalitesinin iyilestirilmesine katkida bulundugunu géstermektedir.
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1. Introduction

Associated with aging, elderly adults undergo physical and cognitive functioning declines that result in
increased frailty, sensory loss, and mental competence deterioration (Hegde & Rhodes, 2010). Thus,
as people age, they become more environmentally gentle and live a passive lifestyle (Wang, 2020).
Unsuitable or inaccessible spatial arrangements endanger the elderly and make their lives even more
passive. Though aging in place—living in their homes—for as long as possible is the preferred lifestyle
both for the elderly and government policies (Darton et al., 2011; Victoria Maria et al., 2018), it is
generally very difficult to supply proper care and services in their homes.

As the elderly population arises and their needs vary, a corresponding need for residential care
facilities that support special care and supporting services (such as healthcare, recreational activities,
transportation, eating, bathing, and memory care) develops (Wang, 2020a; Yuan et al., 2019). This
need is not regional but global, and in the grand scheme of things, many different names are given to
these facilities that provide these elderly care services (such as residential care facility, senior living
facilities, assisted living facilities, nursing homes, homes for the aged, elderly house, attention homes,
retirement homes, skilled nursing facilities, long-term care facilities, intermediate care facilities,
geriatric rehabilitation centers, etc.). As their names change, so do the types of care they give (such as
rehabilitation, professional eldercare, high-quality medical care, nursing care, etc.) also vary. All those
different names and their differences in terms of service are not that clear due to the need for a flexible
level of care (Yuan et al., 2019). In this study, all forms of eldercare institutions are referred to as
"residential care facilities (RCF)" for the sake of simplicity.

Indoor environmental conditions that satisfy its occupants’ comfort requirements have a direct impact
on their health, performance, and wellbeing(Sujanova et al., 2019; Tao et al., 2020; Wong et al., 2014).
The findings identified the general effects of noise, lighting, thermal conditions, and air quality as the
most important factors of the interior environment. Generally, these factors are named “Indoor
Environmental Quality” (IEQ), which includes acoustics, lighting, thermal environment, and indoor air
quality (Nimlyat et al., 2015; Wong et al., 2014). When IEQ is insufficient, it can negatively influence
elderly people’s wellbeing and quality of life because they spend 17 hours indoors on average (Pinto
etal., 2019; Tao et al., 2020). However, studies on IEQ do not adequately address or incorporate elderly
profiles into international standards (Wu et al., 2019). The existing theoretical and empirical literature
on RCFs focused on several aspects, including physical health (Mei et al., 2013; M et al., 2020; Pérez-
Ros et al., 2019; Robinovitch et al., 2013; Toraman & Yildirim, 2010), mental health (Hallit et al., 2020;
Lapp et al., 2019; Tseng et al., 2020; Zhang et al., 2019), and social support (Carlson & Bengtsson, 2014;
Cheng et al., 2011; Drageset et al., 2011; Tao et al., 2018). However, less attention has been directed
toward the design of IEQ aspects in RCFs that are significantly effective in improving the elderly’s life
quality (Pinto et al., 2019; Tao et al., 2020). In this paper, a scoping review of the literature on indoor
environmental design aspects for RCFs is reported. The primary goal is to present a summary of the
most recent evidence on IEQ in RCFs and design recommendations to meet the particular needs of the
elderly. The secondary purpose is to identify any existing gaps in the evidence and provide guidance
on where new research is needed to strengthen it.

2. Material and Method

The PRISMA scoping review approach was adopted following the PRISMA ScR checklist in this study.
Scoping reviews synthesize a body of literature and map key concepts, characteristics, sources,
policies, practices, current research, and evidence. Scoping reviews, unlike systematic reviews, do not
assess the quality of papers but provide a detailed summary, highlight research gaps, outline research
agendas, and provide recommendations (Sav et al., 2017). A scoping review aims to explore the
breadth and depth of available literature on a broad topic area, while a systematic review has a focused
research question that aims to answer a specific research question. Scoping reviews have become
increasingly popular and widely accepted for (Pollock et al., 2021) fields that have not been reviewed
comprehensively before (Arksey et al., 2005; Mays et al., 2001).. The methodological framework for
scoping reviews established by Arksey and O'Malley was used in this study, which was carried out in
five stages (Arksey & O’Malley, 2005) as given below:
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Stage 1- Identifying the research questions: The following research questions were formulated: “How
do the elderly’s spatial requirements differ from adults?”, “How do current standards, regulations, and
applications reflect these requirements?” and “How can designers provide better IEQ in RCFs for the
elderly?”

Stage 2- Identifying relevant studies: |dentifying relevant studies: The authors classified sub-categories
and compiled a list of relevant keywords. The terminology used for elderly facilities, user profiles, and
IEQ differs significantly, so keywords are categorized according to main and subfields in order to
perform an effective review. The set of keywords (Figure 1) that are found to be relevant were grouped
as a set (facility name+ user profile+ IEQ component) during the literature search (Figure 2). Keywords
were distributed according to the authors’ proficiency, and authors screened the results’ titles and
abstracts for inclusion and exclusion criteria with the given sets of keywords.

All authors searched the Scopus and Web of Science databases between September 2020 and
September 2021.These databases were selected since they include a variety of disciplines and a broad
range of publications within the research field.

Facility name

eSenior living facility eOlder adult eIndoor Environmental Quality
eAttention home eAged adult eIndoor environmental comfort
eNursing home eQOlder people eIndoor environmental control
eResidential care home eSeniors eInterior Comfort
eRetirement home eResidents ePhysical environment
eResidential care facility oElderly eIndoor Air Quality
eElderly house eHumidity
e Assisted living facilities *Thermal comfort
eGroup Homes eAcoustics
eHomes for the aged eSound(scape)
eIntermediate care facilities *Noise
oSkilled nursing facilities eLighting
eLong-term care homes #Visual comfort

elighting

eDaylight

Figure 1: List of keywords

- = Aged adult
Senior « Older people

living il
facility - Elderly

= Older adult

Senior
living
facility

Thermal
Comfort

= Dlder adult

Figure 2: Two example keyword sets that are used during literature search

Step 3- Study Selection: The first author developed the search strategy, while inclusion and exclusion
criteria were determined by all three authors. The search procedure was concentrated on searching
for keyword combinations given in Figure 2. Only peer reviewed journal articles that were published
after 2000, written in English, involved elderly participants, focused on at least one of the IEQ aspects
from a spatial (architectural or interior design) perspective, and used elderly care facilities as a setting
were included. Papers were excluded if they focused on medical treatments, did not address the
elderly, did not deal with any architectural or IEQ design components, or used private houses as a
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setting. To ensure an inclusive body of literature on the field from various perspectives, both
guantitative and qualitative studies, as well as mixed method studies, were included. The complete list
of inclusion and exclusion criteria can be seen in Figure 3.

Inclusion Criteria Written in English
Published in peer-reviewed journals
Published after January 15,2000
Must have at least one IEQ component that is being evaluated
Should be conducted in residential care facilities

population should be older adults (60 or higher)

Exclusion Criteria studies that do not deal with architectural or interior design components

medicine focused (medical treatments, psychology, rehabilitation etc) studies

private houses

studies that do not include any of the IEQ (lighting, acoustics, thermal comfort and
indoor air quality) topics

Figure 3: Inclusion and exclusion criteria applied to select papers

Step 4- Charting the data: Titles and abstracts were read, and articles that met all the criteria
proceeded for further screening while the others were categorized as “excluded” or “unsure”.

In the second phase, all three authors assessed the abstracts of each paper that was classified as
"unsure" and discussed its eligibility until they reached consensus. Duplicates and articles without full-
text access were removed during this phase, and 94 articles were assessed for eligibility. Finally,
references from the selected sources were screened for additional relevant articles by the snowball
method. The snowball method, also known as snowball sampling or snowballing, is a technique used
in research to find additional relevant articles or studies beyond those identified through the initial
database search. Through snowball method, 32 studies were found relevant, and eventually 126
articles were included in the study.

In the third phase, selected papers were read in full text, and data was extracted using a data-charting
form according to the following: authors, year of publication, country, method used, study population,
facility type, IEQ parameters, and key findings. All authors reviewed the papers and continuously
updated the data-charting form.
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Records identified through
keywords search in Scopus and
Web of Science databases, 7 1%348‘]1?:;?;:22(\3/\6%%8
screened by title and abstract pap

(n=1044)

~

‘ 9350 studies excluded for:
not relevant subject, not in English,
out of scope, not in RCF, full text
could achieved, duplicate

L |
Full texts retrieved and articles 23 papers on ac_:ous_)tics
assessed for eligibility 27 papers on lighting
(n=94) 28 papers on thermal
16 papers on indoor air quality

32 studies L .
) Studies included in
included from -
. review n=126
snowballing

Figure 4: Scoping review phases

Stage 5- Summarizing and Reporting the Results: The studies that were retained for detailed study
were grouped according to IEQ aspects; 44 papers in lighting, 39 papers in acoustics, 27 papers in
thermal, and 16 papers in IAQ. Lighting is evaluated and reported by the first author, while the second
author evaluated thermal comfort& IAQ and the third author evaluates acoustics studies. The
remarkable outcomes and highlights of the studies for each IEQ aspect were discussed separately by
each author according to the workload distribution that is given above.

The paper was organized into 5 main sections; (a) acoustics; (b) lighting; (c) thermal comfort; (d) indoor
air quality; and (e) IEQ in general. Each parameter was discussed with reference to the literature, and
final recommendations were made. In the discussion part, a general evaluation, literature gaps, and
recommendations regarding RCF facilities are presented.

3. Findings and Discussion
3.1. Acoustics

In this section, acoustic literature findings have been presented, along with the two most common
metrics (BNL and RT), and finally, acoustic recommendations and gaps of the field have been provided.

3.1.1. Importance of Acoustics and Sources of Discomfort

Since different groups of people with various disabilities and levels of sensitivity live in RCFs, the
acoustic environment gains more importance. Understanding speech in a noisy environment is more
difficult for elderly people than for young adults due to hearing loss. When compared with young
adults, the elderly need a quieter environment to concentrate and hear other people talking (Harris &
Reitz, 1985; Peng et al., 2018; Sloane et al., 2003). However, the acoustic environment of RCF is often
disregarded, and specific standards are often missing, which may lead to noisy and unpleasant sound
environments for the users (Aletta et al., 2017). Previous studies on the acoustic environment of RCF
have mostly focused on perception (Devos et al., 2019; Harris & Reitz, 1985; van den Bosch et al., 2016,
2018) privacy and belonging (Devos et al., 2019; Thomas et al., 2020). Yet, the quality of the acoustic
environment is also crucial, both for residents and the staff, who are spending a considerable amount
of time indoors (Van Hecke et al., 2019). Poor acoustic conditions in RCFs have a negative impact on
residents' and staff's well-being and comfort (Thomas et al., 2018) and lead to barriers in speech
communication that decrease the life quality of the elderly. Furthermore, acoustic discomfort brings
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many psychological difficulties for the elderly, such as low self-esteem, autism, irritability, and stress,
but it also impairs elderly people's relationships (Harris & Reitz, 1985; Ventry & Weinstein, 1982).

The talking sounds of nursing staff, squeaking food and medication carts, nursing stations, roommates,
television and radio usage, mechanical noise, electronic devices such as air conditioners, electric fans,
heaters, electric fires, kitchen facilities, TV, and announcement speakers can be listed as the noise
sources in RCF’s (Henshaw & Guyet al., 2015; Mui et al., 2008; Thomas et al., 2020; Wong et al., 2014;
Xie et al., 2020; Zhao et al., 2020). Besides, the sound of medical appliances and turned on televisions
in both communal areas and shared bedrooms, regardless if there is an audience or not, seemed to be
a noise source to residents (Zhao et al., 2020). Most of the residents in RCF’s are quite sensitive to
certain noise and consequently their behaviors are affected negatively by those noises, such as feeling
unpleasant, unsafe (Henshaw & Guyet al., 2015; Hsieh et al., 2012; Neikrug & Ancoli-Israel, 2010; Wong
et al., 2014; Zhao et al., 2020) or residents woke up at night due to noise disturbance (Zhao et al.,
2020). Additionally, unwanted noise can result in physical injuries such as increasing the risk of falling
for elderly residents (Leung et al., 2013). Thus, a comfortable acoustic environment influences the well-
being of residents and hampers their independence and social interactions.

3.1.2. Background Noise Level (BNL)

BNL is of utmost importance, and there is often a sound pressure limit for acoustic comfort. Sound
levels above 50 dB(A) have been linked to annoyance, disturbed sleep, delirium, blood pressure
elevations, tachycardia, and possibly ischemic heart disease in healthy populations (Berglund et al.,
1995; GB 50340-2016 Code for Design of Residential Building for the Aged, 2016). There are several
standards and studies on the level of background noise in RCFs. Suggestions vary depending on the
function of the building, time of the day, origin of country, and organization (Table 1). For instance,
recommended BNL values for the elderly in residential buildings are 40 dBA (daytime) in living rooms
and 45 dBA as the maximum limit; however, common rooms and dining rooms are not considered in
the study (GB 50340-2016 Code for Design of Residential Building for the Aged, 2016; Peng et al.,
2018). On the other hand, the World Health Organization (WHO) has established sound level standards
for schools and industrial, commercial, shopping, and traffic areas, however, no such standards exist
for RCFs. WHO only mentioned that background noise levels in most rooms should not exceed 35 dBA
where patients are being treated or observed, and during nighttime peaks should not exceed 40 dB
(Schwela, 2001; Xie et al., 2020). Also, the Hong Kong Planning Department stipulates that peak hour
noise should be below 55 dBA in the neighborhoods surrounding RCFs (Tao et al.,, 2020). The
Environmental Protection Agency (EPA) in the United States and some other studies (Berglund et al.,
1995; Bharathan et al., 2007; Schwela, 2001; The U.S. Environmental Protection Agency Office of Noise
Abatement and Control, 1974) recommended that BNL should not exceed 45 dB in nursing homes in
daytime hours. In addition, for nighttime, the above-mentioned international standards suggest 20—
35 dBA, whereas the EPA suggests a maximum of 35 dBA for sound intensity. Despite that, a number
of studies on acoustic comfort in RCFs highlight that background noise levels in RCFs are mostly above
the threshold (Devos et al., 2020; van den Bosch et al., 2016; Xie et al., 2020).
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Table 1. Background noise level suggestion comparison
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3.1.3. Reverberation Time (RT)

Reverberation time (RT) measurements of RCFs range from 0.44s to 1.54s (Devos et al., 2020; van den
Bosch et al., 2016; Xie et al., 2020) and are 0.55s on average in resident’s rooms (Thomas et al., 2018).
For instance, in a study that was conducted in five bedroom and nursing areas in Chongging, China,
that the measurements show that RT for bedrooms was 0.44s-0.68s and the nursing stations were
0.63s- 1.54s (Xie et al., 2020). Braam (2006) suggests that reverberation time (RT) in nursing homes
should be between 0.4s- 0.7s, and rooms meant for speech require a short reverberation time; a value
of 0.5s is suitable for small rooms(Peng et al., 2018). When RT exceeds 0.5 in spaces for speaking,
speech intelligibility decreases and acoustical defects such as echoes arise (K. B. Ginn, 1980).

3.1.4. Evaluation and Recommendations for Acoustics

In order to provide acoustical comfort while maintaining speech privacy and sound transmission class
ratings between rooms and corridors, design recommendations should be applied (Razavi, 2012). For
example, resident room walls should have an STC rating of 45 (optimal), and HVAC systems should
have sound attenuation that does not exceed the noise criteria (NC) of 25 STC in bedrooms and 35 STC
in amenity places (Benbow, 2018). Some basic precautions may be the most effective measure to
reduce noise; such as closing the door (Connell, 2004) or physical separation of residents from each
other (also called acoustical separation) (Thomas et al., 2020). During room design, it is recommended
to prevent usage of the shared wall by the TV in one room and the headboard in the other room to
eliminate transmission of noise through walls. Aside from potential noise sources that can be replaced
if possible, soundproof materials can be applied around the noise source if this is not possible. Closing
the undercut door, installing a quiet vent silencer, and installing an acoustic curtain or more absorptive
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materials on the ceiling (such as acoustical tile or absorbing baffles) and floor (such as rubber flooring
or carpeting) are the most common techniques for maintaining speech privacy (Gustavsson et al.,
2017; Razavi, 2012; Thomas et al., 2018).

Reviewed studies on acoustic comfort were mainly focused on the noise level and reverberation time
of the rooms where the elderly sleep, live, and socialize. These two parameters can give very clear and
accurate preliminary information about the acoustic comfort of a place, but in some special places,
more detailed studies can be done by considering user profiles. Aside from the Lombard slope, the
ratio of speech levels to background noise level has only been studied in Devos et al.’s study (2020) in
related studies. The Lombard effect is a phenomenon where talkers increase their vocal effort in
response to louder noise levels to maintain appropriate conditions for verbal conversation in dining
facilities. Since elderly complain about BNL and a lack of verbal communication, spaces should be
evaluated by considering the Lombard effect and Lombard slope.

Acoustic problems in RCFs are primarily concerned with noise sources as well as BNL and RT
characteristics. However, studies on speech intelligibility must be expanded to assure acoustic
comfort. Finally, it is important in RCF material selection since the material used must be durable and
easy to clean, yet a material with these features has reflective properties rather than acoustical
absorption. Thus, employing reflective materials increases BNL and RT while decreasing speech
intelligibility. As a result, material selection in such areas is more challenging compared to other
spaces, and the goal should be to produce innovative materials that are sustainable and fulfill these
criteria. If more modeling and optimization studies are carried out on material selection, it will be
easier to provide acoustic comfort and intelligibility in RCF’s.

3.2. Lighting

The findings from the lighting literature, as well as glare, recommended illumination levels, daylight,
and finally lighting-related problems with their solutions have all been provided in this part.

3.2.1. Importance of lighting and preventing glare

As people age, they suffer from visual impairments, declined visual performances, optical changes, and
visual diseases (such as cataracts, glaucoma, macular degeneration, etc.) (Shikder et al., 2012; Tural &
Tural, 2014). Aging eyes require more illuminance to compensate for their deteriorating vision(Leung
et al., 2016). For instance, an average 60 year-old eye needs three times more light than an average
20 year-old eye to complete the same task(de Lepeleire et al., 2007; Sinoo et al., 2011). Furthermore,
aging can impair adaptation to dark and depth perception; thus, when moving from a bright room to
a darker area, an elderly person cannot fully see the environment for a minute or more (de Lepeleire
et al., 2007). Dimly perceived visual environments, blurred vision, and adaptation reductions can be
associated with an increased risk of fall (De Lepeleire et al., 2007; Hegde & Rhodes, 2010; Leung et al.,
2016; Sinoo et al., 2011) and falls account for nearly 71% of causes of severe injury, disability, and
accidental death in the elderly (Joseph et al., 2016; Moore et al., 2011; Sagha Zadeh et al., 2018;
Shikder et al., 2012).

Providing a good visual environment is not limited to quantity of light alone; quality is equally
important. Glare is a physical discomfort caused by too much (artificial or natural) light or contrast in
the field of view, which impairs users' ability to see their surroundings (Brawley, 2009; Jakubiec &
Reinhart et al., 2011; Tural & Tural, 2014). Elderly people are more sensitive to glare, and their recovery
time from glare effects is longer than that of younger adults, which can increase their risk of falling.
Besides, some elderly people suffer from frequent nighttime toilet usage, which requires waking up
during the night, walking to the toilet, and going back to bed to sleep. This pattern can repeat two or
more times in a night, which ends up reducing the time and quality of sleep(White et al., 2013). If the
room is too bright, it causes discomfort and makes returning to sleep more difficult, resulting in a
tendency to sleep during the day (Lee et al., 2009a; Leung et al., 2020). If it is below the requirements,
then going to the toilet can be quite risky in terms of falls and injuries (Lee et al., 2009b).
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3.2.2. lllumination Levels

To provide a sufficient, elderly-friendly, and fall-preventing interior, adequate illuminance levels on
workplanes should be provided. Lighting standards and codes represent the recommended
iluminance values for specific functions (Aalto University School of Science and Technology
Department of Electronics Lighting Unit, 2010) considering healthy eyes; however, elderly people
require higher light levels, therefore adapted standards should be applied to RCFs (de Lepeleire et al.,
2007; Kunduraci, 2017; Leung et al., 2016). There are contradictions in the existing recommended
illuminance levels for the elderly (Table 2). For instance, recommended illuminance levels in the
Adapted Standard (which is the adapted version of the European standard EN 12464-1 that deals with
indoor work places) increased standard illuminance levels by 55%. To exemplify, for entrance halls, it
was 200 lux in EN 12464 and increased to 310 lux in the Adapted Standard, while general lighting in
rooms ranges from 100 lux to 155 lux, and table-chair lighting is from 500 lux to 775 lux (de Lepeleire
et al., 2007). Likewise, IESNA’s “Lighting and the Visual Environment for Senior Living” standard
suggests a minimum of 320 lux (30 fc) for general areas and 538 lux (50 fc) for specific task areas
(Brawley, 2009; Hegde & Rhodes, 2010). Moreover, in a post-occupancy evaluation study in Hong
Kong, results indicate that for bedrooms 268-300 lux, for common areas 260-300 lux, and for
bathrooms 350-530 lux are preferred by elderly (Leung et al., 2014). Though all these values are similar,
in Turner et al.’s study it was suggested that “128-320 Ix; 184-460 Ix; 256-640 Ix; 400-1000 Ix; 536-1340
Ix; and 656-1640 Ix would be insufficient in 45, 55, 65, 75, 85 and 95 year old adults, respectively”
(Sinoo et al., 2011; Turner et al., 2010). All the illuminance levels mentioned are higher than the
thresholds of existing standards and guidelines, and these level differences point to the need for
increased illuminance levels in RCFs (Sinoo et al., 2011).

Table 2. llluminance level comparison

For Elderly Room Common Areas Non-specified
Living Area Bathroom General  Task Lighting  Recommendation
(de Lepeleire Increased standard
et al., 2007) - - - - illuminance levels by
55%
(Brawley, 320 lux 538 lux (50 fc)
2009; Hegde & - - (30 fc) -

Rhodes, 2010)

(Leung et al.,, 268-300lux 350 -230 260-300

2014) lux lux

(Sinoo et al,, Insufficient illuminance
2011; Turner, - levels for different age
Van Someren, ranges:

et al., 2010)

128-320 lux for 45 years

- 184-460 lux for 55 years

- 256-640 lux for 65 years

400-1000 lux for 75
years

536-1340 lux for 85
years

656-1640 lux for 95
years
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3.2.3. Daylight

Daylight has long been associated with human health, well-being, mood, and sleep quality, with its
variations in length of exposure, duration, quantity, and spectral composition (Altomonte, 2008;
Brawley, 2009; Gharaveis et al., 2016; Mobley et al., 2017; Philips, 2004). Studies highlight that well-
evidenced daylight may help to maximize treatment efficiency, reduce perceived pain, stress
(Gharaveis et al., 2016; Nioi et al., 2017) and symptoms of depression (Brawley, 2009; Figueiro et al.,
2019), increase melatonin, and improve sleep quality (Brawley, 2001, 2009; Gharaveis et al., 2016;
Konis et al., 2018; Wang, 2020b; White et al., 2013). Daylight’s photobiological (non-vision) effects,
such as stimulating circadian rhythm and vitamin D synthesis, are also quite significant (Brawley, 2009;
Ellis et al., 2013). With passing years, the circadian clock begins to weaken, and when the circadian
rhythm slides out of sync, it leads to disrupted sleep/wake rhythms, melatonin, and cortisol hormone
releases (Ellis et al., 2013; Lee et al., 2009b; Sinoo et al., 2011). Besides loss of cognitive ability,
depression caused by seasonal affective disorder (SAD) occurs (White et al., 2013). The elderly who
spent time in rooms with insufficient daylight described the environment as the "waiting room of
death" (Van Hecke et al., 2019). Thus, elderly should be exposed to sufficient daylight throughout the
day for their well-being, good sleep, and increasing alertness(Neikrug & Ancoli-Israel, 2010). Despite
this, research shows that the elderly in developed countries are only exposed to the sun for 20-120
minutes per day (Sinoo et al., 2011). The studies show that daylight exposure is even more reduced
when living in a RCF(Olsen et al., 2016). A study by Ancoli-Israel and colleagues reported that “4% of
the elderly were not exposed to daylight at all, and 47% were never exposed to light greater than 1000
lux”(Neikrug & Ancoli-Israel, 2010). On average, elderly people living in RCFs received an average of
only 9 minutes of daylight exposure during a day (Brawley, 2009). To compensate for daylight, artificial
lighting is being used, but typical artificial lighting does not contain the spectral distribution to which
circadian rhythm is sensitive (Brawley, 2009).

3.2.4. Evaluation and recommendations for lighting

A good combination of artificial and natural lighting contributes to active aging and a fulfilling lifestyle
(Brawley, 2009). To increase daylight availability, windows should be clearly designed to exclude low-
elevation sunlight and glare. Besides, positioning windows at the ends of corridors might cause
silhouetting effects(Torrington et al., 2007). When circumstances allow, other daylighting strategies
such as skylights, roof windows, or light pipes can be used (Sinoo et al., 2011).

When daylight is insufficient, it should be compensated by artificial lighting to provide the required
illuminance levels constantly, and using lighting sensors could both provide control and energy savings
(Brawley, 2009; Leung et al., 2019). Lighting switches with sensors that keep illuminance levels above
threshold levels while preventing glare could be used (Leung et al., 2019; Sinoo et al., 2011; Torrington
et al., 2007). The recommended color temperature of light is neutral white (5000 K), however, the
elderly’s preference can differ both personally and culturally (Leung et al., 2014). In Wang’s study, the
same questionnaire was conducted in two RCFs in the USA and China, and results show that Chinese
elderly prefer warm colors for lighting compared to elderly in the USA (Wang, 2020c). Similarly, in
European RCFs warm white was preferred (3000K) (Sinoo et al., 2011) and high color temperatures
(above 6500 K) are found unpleasant. To trigger circadian rhythm with artificial lighting and suit the
varying demands of elderly people LED lamps with changing color temperatures could be used (Ellis et
al., 2013).

Using light colors for ceilings (reflectance values of 80 and above), walls (65-85%) and floors (30-40%)
with indirect distribution of light can provide a bright and spacious space (Brawley, 2009). Especially in
wet spaces, high illuminance levels with indirect light distribution, and mate surfaces rather than shiny
surfaces must be used for visual comfort (Torrington et al., 2007). Lamps with high color rendering
values (80 and above) should be used for color distinction (Brawley, 2009). Glare from natural and
artificial light should be avoided, and night lights should be bright and easy to use (Leung et al., 2016;
Mobley et al., 2017; Wong et al., 2014).

Lighting studies examined the subject from several perspectives and with diverse characteristics, such
as artificial lighting, daylighting, lighting's effect on wellbeing, mood, psychology, and lighting quality.
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When the distribution is evaluated, it is evident that the majority of the research concentrated on the
qguantity of light, such as illuminance and luminance, with only a few daylight metrics receiving
attention. This could be due to the fact that there are still many unknowns about vision loss. Age-
related vision impairments are fairly frequent and usually begin around the age of 40 and worsen
around the age of 60 (Robertson et al., 2010). Because these changes do not happen overnight, the
emergence of vision-related disorders in the elderly must be studied further.

One of the major energy consumers is artificial lighting, although, oddly, research on lighting in RCFs
rarely mention this issue. This could be attributed to the complexity and uniqueness of RCFs' duty of
providing 7/24 optimum visual comfort for the elderly.

3.3. Thermal Comfort

This section presents scholarly findings on thermal comfort, as well as the thermal sensitivity of the
elderly, adaptive thermal strategies, and HVAC systems. Finally, thermal comfort recommendations
were provided.

3.3.1. Importance of thermal comfort and thermal sensitivity of elderly

Thermal comfort is an important parameter of indoor environmental quality, which is affected by
physical, physiological, psychological, and other factors such as age, gender, metabolism, and clothing
insulation (Djongyang et al., 2010). Besides behavioral actions such as changing clothing, activity level,
posture or location, providing natural ventilation can influence thermal comfort (ASHRAE Handbook
Committee, 2001).

Older people's thermal comfort may differ from that of younger individuals since they are more
sensitive to the thermal environment due to a reduced metabolic rate (Hoof et al., 2017; Schellen et
al., 2010; Tao et al., 2020; Yang et al., 2016). The thermal sensation of the elderly varies depending on
the season, with the sensitivity level being higher in the winter (Tao et al., 2020). However, there are
discussions on thermal comfort for the elderly. Fanger suggested the neutral temperature, which was
defined as the comfort temperature of the occupants, did not differ between elderly and young people
(Fanger, 1970) while Mendes et al. (2017) stated that the 20-24°C, which is assumed as a comfort
zone, is not warm enough and that 25.3°C was selected as the optimal temperature for sedentary
elderly (Mendes et al., 2017). Similar to Mendes et al (2017), Wang et al. (2020) the results show that
the thermal neutral temperature predicted by the PMV method is 2.7°C lower than the findings(Wang
et al.,, 2020). A significant number of studies have examined the finding that elderly people prefer an
environment approximately 2C° warmer than youngsters (Hoof & Hensenet al., 2006) (Wang et al.,
2018).

The thermal environment of the elderly is associated with increased vulnerability and risk to their
mental and physical well-being. They may not perceive the changes in the thermal environment, which
can cause a potential threat to their health such as heatstroke, major adverse cardiovascular events,
and acute kidney injury (Meade et al., 2020). Similarly, thermal discomfort conditions may cause the
agitation of dementia residents in RCF, and agitation may be reduced by limiting the range of indoor
air temperature variations (Tartarini, Cooper, Fleming, et al., 2017).

3.3.2. Adaptive thermal strategies

In order to provide thermal comfort, occupants have a natural tendency to adjust to changing
conditions through behavioral and psychological adaptation, which is referred to as adaptive thermal
comfort models (Law, 2013). Occupants' behavior and their developed strategies such as clothing
insulation, use of ceiling and portable fans, and window opening practices can be mentioned as
adaptive strategies widely used by residents and they are significant for the elderly to provide thermal
comfort (Cena, Spotila & Ryan, 1988). Specifically, during summer, changing clothing and opening
windows are found as the two most used adaptive strategies (Jiao et al., 2017). Tao et al. (2020) have
highlighted that while adjusting clothes is a major strategy, usage of an electric fan and window
opening are the two other common strategies among RCF residents (Tao et al., 2020). Multiple studies
have stated that layered clothing is an effective and preferable strategy among elderly people (Jiao et
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al., 2017; Tao et al., 2020; Tartarini et al., 2018). In harsh weather conditions such as in winter, older
people may wear seven pieces of clothing to regulate their thermal balance (Tang et al., 2020). In the
winter some other adaptive strategies such as mechanical heating and taking a hot bath are used,
while in the summer mechanical cooling and electric fans are the major strategies for the elderly (Jiao
et al., 2017). Interestingly, despite the changes in climatic conditions in different countries, the same
adaptation strategies were developed by the elderly.

3.3.3. HVAC systems

HVAC systems can be mentioned as the most common technological adaptation strategy for thermal
comfort (Tartarini et al.,, 2017). When controlling windows to provide natural ventilation is not
sufficient, HVAC systems are necessary to ensure the thermal comfort of the elderly. However, it is not
always preferred by the elderly, particularly during the summer, when older people prefer natural
ventilation over HVAC systems (Tartarini et al., 2017). One of the reasons for preferring natural
ventilation was economic status. Interestingly, the elderly’s preferences and actions regarding HVAC
systems were associated with their economic status, and the elderly with low income prefer natural
ventilation instead of HVAC (Tsoulou et al., 2020). The other reason is related to the control of HVAC
systems. Generally, HVAC systems are operated by caregivers, staff (Walker et al.,, 2016) and the
thermal environment of the elderly is controlled by nurses and staff (Yang et al., 2016). Thus, residents
highlighted that they preferred making their own choice for their room’s indoor environment because
staff could sometimes misunderstand their preferences, which caused dissatisfaction with thermal
comfort (Cleary et al., 2019). Similar to this, thermal discomfort situations can develop when staff
impose their own preferences to control temperature (such as opening windows or turning on air
conditioners without consulting residents). On the other hand, older individuals are less accustomed
to technology and are not taught how to operate air conditioning unit remote controls, making them
unable to meddle.

3.3.4. Evaluation and recommendations for thermal comfort

Although the elderly try to obtain their thermal comfort through individual adaptive strategies, the
implementation of technological solutions such as HVAC can enhance thermal comfort without the
need for adaptive strategies (van Hoof et al., 2019). To provide efficient use of HVAC systems, training
staff members and the elderly in terms of air conditioning units can be helpful (Wu et al., 2019). In
addition to that, understanding the needs of the elderly and their habits is significant. Though these
behaviors, habits, and strategies may differ by region, season, person, or other climatic factors, they
must be envisaged in the design process, and both staff and residents should be trained. Also, there
must be specific comfort regulations for the elderly that can be modified for all regions and climates.

Thermal comfort research can be divided into three categories: determining the parameters to assure
thermal comfort, the causes and effects of comfort and discomfort, and techniques to minimize these
impacts on the aged. Most research looked at all thermal comfort factors together, however some of
them were particularly interested on skin comfort factors. The causes of thermal comfort or discomfort
in the elderly are essentially connected to their thermal environment sensitivity and perception, which
are both extremely diverse. Therefore, it is still necessary to look at individual preferences in research
that concentrate on the thermal discomfort of the elderly under various climatic circumstances.
Considering that natural ventilation is currently favoured and energy economy is a top priority,
adaptive thermal comfort techniques for RCF buildings should be carefully considered.

3.4. Indoor Air Quality

The findings from indoor air quality's influence on health problems and the most common pollutants
are discussed in this section, along with literature gaps and recommendations for improving IAQ.

3.4.1. Importance of Indoor Air Quality (IAQ) and pollutants

The indoor air quality where people spend a substantial part of their life is a significant determinant of
healthy life and people’s well-being. The air pollutants lead to a broad range of health problems and
may even be fatal, especially in elderly people (World Health Organization (WHO), 2010). Indoor air
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pollutants are caused by a variety of sources, including occupant activities and other biological sources,
the combustion of substances for heating or fuel, and emissions from building components (Jones,
1999). Allergens, asbestos, CO, CO,, volatile organic compounds (VOCs), particles (PM10),
microorganisms, pollens, and fungi were mentioned as major indoor pollutants and emission sources
for buildings (Spengler & Sexton, 1983).

There is a special concern for older adults’ indoor chemical and pollutant exposures since they spend
most of their time indoors and are exposed to indoor chemicals and pollutants for long periods of time
(Tao et al., 2020). Especially the elderly, who are over 80 years old and living in poorly ventilated
nursing homes, can have adverse health outcomes for their respiratory system, even at moderate air
pollutant concentrations (Belo et al., 2019; Bentayeb et al., 2015; Maio et al., 2015; Simoni et al., 2003).
TVOC (total volatile organic compound) exposure and respiratory infection have a significant
relationship (Belo et al., 2019), and higher levels of carbon dioxide can cause breathlessness and
coughing in the elderly (Belo et al., 2019). It has been stated that there is a strong relation between
indoor pollutants and health outcomes such as wheezing, breathlessness, coughing, phlegm, asthma,
COPD, and lung cancer (Simoni et al., 2003). It has also been observed that air flow decreases the risk
of transmission of COVID-19, one of the deadliest epidemics of recent years. According to the recent
study that interrogated the relationship between air flow and COVID-19 infection risk, ventilation,
infiltration, and behavior were determined as the most important components for indoor air quality
under the pandemic conditions (Browning et al., 2019).

Indoor air quality is affected by the presence of air suspended particles (PM2.5, PM10), VOCs (volatile
organic compounds), SVOCs (semivolatile organic compounds), and bacterialand fungal
concentrations (Almeida-Silva et al., 2014; Madureira et al., 2015; Mendes et al., 2013, 2016). When
the chemical characterization of air suspended particles is examined indoors, it is discovered that
PM10 average concentrations in living rooms are higher than in bedrooms due to the occupation for
dust re-suspension (Almeida-Silva et al., 2014). Similarly, when SVOCs were measured, it was seen that
five times more SVOC was found in corridors compared to bedrooms and living rooms (Arnold et al.,
2018). In terms of bacterial and fungal concentrations when indoors and outdoors were compared, as
might be expected, indoor concentrations were higher than outdoor concentrations due to occupancy
or resuspension (e.g., from carpet) (Madureira et al., 2015; Mendes et al., 2013).

3.4.2. Evaluation and recommendations for indoor air quality

Occupancy, building envelope, ventilation schedule, climate condition, and room layout are the
parameters that can influence the indoor pollutants’ concentration (Serrano-Jiménez et al., 2020). The
poor ventilation in the buildings can be mentioned as one of the pollutant factors (Almeida-Silva et al.,
2014) and it can be modulated by natural ventilation (Almeida-Silva et al., 2015; Bentayeb et al., 2015).
The highest CO; concentrations have been measured mainly in the bedroom (during sleeping periods),
where residents spend most of their time (Serrano-Jiménez et al., 2020). As a result, exposure must be
limited by taking precautions, such as providing natural ventilation, using RCF building materials, and
controlling VOC sources. It is also recommended to collect periodic samples and investigate the
chemical or pollutant concentration in RCF on a regular basis. The staff and building occupants can be
trained about the indoor air quality.

Indoor air quality and thermal comfort are investigated simultaneously in some articles since the two
topics are connected and both are required to offer a neutral environment. However, compared to
other IEQ factors, the quantity of IAQ studies in RCF is small. Choosing the wrong indoor material can
harm IAQ and be harmful to senior citizens' health. Studies focusing on indoor air quality should
concentrate on modernized indoor materials because the market for building materials is relatively
broad and new materials are welcome.

4, Conclusion

The systematic review starts by looking into all IEQ components (acoustics, lighting, thermal comfort,
and indoor air quality) for elderly needs, with a specific focus on RCFs. There are many perspectives
and issues to look for, and IEQ and its components are cogent factors of elderly satisfaction. Because
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IEQ components are affected by a variety of elements (including environmental, personal, cultural, and
operational aspects), this study sought to present a comprehensive method that takes all into account.
Despite great efforts, more work remains to be done. To expand the literature on IEQ and provide
elderly friendly interiors, it is critical to take a user-centered design approach that entails
understanding the needs, preferences, and limitations of the elderly population and applying this
knowledge to creating functional, comfortable, and safe spaces. Architects and designers can obtain
significant insights into the needs and preferences of the elderly by incorporating them in the design
process, leading to superior design outcomes. Furthermore, incorporating technology into interior
design can considerably improve the living experience of the elderly. For example, smart lighting
systems can be implemented to help control illumination levels and improve visibility. Voice-activated
assistants, fall detection systems, and home monitoring systems are examples of assistive technology
that can be used to promote safety and well-being. Another critical topic that must be addressed is the
provision of flexible design solutions for the elderly in order to accommodate their changing demands
and preferences. To accommodate changes in mobility and living situations, for example, adjustable
lighting systems, flexible seating arrangements, and adaptable storage solutions can be used. These
design solutions might assist elderly individuals in maintaining their independence and gaining control
over their living spacesFinally, in order to enhance environmental sustainability and reduce energy
costs, sustainable design principles can be implemented into interior design for the elderly. Energy-
efficient lighting, passive solar design, and green building materials, for example, can assist decrease
the environmental impact of buildings and promote sustainability.

A framework has been constructed to identify the significance of IEQ for the elderly, existing problems,
recommendations, and gaps in the literature. The authors feel that designing places to meet the needs
of the elderly can improve their quality of life and contribute to safe and comfortable aging. In addition
to this evaluation, the study intends to offer baseline data for RCF facility designers, researchers, and
management by emphasizing issues and outlining suggestions to enhance IEQ in senior living facilities.
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Abstract

The city of Ankara has hosted many civilizations since prehistoric times and has many historical buildings from
various periods. The Haci Bayram Veli Mosque, built by Haci Bayram Veli, the founder of the Bayramiyye
(Bayramilik) Sect, is located in Altindag District, Ulus historical city center, next to the Temple of Augustus. This
study starts with a literature and archive review on the city's identity and Haci Bayram Veli Mosque. It includes
the results of a survey study prepared to determine the place of the mosque and its surroundings in the urban
identity of Ankara. The survey results were analyzed, and the results were interpreted in terms of Ankara's urban
identity. The study draws attention to the Haci Bayram Veli Mosque and its surroundings, an important focal
point for Ankara and one of the indispensable points of the historical city center of Ankara. Although there are
various art and architectural history studies on the Haci Bayram Veli Mosque, there are almost no studies
regarding urban identity. In this context, the study is important and will fill a gap in this area.

Keywords: Ankara, urban identity, Haci Bayram Veli Mosque, focal point.

Haci Bayram Veli Camisi ve Cevresinin Ankara Kent
Kimligindeki Yeri

(o}

Tarih éncesi ¢aglardan bu tarafa bircok medeniyete ev sahipligi yapmis olan Ankara kentinde cesitli dénemlerden
kalan cok sayida tarihi yapi bulunmaktadir. Haci Bayram Veli Camisi, Altindad licesi, Ulus tarihi kent merkezinde,
Augustus Tapinadi’nin yaninda yer almakta ve Bayramiyye (Bayramilik) Tarikati’nin kurucusu olan Haci Bayram
Veli tarafindan yaptirilmistir. Bu ¢calisma kent kimligi ve Haci Bayram Veli Camisi lizerine yapilan bir literatiir ve
arsiv taramasi ile baslayip caminin ve ¢evresinin Ankara kent kimligindeki yerinin tespiti icin hazirlanan bir anket
calismasinin sonuglarini icermektedir. Yapilan anket sonuclari analiz edilmis ve sonuglar Ankara kent kimligi
acisindan yorumlanmistir. Calismanin amaci, Ankara kenti igin 6nemli bir odak noktasi ve Ankara tarihi kent
merkezinin vazgegilmez noktalarindan biri olan Haci Bayram Veli Camisi ve ¢evresine dikkat ¢ekmektir. Haci
Bayram Veli Camisine iliskin cesitli sanat ve mimarlk tarihi ¢alismalari olmasina ragmen bu alanin kent kimligi

agisindan ele alindigi ¢alismalar yok denecek kadar azdir. Bu baglamda ele alindiginda ¢alismanin olduk¢a énemli
oldugu ve bu alandaki bir agigi dolduracadi diisiiniilmektedir.
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1. Introduction

Urban areas are settlements where most of the population is engaged in industry, trade, or
administrative activities and where there is no agricultural activity (Turk Dil Kurumu, 2007). For a place
to be defined as a city, non-agricultural production must gain weight in that area, and the means of
production and the population must be concentrated there (Hasol, 2002). Lynch (1981) defines identity
as "a person's ability to identify or remember a place as different from others." Prohansky et al. (1983)
define the city's identity as the basis of personal identity and describe this identity as a collection of
thoughts, memories, ideas, interpretations, and feelings about certain settlements. In another
approach, it is stated that in order for a field to be a "place", it must have a specialized meaning; that
is, the concept of "place" is the integration of meaning and space (Affiliations, 2007). Relp (1976) also
explains the meaning of place by examining people's experiences on the ground (Relp, 1976). Norberg-
Schulz (1979) emphasizes that the identity of the place is formed because of necessities and that each
place has its unique spirit.

Urban identity is the expression of the features formed due to social construction that distinguishes a
city from other cities (Ocakg¢i & Tiirk, 2012). Being a social construction indicates that identity belongs
not only to the city and the elements that make up the city but also to the perception and interaction
of the people living there and their experiences. A place can present an identity only through a viewer
or commentator (Topcu, 2011). The contribution of the features of the elements that make up the
urban identity to the urban memory is directly related to the time-dependent accumulation of the
actors who perceive it. Therefore, in addition to the natural or physical elements that make up the
visible identity of the city, social-cultural, socio-economic characteristics, and social inputs should be
evaluated in identity evaluation (Aslan & Kiper, 2016). People want to belong to the environment and
city they live in and to feel that some places belonging to the city are for them, so they participate in
life as a part of the city and become aware of the values and elements that can be transferred between
periods. Establishing ties with people's past in urban spaces is important in increasing the sense of
identity, place, and belonging (Oktay, 2018), which is part of an active time-dependent urban identity
formation and cycle.

The formation and shaping of urban identity occur over a long period. The city's geographical features,
lifestyle, local traditions, architectural features, and cultural level shape the city. For this reason, the
aspects that give the city an identity are evaluated as a whole, not individually (Suher, 2006). A place
cannot present an identity without an audience interpreter. Presenting identity is only possible with
perception (Bilsel, 2002). Perception is a mental phenomenon and a process that occurs through the
audience-interpreter. As a result of the interaction of people with the space in which they operate,
perception occurs when the stimulating effects originating from the environment are felt and
perceived through their sense organs (Aydinh, 1982; Bilsel, 2002). This process includes collecting,
organizing, and disclosing environmental information (Carmona et al., 2003).

The Haci Bayram Veli Mosque is an important symbol of the city's Islamic heritage and has played an
important role in shaping the cultural and architectural landscape of the city. This study explores the
position and worth of Haci Bayram Veli Mosque in Ankara, considering the urban image and city
identity. The Urban identity is related to the feature of buildings but also the perception and thoughts
of the city residents. Therefore, first, the urban image and city identity are presented. Then, the
literature survey about Haci Bayram Veli Mosque is given. The method of evaluation and questionnaire
are given; consequently, the results and discussions are presented in the article.

2. Material and Method

This study includes investigating the place of Haci Bayram Veli Mosque and its surroundings in Ankara's
urban identity. First, a literature review on urban image and identity was made. Then the development
and change of the mosque and its surroundings in history were discussed. Place identity is the sum of
the features that make people perceive and consider the differences of it (Lynch, 1981). These features
should correspond to their value. Humans perceive these characteristic attributes, interact with them,
and become part of their identity. A city's identity, geography, history, culture, architecture, tradition,
and lifestyle are shaped over time (Giiler et al., 2005; Turan & Ercoskun, 2017). The value of a place in
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the identity of a city could be considered by evaluating these features. The history, location, social and
cultural aspects, a place's function, and utilization determine its position in the city.

On the other hand, the meaning of these features should correspond to their value of them. Meaning
is related to the interaction levels and ways between people of the city and a specific place.
Researchers could explore and define the value and position of any place, building, or public area.
However, the scientific outcomes of this exploration may not be parallel with the city users. It is
important to consider the perception and utilization of a place by people for evaluating the value of
this place in city identity. With these outcomes, a questionnaire survey measures city users' interaction
and perception of Haci Bayram Veli Mosque. The value of the building is to be explored by considering
the people's responses in parallel with the literature survey.

Survey studies are used to ask many people questions about their behaviors, attitudes, and opinions
(Marczyk et al., 2005). The questions, samples, and procedure of the survey are to be structured due
to the objectives of the research study. The history, location, and value of the Haci Bayram Veli Mosque
are presented in the section. The survey is carried out to explore the interaction of the people by
guantitative approaches. It is divided into four parts: multiple-choice with 2 or 3 answered scales and
open-ended questions at the end. The first part is to define the identity of respondents; the second is
related to measuring the interaction of users with places of city identity. The third part explores the
relationship and perception of respondents to Haci Bayram Veli Mosque. The final part of getting the
important places selections of respondents which are part of the city identity. The explanations about
the order of the questions are below:

- Questions 1, 2, and 3, 4 explore age, time of living in Ankara, residency, and working statures.
- Question 5 asks the ratios of knowing, using, or interacting with the places of the city with sub-section.

- Question 6 asks about the knowledge level, use, and interaction with Haci Bayram Veli Mosques with
sub-sections

- Question 7 asks the other significant place thoughts of Ankara

The survey, which was prepared to determine the perception of the building and its surroundings,
which is one of the sign elements in the city of Ankara, on the people of the city today, was held
between 01/12/2022 and 15/01/2023 under the ethical committee approval. An online survey form
was used to collect data, and it was announced via emails and social platforms without focusing on
any group or organization. The respondents' personal information was not recorded, and they were
informed about the objectives and procedure of the survey. One hundred forty-one responses have
been reached for the survey, and the research findings are presented and then discussed within the
scope of the study.

2.1. Urban Image and Identity

The concept of the urban image has emerged with the effect on people after the perception process
of the urban appearance. The concept of urban image, which can be described as the appearance of a
city, its design, and the impression left on people by the architectural features of the buildings that
make up the city (Bilsel et al., 1999), is an important process that comes after perception and is
effective in the formation of urban identity. The urban image, which expresses the intellectual and
emotional traces that urban life leaves on people, is the most important step in recognizing urban
identity (Lynch, 1960). Identity is expressed by being unique, which makes any living thing or object in
nature different from others and is used in the sense of originality and uniqueness (Prohansky et al.,
1983). Urban identity has its characteristics with different interpretations in each city and is shaped by
socio-economic, formal, physical, and historical factors. The urban identity, which is formed by the
lifestyles of the citizens, which keeps the concept of the developing and sustainable city concept alive,
and which is created by a process extending from the past to the future, is meaning-laden integrity
and also affects the image of the city (Lynch, 1981; Tekeli, 1991; C6l, 1998).

The identity of a city could be shaped by; natural and built environment features and space
components of them, social environment, cultural values, history, architectural features, life,
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traditions, the history of the civilization, the time passed from first settlements, the people living,
climate, flora, living beings, the relation with other cultures, transportation, being a west or east city,
economical features, being a part of a state, earthquakes, wars or invasions, etc. (Lynch, 1981; Ocakgl,
1993; Ocakgl & Southworth, 1995; Suher et al., 1996; Suher et al., 1996). These are figured out
generally in Figure 1.

[ CITY IDENTITY ]

NATURAL BUILT ENVIRONMENT S SOCIAL ENVIRONMENTS
ENVIRONMENT S FEATURES FEATURES
FEATURES
) [ Settlement Scale h f Social-Cultural Identity
T opographic Features - Buildings - Historical
- Climate and -Streets -Population
Flora ] - Squares | - Cultural
- Urban settlement
L J<T] \
l Urban Qutfit Scale Social-economic Identity ]
l Landmark Scale h Psychological Identity ]

Figure 1. Attributes affecting city identity (Ocakgi & Turk, 2012)

As a result of the work done by Lynch (1960) in Jersey City, Boston, and Los Angeles to define the
images of cities, artificial environmental elements that effectively recognize the city image and the
formation of the urban identity were determined. These elements are roads, zones, borders,
landmarks, and focal points. Nasar (1998) rated these elements, which were determined by Lynch, by
considering the level of appreciation of individuals. Uniigiir (1996) examines the effect of the built
environment on urban identity in three groups: equipment scale, settlement scale, and symbolic
buildings.

The city functions as a theater stage for various social activities, and the users' memories create the
city's value. Users' daily activities effectively construct and change meaning (Liggett & Perry, 1995). For
this reason, the most important element in the environment built by people and contributing to the
city's identity is the monumental structures, building groups, and the urban texture formed by these
structures, which have an important place in the daily lives of the citizens in that city.

When people become attached to the place they live in, attach values to it, and make various sacrifices
for these values, this place will gain an identity. This shows that the urban identity is formed by society
(Tekeli, 1991). A person's attribution of meaning to a place is related to the meaning of that city space
for the person. Meaning, as the concept of "genius loci" indicates, gives an identity to an urban space,
which cannot be directly explained by the people living there, but whose existence is aware of
(Norberg-Schulz, 1979). Suppose a building or building group has witnessed or even directly
participated in the life of the period in which it emerged in the city and reflects the architecture and
culture of the period. In that case, it has a meaning for the city dweller, which means only a nostalgic
attitude that respects the dream and includes the collective experience in the current period (Neil,
1997).

Gulveng (1991), who states that urban identity should be perceived as showing continuity from the past
to the future, emphasizes the importance of the interaction between identity and history. Uniigiir &
Beyhan (2005) grouped the factors affecting urban identity as environmental identity, urban identity,
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and social identity. Since the external appearance features of the environment cause the city's
differentiation, it significantly affects the urban identity. Environmental identity defines the natural
features of cities (location, climate, geological structure, topography, vegetation). The features of the
built environment are examined in two groups: settlement scale and symbolized elements scale. The
built environment features at the settlement scale consist of urban textures formed by roads,
buildings, green areas, open spaces, squares, and equipment. On the other hand, symbolic built
elements are the structures referenced in the city with symbolic features that are easily placed in the
memory. As Lynch (1981) stated, these structures, which are landmarks, can be seen from far distances
in the city.

While evaluating the place and effect of a place in the urban identity, its qualities and characteristics
are important in this context as an element. The history, location, functional, social, and cultural values
it has acquired throughout its life, usage patterns, and layers holistically determine its place in the
urban identity. On the other hand, the value brought by these qualities, which are evaluated as an
object, must have a semantic equivalent. This is about how it interacts with people and is perceived.
Its place in the urban identity formed over time can be expressed and put forward by researchers and
experts, but it can be of a different value to today's city stakeholders. In order to evaluate the place of
an area in the city's identity, how people perceive and interact with it must be evaluated. One of the
well-preserved and important examples of Ottoman architecture in Ankara, Haci Bayram Veli Mosque
and its surroundings are an important point for local people and visitors of Ankara to understand the
history and culture of the city. In this study, first of all, a literature and archive search was conducted
on the building and its surroundings to determine the place of Haci Bayram Veli Mosque within the
city identity of Ankara. Afterward, the value of the building and its immediate surroundings in terms
of urban identity was analyzed with a survey study on people who are viewers and commentators.

2.2. Haci Bayram Veli Mosque and Its Surroundings

The exact date of construction of the first settlement and the Castle in Ankara is unknown. However,
it is accepted that the Castle was used as a military garrison by the Hittites due to its strategic location.
It is understood from the artifacts belonging to the prehistoric period found in the archaeological
excavations in and around the city that the city was a settlement in the prehistoric periods. However,
the first known history of the city of Ankara and the Castle begins with the Phrygians (Erzen, 1946).
During the Galatians period, Ankara was a castle city surrounded by walls and, at the same time, the
region's administrative center (Erdogan, 1998). The city, which Augustus turned into a Roman province
in 25 B.C., had its heyday, especially in the second century. It is known that during this period, the city
was settled on the plain at the foot of the Castle, its area grew considerably compared to the previous
century, and it appeared to be an open city without any protective walls (Aktire, 1981). Texier states
there were a Hippodrome, theatre, baths, gymnasium, aqueducts, and many temples in Ankara during
the Roman period (Texier, 1839; Bosch, 1948). During the Roman Period, the city center was in the arc
drawn by the Hatip Stream, northwest of the Castle, where the Temple of Augustus, the Great Bath,
the palaestra, and the columned road are located together. As a result of the archaeological
excavations, it was determined that there was a dense residential area around the Great Bath, and this
section was used in the 2nd and 3rd centuries A.D. (Firath, 1955). The peace period of the city, which
lasted for three hundred years, ended with the Sassanids coming from Iran to Anatolia and seizing
Ankara in the middle of the 7th century (Wittek, 1936). During these attacks, the city on the plain was
badly damaged, and many buildings, especially the great Roman Bath, were burnt down and
destroyed. In the middle of the 7th century, the city was withdrawn from the plain to the Castle,
protected by thick walls on the hill, and the city on the plain disappeared (Aktire, 1981).

Haci Bayram Hill is the mountain where Goddess Kybele resided during the Phrygian period, and the
city is located on the plain part of this hill. It is understood from the archaeological excavations, which
was carried out in and around the city, that Ankara was an important settlement in this period (Erzen,
1946). Haci Bayram Veli Mosque (Figure 2 and Figure 3) is Ankara's only "votive place" and functions as
a Friday Mosque and is the place where most of the funeral ceremonies are held. It is thought that in
this area, before the 1st century B.C., when the city was under the rule of the Romans, there was a
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temple built in the name of the chief god Men, which was a cult place in the time of the Galatians.
When the city came under the rule of the Romans, the people of Ankara built a larger temple in the
same place in the name of Augustus, who replaced the chief god of the Empire. In the 15th century,
the period of the rise of the Ottomans, the city went out of the walls and settled in a flat area. In this
period, a mosque was built next to the old Temple of Augustus, which was half destroyed, by Haci
Bayram Veli, the founder of the Bayrami order, in 1425, two years before his death. Today, the Haci
Bayram Mosque in Ankara is the only building with a "votive place" (Aktire, 1981).

Figure 3. Hacl Bayram Complex and Ankara Castle (llgigazetesi, 2022)

It symbolically showed the mosque's location in the engraving of the French traveler Paul Lucas, who
came to Ankara on September 26, 1705. A painting in the Rijksmuseum in Amsterdam shows the
location of the mosque and the L-shaped zawiya on its western fagade. A similar building can be seen
in the engraving of Charles Texier, who came to Ankara in 1832 (Eyice, 1972). It is thought that this
structure was demolished and cleaned during the transfer of the tombs found in the zawiya graveyard
in the early years of the Republic period to the garden of Tacettin Mosque (Oztiirk, 1986).
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Haci Bayram-1 Veli is one of the monumental personalities of the great Turkish thought system, namely
Sufi philosophy, whose foundation was laid in Horosan, rising in the capital Ankara. It is proven with
historical records that Haci Bayram Veli was a professor in Bursa and the Kara Madrasah (Melike Hatun
Madrasah) in Ankara. First, Haci Bayram Veli, who went through a madrasa education and took lessons
from the students of people like Davud-i Kayseri, and had friends like Molla Fenari, learned all the
subtleties of the sharia (Bayramoglu, 1982). The state supported the sect of Haci Bayram-i Veli, which
acted under religious rules and advised to show compassion towards the poor as an element of stability
in Anatolia (Oztiirk, 1986). The people of Ankara accepted Haci Bayram-i Veli as the spiritual protector
of the city.

The Haci Bayram Veli Mosque should be counted as a complex. The structures that make up the
complex are the Haci Bayram Veli Mosque, the Haci Bayram Tomb adjacent to the mosque, the Temple
of Augustus (Figure 4), which was used as an educational institution under the name of Ak Madrasa
during the Ottoman period, and the zawiya in the southwest, where the harem and selamlik were
destroyed in 1972 while the surroundings of the mosque were cleaned. The building to the west of the
mosque, whose picture is seen in old engravings, is considered a zawiya (Texier, 1839; Oztiirk, 1986).
The mosque, with its sanctuary and ¢ilehane, was a part of the zawiya. ismail Fazil Pasha Tomb was
added to the complex later (Figure 5). The bath structure adjacent to the harem was the remnant of
the building in the southwest of the square. The main building, originally planned as a small mosque,
was expanded later due to Ankara's population growth. Its current appearance has the characteristics
of the 17th and 18th centuries.

Figure 5. Haci Bayram Veli Mosque, Tomb, and Ismail Fazil Pasha Tomb (Haber7, 2022)
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By being adjacent to the Temple of Augustus, the mosque has a longitudinal rectangular plan and
external dimensions of 13.5x20 m (Erdogan, 1998). Various dates have been suggested for the
construction date of the Haci Bayram Beli Mosque. Since there is no definite information, it would be
correct to say that it was built in the first quarter of the 15th century (1415-1425) (Cebecioglu, 1991).
According to the repair inscription of the mosque, it was repaired by Seyh Mehmet Baba in 1126
H/1714 M. (Oney, 1971). Later, it was repaired once again during the reign of Sultan Mustafa 3 (1757-
1774) (Erken, 1983). The wooden ceiling resting on the main walls is divided by laths. Six rows of sills
surround a hexagonal core in the middle of the ceiling.

The sills are decorated with navy blue, red, and eggplant purple flowers. There is also a small hexagonal
hub on the ceiling of the lodge. The side mahfil is a rectangular hub and is a good example of
woodworking with its geometric and hand-drawn ornaments. Written and hand-drawn decorations
are also seen on the beams and pillars carrying the mahfil. Wooden minbar and plaster mihrab rise to
the ceiling (Figure 6). There are geometric shapes with triangular laths on both sides of the minbar.
Two rows of sills go around the outside. The six sides of the pavilion part of the minbar are surrounded
by moldings and are filled with geometric shapes. The minbar, made with the imitation kundekari
technique and painted on wood, is high quality. All embroidery on wood in the mosque was done by
Nakkas Mustafa (Oney, 1971).

There are four rows of wiping around the mihrab. There is a mugarnas deletion at the outermost part,
followed by the Kalima-i Tawhid belt. The top of the mihrab ends with a row of palmettes. The five-
sided mihrab niche has a mugarnas hood. A row of palmettes was repeated five times on top of the
niche. The minaret, built adjacent to the tomb, has a cut stone base and a brick body. The Haci Bayram
Veli Tomb was built to the south of the mosque using the wall. The west side of the square-planned
domed tomb is covered with marble, and the south side is covered with white stone.

dﬂ// /
vrﬂ/ﬂl"-ﬂ .

Figure 6. Mihrab and minbar of the mosque (Archive of the authors)

The construction process that started in the late Ottoman period and around Ulus Square, one of the
important focal points of Ankara, continued in the Early Republic period (1923-1950) and continued
under the social and economic conditions of the 1950s. Some practices around the Haci Bayram Veli
Mosque and the Temple of Augustus, one of the most important sub-areas of the historical city center
of Ankara, caused various destructions in the "Haci Bayram Tumulus." Toilets, underground parking,
and fountains were built beside the Temple of Augustus. The mosque was expanded with additions
made in different periods, and a large additional space was built under the ground. The efforts to
protect the traditional settlements/housings in and around the mosque have been insufficient until
today. However, in recent years, these areas have been largely rebuilt and tried to be brought back to
the city (Tunger, 2019).
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The Haci Bayram Mosque is a prominent Anatolian Turkish/Islamic Architecture work. Its three-pointed
arches are made of a brick-stone mixture, various flower motifs on wood, and Kiitahya tile coverings
from the 18th century. The Temple of Augustus, one of the important structures of the Roman period
adjacent to the Haci Bayram Veli Mosque, is of particular importance in that the testament of Emperor
Augustus is located on the temple's walls. The combination of the Roman Period Temple of Augustus,
the Haci Bayram Veli Mosque, and the tomb, which are among the layers of the Haci Bayram Veli
Mosque and its surroundings belonging to different cultures and periods, is concrete proof of the
universal multicultural value of this area.

3. Findings and Discussion

Looking at Figure 7, the age distribution of respondents is as follows; 45% of them are between 18-25,
23% are over 56 years old, 16% are between 36-45, 9% are between 46-55, and 7% of them is between
26-35. 83.7% of the respondents live permanently in Ankara, and the rest live temporarily. Besides,
63% of respondents have been living in Ankara for over 20 years, and 17% have been living in Ankara
for 10-20 years Figure 8. Therefore, it can be stated that the representation rate of groups for Ankara
residency is quite high. The working status of respondents is shown in Figure 9. 46.1% are students,
37.6% are active workers, and 16.3% are retired.

Over 56
23%

18-25
45%

46-55
9%

16%

26-35
7%

Figure 7. Age distribution

10-20 Years
17%

1-3 Years
9%

3-10 Years

10%
Less Than 1
Over 20 Years Year
63% 1%

Figure 8. Year of living in Ankara
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Active Worker

Student 38%

46%

Retired
16%

Figure 9. Working status

Respondents are asked to measure the knowledge and interaction level of significant buildings and
public spaces where they lived. The answers are merged into frequencies, and one value for indicating
the wise to urban places of the hometown is developed. By exploring Figure 10, wise and awareness
levels due to age group could be seen. 18-25 age is 41%, 26-35 age is 50%, 36-45 age is 35%, 46-55 age
is 41%, and for the respondents over 56 years is 31%. The level of knowledge and interaction of the
participants under the age of 35, who can be defined as young, about the important buildings and
public spaces in the places where they live, is relatively higher than the participants aged 36-45 and
over 56 years of age who are actively working.

60%

50%

40%
30%
20%
10%

0%

18-25 26-35 36-45 46-55 Over 56

Figure 10. Wise to urban places of hometown

Since historical environments are generally in the center of the settlements where they are located,
values such as cultural and natural assets have attracted the attention of societies in every period.
Humankind has always been curious to learn about the societies and lifestyles of the previous periods
and their reflections on space. The attraction to historical sites from the past to the present decreases
over time due to social and economic factors, and this causes a decrease in the place of these areas in
social memory (Avcioglu, 2016) and city identity. A survey conducted by Ozdede et al. (2021) on the
ancient city of Denizli reveals that this is the case for the inhabitants of Denizli. In this study, Figure 11
and Figure 12 show the findings according to questions about Haci Bayram Veli Mosque. Figure 11
shows the 'yes', 'no', and 'neutral' answers due to all respondents, whereas Figure 12 shows the 'yes'
answer related to age groups. Only 4.96% of the respondents had heard about the building first, and
88.65% stated that they knew it. 70.92% of them spared time to visit buildings and surroundings, and
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69.50% have gone there more than once. 82.27% of respondents know the location of the building,
whereas only 43.97% know the history, and 31.9% read about the building. 12.77% of the respondents
visit the building regularly, and 13.48 have participated in some activities. It can be stated that the
level of awareness, location, and least one visit is comparatively higher than the level of history
knowledge and regular visiting for any purpose. By following the situations among the age group, the
important statements could be listed as follows: respondents with older ages have a lower level for
going to the Haci Bayram Veli mosque at least once; however, they have a higher value for visiting the
building regularly. The knowledge about the history and reading level is comparatively higher in the
older age group.

Attend Special Activities
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Know the History
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.
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Figure 11. Results for Haci Bayram Veli Mosque
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Figure 12. 'Yes' answer due to the ages of Haci Bayram Veli Mosque

In the last question, respondents were asked to write the buildings or public spaces that they think the
level of contribution to city identity and values more. Table 1 and Error! Reference source not found.
show the places and buildings selection for all respondents and, due to age group configuring the
orders based on the selection rates. Exploring the places for the group, it can be seen that Anitkabir is
in the first order, and continuously Ankara Castle, First TBMM, Haci Bayram Veli Mosque, and Atakule
follow. Evaluating the first five selections, except Anitkabir, all buildings are in the historical city center:
Ulus. Some differences can be noticed by looking at the results due to age group. For example,
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Anitkabir gets the second order for 26-35 age, and Haci Bayram Veli Mosque has lower orders in
younger ages and higher orders in older ages. For older ages, three places can be stated as being in the
historical city center: Ulus out of the first five selections. All cities have heroic stories and heroes in the
historical process and impact the formation of the cities' architectural, social, and cultural structures.
Some urban spaces have become dominant in people's minds with their structural features, some due
to their historical background and some due to religious influences. Within the scope of the doctoral
study titled "Mental Map of Ankara" prepared by Karacagil (2021), interviews were held with people
about Ankara. As a result of these interviews, it was stated that everyone interviewed knew about Ulus
Square, 15t TBMM, Ulus Is Bank, Ziraat Bank, PTT Stamp Museum, 3rd Parliament Building, Republic
Museum (2"¢ TBMM), Painting and Sculpture Museum, Haci Bayram Mosque, and Anitkabir. This
information coincides with the survey results conducted within the article's scope. This survey shows
that the Haci Bayram Veli Mosque and its surroundings and the historical city center of Ulus still

maintain their importance in Ankara's historical city identity and memory today.

Table 1. Buildings/public spaces selections for Ankara 1

For All 18-25 26-35
1 Anitkabir Anitkabir Ankara Castle
2 Ankara Castle Ankara Castle Anitkabir
3 First TBMM Atakule First TBMM
4 Haci Bayrami Veli Mosque First TBMM Atakule
5 Atakule Ulus Atatiirk Statue Ulus Atatiirk Statue
6 Ulus Atatlirk Statue Haci Bayrami Veli Mosque Haci Bayrami Veli
7 Museum of Anatolian Civilizations  CSO ADA iSBANK Ulus
8 CSO ADA Hamamoni Cermodern
9 Hamamoni Cermodern Ethnography Museum
10 Ethnography Museum Ziraat Bank TBMM
11 Cermodern iSBANK Ulus Botanik Park
12 TBMM Ethnography Museum CSO ADA
Table 2. Buildings/public spaces selections for Ankara 2
36-45 46-55 Over 56
1 Anitkabir Anitkabir Anitkabir
2 First TBMM Haci Bayrami Veli Mosque First TBMM
3 Atakule First TBMM Haci Bayrami Veli Mosque
4 Haci Bayrami Veli Mosque Ankara Castle Ankara Castle
Museum of Anatolian
5 Ankara Castle Temple of Augustus Civilizations
Museum of Anatolian
6 Civilizations Opera House Atakule
7 AOC TBMM Kocatepe Mosque
Museum of Anatolian
8 CSO ADA Civilizations TBMM
9 Rahmi Kog Museum Genglik Park Hamamoni

10 Opera House

Presidency of The Republic of
Tlrkiye

Ethnography Museum

11 iSBANK Ulus

Hamamonu

Arslanhane Mosque

12 Cermodern

Gazi University Rectorate

Ulus Atatlirk Statue
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4. Conclusion and Suggestions

In this study, which deals with the Haci Bayram Veli Mosque and its surroundings, one of the first
settlements of Ankara, which has hosted many civilizations since the first ages, it is seen that the said
area still maintains its importance. The mosque has played an important role in the formation of the
cultural and architectural appearance of the city and remains an important focal point for the
community. Despite the interventions and changes, the Haci Bayram Veli Mosque and its surrounding
structures continued to exist as important components of cultural identity and urban memory. With
the survey study, it is determined that the structures of the Republican period, such as Anitkabir, the
1st Parliament, Ulus Atatlirk Statue, and Atakule, especially for the groups under the age of 46, come
to the fore. It was seen that the awareness of the area by the participants was quite high. Although
the rate of knowing and recognizing the building is quite high, it has been observed that the rate of
those who read about it and know its history is lower. The study shows that the younger generation
between 18-35 is more likely to recognize and know urban areas in their cities than the generation
over 36 years old. However, when looking specifically at the Haci Bayram Mosque, it is seen that those
who know the history of the building and have read about it are higher in the 46-55 and over 56 age
groups. In the big cities where rapid change has been experienced in recent years, it is seen that the
symbolic elements that have an important place in the urban identity have begun to disappear for
various reasons, or their effects have decreased. In order to protect the cultural assets and landmarks
that impact the city's identity, it is very important to carry out studies that will provide an
understanding of the importance of these structures in the education system and educate children in
this respect. In addition, it is necessary to include activities that can be carried out with different
disciplines that can increase awareness of urban identity and urban imagery and that can be attended
by all age groups (such as seminars, workshops, excursion programs, etc.). It is important to establish
a cultural policy to develop the urban culture and the awareness of being a citizen and to receive
support from universities and professional organizations. In the necessary studies to be carried out for
the creation of urban identity awareness, the city's identity and urban images should be determined
by taking the opinions and thoughts of the city's official and civil actors and dynamics, examining the
physical and sociological texture of the city from the past to the future from a wide perspective, and
determining the short, medium and long-term vision, strategies and policies for this.
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Abstract

The effects of urban rail systems on the real estate market were studied by analysing housing prices around
Ankara Koru and Batikent Metro Stations using the Hedonic Price Model. Quantitative data on residential sales
were used. The findings reveal that sale values of residences are more elastic in term of metro effect in Batikent,
where middle-lower income groups live, compared to Koru Metro Station, where middle-upper income groups
live. As the distance to the metro station decreases in Batikent, prices increase. These results suggest that
subways can help reduce polarization between income groups in cities while increasing accessibility. Providing
access to neighbourhoods with both low and high-income individuals by metro increases housing prices more in
favour of low-income groups and reduces income polarization between income groups.

Keywords: Metro stations, housing prices, hedonic price model, accessibility, transportation planning, urban
planning.

Metro ve Konut Degeri Etkilesiminin Hedonik Fiyat Modeli ile
Incelenmesi: Ankara Batikent ve Koru Metro Istasyonlarinin
Karsilastirilmasi

(o}

Kentsel rayl sistemlerin emlak piyasasi lzerindeki etkileri, Hedonik Fiyat Modeli kullanilarak Ankara Koru ve
Batikent Metro istasyonlari ¢evresindeki konut fiyatlari analiz edilerek incelenmistir. Konut satis dederlerine
iliskin nicel veriler kullanilmistir. Bulgular, orta-alt gelir grubunun yasadigi Batikent'teki konutlarin satis
dederlerinin, orta-iist gelir grubunun yasadigi Koru Metro Istasyonu'na kiyasla metro etkisi agisindan daha
esnek oldugunu ortaya koymaktadir. Batikent'te, metro istasyonuna yaklastikca fiyatlar artmaktadir. Bu
sonuglar, metrolarin erisilebilirligi artirirken sehirlerdeki gelir gruplari arasindaki kutuplasmayi azaltmaya
yardimci olabilecegini gbstermektedir. Hem diisiik hem de yiiksek gelirli bireylerin yasadigi mahallelere metro ile

erisim saglanmasi, konut fiyatlarini diisiik gelirli gruplar lehine artirmakta ve gelir gruplari arasindaki
kutuplasmayi azaltmaktadir.

Anahtar kelimeler: Metro istasyonlari, konut fiyatlari, hedonik fiyat modeli, erisilebilirlik, ulasim planlamasi.

Citation: Erdoganaras, F., Cihangir Camur, K. & Satoglu, G. (2023). A study of the metro and housing value
interaction with Hedonic Price Model: Comparison of Ankara Batikent and Koru Metro Stations. Journal of
Architectural Sciences and Applications, 8 (1), 161-177.

DOI: https://doi.org/10.30785/mbud.1284843

Received: 19/04/2023 — Accepted: 26/05/2023


https://dergipark.org.tr/en/pub/mbud
https://doi.org/10.30785/mbud.
https://orcid.org/0000-0002-0892-8431
https://orcid.org/0000-0003-0343-3306
https://orcid.org/0000-0003-4601-2034

Journal of Architectural Sciences and Applications, 2023, 8 (1), 161-177.

1. Introduction

Transportation systems are constantly interacting with their surroundings. The distribution of
economic development among regions and the spatial structure of the city are closely related to
transportation systems (Rodrigue, Comtois & Slack, 2006). In the relevant literature, it is emphasized
that transportation systems should be carried out as a whole with urban planning and environmental
policies to be able to create meaningful changes in space, move away from dependence on private
cars, and be effective in sustainable and balanced development (Alayli, 2006; Banister, Anderton,
Bonilla, Givoni & Schwanen, 2011; Blunden, 1973; Cervero & Kochelman, 1997; Cervero, 2003;
Handy, 2005; Litman & Colman, 2001). The demographic and economic structures of the people, as
well as their socio-cultural relationships, are emphasized in the capacity of vehicles and the
integration of transportation modes (Cinar, 2003). In these relationships, rail system applications,
which are one of the mass transportation systems, are preferred to provide the fastest, most
efficient and effective solutions to urban transportation needs (Baris, 1994).

Although rail system investments are high-cost projects, they are being implemented in large cities in
recent years due to their ability to increase density around stations, increase the rate of public
transportation use, and contribute to spatial development, and they affect land use and urban form.
Studies examining the role of rail systems in land use, the development and transformation of the
built environment of cities, as well as the accessibility of stations, the values of accessible station
locations regarding housing prices, and the impact of urban functions on site selection are
increasingly important. To evaluate these effects, analyses are conducted in areas that have gained
access to the rail system after completing their urban development, comparing the situation before
and after the arrival of the rail system. Many studies have been accomplished on variables that
especially affect real estate values. Among these variables, it is seen that not only the structural
characteristics of the housing, such as the size of the housing, the number of rooms, and the relative
elevation value of the housing compared to other houses, but also spatial variables such as location,
transportation facilities, distance to public transportation stations, and distance to the city center are
included (Aclar & Cagdas, 2008; Alas, 2017; Biuyikduman, 2014; Bourassa, Hoesli & Vincent, 2003;
Wong, Chau, Yau & Cheuna, 2011). In addition, some studies have taken travel times to school, work,
and shopping as variables (Keskin, 2008). Generally, larger, well-viewed, and high-rise houses are
more expensive. The prices of houses close to public transportation stations are also high (Choy
Lennon, Stephen & Winky, 2007). In addition, it is emphasized in the relevant literature that indicator
variables based on social class also yield useful results (Douglas, Elizabeth & Geoffrey, 2013).

This study focuses on the impact of metro stations on housing values. The aim is to reveal how the
accessibility to metro stations and the structure affect the area, and how the distance and residential
values change accordingly. Quantitative data were obtained to determine their effects on the sale
prices of housing. As part of the fieldwork, the Batikent Station on the Kizilay-Batikent (M1) Metro
Line, which is located on the west and southwest corridor created within the framework of a
controlled decentralization policy adopted in Ankara's planning studies, aiming to intensify urban
development, and the Koru Station, which has a high user profile with a higher living standard than
Batikent and intensive residential use on the Kizilay-Cayyolu (M2) Metro Line, were selected. The
residential values near metro stations were analysed with the Hedonic Price Model. Thus, it was
revealed how these effects were shaped in areas with different socio-economic structures. In
addition to contributing to the literature, this study aims to obtain findings that will contribute to
urban planning and urban policy-making around the stations. In this framework, answers to the
following research questions were discussed.

= The proximity of housing to metro stations positively affects sales values.

= Increased accessibility through public transportation positively affects the mobility of lower
and lower-middle-income groups in ensuring socio-economic justice.

=  Providing metro access to neighbourhoods with low-income and/or high-income individuals
increases housing prices more in favour of low-income groups and contributes to reducing
income polarization with high-income groups.
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In parallel to the research questions, the study will focus on the interaction of metros with their
surrounding areas and their effects on the sale values of housing. These values will be evaluated
within the framework of the structural and spatial characteristics of housing using the Hedonic Price
Model.

Firstly, the theoretical discussions on the effects of rail system stations on the housing market, land
use affecting the use of rail systems, accessibility-walkability-distance, and demographic structures,
as well as the effects of rail system stations on the housing market were discussed. In the next
section, the methodology used in the study (Hedonic Price Model) was explained. Then, the sale
values of housing around the Batikent and Koru metro stations in Ankara were evaluated using the
Hedonic Price Model. The study was finalized with the conclusion section, which includes evaluations
and recommendations.

2. Literature Review: Dynamics Affecting the Use of Rail Systems and Their Impact on the Housing
Market

In the relevant literature, transportation-related problems are presented as traffic congestion, air
and noise pollution, and many environmental problems such as global warming and climate change
(Batur, 2017). Many countries focus on public transportation systems to achieve integrated and
sustainable urban development, energy efficiency, and efficiency in time and budget. Especially in
developed countries, population growth and irregular rapid urbanization caused by demographic
growth lead to the development of a public transportation system that can meet the needs of the
population rather than improving the quality of public transportation services (Abd Aziz, Kasim &
Masirin, 2019). Rail systems have a positive impact on people's welfare, accessibility and the
environment in urban planning and development, as they are an effective transportation mode on
development and growth along their routes (Abd Aziz, Kasim & Masirin, 2019). The literature
highlights three key components with which urban rail system facilities/stations interact. These are;

= Land use
= Accessibility, walkability and distance
= Socio-economic and demographic structure

In this study, the impact of urban rail system stations on housing prices will be deliberated. Within
this scope, the effects of urban rail systems are evaluated in theoretical discussions interactively with
these components.

2.1. Dynamics Affecting the Use of Rail Systems

In this section, rail systems are deliberated within the framework of theoretical discussions in
interaction with the above components.

2.1.1. Land use

Cities are constantly changing due to natural and human-induced effects. Urban transportation
constitutes the basic backbone of this structure. The form of the city is shaped by topography,
natural features, economy, historical development process, and transportation network (Vuchic,
2007). The function of land use is important to overcome urban transportation problems, as
transportation is a derived demand. In this context, optimum land use is always an important
objective of land use planning. Optimum land use means using the land most effectively to achieve a
specific goal or creating the most favorable activity on the land to achieve a positive outcome (Abd
Aziz, Kasim & Masirin, 2019). Land use shows the spatial accumulation areas of many human actions
such as nature, economic, social, cultural, production, consumption, and distribution. Case studies
indicate that investments made to improve public transportation, rail system investments without
complementary factors cannot promote spatial change, development, and urban growth along the
corridor where they are built, and they cannot create the expected density in land use. According to
Babalik Sutcliffe (2002), pedestrianization and local policies are complementary to the development
of urban rail systems, while according to Pan & Zhang (2008), urban rail systems can contribute to
land use and development with the implementation of correct policies.
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2.1.2. Accessibility, walkability and distance

The main factors affecting accessibility are expressed as mobility, land use, transportation, and
transportation system integration (Victoria Transport Policy Institute, 2016). Easy and comfortable
access to business activities, education, employment, and recreational facilities and planning and
design solutions that support walkability and neighbourhood scale constitute the essence of urban
planning and transportation infrastructure (Murray, Davis, Stimson & Ferreira, 1998; Erdoganaras,
Cihangir-Camur, Gorer-Tamer & Mercan, 2020).

Accessibility is recognized as one of the indicators of development in modern societies, as stated by
Avcl (2005). Walkability is also one of the important research topics because creating walkable urban
spaces supports pedestrian accessibility (Cihangir-Camur, Erdoganaras, Gorer-Tamer & Satoglu,
2021).

The distance to bus stops, accessibility to the destination, pedestrian-oriented designs, density and
diversity in land use are factors that affect walkability (Cervero & Kockelman, 1997; Ewing & Cervero,
2010). Good connections are also one of the factors that positively affect walkability (Agampatian,
2014).

Jach (2001) defines urban space as the place where the common sub-consciousness of users is the
gift of feelings, rituals, and beliefs that belong to the city. It is the street, the square, the café, the
coffeehouse, the neighbourhood market, the bus stop, the car, and the metro. In this context,
walkability contributes to urban space. In the research conducted, walkability, mixed land use, and
effective use of the area have developed the concept of "Transit-Oriented Development" (TOD)
defined by American architect Calthorpe (1994) as "mixed-use communities within a 10-minute walk
along regional transportation systems." Vale (2015) has also added the definition of 800 m. distance.
This approach, which reduces private car use and supports traditional neighbourhood design by
encouraging walking (Belzer & Autler, 2002), has become a serious research topic in recent years,
and influenced by both transportation and socio-demographic factors. It is also seen as an important
tool for creating sustainable urban areas (Kiitlik & Yalginer, 2019; Siddiqui & Eren, 2022).

Cervero (2003) stated that because the intersections of different uses and transportation modes
defined as TOD are high-density and pedestrian-friendly environments, an area within a quarter to
half a mile of a station has the potential for development; Vuchic (2007) stated that an area where
transit will be performed should be about 500m or a 5-minute walk from the stations. According to
the Time Savings Standards, the maximum walking distance is generally accepted to be between
400m and 800m (5 to 10 minutes).

Voith (1991) stated that people working in central business districts preferred the rail system line for
their housing choices, and Al-Mosaind, Dueker & Strathman (1993) stated that the rail system stop
should be a maximum of 500m from the residence. Southworth (2005) suggests that the walking
distance to transportation stations should be between 400m and 800m (a walking distance of 10-20
minutes); Dube, Theriault & Rosiers (2013) found that the station should be accessible by walking or
short car journeys.

In their research, Yang, Yan, Xiong & Liu (2013) surveyed the factors that affect people's preference
for "walking as a mode of transportation" when going to a rail system station and determined that
the most important criterion is the "distance to the station" (Figure 1).
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Figure 1. Factors influencing the preference for walking in accessing rail system stations (Yang, Yan, Xiong & Liu,
2013)

According to these studies, socio-economic factors that vary among individuals affect individual
preferences in choosing transportation modes between work and home. Therefore, the relationship
between rail systems and socio-economic and demographic characteristics is one of the current
research topics.

2.1.3. Socio-economic and demographic structure

People's mobility levels vary depending on factors such as age, gender, and occupation. When
considering all people, including those with and without disabilities, travel time and cost are decisive
factors in meeting travel needs. When people choose a mode of transportation from the
transportation systems available to them, they consider the highest benefit for themselves (Dong,
Ben-Akiva, Bowman & Walker, 2006). From the perspective of travel mode choice, benefit is related
to travel cost and travel time (Manski, 2005). In the relevant literature, two reasons are considered
the main determinants: cost and time (Black, 1995; Davidov, 2003). In this respect, when a person
chooses between different modes of transportation, they compare them in terms of cost and time
(Institute of Transportation Engineers, 1992). Asensio (2002) highlighted that low-income people are
more sensitive to travel costs, while high-income people are more sensitive to travel or waiting
times. Similarly, Davidov (2003) noted that due to the speed of this mode, high-income people use
private cars more than public transport. Therefore, it can be said that the value of time is more
affordable for high-income people than low-income people. According to a study conducted in
Toronto, Canada, young people walk longer distances than children, elderly people, and families, and
women walk shorter distances than men (Alshalalfah & Shalaby, 2007). Bollinger & lhlanfeldt (1997)
found no significant relationship between rail transit systems and demographics and job
opportunities, but they did observe an increase in public structures in areas with dense commercial
functions. Cervero & Kockelman (1997), Shen (1998), and Geurs & Van Eck (2001) noted that data
such as age, income, education, and physical condition affect people's accessibility levels via car or
public transportation. They also observed that the ability of people to travel to work in their own
residential areas significantly affects overall accessibility. Geurs &Van Wee (2004) argued that factors
such as income, status, and education must be taken into account to define accessibility in terms of
transportation, and that the socio-economic structure affects walking and car preferences. They also
found that age is negatively proportional to many types of physical activity and that other socio-
demographic characteristics vary depending on the purpose of the activity and also affect
transportation expenses. Banister et al., (2011) found that as family income and education levels
increase, the distance between home and work also increases.
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2.2. The Impact of Rail Systems on Housing Prices

The literature generally acknowledges that housing values tend to increase in proximity to public
transport stations, as they improve users' access to activity areas. Similarly, the connections between
the socio-economic and demographic characteristics of the region and the rail system stations and
rail lines are discussed, and it is emphasized that rail systems affect property prices. Due to the
increase in technological and web resources related to real estate prices and the increase in public
access to information, especially the relationship between housing values and the urban rail systems
has become an important research topic.

Residential values are mostly evaluated based on the distance factor between houses and the station
location (Abd Aziz et al., 2019). It is also noted that with the improvement of service quality, real
estate values may increase in the areas on the outskirts of the city, as they become better connected
to the rest of the city (Harjunan, 2018; Gallo, 2018). In the Buffalo real estate market, the average
value of housing units located close to the train station has been found to increase compared to
those located further away from the line (Hess & Almeida, 2016). In another study, proximity to
commuter rail stations has a positive impact on land values compared to light and heavy rail
(Debrezion et al., 2007). In low- and high-income neighbourhoods close to the railway station, it was
found that low-income neighbourhoods were more affected (Bohman & Nilsson, 2016).

In contrast to this result, some researchers show that housing values increase in high-priced
neighbourhoods, such as Salon & Shewmake’s 2011 study states that a 10% change in the distance
leads to a 1% change in house price. Many studies on this subject indicate that there is an increase in
the value of housing around the rail system, that there is a negative relationship between the
number of users and the distance to the station, and that ease of access is taken into account when
buying or renting housing around the station (Dube et al., 2013; Pan, Pan, Zhang & Zhong, 2014;
Ransom, 2018; Yen, Mulley, Shaerer & Burke, 2018; Zhang & Wang, 2013).

Medda & Modelewska (2011) found that housing prices within 1 km of a metro station in Warsaw
were 6.7% higher than those further away. Hiironen et al., (2015) found an 11-15% increase in
housing values in the 400-meter buffer zone with the construction of a new railway station in the city
of Helsinki. Sharma & Newman (2018) found a 4.5% increase in land values within the 500-meter
buffer zone with the arrival of the railway in Bangalore.

The literature review reveals that there are limited studies on the effects of rail systems, especially
the metro transportation mode, on housing market. Therefore, examining the spatial relationship
between metro stations and housing market will provide data to guide urban planning and planning
decisions, as well as contribute to the existing literature on the effects of metro stations on housing
market in high- and low-income neighbourhoods, as each area has unique conditions.

3. Case Study Area and Method

In Ankara, the metro and Ankaray systems were established starting in the 1990s. These systems
continue to be developed due to the increasing population and traffic density and the spread of
urbanization. The concentration of urban services in Ankara mainly in the city center has led to traffic
problems to increase in this area. Bus-based public transportation systems have been inadequate in
the face of increasing needs. The compact structure of the city has increased traffic congestion and
air pollution problems. In planning studies conducted in Ankara after the 1970s, a controlled
decentralization policy was adopted. With this policy, a development strategy was put forward along
certain corridors without spreading in space. Within this framework, urban development was
proposed along two main corridors, the West Corridor consisting of Sincan and Batikent routes and
the Southwest Corridor where Cayyolu developments took place. While the West Corridor was
planned for the decentralization of industry, the Southwest Corridor was thought to include public
institutions and university campus areas (Cihangir-Camur, Erdoganaras & Demirbilek-Cardak, 2022).
While industrial developments in the West Corridor were supported by government incentives,
developments in the Southwest Corridor were left to market forces (Kitik & Yalginer, 2019; Eren,
2021). Two metro lines were proposed to establish the relationship of these corridors with the city
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center. The Batikent Metro Station's planning allowed for high-density development with mixed land
use for living and working areas. The balance between living and working areas could not be
established at the Koru Metro Station, and this area was realized as a lower density and scattered
settlement. In addition, while the station in the West Corridor was opened in 1997, the Koru station
was opened in 2014. In this study, these two stations were selected as sample areas due to the
differences in physical structuring as well as the different socio-economic groups that have chosen to
settle in these areas.

Fieldwork was conducted in Kent-Koop Neighbourhood (Figure 3 and 4) where the Batikent Station of
Kizilay-Batikent (M1) Metro Line, and Koru Neighbourhood (Figure 5 and 6) where Koru Station of
Kizilay-Cayyolu (M2) Metro Line, two of the four metro routes in the city, are located. Kent-Koop
Neighbourhood is an area where mixed-use (trade+residential) buildings are dense, and low-income
groups are prevalent. It is a neighbourhood that has a high proportion of middle-aged (50-54 years)
and elderly (55-65+ years) in the population structure and has a household size of 3, with families
with three members being dense. Koru Neighbourhood is a region where mainly residential
structures are located, and upper and middle-income groups live with low density. The proportion of
middle-aged (45-54 years) and elderly (55-65+ years) is denser in the population distribution. The
average household size is 2.7, and the number of families with three members is higher. In order to
reveal the effects of metro stations on the housing market, Batikent Station neighbourhood, which is
inhabited by lower income groups, and Koru Station neighbourhood, which has a higher income user
profile, provide a comparison opportunity in terms of monitoring these effects and provide the
opportunity to examine the effects of metro stations on housing markets.

Figure 2. Location of Batikent Metro Station in the western corridor and Koru Metro Station in the
southwestern corridor of Ankara

Figure 3. Batikent Metro Station and surroundings
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In this framework, the areas where the study will be carried out were selected within the 1500-meter
radius, which is considered as a walkable distance to the metro stations. Web site (Sahibinden.com)
data were used to reveal the house prices and the components affecting the prices were evaluated
by using the Hedonic Price Method.

Hedonic Price Method (HPM)

The HPM establishes a link between the features of a house and its price. Here, the effect of each
feature to be added or removed from the house on the price of the house is decomposed. The added
features aim to differentiate the goods (Ozkan & Yalpir, 2005). As a result, HFM is a method that
evaluates the price of a particular good as the sum of the values of its attributes and estimates the
value of each attribute using regression analysis. Today, the United Kingdom, Ireland, Finland,
France, France and the United States prepare house price indices using the HFM method. Within the
scope of the article, it will be examined whether there is an acceptable connection between
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accessibility and the prices of houses for sale and rent in the area within a radius of 1500 meters
around Batikent and Koru Stations. The model used in this regression is the Logarithmic Linear
model.

According to the Logarithmic Linear Model, the dependent variable, i.e. the price, is the logarithm of
the price, and the independent variables (whether it is a site complex/apartment, square meter, the
floor it is located or owned, the age of the house, the number of rooms and living rooms, distance to
the metro station, distance to the school, distance to the bus stop) are in linear form. The logarithmic
linear model is interpreted as "a one-unit change in the independent variable X1 will lead to a
change in the dependent variable P by 1 percent" (Ozcalik, 2018).

ImP=a+1X1+B2X2+L3X3+......... ..+ fnXn+ei

Below are the nine variables that will be used to test whether there is a significant relationship
between the price of the house and the distance of the house to the metro station.

Table 1. Variables used in the Hedonic Method

Index  Variables Unit Description
Building p1 Structure Type Villa, Apartment Use and Type of Building
Variables B2 Price Turkish Lira House price
(Dependent variable)
B3 Area Square Meters Total residential area
pa Floor Level Integer The Floor Level of the apartment
B5 Building Age Years Total time since construction
56 Number of Roomsor  Integer Number of bedroomes, living rooms
Independent Sections
Location B7 Distance to Metro Meter Walking distance
Variables Station
B8 Distance to School Meter Walking distance to educational amenities
59 Distance to Bus Stop Meter Walking distance to bus stop

By obtaining data from Sahibinden.com real estate sales websites, a set consisting of a total of 55
data including houses for sale and rent within a radius of 1500 meters centered on the station was
prepared. Evaluation was performed based on 24 properties for sale in Batikent and 18 properties for
sale in Korukent. All data were collected on the same day (23.10.2022) at the stations to ensure the
same economic conditions were met.

4. Findings and Discussion

Section 4 presents the results and evaluations of the hedonic price method for properties for sale
around Batikent and Koru stations, which are categorized into four subheadings.

4.1. Effect of Batikent Metro Station on Housing Sale Prices

This section focuses on the evaluation of sale prices for properties in Batikent using the hedonic price
method. In this method, the dependent variable is the property price, while the independent
variables are site/apartment status, square meters, floor level, and age of the property, number of
rooms, distance to the metro station, distance to educational amenities, and distance to bus stops.
As the values of positive factors increase, the sale price of the property increases, and as the values
of negative factors increase, the sale price decreases.

Distance to the Batikent metro station is the sixth independent variable that affects the property sale
price. As the distance between the property and the metro station increases, the sale price of the
property decreases due to the negative relationship between distance and price.
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Table 2. Correlation relationships of Batikent Metro Station for housing sale prices

Distance Site Price Square Number Floor Buildin Distance  Distance

to Metro /Apartment (TL) Meter of Level g Age to Bus to

Station (m2?) Rooms (year) Stop School

(m) (m) (m)
Distance to Metro 1 142 -.162 -.161 -.330 .020 133 532" -.160
Station (m) :
Site/Apartment 142 1 .296 -.108 -.046 .226 274 .156 .041
Price (TL) -.162 .296 1 .609™ 421" .007 -.345 173 -.103
Square meter(m?) -.161 -.108 .609™" 1 .689™" -.307 -.582" -.111 -.274
Number of Rooms -.330 -.046 421" 689" 1 -.067 -.188 -.260 -.080
Floor Level .020 .226 .007 -.307 -.067 1 .363 -.233 .251
Building Age 1133 274 -.345 -.582"" -.188 .363 1 134 -.194
(year)

Distance to Bus 532" .156 173 -.111 -.260 -.233 134 1 -.239
Stop (m)
Distance to School -.160 .041 -.103 -.274 -.080 251 -.194 -.239 1
(m)

According to correlation matrix (Table 2) there is a very strong positive relation between the
variables price and square meter (0.609), a strong positive relation between price and the number of
rooms/sections (0.421), positive relation between price and whether it is located in a site or an
apartment building (0.296), price and the distance to the bus stop (0.173) and a negative relation
between the variables price and the age of the building (0.345), price and the distance to the metro
station (0.162), price and the distance to the school (0.103). According to the results of the Hedonic
Regression Model, the variables of distance to the school, floor level, and square meter size, location
in a site or apartment building, distance to the metro stop, distance to the bus stop, age, and number
of rooms explain 53.5% of the variation in the housing price. For the One-Way Analysis of Variance
(ANOVA) to determine whether multiple independent variables are significant or not in the created
model, the significant value of the F-test is 0.005, which is less than 0.05. Therefore, a statistically
significant relationship between the variables in the regression model has been determined.

The significant value (B) of the T-test is greater than 0.05 for variables such as location in a
site/apartment building, housing size, number of rooms, floor level, and housing age, indicating that
there is no statistically significant relationship between these variables and the housing price.
However, the significant value (B) of the T-test is less than 0.05 for the variables of distance to the
metro station and distance to the bus stop, indicating that there is a statistically significant
relationship between these variables and the housing price.

The table shows the correlation coefficients between the price and different variables of residential
properties located near the Batikent Metro Station. The variables include square meter size, number
of rooms, building age, distance to the bus stop, distance to the metro station, distance to the
school, floor level, and whether the property is located in a site or apartment building.

The correlation coefficients range from -1 to 1, where a value of -1 indicates a perfect negative
correlation, 0 indicates no correlation, and 1 indicates a perfect positive correlation. The table shows
that the variables with the strongest positive correlation to price are the square meter size (0.609),
number of rooms (0.421), and whether the property is located in a site or apartment building (0.296).
The variables with the strongest negative correlation to price are age (-0.345) and distance to the
metro station (-0.162).
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Table 3. Independent variable relationships of Batikent Metro Station for housing sale prices

Coefficients

Model Unstandardized Standardized T Sig. Collinearity Statistics
Coefficients Coefficients
B Std. Beta Tolerance VIF
Error
1 (Constant) 13.205 .394 33.482 .000
Distance to Metro .000 .000 -.379 -2.152 .047 .651 1.537
Station (m)
Site/ .140 .072 .297 1.945 .070 .867 1.153
Apartment
Square Meter (m2) .008 .004 .556 2.099 .052 .288 3.467
Number of Rooms .018 .099 .042 .184 .856 .389 2.571
Floor .021 .010 .338 2.015 .061 .720 1.390
Building Age (years -.050 .043 -.232 -1.153 .266 .501 1.996
)
Distance to Bus .002 .001 .520 2.854 .011 .609 1.643
Stop (m)

4.2. The Effect of Koru Metro Station on Housing Sale Prices

The distance of the house for sale to the metro station is an independent variable that affects the
housing price in fourth place. As the distance increases, there is an increase in the sale price of the
house, so the relationship between distance and price is proportional.

Table 4. Correlation relationship for Koru Station for housing sale prices

Correlations

Pearson DISTANCE to SITE/ PRICE SQUARE NUMBER of FLO BUILDING DISTANCE DISTANCE to

Correlation METRO APARTMENT  (TL) METER (m?) ROOMS OR AGE (yil) to BUS SCHOOL(m)

Coefficient STATION(m) STOP (m)

Distance to 1 274 .351 .298 .146 263 -.368 .284 -.077

Metro

Station (m)

Site/ 274 1 -.037  .023 .258 .066  .000 -.218 -.281

Apartment

Price (TI) .351 -.037 1 937" .695™" - -.563" 242 -.143
.027

Square .298 .023 9377 1 .684"" - -.536" .381 -.140

Meter ’ .077

Number of .146 .258 695"  .684™ 1 - -.409 -.072 -.165

Rooms ) .280

Floor .263 .066 -.027 -.077 -.280 1 -.440 .168 .046

Building Age -.368 .000 - -.536" -.409 - 1 -.319 .268

(Years) .563" 440

Distance to .284 -.218 242 .381 -.072 168 -.319 1 -.174

Bus Stop (M)

Distance to -.077 -.281 -.143 -.140 -.165 .046 .268 -.174 1

School (m)

According to correlation matrix (Table 4) there is a very strong positive relation between the
variables price and square meter (0.937), price and the number of rooms/sections (0.695), positive
relation between price and distance to metro stop (0.351) and distance to bus stop (0.242) and a
negative relation between price and building age (0.563), whether it is located in a site or an
apartment building (0.037) and the floor (0.027).

According to the summary of the Hedonic Regression Model, variables such as distance from the
school, the floor it is located on, square meter size, whether it is located in a site/apartment, distance
to the metro station, distance to the bus stop, age, and number of rooms explain 93.2% of the price
variable of the houses for sale in Korukent. For one-way analysis of variance (ANOVA) to determine
whether a model with multiple independent variables is significant or not, the null (HO) and
alternative (H1) hypotheses are tested. Since the F-test's significant value is less than 0.05, it has
been determined that the regression model is significant and there is a statistically significant
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relationship between the variables. The significant value (B) of the t-test is greater than 0.05,
indicating that there is no statistically significant relationship between the distance of the house to
the metro, whether it is located in a site/apartment, the age of the house, the distance to the bus
stop or school, and the price of the house. However, since the significant value (B) of the t-test is less
than 0.05, there is a statistically significant relationship between the square meter, the number of
rooms, and the floor number of the house and the price of the house. When the square meter value
of the house increases by one unit, the price of the house increases by 0.004 units, when the number
of rooms increases by one unit, the price of the house increases by 0.344 units, and when the floor
number of the house increases by one unit, there is a change of 0.028 units in the price. The Table 5
shows the correlation coefficients between the price and different variables of residential properties
located near the Koru Metro Station. The variables include square meter size, number of rooms,
building age, distance to the bus stop, distance to the metro station, distance to the school, floor
level, and whether the property is located in a site or apartment building. The correlation coefficients
of the model range from -1 to 1, where a value of -1 indicates a perfect negative correlation, 0
indicates no correlation, and 1 indicates a perfect positive correlation. The table shows that the
variables with the strongest positive correlation to price are the square meter size (0.677), number of
rooms (0.414), and the floor (0,291). The variable distance school has a negative correlation (-0.120).

Table 5. Independent variable relationships of Koru Metro Station for housing sale prices

Coefficients

Unstandardized Standardized T Sig.
Coefficients Coefficients
B Std. Error Beta VIF
Constant 13.629 .380 35.882 .000
Distance to Metro -1.345E-5 .000 -.007 -.090 .930 1.439
Station(M)
Site/ Apartment -.168 .164 -.084 -1.027 .331 1.646
Square Meter (M2) .004 .001 .677 6.015 .000 3.155
Number of Rooms .344 .099 414 3.484 .007 3.508
Floor .028 .009 291 3.105 .013 2.179
Building Age (Years) .029 .055 .057 .526 .612 2.963
Distance to Bus Stop .000 .000 .027 319 .757 1.777
(M)
Distance to School(M) -.001 .000 -.120 -1.613 .141 1.374

4.3 Evaluation of the Housing Sale Prices around the Batikent and Koru Metro Stations Compared
to the Cases

The residential areas around the Batikent Metro Station hosts both developing and established
housing areas subject to planning implementations related to middle and low-income households.
On the other hand, the residential areas around the Koru Metro Station is characterized by low-rise
housing units as well as high-rise apartments for upper-middle and high-income households. The
hedonic regression analysis of the housing sale prices presents the differences and similarities of the
both locations, Batikent and Koru, in terms of variables affecting the housing sale prices. The most
important variables affecting the housing sale prices in Batikent case are the size of the house, the
distance to bus stop, the number of the rooms, the age of the building, whether it is located in a site
or an apartment building and distance to metro station. On the other hand it is seen for the Koru
case that only the variables related to housing characteristics are affecting the housing sale prices
are; the size of the house, the number of the rooms, the floor number and distance to school. Some
of the findings of the two cases investigated in this article are parallel to the cases found in the
literature. In a middle-low-income residential area (Batikent), the distance to the bus stop and metro
station affects the housing sale prices, whereas in a high-income residential area (Koru), there is no
such effect. Studies in the literature indicate that rail system investments affect housing prices, and
the accessibility to metro stations also contributes positively to the increase in housing prices, just as
the proximity to the city center does (Bajic, 1983; Cervero, 2003; Pan & Zhang, 2008).
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Research conducted in Istanbul shows that being close to a metro line has a positive effect on the
surrounding housing prices (Sahin, 2019). Similarly, another study examining the effect of Istanbul
metro stations on housing prices found that the closer the distance to the station, the higher the
housing prices (Cengiz, 2020).

In a thesis study that examined the effects of metro stations and metro lines on the housing sub-
market, it was found that there is no significant difference in the prices of the housing around the
station areas and metro lines within 250 meters. However, it was determined that the values of the
for-sale and rental housing around the station areas were higher than those in areas with similar
proximity to the metro line (Alas, 2021). Another study found that proximity to transportation points
such as public transportation stations positively affect housing prices, in addition to variables such as
size, age, floor number, garden view, sea view, etc. In this study, it was found that housing prices are
high around public transportation stations (Choy et al., 2007). Another study conducted in Istanbul
states that the housing prices around the station areas increase in areas where housing prices are
already high and similar results were obtained for rental values (Alkay, 2011). However, there are
also studies that demonstrate the opposite of this general trend, such as the effect of metro stations
decreasing housing prices in areas where high-income groups live (Nelson, 1999).

5. Conclusion and Suggestions

In the relevant literature, it is emphasized that metro stations within walking distance cause an
increase in housing prices and accessibility is an important criterion in people's transportation mode
choices. The results of the Hedonic Price Model applied in this study reveal that the impact of
Batikent and Koru Metro Stations, with different socio-economic characteristics, on housing sales
prices varies depending on accessibility within the 1500-meter radius defined as a walkable distance.
Batikent with a mixed-use land pattern and is inhabited by the middle-lower income group, as the
distance of the housing to the station decreases, the sale prices of the houses increase. In this case, it
can be said that users' lower income levels make them more sensitive to travel costs and less
expected to own a car. On the other hand, in Koru, where high-income group lives, the increase in
housing sales prices within the 1500-meter radius of the Koru Metro Station as one moves away from
the station indicates that housing-related features such as the size, number of rooms, and number of
floors are more important in determining housing prices. This situation is also supported by the fact
that high-income individuals use private cars more when compared to public transportation and their
time is more valuable.

In other words, the relationship between accessibility and housing sales values is lower near Koru
Metro Station, where users with a high socio-economic level, while it is higher near Batikent Metro
Station, where users with a low socio-economic level. This situation shows that metro transportation
systems are effective in reducing polarization between different socio-economic groups in the city. In
the future, conducting similar studies in high and lower socio-economic housing areas using the same
method and applying this model at regular intervals will contribute to monitoring socio-economic
problems such as polarization in the city and overcoming these problems with transportation
policies. Additionally, this study can be expanded to include rental housing prices around metro
stations and compare sales and rental values. Similarly, sales and rental values in areas located along
the metro line and those far away from it can be compared, taking into account socio-economic
differences, to obtain more general results.
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Abstract

The space that is virtual in the planning processes is the one that is not experienced physically. With unlimited
changes in virtual space 2/3 dimensional sketches/drawings, the desired location is reached in a short time. The
structures which are implemented, after the planning process had finished, space is now a real space that can be
experienced physically, its boundaries are defined and transformed. However, unlike virtual space, it may require
serious cost and time for changes caused by small errors, revisions, or needs that will occur. Starting from this
point, decoupling between the transitional spaces in the virtual and real space are described in the study. The
main emphasis of the study is to explain how to transition spaces are separated from virtual and real spaces and
what are their advantages and disadvantages during use with selected examples. The empirical method, which
is one of the quantitative research types, was used. First of all, the meaning pattern of the concept of space was
examined within the framework of the concept definitions of virtuality, reality, and transitivity. Virtual, real, and
transitional spaces are explained by literature surveys. The transition locations were analyzed with selected
samples. As a result, when the characteristics of the spaces are compared, it is seen that the transition spaces,
with their flexibility, easy changeability, limitlessness, and timelessness, can analyze the spaces needed before
building new buildings. It has been seen that the transition from the physical being space to another space and
the space in which the transition is made can be experienced mentally.

Keywords: Virtual Space, real space, transition space.

Sanal Mekan ve Gergek Mekan Ara Kesitinde: Gegis Mekanlar

0z

Planlama siireglerinde sanal olan mekén, fizikken deneyimlenmeyen zihnen 2/3 boyutlu eskiz/¢izimlerle sinirsiz
degisiklikle kisa stirede istenen mekdn ¢éziimlerine ulasilabilir. Planlama siirecinden sonra uygulanan yapilarda
mekdn artik fizikken deneyimlenebilen sinirlari belli ve déniisebilen gercek mekanlardir. Fakat yapilacak kiigiik
hatalardan, revizelerden veya ihtiyaglardan kaynakl degisimler icin sanal mekdndan farkli olarak ciddi maliyet ve
zaman gerektirebilir. Bu noktadan hareketle calismada sanal ve gercek mekdn ara kesitindeki gecis mekanlar
aciklanmistir. Calismanin temel vurgusu gecis mekanlarinin, sanal ve gercek mekdndan nasil ayrildigini, kullanim
siiresince avantajlarinin ve dezavantajlarinin neler oldug§unun secilen 6rneklerle agiklanmasidir. ik olarak mekén
kavraminin anlam ériintiisii; sanallik, gerceklik ve gegislilik kavram tanimlamalari ¢cergevesinde incelenmis; sanal,
gercek ve gegis mekanlar literatiir taramalariyla agciklanmistir. Gegis mekanlar segilen érneklerle analiz edilmistir.
Sonug olarak mekanlarin ézellikleri karsilastirildiginda gegis mekanlarinin; esnekligi, kolay degisilebilirligi,
sinirsizhigi ve zamansizligiyla yeni binalar insa etmeden ihtiya¢ duyulan mekanlarin ¢6ziimlenebilecedi fiziki olarak
bulunulan mekdndan baska mekdéna gegisin ve gecis yapilan mekdanin zihnen deneyimlenebilecedi gériilmiisttir.

Anahtar kelimeler: Sanal mekdn, gercek mekdn, gegis mekan.
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1. Introduction

The concept of space, which separates people from the environment in which they live with certain
boundaries, has brought innovations to globalized life. Technological developments and
industrialization that emerged with the industrial revolution started a new era in the World (Yalginkaya
& Karadeniz, 2022). Developing and changing technology has created a new space where there are
quite a lot of interactions by giving digital qualities to the spaces. This human-space relationship,
Harvey (2003), who argues that space is only a very effective dimension in a person's life without an
ontological equivalent, states that social processes and spatial forms are shapes (Glingor, 2019). On
the other hand, Soja (1996) talks about Lefebvre's third conceptualization of space based on the
“spaces of representation”. all the factors are together in this third-mentioned place. The subject of
hybridity, in which coexistence is fictionalized in various forms without obvious distinctions such as
subjective-objective, ordinary-unusual, and concrete-abstract, is emphasized. The transition spaces
considered within the framework of the study are the spaces decoupled between abstract and
concrete. In other words, they are existing or non-existent spaces that can arise in accordance with
the need. When time, economy, and preintervention are considered, these structures have a minimum
margin of error. They provide easy revision opportunities on projects. They are at the cross-section of
experiencing the virtual without transforming without acquiring. The space covered in the study was
compared over the selected structures. As a result, compared to other spaces, the differences and
similarities of the characteristics of transition spaces are explained. It has been stated that transition
spaces will turn into a great advantage for interior designers if it used correctly. Therefore, to
understand transition spaces, it is necessary to explain the concepts of virtuality, virtual space, reality,
real space, and transitivity.

1.1. Conceptual Definitions

To understand architecture and architectural spaces, space must first be perceived. It is important for
people to have a perception of space and to know where it is (Ak, 2006). The ability of a person to
perceive space does not consist only of its characteristics. It is also related to the characteristics of the
place. Therefore, to understand space, it is necessary to define the physical and fictional characteristics
of space. In this section, the concepts and definitions of space related to real space, virtual space, and
transition spaces discussed within the scope of the research will be explained. Their characteristics and
by which subheadings they are addressed will be expressed. The connections between them will be
explained.

1.1.1. The concept of reality and real space

The concept of space, which has been explained in various ways in different disciplines throughout
history, corresponds to the place, house, dormitory, and space found in the Dictionary of the Turkish
Language Institution (2022). In the same dictionary, reality is defined as basic, principal, principal, and
non-artificial. In architecture, reality can correspond to a concrete structure that exists physically, not
an abstract one. Lowry (1967) explains physical space as a space that is measured and determined
through geometric concepts. Real space, on the other hand, is defined as the space that can be
perceived physically, whose boundaries can be determined, that can be physically found within the
specified limits, and where it continues and terminates its life (Goktepe, 2013). In real space, place and
time are not neglected. It is the transformation of architectural design into a real, physically
experienced, concrete structure (Figure 1).
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Figure 1. Realspace examples

Realspace; existing physical space is a space that can be perceived visually, dimensionally, auditorily,
olfactorily, and tactilely by the user with five sensory organs. Visual perception gives faster and more
effective results than our other sensory organs. Because the sense of vision allows more data flow
compared to other senses (Yiintem, 2022). While dimensional perception is based on the human scale,
auditory perception perceives positive or negative sounds, such as music, noise, or a human voice,
coming to the ear. In olfactory perception, for example, it is the recollection of a place experienced
through a previously experienced smell in another place when the same smell is encountered. In tactile
perception, which is a complement to eye vision, direct contact and interaction with space is the issue.
All perceptual sensations can be experienced in physical spaces.

1.1.2. Virtuality and virtual space concept

Before the modern period, the concepts of space and place were used with the same meanings
(Glngor, 2019). According to Giddens (1999), with the capitalist economic outputs that dominate the
modern period and the world as a whole, space has gone beyond being just a concrete concept and
separated from face-to-face interaction. However, space, which is also separated from its physical
properties, has become a concept that can be arranged and partitioned in the desired way at any time.
The fact that the communication established together with the perception of the new digital culture
has reached global dimensions has revealed virtual spaces.

The virtual concept (Kayapa, 2003), which is the opposite of the real concept and not the real concept,
is one of the layers of reality (Gling6r, 2019). While this concept is also the equivalent of reality, it is
also equivalent to the intangible (Franck, 2000). Virtual space, on the other hand, is one with a floor
independent of real space, where there are variations, there is no flexibility or distinctness, and there
is no definition. There are no physical rules in this cyberspace, which has no boundaries and is free; it
was created by thinking like a projection of real space, and there is a new order of reality (Glingor,
2019). Therefore, in this new reality, a space is formed whose boundaries are not defined and which
is built without the need for physical shaping and where there are infinite parameters for change.

Time is frozen in virtual spaces. People are not in physical contact. There are forms in which there are
no social encounters (Robins, 1999). According to Demirkaya (1999), virtual space: is an environment
designed in an electronic environment that connects the level of perception of a person and the virtual
level of digital information. However, some factors enable the perception of space in virtual space.
Therefore, places that are not physically experienced, but allow a person to perceive space in 2
dimensions or 3 dimensions, can also be shown as examples of virtual spaces.
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Figure 2. Virtual space examples

The framework of the virtual space considered in Figure 2 within the scope of the study is not just a
world based on an electronic basis. In addition, it has been discussed within the framework of working
in a space that can perceive a fictional space. For example, sketches that are at the design stage or
completed by hand drawing, all 2-dimensional and 3-dimensional drawings created in computer-aided
programs, books, fairy tales, fables, poems, animations, movies, or series, have been considered within
the framework of virtual space. These spaces can be touched, deleted, changed, edited, and
reproduced. In Figure 3, a comparison of real space and virtual space was given, and it was requested
that you explain how it was handled within the scope of the study. The concrete, non-electronic
environment of real space is space that can be experienced physically, have boundaries, does not
change, and the perception of time and place can be grasped. Virtual spaces, on the other hand, are
abstract spaces that can be produced with electronic media or can be fictionalized in 2 dimensions,
have no boundaries, are dynamic, can be changed, and have no perception of time and place.

REALITY VIRTUALITY

Abstract,
Electronic Media+ Non-Electronic Media

Concrete
Non-Electronic Media

Physically Mentally experienced
Experienced
Existing
Limited Boundléss,
Unchanging g:;::;‘el;ble
Time
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{ with sense of place ,‘
REAL SPACE

VIRTUAL SPACE

Figure 3. Realspace and virtual space comparison
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Starting from this point, the concept of transitional space, which exists but can disappear, change and
move, the perception of space and time varies depending on the user, an instantaneous transition
from a physically located space to another space, should be explained in the decagonal of virtual space
and real space.

1.1.3. Transitivity and the concept of transition space

The word transition is defined in the Dictionary of the Turkish Language Institution (2022); the verb
transition is defined as a change in any situation, while transitivity corresponds to a transition state. It
can be defined as changing between two states or connecting to the other. Transition space, on the
other hand, Ak (2006) says that ‘Reflection in the physical environment are cyber-experiences
embedded in space and are invisible’ In fact, it refers to a new type of space that changes and decays
between real + virtual space. Within the scope of the study, transition space is considered as the
existing-decaying spaces between the existing, concreteness mentioned in the real space and the
abstraction that does not exist in the virtual space (Figure 4). It is the state of existence in another
space with a mobile-enabled structure that allows people to physically move from the space they are
into another space within the same boundaries, sometimes with or without computer-based
movement structurally.

VI RTUAL ITY E ; (CONTRACTEDESE-E&S&U!I’IENCED SPACE)
(ELECTRONIC- BASED OR NOT - NONE) ; TRAN SITIVITY E

PHYSICALLY WHEN YOU ARE
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\ SERIES JL A J
: Y : Y
VIRTUAL SPACE ; ;
. __TRANSITION SPACE REAL SPACE

Figure 4. Between virtual space and real space: Transition spaces
2. Material and Method

Information related to the subject within the scope of the study data was collected through literature
research. Numerous examples of real spaces, virtual spaces, and transition spaces. By compiling the
information obtained through conceptual research, real space, virtual space, and transition spaces are
mentioned. In this context, a sample group was formed. While making the selection, examples where
the differences between the spaces used in the interior architecture can be explained and different
visuals and explanations can be accessed were discussed. Another point (that) is taken into account
when selecting samples is that they are created with tools that are often used today. Examples that
can express the transition space well have been considered. The empirical method, which is one of the
guantitative research types, was used. As a result of the examination, feature comparisons of the
spaces in the real space, transition space, and virtual space examples are presented in the tables
created.

3. Findings and Discussion

As an example of a transitional space, virtual reality glasses are an alternative presentation method
used in design processes in different disciplines such as architecture, interior architecture, and city
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planning. It consists of a case carrying the electronic part, glasses reflecting the screen, and a glove or
controller that provides on-screen movement.

Table 1. Example of a transition space: Using virtual glasses (VR)

VIRTUAL REALITY GLASSES (VR)

Production Year: 1993
Inventor: lvan Sutherland

\ Usage Area In Example: Interior Architecture
Source: (Johanhanegraaf, 2019)

It offers the possibility of a semi-interactive space, such as experiencing it physically and mentally, walking
around in it, and making changes. These glasses, which are distinguished by technology from long-time drawing
techniques such as sketching, which are treated as a virtual space, save time. Another difference is that hearing
and touch perceptions can be experienced with these glasses. The materials used in the real space in the
transition spaces and the cost caused by technical errors in the application phase turn into an advantage in this
space. With these glasses, which are more easily detected, errors can be seen in advance and prevented.
Serious financial savings can be achieved in this way. Instant revisions can be made to the components and
elements of the space. This can save time. The disadvantage is that it can lead to disorientation and eye fatigue
during long-term use.

Real Space

Virtual Space

(Decorilla, 2016) (Johanhanegraaf, 2019) (Decorilla, 2016

In Table 1, the use of virtual reality glasses, the difference between real/virtual space, advantages,
disadvantages, and the way of handling the technology within the scope of the study are explained
with visuals.

Greenbox Studios is a shooting trick achieved by overlapping two different images at the same time.
In these studios, a special technique and green and blue colors are usually used.

Table 2. Example of a transition space: Greenbox studios

GREENBOX STUDIOS

Production Year:1940
Inventor: Larry Butler

Usage Area In Example: Studio
Source: (SelisMedya,2022)

Although they are physically located in the same place, Greenbox Studios, which allows them to be in a different place with
screen tricks, gives a real feeling in terms of sound and image. But touching and feeling are out of the question. The
difference that distinguishes it from virtual space is that you can walk around in it and act as if you live in that space while
also transporting a person to another place at the same time. There is a question of variability in time and speed in the
change of location. In this example of a transitional space without borders, diversity, economy, and easy convertibility are
among the great advantages. It requires good equipment and conscious use.

Real Space Virtual Space

(Sanat Yapim, 2022) (SelisMedya,2022) (SelisMedya,2022)
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In Table 2, the use of Greenbox Studio, its difference from real or virtual space, advantages,
disadvantages, and the way it is handled within the scope of the study are explained with visuals.

Mobile stages are platforms that are ready-made stage systems that come about for entertainment,
political, or commercial reasons. Scenes that are portable can be moved through a vehicle, as well as
they can be resolved and transported as part of the vehicle's equipment. With the disassembly system,
they can re-install and remove the structure with a short installation time. In this sense, these spaces,
which save time by preventing a continuous new construction process, are solution-oriented,

economical, and practical.

Table 3. Example of a transitional space: Mobile scenes

MOBILE SCENES

Production Year: 2016

Invert on: Lee Broom

Usage Area In Example: Enstalasyon Studio
Source: (Hobson,2016)

Mobile stages, studios, exhibitions, or theaters that are motion-enabled can be moved from one city to another city, as well
as offer the possibility of moving from one place to another. The fact that a structure that exists (a vehicle or a micro-
volume area) can disappear by moving or transforming and re-decking into another space, that is, it can be installed and
dismantled, recreated, or replaced between existence and nonexistence during the process of virtualization, The decoupling
of a scene shot on the TV series sets followed by another location shooting in the same area is an example of this variable
or nonexistent transition space. This situation profits from time and cost, as well as destroying the perception of borders.
Being mobile, which provides variety and functionality, can create changes in the perception of time and place.

Virtual Space

Real Space
—

Transition Space

(Hobson, 2016)

In Table 3, the use of the mobile stage, its difference from real/virtual space, advantages,
disadvantages, and the way of handling it within the scope of the study are explained with visuals.
4. Conclusion and Suggestions

Within the framework of the study, real space, virtual space, and transition spaces were conceptually
explained and examined through examples. As a result of the study, the characteristics of the places

are given in Table 4.

Table 4. Features of spaces

FEATURES OF SPACES
Real Space Transition Space Virtual Space
Concrete Concrete + Abstract Abstract
Physically Experienced Physically + Physically Experienced Mentally Experienced
Existing Between Imaginary space and existing Imaginart Space
Perception of time Time variability, leap Time perception incomprehensible
Limited Limited + Limitless Limitless
Definite, permanent, unchanging Changeable, portable, mobile, temporary Indefinite, changeable, fluid
3D 3D+4D 2D+3D+4D
Material Material + Without material Without material
Not Electronically based Electronic based+not based Electronic based+not based
Interactive Interactive + Non-Interactive Non- Interactive

Real spaces are concrete-based, physically experiential, existing, time and place perceptible, have
boundaries, take a lot of time to change, are 3-dimensional, material, interactive, and non-electronic-
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based spaces; Virtual spaces are abstract, mentally experienced, disappearing, time and place
perception cannot be grasped, unlimited, fluid, changeable, uncertain, have different dimensions, and
are electronically based or non-electronically based spaces; Transition spaces, on the other hand, can
be experienced both abstractly and concretely, physically and mentally; there can be inter-existence,
time variability, and deceleration; boundaries can be defined or unlimited; interactive or not;
electronically based or not; changeable, portable, mobile, and temporary spaces. Table 5 shows the
comparisons between the locations.

Table 5. Comparison of spaces

COMPARISON OF SPACES
Real Space Transition Space Virtual Space
Tactile Perception v v -
Visual Perception v v v
Auditory Perception v v B
Odor Perception v - -
Error Tolerance - v v
Change in Desing (Revised) - v v
Saving on time - v v

While there is a completely direct relationship between the types of perception in physically
experienced, existing real spaces, it seems that margins of error tolerance, design revisions, and time
savings make it more difficult to make changes due to user requests or errors that occur than in other
spaces. Transitional spaces are spaces that have a margin of error tolerance while addressing tactile,
visual, auditory, and tactile perception sensations, and offer the opportunity to save time by revising
the design. Thanks to the correct design, planning, and developing technology, it becomes easier to
experience spaces, and being able to intervene and change them instantly reduces the error rate in
practice and has a positive impact. With these interventions, time savings are provided, as well as an
economically more advantageous situation will be achieved.

As a result, the planning process should be well-designed and considered before the space is created.
Although the space that remains virtual during the planning process is not physically experienced, the
desired interior solutions can be reached mentally with 2-dimensional sketches, drawings, or unlimited
changes in the 3-dimensional environment in a short time. With this study conducted on transition
spaces located in the virtuality and reality interface, it has been seen that the flexibility, ease of
changeability, immensity, diversity, and timelessness of space facilitate the transition from a physically
existing space to another space, where the necessary functions or spaces can be deciphered without
building new buildings, and the space that is being transitioned can be experienced mentally. In
addition, it is thought that marketing services in the architecture sector can be facilitated by the use
of transition spaces, interventions in the spaces that people want can be faster and more practical,
and errors can be minimized.
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Abstract

Geography, climate, culture, and technology directly influenced the architectural production of societies. These
effects first shaped the production of traditional architecture. After the developments in the industrial revolution,
architectural formatting has been open to constant and rapid changes. These changes, dating back to the
twentieth century and called modernism, aimed to move away from tradition and design with its forms. Design
theorists divide between the view that modernism is directly influenced by tradition and that modernity is an
entirely new formation. This research aims to identify the effects of these parameters with the parameters that
shape tradition and modernism to shed light on the debates about the effect of modernization. In literature
research, the design parameters that can be reached from the past to the present generally do not change in
housing structures, and these parameters are included in the concept of environmental sustainability today.
Therefore, traditional and modernist design product housing structures have been analyzed through
environmental sustainability parameters. Information collected from the literature and selected structures were
studied using the comparative analysis method. The results of the analysis will shed light on the discussions about
the interaction of traditional and modernist designs with extracts from residents.

Keywords: Traditional architecture, modernism, modernist architecture, environmental sustainability.

Konutlarda Geleneksel Ozelliklerin Modernist Tasarimlara Etkisinin
Cevresel Siirdirilebilirlik Cergevesinde Incelenmesi

0z

Cografya, iklim, kiiltiir ve teknoloji toplumlarin mimari iiretimini dogrudan etkilemistir. Bu etkiler énce geleneksel
mimarilerin tretimini sekillendirmistir. Enddistri devrimindeki gelismeler sonrasi mimari bigcimlenisler, siirekli ve
hizli dedisimlere agilmistir. 19. Yiizyil sonlari ile 20. Yiizyila tarihlenen ve modernizm olarak adlandirilan bu
degisim, gelenekselden uzaklasip kendi bicimlerini tasarlamayr amaclamistir. Ancak tasarim kuramcilari,
modernizmin gelenekselden dogrudan etkilendigi ile modernizmin tamamen yeni bir olusum oldugu gériisii
arasinda ikiye ayrilmislardir. Bu arastirma gelenekselin modernizme etkisi ile ilgili tartismalara bir 1sik tutabilmek
amaciyla gelenekseli ve modernizmi sekillendiren parametreler ile bu parametrelerin etkilerini tespit etmeyi
amacglamaktadir. Literatiir arastirmalarinda ge¢misten giiniimiize ulasabilen tasarim parametrelerinin konut
yapilarinda genelde degdismedigi ve bu parametrelerin giiniimiizde cevresel siirdiiriilebilirlik kavraminin icerisinde
yer aldigi tespit edilmistir. Bu nedenle geleneksel ve modernist tasarim liriinii konut yapilari, ¢evresel
stirdiiriilebilirlik parametreleri lzerinden analiz edilmistir. Literatiirden derlenen bilgiler ve segilen yapilar
karsilastirmali analiz yéntemi ile incelenmistir. Analiz sonuglari, geleneksel ve modernist tasarimlarin etkilesimi
ile ilgili tartismalara konut yapilari lizerinden ¢ikarimlari ile 151k tutacaktir.
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1. Introduction

Architecture is the art of creating structures that adhere to specific measurements and rules. It designs
and constructs spaces in which people will conduct all their activities such as sheltering, working,
resting, and having fun. It develops as a combination of many factors such as geographical, social,
economic, and technological data (Ozyilmaz et al., 2008). Architecture evolves in response to changes
in the global order. Consequently, it is expressed in the literature by categorizing it into different
periods. The construction systems before the industrial revolution in the 19th century are called
traditional, and the period that started with the industrial revolution leading the construction sector
and lasted until the 1970s is called modernism (Omay Polat & Can, 2008).

Traditional architecture is the built environment that people produce to sustain their daily life. It is the
accumulation of knowledge and experience that comes from people's ancestors in the region and is a
reflection of the living culture (Kistir & Kurtoglu, 2018). Many factors influence traditional architecture,
including geographical location, topography, climate, tradition, material, and construction technique.
Despite all these factors, environmental factors are the most important in determining the
components of traditional architecture. Traditional architecture has been shaped by the pursuit of
environmental respect, adaptation, and effective use of environmental data (Muskara, 2017). Since
the middle of the nineteenth century, the rapidly developing industrial revolution and its aftereffects
have led some to label traditional practices as primitive and should be abandoned. Modernization,
which began with the industrial revolution, transformed agricultural society into industrial society and
took architecture to a whole new level with chemicalization and mechanization technologies (Birol,
2006). Thus, traditionalism and modernism came to be seen as opposite approaches, and debates
began to judge both approaches by comparing them to one another. One of these debates is the belief
that modernist architecture is directly influenced by traditional architecture, whereas modernism is a
completely independent formation (Artun, 2019).

Sedad Hakki Eldem, Sibel Bozdogan, Ernesto Peresutti, and Josep Lluis Sert can be given as examples
to those who think that the architecture of the modernist period was directly influenced by traditional
architecture. According to Sedad Hakk Eldem, traditional Turkish houses are quite close to modernist
house designs. He stated that traditional Turkish houses are distinguished by bright spaces with plenty
of windows, freedom in the plan, emphasis on comfort, keeping decorations to a minimum, sensitivity
in material selection, and establishing a connection with nature through spaces such as open canopies,
gardens, and courtyards. He also stated that Le Corbusier, a modernist designer, was inspired by
traditional Turkish houses in his designs (Bozdogan, 2009: 19, cited in Ulubay, 2019: 388). According
to Sibel Bozdogan, the rational and utilitarian features of the traditional are reflected in the modern,
hence modernism is not a new and foreign approach. According to Ernesto Peresutti, so-called
modernist constructions with rectangular or square plans, developing horizontally or vertically,
capturing the rhythm of fullness-space, and with white walls are already typical of classic
Mediterranean architecture. It has been stated that Gropius, Le Corbusier, and Mies van der Rohe
misrepresented modernist architecture as a northern innovation of the twentieth century and that
humanity was misled. According to Josep Lluis Sert, if traditional Mediterranean architectural examples
are compared to works of modern architecture, they will have many common characteristics. He
claimed that, while contemporary architecture is portrayed as a northern invention, it is essentially a
styleless Mediterranean architecture (Bozdogan, 2009: 19, cited in Ulubay, 2019: 388). According to
Hassan Fathy, traditional values must be nourished for modern period structures to be nice and
beautiful (Bilir, 2019).

Despite the belief that modernism is influenced by tradition, some argue that modernism is an
invention. Indeed, some theorists have carried their discourses to the point where the traditional
should be completely rejected and destroyed. Raymond Williams defined modernism by emphasizing
creativity and rejecting the tradition. Clement Greenberg defines modernism as aesthetics and
traditionalism as kitsch. J.M. Richards defined modern architecture as the new understanding of
architecture demanded by the twentieth century, rejecting previous architecture (Artun, 2021). The
discourses of architects, who are regarded as modernism's forefathers, also emphasize in a non-direct
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way that modernism is a very different design from traditional. They even want to get rid of the
traditional. For example, Le Corbusier stated that he hoped Mussolini would demolish a traditional
settlement to make way for the construction of his Radiant City, a utopia city project (Artun, 2019). He
also stated that he came in 1925 to witness the demolition of traditional structures and the production
of modernist products during Istanbul's reconstruction works (Bozdogan, 2009). In a speech in which
traditional Indian architecture was mentioned, he derisively referred to traditional architecture as "few
pieces of stone." (Ozkan, 2005: 58-61; Ulubay, 2019). Mies Van Der Rohe claims that he tries to move
away from the traditional as much as possible in his works and that this discourse is exaggerated in his
works. With his Farnsworth House design, he rejected traditional closed-room systems and instead
used glass on the exterior of the building with unprecedented dimensions and transparency
(Arkitektuel, 2023). He leaves the interior solutions to the users in his designs, claiming that he gives
users design freedom while saving architects from traditional production (Can, 2010).

Although, in recent years, researchers have tried to express the injustice and destruction of the
traditional against the modernism (Artun, 2019; Artun, 2021; Bilir, 2019; Kistir & Kurtoglu, 2018;
Ulubay, 2019). The voice of modernism's internalization and marginalization debates had begun to
fade. Because in the 1970s, modernism also faded, left its golden period behind, and became a part of
the past (Omay Polat & Can, 2008). However, currently, the demolition of reinforced concrete
structures built before 2000 because the structures have completed their economic life and are not
safe for use due to natural disasters, especially earthquakes, has made modernist structures in need
of protection and defense. At a time when all concepts are becoming more intertwined and complex,
it would be beneficial to reopen all discussions to comprehend that modernist structures are now the
legacy, perhaps traditional of an era. Because it is impossible to define the battle between modernism
and the contemporary without first understanding the battle between traditionalism and modernism.
To preserve what is traditional and modern, its substances must be analyzed, and their parameters
defined.

Consequently, the purpose of this study is to identify the parameters that shape both traditional and
modernism, as well as the effects of these parameters, to shed light on discussions about the
interaction of traditional and modernism.

According to the literature, the design parameters that can be achieved in residential buildings from
the past to the present do not generally change, and these parameters are now included in the concept
of environmental sustainability. The concept of sustainability is defined as the ability to carry out the
functions of ecology and ecology-related elements, the stages of its order, and the mission of creation
to the future (Yavuz, 2010). The three main principles of sustainability are economic, social, and
environmental. Environmental sustainability is one of these principles, and it includes architectural
definitions. It focuses on how the built environment will be built and transferred in the future while
avoiding harm to nature and considering all living things. Currently, architectural structures' success is
measured by their ability to meet sustainability criteria. It is also supported by certificates such as LEED,
BREAM, BEST, and WELL. Since the basic needs of the world and humanity are the same, analyzing the
buildings with environmental sustainability parameters, regardless of the date they were built, will be
a guide for both defining the buildings themselves and comparing them with other buildings.
Environmental sustainability parameters compiled from the literature were determined as "being
sensitive to ecology, using clean energy resources, using local resources, protecting cultural assets and
historical environment, protecting architectural values and morphological features" (Blylk¢cam &
Eylboglu, 2022; Durukan et. al., 2021).

It was previously stated in the literature review that the design parameters that can be reached from
the past to the present do not generally change in residential buildings. However, it should be noted
that another reason for selecting residential buildings is that they have also served as a shelter since
the beginning of humanity. Therefore, it is intended to analyze traditional and modernist residential
buildings using environmental sustainability parameters. Five parameters were determined to make
this determination, and five traditional and modernist building examples were chosen. Residential
buildings that reflect their architectural form and traditional or modernist features well and are praised
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in the literature were chosen as building samples. Although making inferences from so few parameters
and structures is insufficient to make a complete generalization the selected parameters and
residences will be highly informative due to their specific features.

Environmental sustainability parameters were used to compare the houses, and the effect of the
parameters was determined. The analysis findings will shed light on discussions about the interaction
of traditional and modernist designs, as well as their implications for residential buildings.

2. Material and Method

This study's methodology consists of four steps. These steps include literature research, determining
environmental sustainability parameters, selecting traditional and modernist housing structures to be

analyzed, and comparing selected houses based on environmental sustainability parameters (Figure
1).
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Figure 1. Flowchart of research method

The flowchart of the literature research phase, which is the first phase of the research, consists of two
parts (Figure 2). The first part is the exploration of the concepts of traditional architecture, modernist
architecture, and environmental sustainability. The second part is the exploration of views discussing
the interaction of traditional and modernist architecture. The views of Sedad Hakki Eldem, Sibel
Bozdogan, Joseph Lluis Sert, and Ernesto Peresutti, argue that modernism is influenced by the
traditional; The views of Le Corbusier, Walter Gropius, and Mies Van Der Rohe, which they argue that
modernism rejects the traditional, constitute the problem of this research.
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Figure 2. Flowchart of literature research
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The analysis parameters were determined in the second phase because it is intended to look at the
interaction of traditional and modernist housing structures in terms of environmental sustainability
(Figure 3). Environmental sustainability has many parameters such as ecological design, use of clean
energy resources, use of local materials and resources, protection of cultural assets and historical
environment, preservation of architectural value and morphological features (Blylk¢am & Eyiliboglu,
2022). The interaction of traditional and modernist residential buildings was analyzed using ecological
design and clean energy usage parameters. Protection parameters, use of existing buildings, and waste
management parameters have been neglected as they are the design criteria of the researched
buildings. Ecological design and clean energy use parameters are also subdivided to conduct more in-
depth research. Green space use, topographic design, and site-specific design are all ecological design
parameters. Local materials were considered as part of the site-specific design parameter. Natural
climatization and natural lighting are examples of clean energy usage parameters.

;34 Green Space Use

Being Sensitive to 1‘ . :
Determination gmmmjpEcology b ToPOTARIIcDESIRn

|
|
of J?ﬂ Site-Specific Design I
|

Environmental
Sustainability =
Parameters

*Use of Clean == Natural Climatization

Energy Resources”

Er==)

Natural Lighting ‘

Figure 3. Environmental sustainability parameters

In the third stage, traditional and modernist housing examples are discussed for analysis, with the
parameters of environmental sustainability that can be observed. In the selection of the sample,
attention was paid to the analysis of the prominent residential buildings in the literature with the
specified parameter. While the traditional housing structures to be analyzed were chosen as Ozbekler
House, Yazd Towers of Silence, Safranbolu House, Diyarbakir House, and Bingdl House; modernist
housing structures are determined as Riza Dervis Residence, Ramkrishna House, Sevket Saatcioglu
Villa, Villa Savoye and Fallingwater House (Figure 4).

Determination Traditional Housing Structures (Modernist Housing Structures
of TradiFionaI « QOzbekler House * Riza Dervis Residence
Housing ™=« Yazd Towers of Silence * Ramkrishna House
Structures Safranbolu House *  Sevket Saatgioglu Villa
¢ DiyarbakirHouse ¢ VillaSavoye
Determination * Bingdl House * FallingwaterHouse
of Modernist
Housing
Structures

Figure 4. Flowchart of determination of housing structures to be analyzed

Finally, the existence and significance of the parameters determined in the selected houses are
discussed. The interaction of traditional and modernist architecture has been attempted to reveal data
in terms of environmental sustainability based on the effect of the parameters.

3. Findings and Discussion

For centuries, people have either adapted to their surroundings or attempted to change their
surroundings. Natural disasters have reacted negatively to human efforts to change the environment.
Therefore, humanity has realized the importance of caring for and understanding the environment.
They have created an architecture that respects and incorporates the topography, climate, wind, and
sun of the environment in which they live (Canan et al., 2020). However, the long-term occurrence of
natural disasters and rapid technological developments encouraged people, and therefore people
turned to environmentally harmful production technologies. However, the depletion of fossil
resources, the excessive increase in pollution in air and water resources, the gradual restriction of
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access to clean water, and natural warnings such as global warming and climate change repeatedly
warn people to consider their surroundings. People must understand the concept of sustainability to
live environmentally conscious lives. The three pillars of the concept of sustainability; economic, social,
and environmental sustainability, are guiding concepts and parameters. The principles of
environmental sustainability include the measures to be taken in the field of architecture. The use of
existing buildings, the use of local materials, waste management, natural climatization, natural lighting,
ecological design, and clean energy usage are all aspects of environmental sustainability (Bliylkcam &
Eylboglu, 2022).

This study's findings include an analysis of the environmental sustainability parameters of traditional
and modernist architecture on houses. To comprehend the interaction of traditional and modernist
residential buildings, ecological design and clean energy usage parameters were chosen. While green
space use, topographic design, and site-specific design are ecological design parameters, natural
climatization, and natural lighting are considered clean energy usage parameters.

3.1. Ecological Design Parameters

Ecological design parameters were determined as green space use, topographic design, and site-
specific design.

3.1.1. Green space use

Green spaces have long been important for human health and environmental quality, and their
presence has improved both indoor and outdoor quality of life. It contributes significantly to the field
of architecture by cleaning the air, creating shade and cool areas, and strengthening the ground by
compacting the soil (Ceylan, 2007). Traditional houses are typically made up of structures with sofas,
courtyards, or gardens. In modernist architecture, detached houses utilize the same approach
(Akdemir & Aykal, 2021). The traditional architectural product Ozbekler House and the modernist
period structure Riza Dervis Residence were examined for this research to assess the impact of green
space use. The garden design is given a large place in both housing structures, trees are planted, and
other spaces are directed to the garden (Figure 5). It is seen that the use of green areas is given
importance in traditional and modernist houses.
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Figure 5. Left: Ozbekler House (Mentese Prefecture, 2022); Right: Riza Dervis Residence (Salt Research, 2022)
3.1.2. Topographic design

Settlements are typically found on slopes, foothills, and stream banks. The most important factors, in
this case, are topography, water, and light, but topography already shapes the water and light
elements. Because the topography has numerous formations in itself. It is made up of landforms like
ridges, valleys, water distribution lines, water collection lines, necks, slopes, skirts, plateaus, fills, and
cuts. The temperature, wind speed, and shading time vary depending on the location of the building
on the land. The radiation and wind speed increase as the building's elevation increases, while the
temperature decreases. The building's orientation toward the south allows it to benefit from solar
energy. The northern directions are shady and cool. According to Christopher Alexander, the area can
be used efficiently by establishing agricultural areas, city settlements on slopes, and hills on the plains.
The architect should also create architectural designs that make use of the sloping area. Only in this
way can existing land conditions be improved and new land acquired. Walls, stairs, sloping roads, and
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ground floor elements can be used to make the topography into a place (Sacik, 2018; Bayraktaroglu &
Arabacioglu, 2022).

The traditional Safranbolu house and the modernist residence Sevket Saatcioglu Villa were designed
by the sloping topography (Figure 6). There is a height difference between the house facades
depending on the slope settlement. The entrance level is given from the upper road in houses with
front and back facades facing the road. The lower road level facade has been converted into a retaining
wall. Again, depending on the slope, some houses' ground floor rear walls are buried in the ground.
The gardens are terraced by the valley's slope (Sacik, 2018). The Saatcioglu Villa was built in 1960 on a
sloping plot of land with five levels. A gap in the floor allows a tree from the field to enter. The free
plan solutions, which are solved at various levels, are also regarded as a site-specific project, with an
approach that considers the existing tree (Bingdl, 2018; Kuru, 2018). It is seen that the use of
topographic design is given importance in traditional and modernist houses.
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Figure 6. Left: Safranbolu House (Wikipedia, 2023); Right: Sevket Saatgioglu Villa (Arkitera, 2013)
3.1.3. Site-specific design

Each designed building should be unique to the specific location where it will be constructed.
Geography, topography, climate, materials, construction techniques, and natural and local features
are all considered in site-specific design (Bilir, 2019).

The traditional Bingdl House is made of local materials such as wood, stone, and clay. Because of the
cold climatic conditions of its location, the walls were constructed thick, and the windows were
shuttered. The house was built at two different elevations to accommodate the sloping terrain
(Varolglines, 2021). The Modernist Fallingwater takes its name from the waterfall on which it was built.
The majority of the rock fragments were left on the plot during construction, and some of them appear
to have come out of the pavement. Modernist Fallingwater House’s walls and terraces were built with
stones from the surrounding area and the existing plot. With large windows and balconies, it aims to
be close to nature. The sound of the waterfall can be heard throughout the house. Even inside the
house, one feels as if they are in nature (Arkitektuel, 2017). Therefore, both examples are specific and
unique to the place where it is located and was produced for that place (Figure 7). It is seen that the
use of site-specific design is given importance in traditional and modernist houses.

Figure 7. Left: Bingdl House (Varolglines, 2021); Right: Fallingwater House (Arkitektuel, 2017)
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3.2. Clean Energy Usage Parameters

The approaches that are kept away from the use of fossil fuels and towards clean energy sources are
important factors that shape architecture and contribute to its sustainability. Clean energy sources
include solar, wind, and plants (Yilmaz, 2019). Natural climatization and natural lighting are examples
of clean energy usage parameters. It is seen that the use of clean energy is given importance in
traditional and modernist houses.

3.2.1. Natural climatization

The building does not require an additional element for natural climatization. The building solves its
air-conditioning problems through design. For example, precautions such as benefiting from the wind
thanks to the location or elevation of the land where the building is located, high air permeability level
of the materials used in the building, controlled use of wind and sun rays with elements such as eaves,
shutters, and blinds, and controlling the sunlight and wind by paying attention to the type and planting
places of the trees can be taken (Yilmaz, 2019).

The Ramkrishna House, a modernist period residence structure, has a sloped roof that is used in the
natural airflow of the adjustable louver systems (Architectural Digest, 2018). In Yazd City, an example
of traditional architecture, wind chimneys called badgir on the underground houses cool and direct air
into the building (Abu-Hammad & Abu-Hammad, 2017). Both examples include natural climatization
(Figure 8). It is seen that the use of natural climatization is given importance in traditional and
modernist houses.
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Figure 8. Left: Yazd Towers of Silence (IRNA, 2023); Right: Ramkrishna House (Architectural Digest, 2018)
3.2.2. Natural lighting

One of the artifacts associated with the use of natural lighting in traditional buildings is the design of
daytime spaces that receive a lot of sun and places that do not need the sun, such as cellars and
warehouses, in directions that see the little sun. Eaves and bay windows are used to provide
illumination at the desired time and angle. Natural lighting is also preferred using rows and high
windows (Aktuna, 2007). The use of wide and high glass on the facades or band windows along the
width or height of the building was intended to benefit from natural lighting during the modernist
period (Bilir, 2019).

Basement lighting is at ground level in traditional Diyarbakir houses, and windows are opened under
the eaves. The goal here is to take advantage of natural lighting as much as possible (Payasl & Isik,
2003). The use of horizontal band windows in the modernist Villa Savoye is intended to bring light into
the interior (Sahin & Satici, 2022). Natural lighting was considered in both cases (Figure 9). It is seen
that the use of natural lighting is given importance in traditional and modernist houses.

195



Journal of Architectural Sciences and Applications, 2023, 8 (1), 188-199.

Figure 9. Left: Diyarbakir House (Diyarbakir Hafizasi, 2023); Right: Villa Savoye (Arkitektuel, 2016)
4. Conclusion

The traditional and modernist housing structures chosen for analysis in this study were examined
through the perspective of environmental sustainability principles. To comprehend the interaction of
traditional and modernist residential buildings, ecological design and clean energy usage parameters
were chosen. Ecological design and clean energy usage parameters are also subdivided. Green space
use, topographic design, and site-specific design are all ecological design parameters. Natural
climatization and natural lighting are clean energy usage parameters.

According to the findings of the study, ecological design and the use of clean energy are incorporated
into both traditional and modernist housing structures. Green area usage is in Ozbekler House and Riza
Dervis Residence; The topographic design is in traditional Safranbolu Houses and Sevket Saatcioglu
Villa; local design in traditional Bingdl House and Fallingwater House, natural climatization in
traditional Yazd Houses and Ramkrishna House; natural lighting is prominently observed in the
traditional Diyarbakir House and Villa Savoye.

Since ecological design and the use of clean energy are used in traditional buildings with natural and
rational methods, it would be appropriate to say that this knowledge and construction techniques may
have been gained by humanity over a long period as a result of many experiences and transferred from
generation to generation. Although applications for the same purpose can be found in modernist
structures, there are differences from traditional ones. However, it is understood that this difference
is in the form of elements that serve the same purpose, sometimes changing form and sometimes
transferring the function to another building element. When it comes to the analyzed structures, the
green space usage of Ozbekler House and Riza Dervis Residence is almost identical. Only in other
examples can the garden or courtyard elements change shape. An effort was made to adapt to the
topography in the Safranbolu Houses and Sevket Saatcioglu Villa. While this harmony is achieved in
Safranbolu house by using retaining walls at various levels, columns can be observed in Sevket
Saatcioglu Villa. The Bingdl House and the Fallingwater House each have a site-specific design. For
example, while the Bingdl House was built with local stone, the Fallingwater House's walls and fireplace
were made from nearby rocks. Natural climatization is skillfully provided in traditional Yazd Houses
and Ramkrishna Houses. However, while chimneys perform this function in traditional Yazd Houses,
the roof performs this function in Ramkrishna House. Natural lighting has been noticed in the
traditional Diyarbakir House and Villa Savoye using rational solutions. While the location and
dimensions of the windows in traditional Diyarbakir Houses vary depending on the function of the
spaces, Villa Savoye has carried the sunlight completely indoors with its wide horizontal band windows
that continue along the facade, as it is only a residential function away from production.

As a result, environmental sustainability parameters can be seen in both traditional and modernist
architecture. Knowledge and methods used in traditional architecture have been gained over a very
long period, possibly as a result of thousands of experiences, since what is traditionally defined as the
19th century and before. Although modernism also denies the traditional, it is clear that it has used
the traditional architecture’s ratio and tried solutions in the designs that it provided. If we exclude
post-industrial technological inputs such as reinforced concrete, steel, and large-scale glass production
in modernist buildings, the environmental sustainability differences are only formal.
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