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Abstract

The primary expectations from buildings include safety, cost-effectiveness, aesthetics, durability, functionality,
and sustainability. Addressing these complex criteria and potential trade-offs requires determining their relative
importance to guide construction practices. This study evaluates these criteria using the Analytic Hierarchy
Process (AHP) and Fuzzy Analytic Hierarchy Process (FAHP). Interviews with seven engineering experts helped
define the criteria. Subsequently, 22 architects and engineers performed pairwise comparisons, producing
individual matrices. These matrices were aggregated into a single matrix via geometric averaging, with
consistency verified. Safety emerged as the highest priority, followed by durability, while the remaining criteria
were balanced. FAHP enhanced robustness by integrating fuzzy logic to handle subjective judgments. The findings
offer practical insights for designers, contractors, and industry professionals, aiding in informed decision-making
and prioritization of building criteria.
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Yapi Insasinda Temel Kriterlerin Onem Seviyesinin AHP ve BAHP
Yontemleri ile Belirlenmesi

0z

Binalardan éncelikli beklentiler giivenlik, maliyet etkinligi, estetik, dayaniklilik, islevsellik ve stirdiiriilebilirligi
kapsamaktadir. Bu kriterlerin karmasikligi ve potansiyel &diinlesimleri g6z 6niine alindiginda, gdreceli
6nemlerinin belirlenmesi, insaat uygulamalarini optimize edilmis sonuglara dogru yénlendirebilir. Bu ¢alisma,
bina yapiminda bu temel kriterlerin 6nemini Analitik Hiyerarsi Siireci (AHP) ve Bulanik Analitik Hiyerarsi Siireci
(FAHP) yontemleriyle dederlendirmeyi amacglamaktadir. ilk olarak, her bir kriteri tanimlamak icin yedi miihendislik
uzmani ile derinlemesine gériismeler yapilmistir. Daha sonra, 22 mimar ve miihendis kriterleri degerlendirmek
icin ikili karsilastirmalar yapmis ve sonugta bireysel karsilastirma matrisleri elde edilmistir. Bu matrisler geometrik
ortalama yoluyla tek bir matriste toplanmis ve tutarlilik teyit edilmistir. Analizler, giivenligin en yiiksek éncelik
oldugunu, bunu dayanikhiligin izledigini, diger kriterlerin ise nispeten dengeli bir éneme sahip oldugunu ortaya
koymustur. FAHP yéntemi, éznel yargilari hesaba katmak icin bulanik mantik kullanarak degerlendirmeye

saglamhik katmustir. Bulgular, tasarimcilar, endiistri profesyonelleri ve yiikleniciler igin degerli bilgiler saglayarak
bina kriterlerinin 6nceliklendirilmesinde bilingli karar vermeyi desteklemektedir.
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1. Introduction

Building is the activity initiated by early humans to meet the need for shelter. The first shelters were
built to meet the need for a controlled environment to mitigate climate impacts. Shelter construction
enabled humans to adapt to different climatic conditions and paved the way for humans to become a
global species. Building activities have evolved and exhibited different trends. The principles that
determined this development and trend were the materials’ durability, the growth in building heights
and widths, the degree of control over the internal environment and the energy that can be used for
the construction process (Designingbuildings, 2023). The initial substances utilized were perishable
materials, including leaves, branches, and animal skins. Subsequently, there was a shift towards more
enduring natural elements like clay, stone, and wood. Eventually, synthetic materials, such as bricks,
concrete, metals, and plastics, became prevalent. The advancement of robust materials and an
enhanced understanding of their behavior have enabled the construction of taller buildings with larger
footprints. This progress has been instrumental in refining the control of the indoor environment, with
a heightened focus on precise regulation of factors such as air temperature, light intensity, sound
levels, humidity, odors, air velocity, and other elements that impact human comfort. Finally, while the
first shelters were built entirely based on human muscle power, the energy of powerful and
technological machines began to be utilized (Chang & Swenson, 2023). While the first function of
building construction, which has developed and changed in close relation and interaction with human
civilization, has been to provide shelter and security, over time, this function has started to include
reflecting the cultural and social values of different periods, adopting and developing technological
developments (Designingbuildings, 2023). In contemporary times, construction endeavors involving
diverse stakeholders have emerged as a significant facet of industrial culture. This phenomenon serves
as a reflection of the intricate and multifaceted nature of the industry, representing a measure of
proficiency in harnessing natural forces to create a diverse spectrum of built environments that cater
to the varied needs of society (Chang & Swenson, 2023). All this transformation has caused users’
expectations of the constructed buildings to grow in content.

Increasing prosperity and education level have led to the diversification and elaboration of conscious
consumption criteria. There needs to be more than one point of view to meet increasing expectations.
Besides the criteria such as safety, durability, aesthetics, economy and functionality that affect building
construction, sustainability criteria should be considered. However, it is naturally not possible to
maximize the expectations in all these criteria. For example, it may be necessary to sacrifice
functionality for greater aesthetics or to compromise durability in order to build more economical
structures. For an optimum solution, determining the relative importance levels of these criteria is
necessary and such a study will guide the sector stakeholders. In this study, the importance levels of
the mentioned criteria were determined by AHP and BAHP analyses, and safety and durability were
ranked as the first two. In contrast, the other criteria were given approximately equal importance.

2. Basic Expectations of Users from Buildings

Article 5 of the Zoning Law No. 3194 defines a building as follows: “A building is a structure that can be
used on its own, is covered and can be entered by people, and is used by people to live, work, have
fun, rest or worship, and for the protection of animals and goods” (Zoning Law, 1985). While the
definition requires a building to be inherently safe, limited resources require it to be economical and
human nature requires it to be aesthetic. Adding durability, functionality, and sustainability, become
increasingly indispensable every day, is possible to these three basic expectations.

2.1. Safety

Naturally, the first thing expected from a structure is to be safe. Safety refers to the ability of a
structure to resist loads and stresses with a sufficient margin of safety. Errors related to structural
design create a severe risk of loss of life and property. In this respect, particular care should be taken
during the structural design phase to ensure that structural components can provide safe service under
the loads to which they will be subjected. The structures’ capacity generally refers to its mechanical
resistance to its weight, user loads, furniture and effects such as snow, wind and earthquake loads.
The damage or collapse of the structure due to the insufficiency of this resistance is not only a
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consequence related to the structure. Many negative consequences, such as loss of life, injuries, loss
of property, disruption of services and psychological damages, occur. Large-scale damages caused by
floods, hurricanes, fires, explosions, and especially earthquakes can even shake the economy of
countries (Mittal, 2023). For example, the February 6, 2023 Pazarcik and Elbistan earthquakes in our
country caused hundreds of thousands of houses to be unusable. They caused a cost exceeding 100
billion dollars (Presidency of Strategy and Budget, 2023).

Another issue considered in safety is the usefulness of the structure according to its structural purpose.
For example, the floor on which a high-precision mechanical equipment is placed should not vibrate in
such a way as to disturb the precise settings of the equipment. Similarly, floors should not oscillate in
such a way as to create a sense of insecurity when people move around on them.

Understanding the structural capacity of the structure to withstand environmental influences
throughout its projected working life is a crucial aspect of safety. Factors that threaten safety, such as
exposure of a timber structure to termite attacks due to lack of precautions; damage to concrete and
reinforcement due to a lack of good waterproofing; settlement and collapse of foundations over time,
should be thoroughly understood and addressed (Housing for Health, 2024).

Errors in design and detailing are among the most critical factors that may cause a structure to be so
unsafe that it may collapse completely. However, this is not the only reason and dozens of other
reasons can be mentioned. Some of these include poor geological conditions, poor quality materials,
defects in construction methodology, poor craft, poor quality control, non-compliance with standards,
inadequate maintenance, thoughtless structural additions or alterations, changes in types of use,
overloading, keeping in use beyond the planned service life, exposure to all kinds of additional/new
loads not taken into account in the design, accidents, negligence during design and construction,
unethical behaviors such as corruption, ignorance, incompetence, lack of supervision, lack of interest,
regulatory deficiencies, system and procedure deficiencies, inadequacy and indifference in the
implementation of laws (Mittal, 2023). It is of utmost importance that users who expect their buildings
to serve safely are aware of these issues, the number of which can be increased much more.

2.2. Economy

The second thing expected of a building from an engineering point of view is that it should be
economical. Everyone wants to incur the least cost to have a structure that is equally satisfactory in all
other respects. The term "economy" pertains to the financial and material resources allocated for the
constructing and maintaining buildings and related structures. This encompasses expenses associated
with labor, materials, and additional resources essential for the successful completion of a Project
(Mamauag, 2023). The main problem with economics is that although human needs and wants are
unlimited, their resources are limited. Owners have a limited budget available to them and in reality
this limit sets the limits of design (Robinson & Symonds, 2015). So much so that even structural design,
although directly related to the safety of life and property, is related to economics and it is essential
to use an adequate but not excessive safety factor in the design. For example, regulations on
earthquake-resistant building design stipulate that structures should not be damaged in small
earthquakes, their structural elements should not be damaged in moderate earthquakes, and they
should be severely damaged in large earthquakes. Hovewer, they should not collapse and cause loss
of life and property. Otherwise, it would mean designing structures that are not economical.

Similar to structural design, architectural design is intricately tied to economic considerations. The
geometric attributes of a building, encompassing aspects such as size, shape, layout, and height, exert
a notable influence on capital expenses. Projects marked by intricate designs and challenging
geometries incur higher costs than simpler, often repetitive projects that benefit from economies of
scale and reduced unit costs. The level of complexity significantly impacts costs, especially in instances
where projects involve unconventional, untried, and untested design features, making planning,
construction, and management more challenging (Robinson & Symonds, 2015).

The materials and equipment to be used in the building also significantly affect the cost. Contractors
try to get the best quality products at the lowest cost. Similarly, customers, whether they are in high
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or low-income groups, try to obtain the most economical structure that meets their needs according
to their budgets. This fact does not change the fact that when the general economic conditions are
good, more ostentatious and expensive designs are tried to be acquired, and when the economic
situation is poor, more practical and functional designs are tried to be acquired (Mamauag, 2023).

Economy in building design is not just about the initial construction or acquisition cost, but also about
the long-term utilization cost. This includes maintenance and repair costs that accrue over time, as
well as energy costs for functions such as heating, cooling, lighting and ventilation. In some cases, the
savings from utilization costs can offset the high initial construction cost, making the building more
advantageous for the users. Ultimately, designing a building with economic factors in mind is crucial
to creating buildings that are not only aesthetically pleasing and functional but also financially viable
and sustainable in the long term. The goal is to create buildings that are economically viable and cost-
effective, without compromising on quality, functionality, and sustainability. Every building should be
economically viable and cost-effective without overdoing it in terms of permanence, beauty and
fulfillment of function, as well as other necessary qualities that the users seeks.

2.3. Functionality

Functionality encompasses movement areas, ventilation needs, lighting, relationships between spaces,
technical requirements, movement and communication in a building and requires consideration of all
human needs, psychological, social and cultural (Majeed, Oleiwi & Yaseen, 2019).

It covers many aspects, such as how the spaces are organized, how people move around the area, how
accessible the space is and whether it contains the necessary services. For example, a window that is
too high and therefore difficult to open and close; a socket that is too far away from the mirror when
you connect your electric shaver; a kitchen that is too narrow to accommodate a dining table; a layout
where all rooms open onto the living room is inherently non-functional. Each of these is a design
mistake that leads to a decrease in quality of life and comfort. In this respect, functionality is an
indispensable requirement for the success of architectural design. A functional building is a building
with the practical components necessary for its successful and efficient operation. It includes layout,
design, and features that guarantee that the infrastructure fulfills its task as effectively as possible
(Vrcconstruction, 2023).

An intelligently designed space maximizes efficiency and usability. Whether it is a commercial office,
residential complex or retail space, the design must be fit for the intended purpose and ensure that it
best serves its occupants.

Several pivotal principles underpinning functionality in architecture and design include program,
flexibility, accessibility, energy efficiency, and safety and security (Archisoup, 2023). The program
entails the information and documentation distinctly outlining the function and intended use of the
building upon which the design will be based. This encompasses details such as the anticipated number
of occupants, the nature of activities to be conducted within the space, and the requisite equipment
and resources. Flexibility denotes the building's capacity to undergo easy modifications or
reconfigurations to adapt to evolving needs or requirements. Accessibility pertains to the building's
ability to be easily reached and enjoyed by individuals of diverse ages and abilities, incorporating
features like ramps, elevators, and wide doors to accommodate those with disabilities. It is also part
of the functionality that the building includes elements that help reduce energy costs, such as
insulation, energy-efficient windows and equipment. The fact that the building includes safety and
security measures for its users, such as fire prevention systems, security cameras, emergency exits,
etc., is also one of the principles of functionality.

As a result, almost intuitive functionality includes aspects that benefit the user, and the utility
component is a prerequisite that must be met in all human production. The consistency between
functionality and form indicates satisfaction and confidence in the validity of the production. In this
respect, it is possible to define architecture as the science of building structures that meet people’s
material, spiritual, mental, individual and collective needs, including the conditions of utility, beauty
and economy (Majeed et al., 2019).
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2.4. Aesthetics

It is impossible to say that any building whose aesthetic features are not pleasing, which does not
arouse a sense of beauty in its users and the surrounding residents, meets expectations and is
satisfactory. Aesthetics emphasizes the artistic dimension of architectural quality and points out that
buildings should be beautiful and attractive (Architects’ Council of Europe, 2019). The allure of a
building is the cumulative result of various factors, including its shape, size, texture, color, balance,
unity, movement, emphasis, contrast, symmetry, proportion, space, alignment, pattern, decoration,
cultural considerations, and contextual relevance (Designingbuildings, 2020). Buildings that are
aesthetically pleasing and attractive possess the capacity to inspire individuals, instill a positive sense
of identity, pride in their activities, and a connection to their living environment. More importantly,
such structures have the potential to motivate people to strive for personal and communal
achievements, thereby inspiring a sense of motivation and inspiration (Mclntyre, 2006).

Like painting and sculpture, architecture can be regarded as a visual art to which aesthetic philosophy
can be applied. However, applying aesthetics to buildings and architecture is intricate due to physical
constraints such as program, budget, structural system, standards, climate, and weather. This
complexity implies that building design is influenced by both form and function, in addition to
aesthetics (Designingbuildings, 2020). Amidst these considerations, it is essential to acknowledge that
beauty and attractiveness are subjective concepts. Santiana notes, “The sense of beauty is not just a
perception but an understanding of the value of the discovery of an aesthetic signifier.” Alberte defines
architectural beauty as “the harmony of everything and a certain harmony between all the elements
of the building in such a way that no part can be added, removed, or changed without damaging the
design.” Cliff Bill sees it as an impressive photograph of all kinds of relationships between lines, colors
and volumes (Mohsen, 2000). Based on these definitions, it will be understood that when it comes to
aesthetics, the exterior designs of buildings can be considered, and the aesthetics of each production
can be mentioned. Just as a bad exterior design is not aesthetic, plasters that are not on their plumb,
cornices that do not come together with the ceiling from every point, ceramics whose joints do not
match each other even if they are of high quality and expensive, paint productions where brush strokes
are visible, doors and windows that are not fully closed, installation columns that are not fully vertical
and parallel to each other, wallpapers whose joints are visible, floor coverings laid at different levels,
and similar productions that are often the result of poor craft are not aesthetic, even if they do not
prevent use.

2.5. Durability

Another crucial aspect expected from a building is its durability. Durability, by definition, denotes the
capability to resist damage, deterioration, and degradation over a specified period (Nireki, 1996). Mora
has characterized durability as an indicator of the degree to which a material maintains its original
specifications over time. A material, component, or system can be deemed durable when its helpful
service life aligns considerably with the time needed for the ecosystem to assimilate the associated
impacts on the building (Mora, 2007).

The way materials and buildings deteriorate over time depends on their physical structure, how they
are manufactured and the environmental conditions to which they are exposed (NAHB, 2002). Several
factors contribute to determining the durability of a material, encompassing molecular structure,
resilience against moisture and water, resistance to corrosive substances, protection against pests and
insects, resilience to mold and rot, fire resistance, adaptability to movement, ability to withstand
atmospheric pollution, resistance to heat and cold, moisture absorption capacity, surface profiles,
orientation, texture, and color (Designingbuildings, 2021). The type and frequency of durability
problems and overall performance issues can be related to design, materials, construction method,
maintenance or a combination of these factors (NAHB, 2002). Buildings are subjected to wear and tear
from users, and the constant effects of environmental conditions such as snow, rain, frost, sun and
heat. These effects cause deterioration and decrease in the durability of the materials and the
structure, often leading to deterioration of the aesthetic appearance. The effects of climate change
should be taken into account when selecting materials. As an illustration, materials like concrete, brick,
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and stone may exhibit greater durability than in specific climates wood or plaster. Similarly, materials
like stainless steel or fiberglass may demonstrate increased resistance to corrosion (Archisoup, 2023).
The outer cover of the building, including the roof covering, has a protective function. It acts as a
barrier to prevent rain, and snow and moisture from seeping into the building. It also provides
protection against fire, strong sunlight and frost, while saving heating and cooling energy by preventing
heat from entering and leaving the building (Turton, 2012).

In some cases, wrong design or wrong construction method may prevent the material from showing
the expected performance by losing its durability. Even if the right material is used for insulation, it is
known that design and workmanship errors cause damage to structural elements caused by water or
moisture. The greater the durability of buildings, the less time and resources are required to maintain
them. Nevertheless, even the most durable materials need to be maintained over time. Lack of
maintenance or poor designs that make maintenance difficult negatively affect durability.

The fact that building elements are not durable for various reasons does not only lead to negative
consequences such as increased maintenance and repair costs, deterioration of aesthetics, and
decreased user comfort. At the same time, it may also cause the structural system elements to lose
their bearing capacity, thus jeopardizing building safety. All these problems should be considered
together during the design phase and balanced solutions should be produced to increase durability
even if the initial cost is high. This includes designing spaces that are easy to clean and maintain, and
incorporating materials and systems that are easy to repair or replace (Archisoup, 2023). Choosing the
best materials is often the most costly but often results in using the highest quality and most durable
materials. Nowadays, the increasing number and duration of extreme weather events due to climate
change require putting more emphasis on the durability of buildings (Designingbuildings, 2021).

2.6. Sustainability

The most familiar definition of sustainability is to support the fulfillment of the needs of future
generations while meeting the needs of the present (WCED, 1987). Sustainability involves improving
the quality of life, thus enabling people to live in a healthy environment with better conditions (Ortiz,
Castells & Sonnemann, 2009). Sustainable development encompasses numerous economic, social, and
environmental factors that benefit human development and improve the quality of human life (Stead
& Stead, 2014). The construction sector is a vital element of any economy, but it has significant
negative impacts on the environment. The sector consumes large amounts of natural resources, mainly
raw materials and energy, to create the built environment where human life occurs. It, therefore, has
a much more significant impact on society, the environment and the economy than any other industrial
sector, making it one of the leading sectors on which sustainability is focused (Xia, Rosly, Wu, Bridge &
Pienaar, 2016; Aghimien, Aigbavboa & Thwala, 2019). Hence, there is an increasing consensus among
organizations dedicated to environmental performance goals that implementing suitable strategies
and initiatives is imperative to enhance the sustainability of construction activities (Barrett, Sexton &
Green, 1999; Abidin, 2010).

Considering the substantial influence of the construction sector, adopting a sustainable construction
approach holds substantial promise for making a meaningful contribution to sustainable development.
Sustainable construction ensures that all activities, from the planning phase to completion and
eventual demolition, are conducted sustainability. This approach considers construction activities’
economic, social, and environmental impacts (Ismail, Halog & Smith, 2017). It has been noted that
sustainable construction plays a vital role in protecting the local environment through the use of
resources, assets and water and that the industry contributes significantly to improving the quality of
human life (Oke, Aigbavboa & Semenya, 2017; Shurrab, Hussain & Khan, 2019). Sustainable
construction aims to improve indoor air quality while reducing energy, water and material use and
waste generation, both during the construction process and throughout the operational life of
buildings (Archisoup, 2023; Ismail et al., 2017; Shurrab et al., 2019). The concept of sustainability within
the construction industry has evolved, shifting from a primary focus on addressing challenges related
to insufficient resources, particularly energy, to encompass technical considerations. These technical
aspects include materials, building components, construction technologies, and designs commonly

913



Journal of Architectural Sciences and Applications, 2024, 9 (2), 908-927.

known as “eco-building”, “green building” and “sustainable building” (Balasubramanian & Shukla,
2017). A sustainable project is one that is designed, constructed, renovated, operated, or repurposed
in an ecologically and resource-efficient manner (Ortiz, Pasqualino & Castells, 2010). This entails
achieving specific objectives such as resource and energy efficiency, reduction of CO2 and greenhouse
gas emissions, pollution prevention, noise reduction, improvement of indoor air quality, and
environmental compatibility. An exemplary sustainable construction project is characterized by its
cost-effectiveness, long-lasting quality with minimal maintenance requirements, and the ability to
return entirely to the earth upon abandonment (Bainbridge, 2004). Advocates argue that sustainable
buildings can significantly decrease energy consumption by 24% to 50%, lower CO, emissions by 30%,
and reduce water usage by 40% (LEED, 2000).

Sustainable buildings are expected to uphold robust and consistent levels of local economic growth
and employment to achieve economic sustainability. Simultaneously, they aim to ensure the adequate
protection of the environment and the judicious utilization of natural resources, aligning with
principles of environmental sustainability. Moreover, these structures aspire to contribute to social
progress that acknowledges the needs of all stakeholders, promoting social sustainability (Akadiri,
Chinyio & Olomolaiye, 2012).

Safety, economy, functionality, aesthetics, durability, and sustainability criteria are the main factors
prioritized in building construction. However, their interactions with each other and determining their
order of importance are critical for effective building construction management. This study aims to
reveal the relative importance of these criteria by focusing on their conceptual content.

3. Material and Method

In AHP and FAHP methods, the relative importance of the criteria is determined through pairwise
comparisons. Each criterion should be explained to the respondents shortly and concisely for pairwise
comparisons. For this reason, it was decided to conduct the study using a mixed research method. The
mixed research method, which meets the criteria of scientific rigor, combines the strengths of
quantitative and qualitative approaches while compensating for the weaknesses of both approaches
(Khaldi, 2017). The first part is the qualitative research part, in which the participants are asked to
explain what the essential criteria expected from a building mean to them. This part, conducted with
a fewer participants, tried to determine how the participants handled the essential criteria and the
similarities and differences of their views with the literature. Thus, making short and correct definitions
of each criterion was possible. The second part is the Analytic Hierarchy Process (AHP) and Fuzzy
Analytic Hierarchy Process (FAHP) analysis study conducted to determine the weights of the main
criteria. AHP is a hierarchical and pairwise comparison matrix-based multi-criteria decision analysis
technique that helps to solve the multi-criteria decision problem (Belay, Goedert, Woldesenbet &
Rokooei, 2022). AHP tools help construction practitioners make quick decisions (Razi, Ramli, Ali &
Ramadhansyah, 2020). In this section, the importance level of each criterion was obtained from the
matrix obtained as a result of the pairwise comparisons of the participants and the results were
compared. In the study, the importance level of the criteria was also determined by the FAHP method,
and the results were compared. Fuzzy logic cannot measure the level of consistency in a
decisionmaker's judgments. On the other hand, AHP cannot capture the subjectivity of human
judgments as verbal assessments are converted into crisp values (Ishizaka, 2014). FAHP, as a method
that combines the advantages of Fuzzy logic and AHP, is used widely in construction sector in multi-
criteria decision-making problems (lgbal, Ma, Ahmad, Ullah & Ahmed, 2021; Mathiyazhagan,
Gnanavelbabu & Lokesh Prabhuraj, 2019).

3.1. Qualitative Analysis

This part of the study was carried out to provide brief and accurate definitions of the criteria.
Therefore, conducting the study with 7 participants, consisting of engineers from different branches,
was deemed sufficient. The participants were asked to state what they understood by the essential
criteria a building should meet: Safety, Functionality, Aesthetics, Economy, Sustainability and
Durability.
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As a result of the interviews with the participants, the basic criteria for building construction were
evaluated as follows:

The participants defined safety as the need for a building to ensure the safety of people's lives and
property. In this context, they associated the concept of safety with the ability to resist risky situations
such as earthquakes and fires. Safety’s purpose is summarized as ensuring that users are in a safe
environment in the face of such emergencies.

The economy was a concept where participants generally focused on the initial investment cost.
However, it was stated that the operating cost should also be considered when evaluating affordability.
Economy was defined as the ability to produce at low cost without sacrificing quality, as well as the
ability to construct the building economically and for the contractor to make a profit. In this context,
the economy has a perspective that aims to optimize both the initial costs in the construction process
and the costs in the structure’s operation process by the set standards and to make a profit.

The participants generally defined functionality as the ability of a building to fulfill its expected tasks.
In this context, functionality includes a structure’s capacity to meet the expected needs and effectively
fulfill predetermined functions. This perspective understands functionality as the ability not only to
meet basic needs, but also to fulfill these functions efficiently and user-friendly.

Two participants defined durability as the ability not to deteriorate physically and to serve for a long
time, while others emphasized resistance to natural disasters. In this context, a similar understanding
of durability and safety is observed. The participants understood durability as both the ability of a
building to remain physically intact and its ability to resist natural disasters.

One participant defined aesthetics as having a visually pleasing and balanced appearance and being
designed in harmony with the environment in a way people like. In this context, the concept of
aesthetics includes a visually attractive design and environmental harmony. On the one hand,
aesthetics is associated with the materials’ shape, size and appearance. On the other hand,
architectural style, color selection and exterior appearance are emphasized.

Participants generally focused on not harming the environment, being environmentally sensitive and
protecting natural resources. In this context, the concept of sustainability emphasizes energy
efficiency, recycling and building longevity requirements. Sustainability has a perspective that focuses
on minimizing environmental impacts, using resources effectively and fulfilling environmental
responsibilities for future generations.

3.2. Analytic Hierarchy Process (AHP)

AHP is a decision-making and estimation method used when a decision hierarchy can be defined. It
gives the percentage distribution of decision points regarding the factors affecting the decision. The
method aims to enable people to make better decisions by allowing them to recognize their decision-
making mechanisms instead of forcing them to use a method on how they should decide (Albayrak,
2004). AHP is a frequently used method for analyzing complex decision problems due to its simplicity,
flexibility, ease of use and straightforward interpretation (Yilmaz, 2005).

Solving a decision-making problem using the Analytical Hierarchy Process (AHP) involves several key
steps. The decision-making problem is initially defined by identifying decision points and factors,
emphasizing the importance of a precise and detailed factor description for consistent pairwise
comparisons. Subsequently, a comparison matrix is created, capturing the relationships between
factors. Percentage importance distributions are assigned to factors, and the consistency of
comparisons is measured. The calculations extend to determining percentage importance distributions
at decision points and analyzing the distribution of results. Careful adherence to a predefined
importance scale is maintained throughout this process, as outlined in Table 1, to ensure accuracy and
reliability in the decision-making model. Overall, AHP provides a systematic approach, aiding in
informed and comprehensive decision-making. After creating the pairwise comparison matrices, the
percentage importance distributions of each factor are determined. According to the AHP method, the
eigenvector corresponding to the largest eigenvalue in the comparison matrix determines the
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importance distributions. AHP requires consistency in thought and judgment, but preference
consistency may be violated. At this stage, it is necessary to calculate the consistency ratio for each
generated comparison matrix to measure whether the decision maker acts consistently when
comparing factors (Dagdeviren, Diyar & Mustafa, 2004). The consistency ratio (CR) obtained from the
product of the pairwise comparisons matrix and the importance distribution vector should be less than
0.10. The other two stages of the AHP, which were not used in this study since no decision-making
problem was solved within the scope of the study, are the stages of finding the percentage importance
distributions at m decision points and the distribution of results at the decision points, for each factor.

Table 1. Importance scale (Saaty, 1980)

Imp. Definition Description

1 Equally important Both options contribute equally to the goal.

3 Moderately more important Experience and judgment slightly favor one over the other.

5 Strongly more important Experience and judgment strongly favor one over the other.

7  Very strongly more important Experience and judgment very strongly favor one over the other.

9  Extremely more important Evidence that favors one over the other has the highest possible validity.
2,4,6,8 Intermediate values Values between two consecutive judgments used when consensus is needed.

3.2.1. Determination of criteria weights

The study’s criteria for evaluating a building are safety, economy, functionality, durability, aesthetics
and sustainability. Therefore, the factors that will determine the decision are clear (Figure 1).

must met

Criteria buildings

Functionality Aesthetic Durability Sustainability

Safety Economy

Figure 1. AHP model factor structure (Created by authors)

As seen in the qualitative analysis part of the study, some criteria, particularly safety and durability,
were understood differently. In order to enable healthy pairwise comparisons, the questionnaires
included the definitions given in Table 2 and various examples of what the respondents should
understand from the criteria.

Table 2. Criteria and their definition (Created by authors)

Criteria Definition

Safety The structure should not collapse under the loads it bears during its lifetime and should not make
excessive deformation; for example, it should not be damaged in mild and moderate earthquakes and
should not cause loss of life in severe earthquakes.

Economy Construction of the building should be done in the most cost-effective way, not spending too much to
make it more secure than necessary or for unnecessary productions that can be considered luxurious.

Functionality The building is suitable for use; room sizes are determined appropriately, kitchen countertops are at
the appropriate height, sufficient sockets, etc.

Durability The building and building elements can fulfill their functions without deteriorating for extended
periods; the roof does not leak in a few years, the exterior paint does not fade, and the door and
window joinery do not deteriorate.

Aesthetic The applications in the building are beautiful, correct and properly made; such as the exterior of the
building is beautifully designed, the plasters are in alignment, the joints in the ceramics are consistent
with each other, the floor coverings are at the same level.
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Sustainability ~ To construct the building in a way that is environmentally sensitive throughout its life cycle minimizes
damage to nature, and uses energy, water, materials and land efficiently.

AHP is widely acknowledged as a subjective approach that does not require a statistically significant
sample size to produce reliable results (Zhang & Zou, 2007; Hyun, Cho, Koo, Hong & Moon, 2008; Lam,
Lam & Wang, 2008; Pan, 2008; Dalal, Mohapatra & Chandra Mitra, 2010; Zou & Li, 2010; Li & Zou,
2011; Pan, Dainty & Gibb, 2012; Akadiri, Olomolaiye & Chinyio, 2013; Baby, 2013; Chou, Pham & Wang,
2013; Kamaruzzaman, Lou, Wong, Wood & Che-Ani, 2018; Darko, Chan, Ameyaw, Owusu, Parn &
Edwards, 2019). One advantage of AHP over other multi-criteria decision-making (MCDM) methods is
that it does not require a large sample size to generate sound and statistically robust results (Dias &
loannou, 1996; Doloi, 2008). For example, Lam & Zhao (1998) note that reliable results can be obtained
even with a small sample in AHP studies, and in some cases, a single expert’s judgment may be
sufficient to represent broader perspectives (Golden, Wasil & Harker, 1989; Abudayyeh, Zidan, Yehia
& Randolph, 2007; Tavares, Tavares & Parry-Jones, 2008). This flexibility is one of the primary reasons
AHP is popular in construction management research.

There is no strict minimum sample size requirement in AHP, as evidenced by studies that have
employed sample sizes ranging from 4 to 9 participants (Zhang & Zou, 2007; Hyun et al., 2008; Lam et
al., 2008; Pan, 2008; Dalal et al., 2010; Zou & Li, 2010; Li & Zou, 2011; Pan et al., 2012; Akadiri et al.,
2013; Chou et al., 2013). Only a few studies have involved more than 30 participants (Ali & Al Nsairat,
2009; El-Sayegh, 2009). AHP's ability to produce meaningful decision models with small sample sizes
makes it a preferred method in MCDM applications.

Moreover, AHP is known for achieving a high level of consistency, which helps to reduce bias and
ensure that subjective judgments are validated through consistency analysis (Saaty, 1980; Saaty &
Vargas, 1991). Literature shows that this ability to align subjective judgments from experts with
potentially varying perceptions, experiences, and understandings is a significant reason why AHP is
often selected for construction-related decision-making (Cheung, Suen, Ng & Leung, 2004; Abudayyeh
et al., 2007; Hsu, Wu & Li, 2008). In this study, consistency analysis was applied in AHP to ensure the
validity and coherence of the experts' judgments. In this study, AHP analysis was conducted with 22
participants. The demographic data of these participants are presented in Table 3. 15 are male, and 7
are female. 40% of the participants are under 30 and 27% are between the ages of 30-39. Since the
AHP analysis requires expert opinion, all participants were selected from people with a university
education or above. While 20 participants were university graduates, 2 participants had a master's
degree. More than half of the participants are architects and civil engineers, while the rest are
electrical, mechanical, computer and material engineers. 50% of the participants have 5 years or less
experience, while 23% have 20 years or more of work experience.

Table 3. Demographic data of the participants (Created by authors)

Variable N %
Gender

Male 15 68,2
Female 7 31,8
Age Group

20-30 9 40,9
30-39 6 27,3
40-49 4 18,2
50-59 2 9,1
> 60 1 4,5
Educational Status

University 20 90,9
Master's Degree - PhD 2 9,1

Work Experience Duration
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<5 11 50,0
6-10 4 18,2
11-15 2 9,1
16-20 0 0,0
>20 5 22,7
Profession

Civil Engineer 8 36,4
Electrical Engineer 5 22,7
Architect 4 18,2
Computer Engineer 2 9,1
Mechanical Engineer 2 9,1
Materials Engineer 1 4,5
Total 22 100,0

Each participant determined the importance of the criteria with pairwise comparisons by the values in
Table 1. In this way, 22 comparison matrices were obtained for 22 participants. These matrices were
transformed into a single matrix by taking the geometric average of the responses. The consistency of
this matrix was checked and weights were obtained for each criterion. The matrix obtained by the
participants making pairwise comparisons between the factors regarding the basic expectations from
a building is presented in Table 4. This matrix’s Consistency Ratio (CR) was found to be 0.039, below
the limit value of 0.1.

Table 4. Pairwise comparison matrix (Created by authors)

Factor SAF. ECN. FUN. DUR. AES. SUS. Eigen Value
SAF. 1,00 6,00 3,12 1,61 4,19 2,58 0,364
ECN. 0,17 1,00 1,18 0,43 1,72 0,78 0,098
FUN. 0,32 0,57 1,00 0,67 2,27 0,74 0,112
DUR. 0,62 2,30 1,49 1,00 4,87 2,25 0,236
AES. 0,24 0,58 0,44 0,21 1,00 1,43 0,078
SUS. 0,39 1,27 1,35 0,44 0,70 1,00 0,112
CR= 0,039

The eigenvector values in the matrix's last column indicate the factors' importance level. According to
the analysis, in terms of basic expectations from a building, the importance of safety is 36%, economy
10%, functionality 11%, durability 24%, aesthetics 8% and sustainability 11%. It is expected that safety
will be given high importance. On the other hand, although a precise definition is given for durability,
it is thought that some participants perceived it as safety, which may have affected its reaching the
second highest importance. The fact that the other four criteria reached similar importance weights is
essential in that one cannot be sacrificed for the sake of the other.

3.3. Fuzzy Analytic Hierarchy Process (FAHP)

FAHP also determined criteria importance levels. FAHP is a multi-criteria decision-making method
developed by Thomas L. Saaty in 1971 (Saaty, 1980). This method consists of previously known discrete
concepts and techniques such as hierarchical structuring of complexity, pairwise comparison,
eigenvector in deriving weights and measurement of consistency. Saaty combined these concepts and
techniques with some innovations to create more powerful process than the sum of its parts.

FAHP is a method that integrates fuzzy logic and the analytic hierarchy process and aims to solve
complex decision-making problems. Fuzzy logic is a mathematical approach used to handle uncertainty
and uncertain information. Although there is no clear superiority of Fuzzy AHP over AHP in terms of
solution quality, there has been a significant increase in the use of Fuzzy AHP in the academic literature
in the last 20 years, as stated by Chan, Sun & Chung (2019), indicating a growing trend in the field.
Within the scope of this study, the workflow for the application of the FAHP method is as follows:
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Criteria identification, Fuzzy pairwise comparison matrix generation, Fuzzy weight calculation, and
Analysis of results and comments.

The decision hierarchy for FAHP analysis is as given in Figure 1. Pairwise comparison matrices were
created, and comparisons were made between the criteria. To check whether these comparisons meet
the consistency condition, the criteria were tested with the condition of falling below the 0.10 ratio
predetermined in the AHP method. Then, relative weights (eigenvector values) were calculated from
the pairwise comparison matrices.

The pairwise comparison matrices created according to the determined criteria were scaled according
to the degree of importance using fuzzy numbers (Table 5). In this context, a different approach from
the AHP methodology was adopted, which was the fuzzy AHP method. The matrices are expressed as
a 3-dimensional fuzzy matrix for each dimension. This means that a matrix value, which is usually 2x2
in the AHP process, is transformed into a (1, 2, 3) x (1, 2, 3) scale in the Fuzzy AHP (FAHP). Triangular
Fuzzy Numbers are preferred due to the ease of calculation for decision-makers. Triangular fuzzy
numbers are represented as A=(a,b,c). The parameters here indicate the lower limit, peak (mode) value
and upper limit value, respectively. Also, b has a membership degree of 1 (Chang, Wu & Lin, 2009).
This method allows for a more detailed examination of the relationships between specific criteria, as
fuzzified matrices have been used to handle uncertainty more effectively.

Table 5. Importance levels used in comparison (Created by authors)

Fuzzy Number Explanation Scale of Fuzzy Number Reversal of Fuzzy Number

1 Equally important (1,1,12) (1,1,1)

2 Weak advantage (1,2,3) (1/3,1/2,1/1)
3 Not bad (2,3,4) (1/4,1/3,1/2)
4 Preferable (3, 4,5) (1/5,1/4, 1/3)
5 Good (4,5,6) (1/6, 1/5, 1/4)
6 Pretty good (5,6,7) (1/7, 1/6, 1/5)
7 Very good (6,7,8) (1/8,1/7, 1/6)
8 Absolute (7,8,9) (1/9, 1/8, 1/7)
9 Perfect (9,9,9) (1/9, 1/9, 1/9)

The binary decision matrices created according to the criteria were compared and weighted according
to their importance. According to the results obtained, the most effective criterion in building
construction is safety, while the least effective factor is aesthetics. As seen in Table 6, the results of
the Fuzzy AHP method and the AHP method are quite close to each other as expected.

Table 6. Fuzzy AHP weighting results (Created by authors)

Criteria Fuzzy AHP Weights AHP Weights
Safety 0,383 0,363
Economy 0,102 0,100
Functionality 0,106 0,112
Durability 0,227 0,235
Aesthetic 0,071 0,078
Sustainability 0,111 0,113

In addition to using traditional AHP, FAHP was applied to handle the inherent uncertainty and
subjectivity in expert judgments. FAHP enables the incorporation of linguistic variables into the
pairwise comparisons, allowing for a more nuanced reflection of participants' perceptions where
precise numeric judgments might be challenging. By transforming participants' judgments into fuzzy
values, FAHP provided a more robust framework to capture the subtle differences in importance
assigned to each criterion. This approach not only helped obtain more reliable weights but also
improved the consistency of the aggregated matrix by reducing the potential inconsistencies in
subjective evaluations.
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4, Results and Discussion

Structures are subjected to loads during their lifetime. The loads have the potential to cause the
structure to deteriorate, wear down, sustain various types of damage, or collapse entirely or partially,
all of which inevitably result in losses. These losses are realized as economic loss, loss of cultural value,
injury, and death (Madsen, Krenk & Lind, 2006). Global research has demonstrated that design and
manufacturing flaws during the building process are the primary reasons for structural damage and
collapse (Terwel & Jansen, 2015). In this respect, the most basic expectation from a structure is to
safely carry the loads acting on it and ensure the safety of the life and property of its users. However,
it is a fact that all structures and materials deteriorate and disappear over time. Therefore, a building
loses its bearing capacity over time, and it is essential to design it to have the intended lifetime
(Sundquist, 2010). In this respect, safety also includes being resistant to the environmental effects that
the building is exposed to during its lifetime. Again, the usefulness of the structural system of the
building according to the structural purpose, such as the floors not vibrating while walking, is also
considered within safety. In the AHP analysis conducted within the scope of the study, the safety factor
emerged as by far the most essential criterion, with 36%. However, the results of the qualitative
research revealed that the respondents considered the concept of safety intertwined with the
concepts of strength and durability. Notably, most participants did not refer to natural disasters,
especially earthquakes. The difference between the original meanings of the concepts and the
meanings attributed by the participants has several consequences. It is both a legal and a conscientious
responsibility to fulfill all legal obligations and standards related to uncompromisingly building safety
regardless of everything. However, a good understanding of the safety criteria, especially by users and
owners, will naturally lead to the realization of a control mechanism. For example, a user who
understands the structural system safety relationship at a certain level will avoid operations that
damage the structural system, such as column cutting, beam breaking to pass installation elements,
and curtain wall drilling, and will prevent such attempts. Thanks to the advances in structural systems
and designs and high-strength materials, building weights have significantly decreased and slenderness
has increased. This situation causes lateral loads such as earthquakes and wind to dominate the
structural design, while vertical loads due to gravity can be carried more easily (Shakir, Jasim & Weli
2021). It is thought that users who are aware of this situation will question the issues related to the
safety of the building more and take timely and adequate measures against durability problems that
weaken the structural capacity.

The second most important criterion was durability, which was 23%. In its simplest form, durability
refers to the ability to withstand damage, decay and deterioration over time (Nireki, 1996). More
broadly, it can be defined as the ability of a building or a component of a building to fulfill its functions
at the required levels for a certain period in a service environment without unforeseen costs for
maintenance or repair, either under the influence of environmental influences or as a result of the self-
aging process (Lacasse, Ge, Hegel, Jutras, Laouadi, Sturgeon & Wells, 2018). Although durability is a
concept that includes all the materials that make up the detail and protective structure together with
the carrier materials, the participants in the qualitative research directly considered durability as
safety. Even though the definitions of safety and durability were given in the AHP analysis, it is
considered that this idea may also affect pairwise comparisons. In any case, durability covers all
building components. Over the years, the performance of the structural system elements also
deteriorates. However, the structure should be designed to perform and maintain its structural
integrity for a specific expected design life (Blok, Herwijnen, Kozlowski & Wolinski, 2003). Therefore,
the structural system elements must exhibit the expected durability for the structure to continue to
function without damage. On the other hand, the details or protective components of a building, such
as roof or floor covering, exterior paint, and rain gutters, should also be durable. If such materials are
not durable, they negatively affect the criteria of function, aesthetics, economy and sustainability.
Considering the effects on other criteria, it is a natural consequence that durability has gained high
importance.

Although the criteria of economy, functionality, aesthetics and sustainability gained around 10%
importance in the AHP analysis, the participants in the qualitative research defined these criteria
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superficially. For example, while only the initial investment cost was emphasized for the economy, the
fact that the operating period costs were not mentioned is a deficiency. However, a building also
causes great costs to its users during the period of use. Researchers argue that life cycle cost analysis
should be used early in the project to evaluate the economic impact and cost of different design
alternatives and to support decision-making (Alshamrani, 2022; Rad, Jalaei, Golpour, Varzande &
Guest, 2021). It should be recognized that the most crucial step in achieving economy is the additional
acquisition and use cost of each additional m?2. The room/space requirements of houses to be built,
purchased or rented should be decided by considering current and future family needs. It should be
kept in mind that passive architectural design strategies that are functionally efficient, allow plenty of
sunlight in cold climates, prevent direct heat gain in hot and humid climates, provide natural
ventilation and optimize abundant daylight reduce the cost of use in buildings (Zaki, Nawawi & Ahmad,
2010).

Functionality is generally defined as being able to meet the need. However, functionality is a concept
beyond this. Architecture organizes and structures space by making it comprehensible,
understandable and interpretable (Lawson, 2007), as exterior and interior spaces, and the materials
and objects within them, can facilitate - or hinder - our activities by the way they imply and represent
specific messages (Bels & Branco, 2017). In this context, recognizing that functionality encompasses a
wide range of issues, from impractical placement of spaces to rooms that are too small or too large to
fit furniture, to misplaced or inadequate sockets, to kitchen countertops that are too low or too high,
can lead to more thoughtful design and production.

Assessing an environment typically entails judging its likability or dislikability, which can be a conscious
or unconscious process. The cognitive procedure underlying this judgment primarily involves
perceiving the visual characteristics of the environment and subsequently conducting an emotional
evaluation. In essence, individuals use cognitive and emotional analysis when evaluating an
environment, forming opinions about their preferences or aversions based on the perceived visual
elements (Kaplan & Kaplan, 1982; Nasar, 2000). From this point of view, it is natural to describe
aesthetics as pleasing to the eye and beautiful. However, aesthetics also means that specifications and
standards make the productions for the construction sector. Regarding standards, the core of the issue
is achieving and maintaining high-quality craft (Louw, 2003). Improving construction craft improves
aesthetics, safety, durability and functionality (Gunasinghe, De Silva & De Silva, 2017). In this respect,
first of all, it is necessary to look for the production’s compliance with the rules of science and art and
pay attention to issues such as color, shape, pattern, and texture.

The fact that sustainability is slightly ahead of functionality, economy and aesthetics criteria in AHP
analysis shows that such an awareness has been created in the society. This is likely due to the
increased awareness of the environmental problems experienced by our country. Although Tirkiye
has a rapidly increasing energy need and a lack of primary energy resources, energy intensity, which
indicates inefficient use of, is very high (Yildiz, Kivrak & Arslan, 2017). Again, although Tirkiye is
expected to become a water-poor country shortly, pollution and wastage of water resources continue
at full speed (Yildiz, Kivrak & Arslan, 2018). Many other environmental and economic and social
sustainability issues are indirectly related to sustainability in the construction sector, which is
extremely important for our country.

If the results are generally evaluated, understanding and explaining what it is expected from the
buildings in which we spend most of our days and the built environment, which shapes almost all of
our lives, will create a balance and control mechanism for the wide stakeholder mass of the
construction sector. Buildings will be shaped according to expectations, directly or indirectly increasing
our standard of living and comfort. Safety and durability were emphasized in the AHP and FAHP
analyses, while other criteria have been given approximately equal importance. While this is an
expected result, it is clear that users need to be taught practical ways and methods how to question
whether expectations are met. This is demonstrated by the fact that in the February 2023 earthquake,
many newly built houses were not destroyed, but were heavily damaged and had to be demolished
later. The fact that the importance levels of the other criteria are close to each other indicates that
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one of these criteria cannot be sacrificed for the other. For example, the fact that these criteria are as
prominent as the economy shows that owners, designers and contractors should not compromise on
some things for economic reasons. Since the sustainability criterion is as important as economics, the
contractor should not easily give up energy efficiency measures based on the initial construction cost.
It is also wise to bear certain costs for a more functional design and aesthetic production.

The research will likely be instructive for a wide range of construction sector stakeholders, from owners
to contractors, designers to construction site workers, and authorities to customers. This study is
limited to defining the six essential criteria expected from a structure and determining their weights.
Determining sub-criteria for each criterion, the importance of these sub-criteria, and concrete
indicators for each will ensure that a complete model is obtained. Although the study was conducted
with university graduate architects and engineers who are industry stakeholders, similar studies can
be conducted for different groups such as contractors, consumers, and public authorities.
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