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ABSTRACT

SELECTING THE APPROPRIATE PROJECT DELIVERY
METHOD FOR REAL ESTATE PROJECTS USING FUZZY
AHP

The real estate industry holds a remarkably significant share in the Turkish
economy. Due to the nature of the dynamic characteristics of the real estate industry,
project achievement is not an easy task. Since selecting the appropriate project deliv-
ery method is significantly important considering that it does not only mean economic
contribution but it is also time saving and it has other additional benefits, this study
aims to determine the main factors affecting PDM selection with the most suitable
analysis method for real estate projects in Turkey. The PDM types used in the real
estate sector and the factors affecting appropriate PDM selection process will be iden-
tified with the help of literature review and interviews with professionals related to the
Turkish real estate industry. The model generated by benefiting from the literature
review and the perspectives of the professionals in Turkey will be used as a tool in
choosing the appropriate PDM in real estate projects by utilizing Fuzzy AHP. In terms
of the theoretical contribution to the literature, this thesis provides the probable fac-
tors affecting the selection of the PDM in the Turkish real estate industry with 5 main
factors categorized as “time related issues, cost, funding and cash flow related issues,
scope related issues, owner organization, risk and relationship related issues and project
characteristic issues” with 13 sub-factors. Furthermore, another theoretical contribu-
tion of this thesis is exhibiting the main PDMs used in Turkish real estate industry
as “DBB”, “DB” and “CM at Agency”. In addition to the theoretical contribution,
a hierarchical model with a questionnaire to select the appropriate project delivery

method for the real estate projects in Turkey is provided as a practical contribution.



OZET

BULANIK ANALITIK HIYERARSI PROSESI
KULLANILARAK GAYRIMENKUL PROJELERINDE
UYGUN PROJE TESLIM YONTEMININ SECILMESI

Gayrimenkul sektorii Tiirkiye ekonomisinde oldukg¢a onemli bir paya sahiptir.
Gayrimenkul sektoriiniin dinamik dogasi geregi, bagarili projeler gergeklestirmek kolay
bir ig degildir. Uygun proje yonetimi, sadece ekonomik katki saglamasi bakimindan
degil, ayn1 zamanda vakit tasarrufu ve bagka bir ¢cok avantaj getirmesi agisindan 6nemli
oldugundan, bu caligma Tiirkiye’deki gayrimenkul projelerindeki proje teslim yontem-
lerinin se¢imini etkileyen ana faktorleri en uygun analiz yontemleriyle belirlemeyi amacg-
lamaktadir. Gayrimenkul sektortiinde kullanilan proje teslim yontemi tiirleri ve uy-
gun proje teslim yontemi secimi siirecini etkileyen faktorler, literatiir taramasi ve
Thirkiye’deki gayrimenkul sektortiyle ilgili profesyonellerle yapilan goriigmeler yardim-
1yla belirlenecektir. Literatiir taramasindan ve Tiirkiye’deki profesyonellerin bakig
agilarindan yararlanilarak olusturulan model, Bulanik Analitik Hiyerarsi Prosesi kul-
lanilarak gayrimenkul projelerinde uygun proje teslim yontemi seciminde bir arag
olarak kullanilacak-tir. Literatiire teorik katki olarak, bu tez, Tiirk gayrimenkul sektor-
iinde proje teslim yontem-lerinin secimini etkileyen olasi faktorleri, “zaman ile ilgili
konular, maliyet, finansman ve nakit akisi ile ilgili konular, kapsam ile ilgili konular,
miilk sahibinin organizasyonu, risk ve iligkiler ile ilgili konular ve proje karakteristigi
konular1” olarak gruplandirilan 5 ana faktor ve 13 alt-faktorle sunmaktadir. Ayrica, bu
tezin bir diger teorik katkisi, Tiirk gayrimenkul sektoriinde kullamlan “Tasarim-Ihale-
Yapim”, “Tasarim-Yapim” ve “Temsilci/Danigman Olarak Yapim Yoneticisi” ana proje
teslim yontemlerini ortaya koymasidir. Teorik katkiya ek olarak, Tiirkiye'deki gayri-
menkul projelerine uygun proje teslim yontemini se¢mek igin bir anketi de igeren hiy-

erarsik bir model pratik bir katk: olarak sunulmaktadir.
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1. INTRODUCTION

1.1. Background of Research

The construction industry holds a remarkably significant share in the Turkish
economy. The substantial part of this industry might be regarded as real estate which
is classified, considering the purpose of use of property, as residential, commercial and
industrial. In consequence of the increasing population and the inter-regional migra-
tion, the demand for sheltering and other needs for real state have been growing day
by day. According to the Real Estate and Real Estate Investment Trusts Association
(GYODER)’s report with the title ‘Construction Industry in 2023 Vision’, the aug-
mentation in the demand is mainly stemming from three elements: the increase in
population based upon urbanization, urban transformation and renovation. The data
on the forecasted demand numbers in this report is presented in Table 1.1. More-
over, the incrementation rates in the population from previous years, the number of
the buildings detected as risky for earthquakes as well as the number of the buildings
above 50 years old were identified and these are the substantial components used in

the preparation of the report.

Table 1.1. The Anticipated Demand for Residential Units in Turkey (GYODER,

2012).

Years The Anticipated Demand for Residential Units
Increase in Urban Renovation Total Just for
Population | Transformation (1,000) (1,000) | istanbul

(1,000) (1,000) (1,000) (1,000) (1,000)
2019 419 200 50 669 120
2020 426 200 50 676 122
2021 430 200 50 680 122
2022 440 200 50 690 124
2023 430 200 50 680 122
Total 2145 1000 250 3395 610




The locomotive affect of the construction industry in Turkey is widely recognized.
The ‘Construction Sector Report’ published by the Turkish Employers Association of
Construction Industries (INTES) in September 2018 declares that there are more than
200 sub-sectors fed by the construction industry. Therefore, the industry is directly
related to not only the local economy but also the global economy by making great
contribution to employment. While the sole share of the construction industry is
around 8% in the Global Domestic Product (GDP) of Turkey, the rate of the sub-
sectors in relation with construction constitute a remarkable share of 30%. Stemming
from the unbalanced nature of the Turkish economy in political and social terms, the
success of the construction industry faces the dangers of uncertainty and instability.
To illustrate this, the rate of exchange going up leading the increase in the project
costs and preventing high demand in the industry, might be given as an example. This
situation may be seen as the source of the vicious circle and the cause of the permanent

crises in many sectors for the long run.

With respect to the report prepared by the Real Estate and Real Estate Invest-
ment Trusts Association (GYODER) and Colliers International in 2019 named ‘Restate
Turkey- A Close Look to Compatible Markets’, the construction industry is experienc-
ing shrinkage taking into account the previous years’ growth, demonstrated in Figure
1.1, prepared by virtue of the data from GYODER and Colliers International. Partic-
ularly for Turkey, the rate goes down remarkably after 2017 as it does in Europe as

well.

~ o8

0%
2016 N 018 X9
(Expacied) (Expesciend

[ TURKEY ] USA | CHNA | WORLO | GERMANY | FRANG

Figure 1.1. Construction Sector Growth (GYODER and Colliers International, 2019).



As stated in the same report, the impact of the geopolitical risks in Turkey
accompanied by the economic slowdown leads to flatness in the real estate yields as
shown in Figure 1.2, with the data from Colliers International. However, a progressive

upward trend has recently occurred.
1%
10% \-_’,/"\—/_

| wousrAL | HorEL | OFGE | RETML |

Figure 1.2. Construction Sector Yields (GYODER and Colliers International, 2019).

Due to the nature of the dynamic characteristics of the real estate industry,
project achievement is not an easy task. At this point, proper project management is
an essential factor for project success including completion with planned schedule, costs
and quality. Moreover, the selection of the appropriate project delivery method is an
indispensable part of the project management issue. When the literature is examined,
several definitions for project delivery method (PDM) are found. El-Sayegh (2007), for
example, describes it as the owner’s approach to organizing the project team to handle
the whole process of design and construction. Mahdi and Alreshaid (2005), on the
other hand, see PDM as a means to ensure that delivery risk and performance in the
design and construction processes, which are typically under the responsibility of the
owner, are assigned to other party/parties. For Oyetunji and Anderson (2006), PDM
determines the roles and responsibilities for each party who take part in a construction
project; therefore, it presents a roadmap covering all the steps in order, from design
to actual construction. Lastly, according to ASCE (2000), project delivery method
explains the way the different parties in a project collaborate to realize the owner’s
expectations.By virtue of a suitable project delivery method, the project will be much
more durable in case of any contingency. When we consider the Turkish construction
industry with respect to the topics mentioned above, it is obvious that the industry is
highly fragile in being affected by the variables. Therefore, determining possible PDMs
and the factors affecting the selection of them is highly required.



1.2. Aim and Objective of Study
Since selecting the appropriate project delivery method is significantly important
considering that it does not only mean economic contribution but it is also time saving
and it has other additional benefits, this study aims to determine the main factors
affecting PDM selection for real estate projects in Turkey.

In this respect, the main objectives of this research are as follows:

e To examine the PDM types with respect to their area of utilization

To identify and classify the factors that are outstanding for PDM selection

e To examine some analysis methods before deciding to use the Fuzzy AHP

To generate a model by considering the steps just mentioned above

To put this model into practice according to the steps just mentioned above, a

case study is conducted based on a completed real estate project.

Furthermore, this thesis aims to contribute to the literature with the following

theoretical and practical findings:

e The PDM types used in the real estate sector and the factors affecting appropri-
ate PDM selection process will be identified with the help of literature review,
filtering the ones preferred in Turkey via interviews with professionals sharing the
literature investigation with them and collecting their opinions for the Turkish
real estate construction industry.

e The model generated by benefiting from the literature review and the perspectives
of the professionals in Turkey will be used as a tool in choosing the appropriate

PDM in real estate projects.

1.3. Scope and Limitations of Study

The scope of this thesis is substantially based on literature review and the opin-

ions of some professionals to develop a Fuzzy AHP model for the PDM selection and



conducting a case study. Due to the lack of literature review in the Turkish real es-
tate market for PDM selection, the literature review is mainly based on the researches
excluding Turkey. Therefore, the interviews with the professionals are quite crucial
for identifying and implementing the findings related to the literature review on the
Turkish real estate market. The scope of the study is to examine general real estate

projects without focusing on a specific one like urban transformations.

In the case study section, a real estate project that was completed in Istanbul
in 2015 was used to implement the model for the selection of the appropriate PDM.
By virtue of the questionnaire that was designed and distributed to the professionals
in face-to-face form, the decision-making process was properly fulfilled with respect to

their responses.

On the other hand, this research has some limitations as well. Initially, the
number of the interviews with the sector professionals can be considered as one of the
limitations. Then, another limitation in this study is concerning the number of the
case studies. Further case studies can be conducted to augment the reliability of the
proposed model. This way, the data about consistency can be achieved in order to

analyze the results deriving from this proposed model.

1.4. Organization of Thesis

To sum up, this thesis includes the following chapters:

e In Chapter 2, the previous studies about the PDM types used in the real estate
industry and the factors affecting the selection of them are examined. Further-
more, the gap in the literature for Turkey is identified and the research question
is stated.

e In Chapter 3, the research methodology, the literature review, the theoretical
background of the AHP and the Fuzzy AHP, the interview questionnaire design
and the main questionnaire to be used in practical application to determine the

suitable PDM are put forward.



In Chapter 4, the findings generated from the literature review and the interviews
with Turkish professionals are presented.

In Chapter 5, a case study is applied for the proposed model.

In Chapter 6, the discussions related to the limitations of this thesis in addition
to the recommendations for further research are shared.

In Chapter 7, the conclusion is stated.



2. LITERATURE REVIEW

2.1. Introduction

This chapter of the thesis presents the literature on the project delivery methods
as well as the factors that are essential for choosing the appropriate PDM. In other
words, the aim of this chapter does not only include the identification of the PDM, but
also listing the factors based on the studies in the literature for the purpose of suitable
selection process. By virtue of the summary of the literature review, the statement of

the research question will be clarified explicitly.

2.2. Real Estate Industry

Real estate is the property, land, buildings, air rights above the land and under-
ground rights below the land. The substantial part of construction industry might be
regarded as real estate which is classified, considering the purpose of use of property, as
residential, commercial and industrial. According to New Report on Global Construc-
tion Market report created by Orbis Research, global construction output is forecast
to rise to US$12.7 trillion in 2022, up from US$10.6 trillion in 2017. In Turkey, the sole
share of the construction industry is around 8% in the Global Domestic Product (GDP)
that means about 100 billion USD. The report named Global Real Estate Investment
Volumes Reach Record High by Cushman & Wakefield states that global real estate
investment volumes reach US$1.75 trillion in 2018. In consequence of the increasing
population and the inter-regional migration, the demand for sheltering and other needs
for real state have been growing day by day. According to the Real Estate and Real
Estate Investment Trusts Association (GYODER)’s report with the title ‘Construction
Industry in 2023 Vision’, the augmentation in the demand is mainly stemming from
three elements: the increase in population based upon urbanization, urban transfor-
mation and renovation. To meet this requirement, Turkey has been a country which
pays attention to real estate industry since 1980’s. Thanks to construction studies

which gains more speed with big momentum in recent years particularly, interest in



real estate industry maintains its liveness.

2.3. Definition of Project Delivery Method (PDM)

When the literature is examined, several definitions for project delivery method
are found. El-Sayegh (2007), for example, describes it as the owner’s approach to
organizing the project team to handle the whole process of design and construction.
Mahdi and Alreshaid (2005), on the other hand, see PDM as a means to ensure that
delivery risk and performance in the design and construction processes, which are
typically under the responsibility of the owner, are assigned to other party/parties.
For Oyetunji and Anderson (2006), PDM determines the roles and responsibilities for
each party who take part in a construction project; therefore, it presents a roadmap
covering all the steps in order, from design to actual construction. Shortly, project
delivery method explains the way the different parties in a project collaborate to realize

the owner’s expectations.

In line with the abovementioned definitions of PDM, when owners aim to start a
new project, they come across an important question as to how they should create a
group of people to handle their construction project from the beginning (design) to the
end (construction). Moreover, according to Gould (2005), the concept of PDM helps
in ideally arranging different parties within a construction project with consideration
of the matters related to the contract. Some main parties in construction projects
are designers and contractors as well as construction management companies. Liu
et al. (2015) argue that for a construction project to achieve success (which means
reaching the goals and the objectives established in advance), scientific methods should
be employed while choosing the most suitable PDM. This, on the other hand, is directly
related to the ability of the contractor to utilize the selected PDM. In other words,
a construction project will be successful if the contractor’s features are in accordance

with the chosen PDM.

Completion of a specific project requires a robust project management approach.

This process has some constraints according to Dr. Martin Barnes, the creator of the



Iron Triangle model which defines the indispensable part of a project management
constraint as quality, time and cost within determined scope. In the modern project
management logic of the Project Management Institute (PMI), besides time, quality,
cost and scope, additional constraints are resources, risk and benefits that deeply affect
the project life cycle. Nevertheless, the relationship between project management and
project delivery in the construction industry is inherently an inseparable whole. In the
beginning of any project, the aim is to carry out the project conveniently within the
owner’s goals which generally consist of being on budget without any contingent costs,
on schedule without any delay and satisfied in quality constraints in order to appeal

to the intended scope successfully.

The issues mentioned above necessitate different kinds of PDMs related to the so-
lution for a satisfactory project management. In the literature, there are various PDMs
that are applied to different types of projects meeting their specific requirements as
Design-Bid-Build, Design-Bid-Build with early procurement and construction manager,
Construction Management, Turkey, Fast Track, Design-Build, Multiple Design-Build
(Mostafavi and Karamouz, 2010). From this point of view, the principal types of PDMs
applied in the industry are:

Design-Bid-Build (DBB)
Design-Build (DB)
Construction Management at Risk (CMR)

Construction Management at Agency (CMA at Agency)

The following gives detailed information about these types of PDMs by consid-

ering the studies in the literature.
2.3.1. Design-Bid-Build (DBB)
Design-Bid-Build (DBB) is a traditional type of PDM which is well-known among

the construction industry. Ibbs et al. (2003) give information about DBB in their

study. Accordingly, the project is separated into two phases as design and construction.
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Therefore, the owner of the project follows two different steps which are independent

of, but support, each other. The DBB structure is shown in Figure 2.1.

Ormner
Deziemer Contractor
| Architect | | Subcontractor |
| Ensmnssr | | & vboonkractor |

Figure 2.1. Design-Bid-Build Structure Related to the Parties of a Project.

In these two well-defined phases, the designer focuses on preparing a design pack-
age containing the contract documents (Al Khalil, 2002). By using the documents
prepared by the design team, the owner initiates the bid process sending the design
package and gathers the proposal from the contractors to award the construction con-
tract. Since the designer is responsible for the documentation of the initial phase
without any connection with the contractor, the risk of fostering adversaries among
parties is inevitable in DBB. Moreover, the linear nature of DBB requires the final-
ization of one task before moving to another. This prevents the minimization of the

project duration. Thus, in general, it is known as the longest delivery method.
To conclude, the main advantages of using DBB and its disadvantages are sum-
marized below in accordance with the ideas of Rojas and Kell (2008), Ibbs et al. (2003)

and Konchar and Sanvido (1998).

(i) Advantages



e Constraint control of design

e Well-defined legal/regulatory guidance

e Low bids for the project

e Low initial investment for the owner

(ii) Disadvantages

e Three linear phases (design, bid, build) preventing any overlap, decreasing the

project duration

e All responsibility on the owner’s shoulders

e The most adversarial method because of the lack of connection among parties

and change order process is difficult

e The contractor does not have any input to the project before the contract is

awarded

2.3.2. Design-Build (DB)

Design-Build (DB) method refers to the process during which the owner of the
project works only and directly with one party which holds the responsibility for the
whole project cycle from design to construction (Konchar and Sanvido, 1998). Through

this method, the owner is able to assign the overall liability to a sole entity.

structural relationship among parties is shown in Figure 2.2.

Ovmer

Contractor

Designer

Archiect

Engmeer

Subcontractor

Subcontractor |

Subcontractor |

Figure 2.2. Design-Build Structure Related to the Parties of a Project.
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Ibbs et al. (2003) emphasize that the master builder used to be in charge of the
whole project cycle, and towards the end of 1800s, this practice was still favored. As
distinct from DBB, this approach tends to eliminate the complexity and the confusion
in the relationship of the parties by providing design and construction via a single
entity (Al Khalil, 2002). Furthermore, this method enables the reduction of the overall
completion time by keeping constructability alive during the design process and pro-
vides convenience for the implementation of change orders to the project. Al Khalil
(2002) underlines that DB is more suitable for projects with a well-defined scope, a

standard and repetitive design, and a tight schedule.

Finally, the application of DB is prone to generate some advantages and disad-
vantages summarized below in accordance with Mahdi and Alreshaid (2005), Ibbs et

al. (2003), and Konchar and Sanvido (1998).

(i) Advantages
e Ensures control of design for the owner
e Enables contractor to contribute with necessary input during design phase
e Determines overlaps as well as gaps within the project before the construction
e Provides the fastest project completion
e Ensures lower costs owing to the possibility of direct procurement from vendors
e Guarantees the identification of the contract value in advance
e Assures better time management related to the increased ability to solve problems
in a shorter period of time
e Provides the opportunity to maintain the foreseen budget
e Determines a sole party responsible for the whole project cycle
e Ensures creating a project team by considering individuals’ competence and pre-

vious job experience as well as their ability to function in a group

(ii) Disadvantages
e Keeps the owner of the project responsible for any modification, gap, or overlap
within the project

e Poses a risk for the late participation of subcontractors in the project
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Requires identification of the performance criteria in advance

Leaves the owner as the sole decision-maker when it comes to quality

Forces the owner to make decisions earlier in the process

Appeals to more standard and repetitive projects

2.3.3. Construction Management at Risk (CMR)

Construction Management at Risk (CMR) is a type of PDM which first requires
identifying a designer and then separately selecting a construction manager (CM). The
selected CM serves as a general contractor as shown in Figure 2.3. In other words, CMR
entails two contracts: one between the owner and the designer and one between the
owner and the CM. It takes into account other aspects apart from total cost (Rojas and
Kell, 2008). While the hired designer provides a facility design, a construction man-
agement company acting as a contractor is selected to perform not only construction

management services but also construction work (Konchar and Sanvido, 1998).

Owiner
DesiEner  [--—-- —-{ CAI as Confractor
| Agchitact | | Svbcontracors |
| Enginear | | Svbcontracor |

Figure 2.3. CMR Structure Related to the Parties of a Project.

In CMR, the CM is chosen by considering competence, previous job experience,
and the number of employees they have. Choosing the CM earlier in the project enables
receiving feedback on several aspects such as project schedule or budget during the

design process. According to Mahdi and Alreshaid (2005), having the CM as a general
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contractor contributes massively in terms of significant input during the design process.
This, therefore, reduces the need for modifications after the start of the construction
and increases the capacity to manage the modifications within the project. This way,
the CMR aims to achieve a fast-track schedule (Al Khalil, 2002). To sum up, the
advantages and disadvantages of CMR are shown below within the scope of the opinions
of Mahdi and Alreshaid (2005), Rojas and Kell (2008), Konchar and Sanvido (1998)
and Al Khalil (2002).

(i) Advantages
e Retains control of design
e Involves CM as a general contractor in the early phases of the project
e Gives flexibility in pricing the project by virtue of earlier knowledge on the cost
e Enables fast-track schedule, making the process faster than DBB
e Reduces the need for modifications owing to the dialogue between the two main

parties (designer and CM) within the project

(ii) Disadvantages
e Leaves owner as the sole responsible person for modifications
e Requires owner to choose the CM on the basis of competence
e Requires more time than DB
e Requires two contracts to be handled
e Gives each party the possibility of having different agendas stemming from dis-

crete contracts

2.3.4. Construction Management at Agency (CMA)

Construction Management at Agency (CMA) refers to a type of PDM which in-
cludes a construction manager whom the owner of the project selects for monitoring the
whole project (Konchar and Sanvido, 1998). Therefore, use of this method, generally in
case of multiple prime contractors, brings upon the CM several responsibilities. Some
examples can be preparing various contracts for the completion of different tasks within

the project and realizing those contracts throughout all the phases. This enables fast-
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track scheduling which ensures time and cost efficiency (Mahdi and Alreshaid, 2005).

The structural relationship in CMA is shown inFigure 2.4.

Ovmer
,.-""'F [ u.‘_-_'
o Comtruction M amger Ral TN
- ey
Deziener Contractor
Archtect | 2vbconractor
Erineer | Svbconiractor

Figure 2.4. CMA Structure Related to the Parties of a Project.

Based upon the articles of Mahdi and Alreshaid (2005) and Konchar and Sanvido

(1998), the advantages and the disadvantages are summarized below.

(i)

Advantages

The project is divided into multiple packages and this leads to the overlap of
some phases.

All control about all trade contracts are held by the owner and the role of the
CM includes facilitating the management of the project.

The CM is chosen early in the project which enables timely phase management
and implementation of fast-track schedule, which contributes to time and cost

efficiency within the project.

Disadvantages

A complicated network of contractors, therefore there is not any sole party to be
held responsible.

The possibility of cost overrun is high.

The number of contracts to be managed by the owner is high.
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e The owner risk is higher.

2.4. Previous Studies on the Factors Affecting the Suitable PDM Selection

Due to its great significance in the industry, examining the factors that influence
the decision-making process for choosing a suitable PDM is a fundamental area of
interest in the literature concerning the construction projects. Many researchers have
investigated the factors affecting the PDM selection in various projects such as El-
Sayegh (2007), Chen et al. (2010), and Liu et al. (2015). While some of the studies are
based solely on literature studies, others include both literature review and practice

with the masters in the industry.

Chen et al. (2010) conducted a study on the PDMs in the Chinese context,
benefiting from data envelopment analysis. With their study, the researchers aimed to
visualize the factors that have impact on choosing the PDM and to determine a suitable
method to be used in a given construction project. The data were collected through
the use of survey technique. 300 PMs working at the Top 100 Chinese companies
participated in the study. Multivariate Statistical Analysis was used for proper delivery
selection. By taking into consideration project objectives such as quality, cost, schedule,
safety in addition to owner’s satisfaction, they benefited both from the literature and
the Likert scale pre-questionnaire to acquire the main indicators. Through literature
review and survey, the researchers identified 20 factors having impact on choosing
the PDM. Finally, owing to the collected questionnaires, the researchers came to a

conclusion for the appropriate PDM selection.

El- Sayegh (2007) examined three main delivery methods which are DBB, DB, and
CM. Through literature review, a comprehensive list of 21 factors divided into 8 groups
was detected. These 8 groups are cost, quality, scope, project characteristics, owner
organization, time, cash flow, risk and relationship. A study was conducted via a survey
with the experts in the construction industry in the United Arab Emirates (UAE) with
the aim of having an understanding of their perceptions about the significance of the

abovementioned factors according to their Relative Importance Index (RII). As the
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result, owner organization and quality were found to be the most significant factors.

While investigating a suitable project delivery method by decision-making, Liu
et al. (2015) questioned the relevance between the PDM and the factors influencing its
selection. According to their research, the factors influencing the selection of PDMs are
mostly related to the owner’s features, the project’s features, and the external factors
that have impact on the project. Specifically, their study was based on the owner’s
features and the factors influencing the selection of PDMs. 22 factors were discovered
through literature review; from among these 22, 14 rather significant factors were
selected after the discussions with the construction experts in 76 different projects in
the Chinese context. By virtue of the detailed study about design-bid-build, design -
build and engineering - procurement - construction, the five most significant factors
were identified for the owner’s features as risk allocation, responsibility, in - house
technical capacity, willingness to be involved, and willingness to have ultimate control

over design.

Focusing on how to reasonably choose a suitable PDM to achieve successful
project management, Liu et al. (2016) elaborated on the contractor’s fundamental
characteristics which contribute to the efforts for a successful project in the context
of various PDMs. The study consists of two data collection processes including liter-
ature review and actual completed projects. While gathering 12 factors on contractor
features by literature review, the research samples from 73 successful projects using
different kinds of PDMs in China were applied for an investigation of questionnaires
by the rough set model. The results revealed four significant factors for a successful
project in the context of various PDMs. These are contractor’s coordination, com-
munication, demonstrated capacity for financial management, previous experience in

similar projects, and design capability.

Ibbs et al. (2003) focused on the PDM and the project change by adopting a
quantitative approach. By declaring the perception of previous studies in favor of
DB more than DBB and by virtue of 67 projects on global scale extracted using the

database of the Construction Industry Institute, the researchers found that DB can
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fall short of ensuring expected benefits necessary in terms of performance. According
to the results, time-efficiency, which is ensured by fast-track schedule, was a definite
advantage. On the other hand, cost and productivity change were not adequate enough.
The study also showed that the contractor’s expertise and experience in managing

projects had a great impact on the project performance.

Through the analysis of the four principal types of PDMs (DBB, DB, CMR,
and CMA), Mahdi and Alreshaid (2005) aimed to compare different kinds of PDMs
with particular sorts of projects and owners. By virtue of literature review and ques-
tionnaires, 30 fundamental factors were identified and were classified in seven groups:
project features, owner features, design properties, risk, regulatory, contractor features,
claims and disputes. Considering these factors in addition to technical factors and low
costs, a multi-criteria decision-making methodology following the analytical hierarchy
process (AHP) was applied in order to support the concerned parties in choosing the

suitable PDM for their construction projects.

Similar to the aforementioned studies, Mostafavi and Karamouz (2010) conducted
a study about choosing the suitable PDM using the Fuzzy AHP and analyzing the
risks. For the selection factors, the researchers benefited from the study of Oyetunji
and Anderson (2001) that included 20 key factors related to the PDM selection. These
factors were mainly about cost, time, risk, regulatory, project features, and owner
features. Being the Fuzzy Multi-Attribute decision-making model, the study ensures

choosing the most suitable PDM.

The study using a model based on the analytical hierarchy process carried out by
Al Khalil (2002) aims to select the appropriate project delivery method in construction
projects. The main delivery methods examined in this study can be listed as DBB,
DB, and CM at agency. Moreover, Al Khalil (2002) identified and categorized factors
influencing the PDM selection in 3 main groups consisting of owner’s needs, project
features, and owner’s preferences consisting of 8 sub-groups. The team members work-
ing for the project need to discuss and identify the significance of every relevant factor

if this AHP model is used for the construction project (Al Khalil, 2002). After the
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comparison of the factors, the suitable PDM selection was realized via the AHP and

its outcomes.

Callistus et al. (2014) explored the factors having impact on construction compa-
nies’ quality performance. The study was conducted in Ghana focusing on small-scale
contractors. Due to the nature of manual manpower, the work in the construction site
is substantially based on manual performance which sometimes prevents the comple-
tion of the construction work without quality problems. To recognize the reasons lying
behind the low quality, the researchers addressed questionnaires to the professional
staff including the architects, the engineers, and the quality surveyors by using the
Relative Importance Index. The results showed that fraudulent practices and bribery
were among the factors having impact on the quality performance. Another influ-
encing factor was the inability to ensure coordination between the designers and the
contractors. Lastly, insufficiency in terms of feedback and monitoring was found to be
affecting the quality performance (Callistus et al., 2014). Besides, regarding the con-
tractors, not providing quality training to the staff members, not possessing leadership

qualities, and lacking experience were discovered to be of the influencing factors.

Another study was conducted by Konchar and Sanvido (1998) for 351 building
projects in the US with respect to the three main PDMs of DBB, DB and CMA,
comparing cost, schedule and quality performance. In this study, the researchers col-
lected, checked and validated data on the industry; they conducted significance testing
for univariate comparisons and they developed multivariate linear regression modes to
predict the average project performance. This study, with the aim of identifying the

quality performance, the cost, and the schedule, employed 100 integrating variables.

Pan (2008) generated a model using the Fuzzy AHP to choose the appropriate
method for bridge construction. Due to the inability of the AHP for handling un-
certainty and vagueness, the determination of the proper method was based on the
Fuzzy AHP multi-criteria decision-making. This study comprises of five main factor
groups including quality, cost, safety, duration and scope, and 11 sub-groups to find

the best construction method. By virtue of the structure that was created considering
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the essentials of the projects, the proper delivery was provided to the project owner,

the Taiwan National Expressway Engineering Bureau.

Rojas and Kell (2008) carried out a comparative research analyzing the cost
performance of the PDMs in the Pacific Northwest Public Schools. In their study, there
was a comparison of CMR and DBB in terms of their cost growth performance. By
virtue of the data collected from 297 Pacific Northwest public school projects, a detailed
analysis was made. While the collected data did not demonstrate any considerable
difference between CMR and DBB in terms of construction change order costs, after
detailed statistical analysis, there appeared a remarkable difference in the cost growth
during the buy-out. As a result, the CMR method was shown to be inadequate in
managing the growth of cost at the buy-out.

The ever-increasing need for sustainability in building projects requires optimum
responses in addition to teams with multi-disciplinary backgrounds (Swarup et al.,
2011). This research implies that the project delivery features greatly influence the
outcomes of the project like cost growth and sustainability. Data in regards to 12
Green Office buildings in the US. was collected. To confirm the quality, reliability,
and validity of the data, interviews were conducted with the owner of the project,
the constructor as well as the designer. Moreover, the metrics selected for this study
are, among others, cost, schedule, quality, levels of high performance and sustainability,
owner’s perception of resource consumption, and user satisfaction (Swarup et al., 2011).
The analysis of the performance metrics, the variables and the examination during the
interviews showed that the owner’s pledge to sustainability, adopting green methods
in early stages of the project, and an integrated delivery process with the constructor’s
participation were of utmost importance in the delivery phase (Swarup et al., 2011).
It was also stated that these factors have the possibility of changing the outcomes of

the project.

Execution of a project is substantially affected by the PDM selection which is a
challenging work due to the existing ambiguity in the project (Chen et al., 2011). The

identification of similar projects providing similar metrics and also literature review
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assist the formation of the main indicators of PDM selection according to Chen et al.
(2011) who used the data envelopment analysis-bound variable (DEA-BND). Further-
more, there was a postal questionnaire applied in China for the issues of reliability
and validation of the model with the comparison of the DEA-BND and the analytical
neural network (ANN). As a result of this study, the researchers proved that inputting
project specific data gives more accurate and more reliable results than the ANN model

and this model is less dependent on the experts’ judgment.

2.5. Statement of Research Question

As mentioned in the previous sections, there are various studies about the project
delivery methods and the factors affecting them. Their scopes and findings mainly
rely on the country and the project types, generating different results for the stud-
ies. Although almost all studies presented before examine some of the project delivery
methods and specifically its variables, the following two studies of Chen et al. (2011)
and Mahdi and Alreshaid (2005) are much more comprehensive than the others since
their scopes are remarkably holistic. The studies in the literature mainly benefit from
literature review, the questionnaires and the interviews applied to the sector profes-
sionals with respect to specific countries and projects. Related to the Turkish real
estate construction industry, there are not any studies in the literature which explore
the PDM selection and the factors influencing their selection and the success of the
project. The identification and the categorization of the key factors affecting the PDM
selection are quite crucial (Chen et al., 2011). By creating a structure, multi-criteria
decision-making in an appropriate selection is precisely fulfilled (Pan, 2008). In Turkey,
as it was stated in the previous sections, the construction industry, especially the real
estate market, is considerably important based on its locomotive role on the economy.
At this point, factors such as conducting projects in an efficient way and using the
appropriate delivery method are fundamental. Considering the lack of studies analyz-
ing the PDMs and the factors affecting the selection of them in Turkey, the research

questions of this thesis can be summarized as follows:

e What are the main project delivery methods preferred in real estate in Turkey?
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e What are the main factors affecting the suitable PDM selection for the real estate

projects in Turkey?
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3. RESEARCH METHODOLOGY

3.1. Introduction

In the literature review, there are some different methods such as the ANN, the
multivariate linear regression model, the AHP, the Fuzzy AHP to analyze the data
obtained from different kinds of perspectives. While some of the studies examine a
great number of realized projects in the analysis phase, the other ones include literature
and interview-based data. Due to the diverse contents of the studies, the applied
methods can be different from each other. To illustrate, the ANN is one of the main
tools used in machine learning and it analyzes the relationship between the input
variables. The multivariate linear regression model aims to explain the dependency or
the independency between the variables. Meanwhile the AHP refers to a multi-criteria
decision-making method which applies pairwise comparison. The Fuzzy AHP also uses
pairwise comparison in a more sensitive way to get rid of vagueness and uncertainty
in the analysis phase. There are a lot of studies in the literature, like Mostafavi and
Karamouz (2010) which utilize the Fuzzy AHP. The main reason of this is that the
studies take into account the uncertainties and the imprecisions in the decision scope.
Fundamentally, it is due to the fuzziness in the nature of the decision factors strongly
present in the real estate industry. For the manufacturing industry, almost all the
processes are well-defined and there is a low level of contingency risks compared to
the real estate industry. To decrease the ambiguity and the vagueness in the decision-
making process, the present thesis uses the Fuzzy AHP which caters to the conditions

including uncertainty.

In order to create a model for choosing the suitable PDM using the Fuzzy AHP,
determination of the key factors affecting the selection and the probable project delivery

method used in Turkey will be realized by taking the following steps:

e Examining the project delivery methods used in the real estate industry with

literature review
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e Listing the key factors affecting the selection of the suitable PDM with literature
review

e Generating a questionnaire for the sector professionals to learn their points of view
related to the issues just stated above and combining their ideas with literature
review

e Prioritizing the PDMs used in Turkey and the factors affecting the selection of
the appropriate PDM

e Generating the final model for the selection of the PDMs by the implementation
of the Fuzzy AHP

At the beginning of this chapter, the studies in literature review are presented.
Afterwards, the theoretical background behind the AHP and the Fuzzy AHP are ex-
amined. Then, a questionnaire design for the interviews with the sector professionals
and the data collection phases are explained. The main framework of this thesis is

indicated in Figure 3.1.

Examination the project delivery methods used inreal estate industry based on literature review

N

sldentification the key factors affectingthe selection of the suitable PDM via literature review

S

ePreparation a small-scale questionnaire for the sector professionals

NS

sRealization of the interviews with the professionalsto learn their perspectives about the PDMs used in Turkey
and key factors affectingthe PDM

A4

sCombination of the interview data with the literature review

NI

sPrioritization the PDMs used inTurkey and the factors affectingthe selection ofthe appropriate PDM

N

sComposition of the model for the selection of the PDMs by implementation of Fuzzy AHP

S

eExecution of a case study usingthe model with Fuzzy AHP ina completed real estate project

Figure 3.1. Main Framework of Research.
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3.2. Literature Review

In the process of literature review, the main issues are to investigate the project
delivery methods used in the construction industry, the fundamental factors influencing
the selection of the PDMs and the methods to be utilized for data analysis. Although
there is a great number of studies about the PDMs and the factors related to the
selection of them with different kinds of data analysis methods such as the AHP,
the Fuzzy AHP and DEA-BND in many countries, there are not any comprehensive
studies in the literature aiming the identification of the PDMs in the Turkish real estate
industry and the important factors affecting their appropriate selection. Taking this
into consideration, this thesis seeks to fill the gap in the literature about the Turkish

real estate industry.

In each of the previous studies, the PDMs and the key factors affecting them
vary from project to project and from country to county where the research is applied.
Aiming to determine the major PDMs and the influencing factors for the construction
industry, some researchers such as Al Khalil (2002) and Liu et al. (2015) preferred to
tackle only the literature when creating the structure for the selection process contain-
ing the PDMs and the key factors. On the other hand, other researchers like Callistus
et al. (2014) used not only literature review but also questionnaires to conduct their
study. The purpose of all the researchers was to reach a precise determination for the

appropriate PDMs that enable managing projects in the most proper way.

Moreover, as presented in Chapter 2, among many studies that were examined
in the literature review section, the ones focusing on the PDMs and the factors af-
fecting their selection, via various analysis methods are selected. During the literature
review, almost all of the papers published after 2000, excluding Konchar and San-
divo (1998) in well recognized peer reviewed journals and conferences are examined.
The title of the journals that were taken into account are as follows: 1)Journal of
Management Engineering, 2)Journal of Construction Engineering and Management,
3) Automation in Construction, 4) Civil and Environmental Research, 5)International

Journal of Project Management, 6) Expert Systems with Applications,7) 5th LACCEI
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International Latin American and Caribbean Conference for Engineering and Tech-
nology (LACCEI?2007).The key words used during the literature review can mainly

bR A4

be listed as follows: “construction” “construction industry”, “real estate”, “real estate

industry”, “project delivery”, “project management”, “multi-criteria decision making”.

On the other hand, none of these studies are related to the Turkish construction
industry. Thus, this thesis focuses on both the literature related to the construction
industry and the sectors professionals in Turkey to combine data and get a model also
being valid for the Turkish construction industry. Due to the fact that the construction
industry has a strong presence around the world, the studies in the literature might
still be comprehensive for the Turkish real estate industry. To understand and verify
the situation, interviews containing questionnaires with the sector professionals are
fulfilled in order to collect data. As a result, the combination of the literature review
study and the viewpoints of the professionals show the probable PDMs and the factors

affecting their selection in the Turkish real estate industry.

3.3. Theoretical Background

3.3.1. Analytical Hierarchy Process (AHP)

The analytical hierarchy process (AHP) refers to a multi-criteria decision-making
method which was first created by Thomas L. Saaty (Saaty and Bennet, 1977). The
AHP is considered as a significant tool which was designed to help providing solutions
to unorganized problems on several decision-making instances which can be either sim-
ple individual problems or complicated business investment issues (Al Khalil, 2002).
According to Saaty (1997), the AHP focuses on the measurement of numerous intangi-
bles that do not have any existent scale to bring them together with the tangibles that
are inherently measurable. This way, the situations requiring the evaluation phase of
the tangible and the intangible factors considered in the same pool might be achieved
by using the AHP. Moreover, this process helps to organize the tangible and the in-
tangible factors in a systematic way by breaking the case down into a logical structure

and it provides a systematic solution to the decision-making problems (Benitez et al.,
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2011).

Richard et al. (2015) declare the importance of the AHP methodology aiming
the optimization of the processes through the prioritization of the variables in complex
decisions especially when a mix of quantitative, qualitative problems involving distinct
factors is encountered. In other words, the AHP first prioritizes criteria for the selec-
tion and then identifies the major criteria. Due to its easily applicable characteristics,
there are many fields that prefer the use of the AHP including engineering, education,
health, business, and management. As per the nature of the AHP, its fundamental part
is to make pairwise comparison for determining the importance of the factors affecting
the solution of a problem in the hierarchy (Alonso and Lamata, 2006). Therefore, the
AHP benefits from real measurements such as price or numbers; or subjective ideas
which are included in a matrix to get the output embodying the ratio scales and the
consistency indices to be acquired by the computation of the primary eigenvectors
and eigenvalues (Ansah et al., 2015).The utilization of the decision makers’ judgments
related to the hierarchy including the factors that are components of the solutions pro-
vides a weighting score indicating the relative importance of each factor and generates

an ultimate solution for the problem.

According to Saaty (1987) and Alam et al. (2012), there are four fundamental
steps of the AHP’s requirements. These are construction of comparative judgments,
namely pairwise comparison matrices, construction of structural hierarchy, weight de-
termination through normalization procedure and synthesis of weight and consistency

tests. From this point of view, Richard et al. (2015) examine all four steps as follows:

i) A complicated decision need to be dissolved into a structural hierarchy from the
y
goal to the various criteria and sub-criteria to the very lowest level in descending

order.
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Goal Objective

Criteria | Criteria 2 Crilerny Criteria n
—
Abermative 1 Abemative 2 Ahemative Alermative n

Figure 3.2. Construction of Structural Hierarchy (Richard et al., 2015).

(ii) Pairwise comparison creating a matrix should be applied to get comparative
judgments of the decision makers to identify the priorities of each variable at
every stage by comparing the matrices of all the variables in relation to each
other via one to nine (1-9) scaling in ascending order for the importance of the
variables in Table 3.1 (Cay and Uyan, 2013). The matrix is shown in Equation
3.1:

Table 3.1. AHP evaluation scale (Cay and Uyan,2013).

Ahp evaluation scale,

Numerical value of a | Definition

1 Equal importance 1f i and j

Moderate importance of i over j

Strong importance of i over j

Very strong importance of i over j

O | 3| Ot | W

Extreme importance of i over j

2,4,6,8 Intermediate values

@11 -+ Qip

Qp1  *++ Qnn
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where

A= Qjjy Ajj > Oandé = Q4 [aij] ,where,i,j = 1,2,....n,
]f7 Q5 = 1then7i = ja (32)
If, aij = éthen,i 7é ]

[ASe)]

By given “n” number(s) for pairwise comparison, the AHP executes the process
mentioned above to state the weights of each criteria. In this equation, “A” is a square
matrix with an equal number of rows and columns as “n” indicates the comparison
number of variables. The value of the variables linking with the diagonal of the matrix
is equal to one like a;;=1 According to Equation 3.1, there is a reciprocal preference

for each variable as «a;; = ai excluding ¢ = j For example, if i-th variable is K times
J1

L
K

more favorable than j-th variable, o;; = K and aj; =
(iii) After all pairwise comparison process is applied considering the matrix above,
the weights are determined through the normalization procedure with Equation
3.3 (Cay and Uyan, 2013). In this equation, every component of the matrix is
divided by the sum of its column to get the normalized relative weight. his way,

the total of every column is equal to one.

Za‘zl : Z”‘:L'n

Aw = e (3.3)
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(iv) Acquiring the global weights of the alternatives through the synthesis of the local
weights is an essential part of conducting the calculations concerning Equation
3.4 (Cay and Uyan, 2013). In the AHP, there is a phase for the determination of
C; through determining the matrix’s principal eigenvector.
Initially, matrix A’s eigenvector should be acquired by calculating the C; as the

average. The following step is to calculate the C; as the average of the values
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in row ¢ of Aw matrix to yield the column vector C' where C; value shows the

relative degree of importance, in other words weight, of the i** objective.

0211~11 [ ala”%
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=1 : | = : . (3.4)
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After the calculations are fulfilled based on Equation 3.3, the consistency of the weight
values (C;) should be checked. Firstly, the consistency vector is calculated by multi-

plying AxC matrix. This multiplication enables to find x; values as shown below.

@11 -+ Qin 4 x

AxC=] + . |x|  |=]": (3.5)

Then, A, the eigenvalue of the pairwise comparison matrix is estimated based on

Equation 3.6.

n )

Anaz = Y — 3.6

i=1 Ch ( )
Owing to having A,q, calculated, the Consistency Index (CI) is calculated with Equa-
tion 3.7

n

CI:M

— (3.7)

According to Table 3.2 (Saaty and Tran 2007), the proper Random Index (RI) is
acquired based on the n value. Later, the Consistency Ratio (CR) is calculated by the
implementation of the CI and the RI values into Equation 3.8. If the CR is smaller
than 0.10, the degree of consistency is considered as satisfactory; otherwise, there is

an indication of serious inconsistencies that might prevent reaching the goal (Cay and
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Uyan, 2013).
Table 3.2. Random Index (Saaty and Tran, 2007).
Order 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R.I 0 0 0.52 0.89 1.11 1.25 1.35 1.4 1.45 1.49 1.52 1.54 1.56 1.58 1.59

First
Order

. 0.00 0.52 0.37 0.22 0.14 0.10 0.05 0.05 0.04 0.03 0.02 0.02 0.02 0.01
Differences

CI
CR= 5 (3.8)

3.3.2. Fuzzy AHP Method

The word “fuzzy” means vagueness, in other words; ambiguity. It originates from
the lack of a boundary of a piece (Kousalya and Reddy, 2011). Particularly in complex
situations, taking the appropriate decision is quite difficult due to the uncertainty
in the judgment of decision makers. To cope with the vagueness of human thought,
the theory of fuzzy set developed by Zadeh (1965) was oriented to the rationality
of uncertainty resulting from imprecision. A fuzzy set enables the development of a
conceptual framework which is similar to the framework utilized for ordinary sets but it
is seen as a more generalized version and has the possibility to be applied within various
scopes, especially in pattern classification and information processing (Kousalya and
Reddy, 2011). Moreover, the most important aspect of the fuzzy set theory is known
as its ability to provide vague data (Kahraman et al., 2004).

In addition to the AHP, there is another method called the Fuzzy AHP which can
be considered as an advanced analytical method deriving from the AHP and the fuzzy
set theory. The main aim of the Fuzzy AHP, unlike the AHP, is to mitigate the high
uncertainty level in the judgments for multi-criteria decision-making. Various Fuzzy
AHP methods are recommended by several researchers such as Laarhoven and Pedrycz

(1983), Chang (1996) and Cheng (1997). In their study, Van Laarhoven and Pedrycz
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(1983) presented the first study which applied the fuzzy logic principle to the AHP in
which triangular fuzzy numbers were used for pairwise comparisons’ modelling. More-
over, Chang (1996) provided a new point of view to the Fuzzy AHP by making use
of triangular fuzzy numbers for pairwise comparison scale of the Fuzzy AHP. Owing
to the responses on the question form, the corresponding triangular fuzzy values for
the linguistic variables are placed and for a peculiar level on the hierarchy, the pair-
wise comparison matrix is structured (Ozdagoglu and Ozdagoglu, 2007 ). According
to Kahraman et al. (2004), the recommended methods are systematic approaches for
getting the alternative selection and the justification problem by the utilization of the
fuzzy set theory and the AHP to enable interval judgments providing decision-makers

with more confidence rather than fixed judgments.

According to Kousalya and Reddy (2011), the mathematical theory and the algo-
rithm of the Fuzzy AHP method consistent with the Zadeh’s fuzzy set theory is shown

below.

Let X = 21,29, 23,...,2, be an object set and G = ¢y, g2, 93, ..., g, be a goal
set. According to this method, each object is taken and extent analysis for each goal
is performed respectively. Therefore, m extent analysis values for each object can be

obtained with the following signs:

ML M2, ... M"i=1,23..,n where M/

gir “giy S gl g’

(7 = 1,2,3,...,m) all are Triangular

Fuzzy Numbers.

(Step i) The value of the fuzzy synthetic extent with respect to the i* object is defined

as:

s=yu iiM;;] 39

i=1j5=1
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m .
To get > M;); perform the fuzzy addition operation of the m extent analysis values for
j=1

a particular matrix such that
> M = (§ > my, > uj) (3.10)
Jj=1 j

(j=1,23,..,m)

-1
and to acquire [Z > M gz] , perform fuzzy addition operation of M gl-,
i=1j=1

values such that

nom

i=1j=1 =

and then calculate the inverse of the vector above, such that

(Step ii) As M, = (ly,mq,uy) and My = (I3, ma, us) are two TFNs, the degree of possibility

of My = (lo, Mo, ug) > M, = (I1,mq,uy) is defined as

—1
M| = ) o 3.12
[Z Z 9’] <2?1 Uj Zz‘bzl m; i=1 lz) ( )

i=1 j=1

This can be equivalently expressed as follows:

V= (My 2 M) = supyss [min (i, () i, (9))] (3.13)
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Figure 3.3. Intersection between M; and M.

(Step iii) The degree of possibility for the convex fuzzy number to greater than k convex
fuzzy number M;(i = 1,2, 3...,n) can be defined by V- = (M > M, My, M5.. M K) =
V(M > M) and (M > M,) and (M > My)and...[(M > Mj)]

V = (My > My) = hgt (My 0 My) = pig, (d) (3.14)
assume that d'(A;) = minV (S; > Sk)fork =1,2,3....n;k # 1
Next, the weight vector is given by
1,ifmg > my

) 1_1;52_(11) , otherwise

Where A;(i = 1,2,3...,n) are n elements.

(Step iV) Via normalization, the normalized weight vectors are
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V= (M > M, Ms,.., M) =minV (M > M),i=1,2,3...k (3.16)

where W is a non-fuzzy number.

W = (d(A),d (Ay),d (As),...d (A)7T (3.17)

W= (d(A,),d(As),d(As),...d(A))" (3.18)

3.4. Questionnaire Design and Gathering Data

To acquire data specific to the real industry, interviews with professionals in-
cluding questionnaires might be seen as one of the most essential methods. The pro-
fessionals who have sufficient experience in the real estate industry are considered as
eligible to provide the required data for this study. Within the scope of this thesis,
there are two questionnaires that are designed to gather the targeted respondents of
the professionals. While the first questionnaire (See Appendix A) is addressed to the
professionals who are only participant in the data collection phase including the de-
termination of the factors affecting the PDM selection, the second questionnaire (See
Appendix B) related to the case study is distributed to the professionals, excluding
those working in the first questionnaire. Furthermore, the case study questionnaire
is based upon Table 3.3 and Table 3.4 during the evaluation process for each factors

affecting the selection of the appropriate PDM.



Table 3.3. Likert Scale for Pairwise Comparison for Fuzzy AHP.

Code

Linguistic variables

Equally preferred

Equally to moderately preferred

Moderately preferred

Moderately to strongly preferred

Strongly preferred

Strongly to very strongly preferred

Very strongly preferred

Very strongly to extremely preferred

© |0 | N | [ s W N |-

Extremely preferred

36



¥ BLIBILID 6 (8| L |9|¢ |V |€|C|T|C|€|V|G|9|L|8]|6 € BLISLID

¥ el URy) pariojald A[Suol)s Aea
09 A[SUOIIG ST € RLISLI))

¢ Bl 68| 2|9 |¢|V|€|Cc|T|Cc|€|V|G|9|L|8]|6 T Bl

T eLe)LIr)) uey) parmsjerd A[suor)s
KI9A ST g LIS

®LI9II)) JI0J UOI199[aS apo)) ajdurexsy

‘dHV Azzn o} U0 paseq uoi3dses N 10} 109yS uostredwo)) asimireJ §'¢ 9[qR],




38

As mentioned in the previous chapters, there is a gap in the literature regarding
the Turkish real estate industry for the selection of the appropriate PDMs and the
determination of the factors influential in their selection. Thus, this thesis aims to
provide reliable data from the professionals who have experience in the Turkish real
estate industry by utilizing the questionnaire during the interview. Accordingly, this
questionnaire (See Appendix A) comprises of two main parts. The first part is created
in order to collect data about the demographic features of the participants, such as their
area of expertise, their work experience and their organization type as the stakeholder.
In the following part of the questionnaire, the questions about the PDMs and the
factors related to their selection take part. As a matter of fact, the most crucial part is
the second part consisting of the fundamental questions for the objective of this study.
By collecting data from the professionals, the PDMs being used in the Turkish real
estate industry and the related factors for selection criteria are determined and become
ready for the combination with the global data for the PDMs and the related factors

acquired from the literature review study.

In the beginning of the research, the candidate professionals are identified and
are informed about the scope of the thesis. Next, the interview dates are appointed
to the ones who are available to participate in the study. Then, the abovementioned
questionnaire is distributed to the professionals during the interview by giving detailed
information about the study via Excel-based documents. The total number of the
interviews for data collection with the questionnaire was 10. The professionals with
experience in the Turkish real estate industry from 5 companies have worked under
different roles such as owners, contractors, designers and consultants in real estate
industry as it is stated in Table 3.5. At the end of the interview, all of the professionals
replied the questions according to their backgrounds and delivered the questionnaires.

The information about the collected data is presented in the following Chapter.



Table 3.5. Demographic Information of Interviewers.

Area of Expertise in Real Estate Projects

Project Contract Planning Designer Site
Manager Manager & Cost Control Engineer | Engineer
Manager
3 2 2 2 1
Years of Experience in Real Estate Projects
5-10 years 10-20 years .20 years
3 4 3
Involved Organization
Owner Contractor | Designer/Engineer Consultant
4 3 2 1

39
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4. FINDINGS

4.1. Identification of the Main Factors Affecting the PDM Selection and
the PDM Types Used in Real Estate Projects through Literature

Review and Interview Questionnaire

By virtue of the 14 papers mentioned in the third section of the Literature Review
Chapter and the questionnaire stated in the fourth section of the Methodology Chapter
which was based on the interview with 10 sector professionals, the factors affecting the
PDM selection and the PDM types used in the real estate sectors were determined.
The data stated in Table 4.1 is a summary of the papers in the literature review.
Some of the studies include the comprehensive point of view meaning that their scope
contains and combines the previous studies by referring to them explicitly. During
the examination of these papers, it was observed that there was a great number of
recurring factors in these studies. In other words, some of the factors presented in the
studies have very close meanings. Thus, these are combined and are collected under

the same title for each item separately.
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At the end of this process, 5 main factors were obtained with 13 sub-factors for
the determination of the 3 PDMs used in the Turkish real estate industry as it is shown
in Table 4.2 and Table 4.3.

Table 4.2. PDMs Used in Real Estate Industry in Turkey.

Design-Bid-Build(Z1)
Design-Build(Z2)

Construction Management Agency(Z3)

Table 4.3. The Key Factors Related to the Selection of the Project Delivery Method.

Name of the Factors ‘ Definition of the Factors
Time Related Issues(X1)

Normal Schedule(Y1) There is not time restriction about schedule.
Fast Track Schedule(Y2) There is a time restriction about schedule.
Cost, Funding and Cash Flow Related Issues(X2)

Cost Growth Tolerance(Y3) There is a cost growth allowance

Facilitate Early Cost Estimates(Y4) Early cost estimate is essential

Scope Related Issues(X3)

The scope is well defined and the details

are determined precisely at the beginnin,
Well Defined Scope(Y5) P Y & &

of the project
The scope is not defined very well

Vague Scope(Y6) at the beginning of the project

Owner Organization ,Risk and Relationships Related Issues(X4)

The degree of involvement of the owner

Owner’s Willingness To Be Involved (Y7) during the execution of the project is high

There is an avaliable human resources

Owners Available Human Resources(Y8) provided by the owner

The owner would like to share the
Risk Allocation(Y9) risks of the project
The owner would like to be in a relationship
Minimized Number of Contracted Parties(Y10) | (ith a low number of contracted parties
Level of Compatibility and Communication The project necessitates high level of

Amoung Project Team Members(Y11) communication amoung project team member

Project Characteristics Related Issues (X5)

Simple Project(Y12) The project is a standard, repetitive design.

Complex Project(Y13) The project is a complex unique design.

Detailed information about the origin of Table 4.2 and Table 4.3 stated above

is shown in the following tables. At that point, Table 4.4 is related to key factor
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determination based on the literature review and the interview questionnaire. Table

4.5 shows the PDMs used in the real estate industry through literature review and the

interview questionnaire.

Table 4.4.

The References for the Key Factors Related to the Selection of the Project
Delivery Method.

Factors

Sub-Factors

References Based

on the Literature Review

References Based

on the Questionairres

Time Related
Issues(X1)

Normal El-Sayegh, 2007, Professional 1,
Schedule(Y1) Ibbs et al., 2003, Professional 2,
Mahdi and Alreshaid, 2005, Professional 3,

Mostafavi and Karamouz, 2010, Professional 4,

Al Khalil, 2002, Professional 5,

Konchar and Sanvido, 1998, Professional 6,

Rojas and Kell, 2008, Professional 7,

Swarup et al., 2011, Professional 8,

Chen et al., 2011, Professional 9,

Professional 10

Fast Track El-Sayegh, 2007, Professional 1,
Schedule(Y?2) Ibbs et al., 2003, Professional 2,

Mahdi and Alreshaid, 2005,
Mostafavi and Karamouz, 2010,
Al Khalil, 2002,

Rojas and Kell, 2008,

Professional

Professional

Professional

Professional

Professional

Professional

Professional 10

Cost, Funding and
Cash Flow Related
Issues(X2)

Cost Growth
Tolerance(Y3)

Chen et al., 2010,

El-Sayegh, 2007,

Ibbs et al., 2003,

Mahdi and Alreshaid, 2005,
Mostafavi and Karamouz, 2010,
Al Khalil, 2002,

Konchar and Sanvido, 1998,
Swarup et al., 2011,

Chen et al., 2011,

Professional

Professional

Professional

Professional

Professional

4
5
6
7
8
9
1
1
2
3
4
Professional 5
6
7
8
9
1
2
4
6
7
8
9

Professional

Professional 10

Facilitate Early
Cost
Estimates(Y4)

Chen et al., 2010,

El-Sayegh, 2007,

Ibbs et al., 2003,

Mahdi and Alreshaid, 2005,
Mostafavi and Karamouz, 2010,
Al Khalil, 2002,

Rojas and Kell, 2008,

Chen et al., 2011,

Professional 1
Professional 2
Professional 3
Professional 4,
Professional 5
Professional 6
Professional 7,
Professional 8,

Professional 10
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Table 4.4. The References for the Key Factors Related to the Selection of the Project
Delivery Method (Cont.).

Category

Factors

References Based
on the Literature

Review

References Based
on the

Questionairres

Scope Related Issues(X3)

Well Defined
Scope(Y5)

El-Sayegh, 2007,

Liu et al., 2015,

Mahdi and Alreshaid, 2005,
Mostafavi and Karamouz, 2010,
Al Khalil, 2002,

Swarup et al., 2011,

Chen et al., 2011,

Professional 1,
Professional 2,
Professional 3,
Professional 4,
Professional 5,
Professional 6,
Professional 7,
Professional 8,
Professional 9,

Professional 10

Vague Scope(Y6)

El-Sayegh, 2007,

Mostafavi and Karamouz, 2010,
Al Khalil, 2002,

Swarup et al., 2011,

Chen et al., 2011,

Professional 1,
Professional 2,
Professional 3,
Professional 4,
Professional 5,
Professional 6,
Professional 7,
Professional 8,
Professional 9,

Professional 10
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Table 4.4. The References for the Key Factors Related to the Selection of the Project
Delivery Method (Cont.).

Category

Factors

References Based
on the Literature

Review

References Based
on the

Questionairres

Owner Organization ,Risk
and Relationships Related
Issues(X4)

Owner’s
Willingness To
Be Involved(Y7)

El-Sayegh, 2007,

Liu et al., 2015,

Mahdi and Alreshaid, 2005,
Mostafavi and Karamouz, 2010,
Al Khalil, 2002,

Swarup et al., 2011,

Chen et al., 2011,

Professional 1,
Professional 2,
Professional 3,
Professional 4,
Professional 5,
Professional 6,
Professional 7,
Professional 8,
Professional 9,

Professional 10

Owners Liu et al., 2015, Professional 1,
Available Mostafavi and Karamouz, 2010, |Professional 2,
Human Al Khalil, 2002, Professional 3,
Resources(Y8) Chen et al., 2011, Professional 4,
Professional 5,

Professional 6,

Professional 7,

Professional 8,

Professional 9,
Professional 10

Risk El-Sayegh, 2007, Professional 1,
Allocation(Y9) Liu et al., 2015, Professional 2,
Mahdi and Alreshaid, 2005, Professional 3,

Mostafavi and Karamouz, 2010, |Professional 4,

Chen et al., 2011, Professional 5,

Professional 6,

Professional 7,

Professional 8,

Professional 9

Minimized Chen et al., 2010, Professional 1,

Number of
Contracted
Parties(Y10)

El-Sayegh, 2007,

Mahdi and Alreshaid, 2005,
Mostafavi and Karamouz, 2010,
Al Khalil, 2002,

Professional 2,
Professional 5,
Professional 8,
Professional 9,

Professional 10

Level of Compatibility
and

Communication
Amoung Project
Team

Members(Y11)

Chen et al., 2010,

El-Sayegh, 2007,

Liu et al., 2015,

Liu et al., 2016,

Mahdi and Alreshaid, 2005,
Mostafavi and Karamouz, 2010,
Callistus et al., 2014,

Rojas and Kell, 2008,

Swarup et al., 2011,

Professional 1,
Professional 2,
Professional 3,
Professional 4,
Professional 5,
Professional 6,
Professional 7,
Professional 8,

Professional 10
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Table 4.4. The References for the Key Factors Related to the Selection of the Project
Delivery Method (Cont.).

References Based References Based
Category Factors on the Literature on the
Review Questionairres
Project Characteristics|Standard El-Sayegh, 2007, Professional 1,
Related Issues (X5) Project(Y12)|Liu et al., 2015, Professional 2,
Liu et al., 2016, Professional 3,
Mahdi and Alreshaid, 2005, Professional 4,
Mostafavi and Karamouz, 2010, |Professional 5,
Al Khalil, 2002, Professional 6,
Chen et al., 2011, Professional 7,
Professional 8,
Professional 9,
Professional 10
Complex El-Sayegh, 2007, Professional 1,
Project(Y13)|Mahdi and Alreshaid, 2005, Professional 2,
Al Khalil, 2002, Professional 3,
Pan, 2008, Professional 4,
Chen et al., 2011, Professional 5,
Professional 6,
Professional 7,
Professional 8,
Professional 9,
Professional 10
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Table 4.5. The References for the PDMs Used in the Real Estate Industry

Project Delivery References Based References Based
Method Name on the Literature Review on the Questionairres
Chen et al., 2010, Professional 1,
El-Sayegh, 2007, Professional 2,
Liu et al., 2015, Professional 3,
Liu et al., 2016, Professional 4,
Ibbs et al., 2003, Professional 5,
Mahdi and Alreshaid, 2005, Professional 6,

Mostafavi and Karamouz, 2010, | Professional 7,

Design - Bid - Build (DBB) Al Khalil, 2002, Professional 8,
Konchar and Sanvido, 1998, Professional 9,
Rojas and Kell, 2008, Professional 10

Swarup et al., 2011,
Chen et al., 2011,

Chen et al., 2010, Professional 1,
El-Sayegh, 2007, Professional 2,
Liu et al., 2015, Professional 3,
Liu et al., 2016, Professional 4,
Ibbs et al., 2003, Professional 5,
Mahdi and Alreshaid, 2005, Professional 6,
Mostafavi and Karamouz, 2010, | Professional 7,
Design - Build (DB) Al Khalil, 2002, Professional 8,
Konchar and Sanvido, 1998, Professional 9,
Rojas and Kell, 2008, Professional 10

Swarup et al., 2011,
Chen et al., 2011,

Chen et al., 2010,

El-Sayegh, 2007,

Mahdi and Alreshaid, 2005,
Mostafavi and Karamouz, 2010,
Konchar and Sanvido, 1998,
Construction Management at Risk Rojas and Kell, 2008,

Swarup et al., 2011,
Chen et al., 2011,

Construction Management at Chen et al., 2010, Professional 1,
Agency El-Sayegh, 2007, Professional 3,
Mahdi and Alreshaid, 2005, Professional 6,

Mostafavi and Karamouz, 2010, | Professional 7,
Al Khalil, 2002, Professional 9,

Professional 10

By combining the data acquired from the literature review and interview-based

questionnaires with sectors professionals, the hierarchal model is created as in Figure
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Figure 4.1. The Scheme of Hierarchy.

4.2. The Documents for the Application of the Case Study

As it was mentioned in the Methodology Chapter in detail, this thesis includes
the Fuzzy AHP logic during the evaluation phases of each factors affecting the appro-
priate PDM selection. Due to the nature of decision-making being ambiguous, sensitive
analysis to achieve the goal is indispensable. At that point, the Fuzzy AHP enables
evaluating the decision of the respondents in a more susceptive way. The hierarchical

scheme acquired by the previous studies including literature review and the interviews
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with the sector professionals is presented in Figure 4.1. During the case study and
the real study, this scheme is provided to the respondents to visualize the items in
their decision-making process precisely. In other words, the respondents can explicitly

embody all the factors via this scheme.

Following the visualization, the distribution of the pairwise comparison sheet
takes place. As it is stated in the Methodology Chapter in Table 3.3, there are 9 scoring
levels according to this thesis. In the pairwise comparison, the evaluation bases on 3
different steps as it is shown in Table 3.4 with details Appendix B. In the first step, the
5 factors on top level are compared by scoring 1-9. Then, the sub 13 factors under the 5
main factors are scored with pairwise comparison one by one. Finally, the 3 PDMs are
evaluated with each other based on the sub 13 factors under the 5 main factors. After
getting all the data from this decision process depending on pairwise comparison, any
tool created with Excel, Matlab etc. with respect to the Fuzzy AHP logic and analysis
can be used. In this thesis, a web-based tool is utilized for the Case Study Chapter.

To summarize, this thesis provides a decision-making model for the selection of

the appropriate project delivery method concerning real estate projects.
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5. CASE STUDY

5.1. Description of the Case Study

Since this thesis focuses on the factors affecting the PDM selection and the most
common PDMs used in the real estate industry, a real estate project which has been
implemented in Istanbul, Turkey, was chosen as the case study to test the model

proposed in the previous Chapter.

The construction of the mentioned project started in Istanbul. According to the
agreement signed between the parties related to the construction works, the project’s
completion period was determined as 24 months. Based on the information provided
from the professionals working in this project, there was not any schedule delay during
the construction period. In other words, the project was not extended due to any
reasons. Moreover, this real estate project constructed by a private sector company
consists of 600 residential units. Besides its on-time completion, the project did not

have any cost overrun, in fact it was completed under the budget.

In the previous section, the hierarchical model created based on literature review
and the interviews with the sector professionals to visualize the case study structure
more apparently from the point of view of the professionals is going to evaluate all the
items and answer the questions in detail. Nevertheless, the questionnaire model de-
ducted from this hierarchy to evaluate all items within pairwise comparison is created.
The 5 professionals who have experience more than 10 years and who have partici-
pated in all phases of this real estate project were identified and were selected for this
study. In this case study, the professionals are initially informed about the scope of the
study, the hierarchy and how they answer the questions in the questionnaire. Then,
five professionals reply all the pair wise comparison questions stated profoundly in the
previous chapter. According to their answers, the appropriate PDM is recognized and

compared with the actual PDM used during the project.
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5.2. Description of the Tool Used in the Case Study

According to the scope of the thesis, there is a need for a tool prepared with
respect to the Fuzzy AHP logic taking the pairwise comparison data to evaluate and
give the most appropriate decision concerning the selection of the PDM. In this study,
a web-based tool “Decision Era-Fuzzy AHP”, prepared based on the Fuzzy AHP was

preferred to use.

Firstly, all the factors in the hierarchy are labeled in the webpage for both the
first and the second level with an uppercase letter and a number, like X1, Y1. At that
point, the factors in the lower level are put into the related upper level factors. Then,
the PDMs are described with an uppercase letter and a number, like A1. As it is stated
in Figure 5.1, the hierarchy is defined in the web-based tool.

Figure 5.1. Hierarchy Structure.

Based on the data obtained via pairwise comparison sheet mentioned in the previ-
ous chapter, the template in the web-based tool for pairwise comparison is filled. Then,
the evaluation phase comes true. By means of the algorithm including the Fuzzy AHP
logic at the background of the tool, the most appropriate decision is acquired for the

selection of the suitable PDM.
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5.3. Output of the Case Study

According to the model that was created considering literature review and the
interviews with Turkish professionals, the data originated from the answers of the

pairwise comparison that are parts of the model is entered in the web-based tool.

After the data of the case study implementation, the final weights of the main and
the sub-factors are determined based on the goal which is the decision of the appropriate
PDM as it is shown in Table 5.1, Figure 5.2, Table 5.2, Figure 5.2. Moreover, the full
version of the analysis report is presented in Appendix C with interface tables before

reaching the final weights.

Table 5.1. Matrix of the Final Weights (Main Factors) with Respect to the Decision
(Goal).

Component | Final fuzzy weight | Final Crisp weight

x1 (0.222,0.299,0.417) | 0.309
(0.333,0.468,0.617) | 0.472
x3 (0.067,0.102,0.138) | 0.102
(0.057,0.074,0.111) | 0.079
( )

0.048,0.057,0.095 0.064

x2

x4

x5

W crena
: -
-

o 0.1 0.2 0.3 0. 0.5

[

Figure 5.2. Chart of the Final Weights (Main Factors) with Respect to the Decision
(Goal).
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Table 5.2. Matrix of the Final Weights (Sub Factors) with Respect to the Decision

(Goal).

Component | Final fuzzy weight | Final Crisp weight
yl (0.038,0.059,0.109) 0.066
y2 (0.141,0.24,0.406) 0.257
y3 (0.035,0.061,0.107) 0.066
y4 (0.224,0.407,0.688) 0.431
yb (0.045,0.089,0.153) 0.094
y6 (0.007,0.013,0.024) 0.014
y7 (0.004,0.006,0.011) 0.007
y8 (0.003,0.005,0.01) 0.006
v9 (0.004,0.005,0.01) 0.006
y10 (0.016,0.026,0.053) 0.03
y11 (0.017,0.032,0.058) 0.035
y12 (0.034,0.049,0.1) 0.058
y13 (0.005,0.008,0.016) 0.009

0 0.05 0.1 015 0

£ 0.25 0.3 0.35 04 045

Figure 5.3. Chart of the Final Weights (Sub Factors) with Respect to the Decision

(Goal).
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By combining all analysis results, the preference weights for 3 PDMs are visually
stated in Table 5.3 and Figure 5.3. In this case study, A1, A2 and A3 refer to Design-

Bid-Build, Design-Build and Construction Management Agency respectively.

Table 5.3. Matrix of the Final Weights (Alternative PDMs) with Respect to the
Decision (Goal).

Final fuzzy weight | Final Crisp Weight | Prioritization based
Component | of Alternatives of Alternatives on Crisp weight
Al (0.077,0.161,0.397) | 0.199 3
A2 (0.089,0.192,0.432) | 0.226 2
A3 (0.281,0.646,1.415) | 0.747 1

| B alternative
|
3 7|
|
i
2 0.226 E
!
|
1 0.19%9
-+ T 1 T T 7 i F 1
0 o031 02 03 04 05 046 0.7 0.8

Figure 5.4. Chart of the Final Weights (Alternative PDMs) with Respect to the
Decision (Goal).

In Table 5.3 and Figure 5.4, the most appropriate PDM is selected as Design-Bid
Build by the professionals of the project. At the end of the data collection with pairwise
comparison, the professionals gave the name of the PDM that they used during the
project as Design-Bid-Build. Due to the fact that the PDM that is selected based on

the case study and the one used in reality are the same, the model developed in this
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thesis presents reliable results to determine the appropriate PDM to be used in real

estate projects.
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6. DISCUSSION

The real estate industry is one of the fastest growing industries in Turkey, there-
fore its contribution to the country’s economy is remarkably high. Due to its nature,
the industry is involved in interaction with approximately more than 200 sub-sectors.
This situation indicates that the real estate industry has a locomotive effect on the
Turkish economy. Despite the unbalanced conditions in the Turkish economy regard-
ing political, social and economic risks, the geopolitical position of Turkey fosters and
increases the demand of the real estate industry for not only domestic but also for for-
eigner investors. At that point, to elude the volatility in the economy stemming from
political issues in particular, leading sudden increases in the currency, the projects
should be managed in a more professional way by foreseeing the contingencies in order
to prevent both time and cost overruns. In this manner, this thesis focuses on the se-
lection of the appropriate project delivery method by considering the factors affecting
the selection and the most common PDMs used in the real estate industry in Turkey

to manage the project in success.

To begin with, this study aims to examine the PDM types used in real estate
and to identify and classify the factors which are outstanding for the PDM selection.
Through detailed literature review conducted by focusing on 14 specific studies related
to the scope of the thesis, the factors affecting the selection of the PDM and the
PDMs used in real estate are acquired. The interview based on a questionnaire with
10 sector professionals is concurrently performed. Both in the literature review and in
the answers of the questionnaire, there are some common and recurrent factors which
have close meanings that are combined to prepare the final factor list. Similarly, the
PDMs used in real estate are determined via the deduction of the data originated from
both the literature review and the interviews with the professionals. At the end of this
process, b main factors are obtained with 13 sub-factors for the determination of the 3
PDMs used in the real estate industry for Turkey as shown in Table 4.1 and Table 4.2

in connection with Table 4.3 and Table 4.1 respectively.
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The aforementioned 14 studies were conducted in different countries and focused
on different kind of PDMs with a great number of factors affecting the selection of the
PDM. To illustrate, Chen and the colleagues (2010) examine 4 types of PDMs within
15 sub-factors under 6 main factors whereas El-Sayegh (2007) analyses 21 sub-factors
under 7 main factors with 3 types of PDMs. On the other hand, Liu and the colleagues
(2015) study the crucial owner characteristics affecting the PDM decision-making. Ac-
cording to Mahdi and the colleagues (2005), there are four main PDMs to be used in
projects identified by using the AHP, namely Design-Bid-Build, Design-Build, Con-
struction Management at Agency and Construction Management at Risk. Mahdi and
the colleagues (2005) detect at the first level 7 main factors as “owner characteristics,
project characteristics, design characteristics, regulatory, contract characteristics, risk
and claim and disputes” with 34 sub-factors at the second level to identify the optimum

house construction delivery method.

Based on the Fuzzy AHP approach, a study conducted by Mostafavi and Karamouz
(2010) examines the 12 PDMs with the implementation of some special facilities to the
PDMs mentioned before like Design -Bid-Build with early procurement and Design-
Bid-Build with construction manager and 20 different selection factors regarding “cost,
time, owner’s preferences, contractional issues and type of the project”. Design-Build
is one of the most preferable PDMs in the study in terms of risk analysis (Mostafavi
and Karamouz, 2010). On the other hand, Al Khalil (2002) shows that there are 3 main
PDMs as Design-Bid-Build, Design-Build and Construction Management at Agency by
creating a hierarchical structure which consists of 3 first level factors as “project char-
acteristics, owner’s need and owner’s preferences” and 12 second level factors through

analysis for the determination of the appropriate PDM using the AHP.

In the study of Ibbs and the colleagues (2003), a comprehensive analysis concern-
ing 67 projects from the Construction Industry Institute’s database, the projects are
classified into different kinds of categories including project delivery method, contract
type and project size. The most common PDMs are Design-Bid-Build and Design-Build
with the ratio among the total number of the projects as 45% and 36% respectively

which are affected from “time, cost and productivity expectations” for selection (Ibbs
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and the colleagues,2003). There is also a specific study which focuses on small-scale
contractors in Ghana to observe the factors affecting “the project qualityé (Callistus
et al., 2014). As the contractor selection is an essential part of the determination of
the suitable PDM, 21 factors identified by Callistus and the colleagues (2014) such as
“teamwork about stakeholders, planning and control techniques, project team capabil-
ity and monitoring and feedback” contain common factors with other studies examined

in the Literature Review Chapter.

In another study conducted for 351 U.S. building projects, Construction Man-
agement at Risk, Design-Build and Design-Bid-Build are defined as the three principal
project delivery methods used in the United States with the comparison in terms of
“cost, schedule and quality performance” using univariate and multivariate analysis
(Konchar and Sanvido, 1998). The authors of the aforementioned studies try to clas-
sify and categorize the factors in similar ways, the number and the name of them
can be different from each other but the content of the factors actually have close
scopes. To illustrate, Rojas and Kell (2008) have a study for comparative analysis of
the project delivery methods including Design-Bid-Build, Design-Build and Construc-
tion Management at Risk on 297 completed school projects in Oregon and Washington
for “the cost performance” via a statistical analysis. Moreover, regarding 12 high-
performance Green Office buildings in the United States, Swarup and the colleagues
(2011) suggest the crucial attributes for the selection of the proper PDM as “the strong
owner commitment toward sustainability, the integration in the delivery process by a
nearly involvement of the constructor and the early inclusion of green strategies” after
examining a great number of attributes. Furthermore, Chen and the colleagues (2010)
provide a study which aims to develop a PDM selection model utilizing 15 main ar-
ticles to analyze the main factors affecting the selection and define them as “project
objectives, project characteristics, characteristics of the owner and the contractor and
external environment” at the first level along with 18 sub-factors at the second level
for the construction projects in China. There is another study conducted by Liu and
the colleagues (2016) specifically investigating contractor characteristics in a sense of
the owner under different project delivery methods at 73 projects in China via ques-

tionnaire.
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On the other hand, there are some different methods used in the studies such
as the AHP, the Fuzzy AHP, the ANN, the multivariate linear regression models. A
great majority of the studies in the literature, like Mostafavi and Karamouz (2010)
utilize the Fuzzy AHP. The main reason of this is that the studies take into account
the uncertainties and the imprecisions in the decision scope. In addition, it is due to
the fuzziness in the nature of the decision factors especially in the real estate industry.
For the manufacturing industry, almost all processes are well-defined and there is a
low level of contingency risks compared to the real estate industry. To decrease the
ambiguity and the vagueness in the decision-making process, the present thesis uses

the Fuzzy AHP which caters to the conditions including uncertainty.

During the determination of the factors affecting the selection of the appropriate
PDM, the data obtained from the literature review and the interviews with the sector
professionals are found considerably consistent with each other. Regarding the time
related issues, the professionals focus on the importance of the schedule type consider-
ing whether there is a time restriction or not. In other words, the requirements of the
project duration can be examined in two categories as normal schedule and fast-track
schedule. According to their knowledge, a project which necessitates fast-track sched-
ule is prone to be managed excluding DBB, not allowing any schedule shortening. In
the literature review, the studies of El-Sayegh (2007), Ibbs and the colleagues (2003),
Mahdi and Alreshaid (2005), Mostafavi and Karamouz (2010), Al Khalil (2002), Kon-
char and Sanvido (1998), Rojas and Kell (2008), Swarup and the colleagues (2011) and
Chen and the colleagues (2011) discourse on the importance of the normal schedule
condition. Additionally, El-Sayegh (2007), Ibbs and the colleagues (2003), Mahdi and
Alreshaid (2005), Mostafavi and Karamouz (2010), Al Khalil (2002) and Rojas and
Kell (2008) state the significance of the fast-track schedule in making decisions related
to PDM selection in their studies.

For the factors about cost, funding and cash flow, there are two main sub-factors
acquired at the end of the interview with the sector professionals: cost growth tolerance
and facilitation of the early cost estimate. The data obtained from the studies of Chen

and the colleagues (2010), El-Sayegh (2007), Ibbs and the colleagues (2003), Mahdi
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and Alreshaid (2005), Mostafavi and Karamouz (2010), Al Khalil (2002), Konchar and
Sanvido (1998), Swarup and the colleagues (2011), Chen and the colleagues (2011)
are compatible with the interview output regarding the importance of the cost growth
tolerance. Moreover, the factor which is defined as facilitation early cost estimate is put
forward by Chen and the colleagues (2010), El-Sayegh (2007), Ibbs and the colleagues
(2003), Mahdi and Alreshaid (2005), Mostafavi and Karamouz (2010), Al Khalil (2002),
Rojas and Kell (2008) and Chen and the colleagues (2011) through their spectacular

studies.

Scope is a fundamental issue for every project because it gives shape to all steps of
the project by taking away the ambiguity. Throughout the interviews, the professionals
declare the importance of the level of the scope determination for the selection of the
suitable PDM. By the way, Accordingly, they provide information about the scope types
as well-defined scope and vague scope. This categorization can be considered as logical
as while DBB is more preferable for the vague scope projects, DB and CM at Agency
are used for the well-defined ones. Regarding the significance of the well- defined scope,
there are some studies of El-Sayegh (2007), Liu and the colleagues (2015), Mahdi and
Alreshaid (2005), Mostafavi and Karamouz (2010), Al Khalil (2002), Swarup and the
colleagues (2011) , Chen and the colleagues (2011). Furthermore, El-Sayegh (2007),
Mostafavi and Karamouz (2010), Al Khalil (2002), Swarup and the colleagues (2011)
and Chen and the colleagues (2011) also focus on the substantiality of the vague scope.
At this point, there is a positive correlation in the output data originating from the

literature review and the interviews with the sector professionals.

Owner organization, risk and relationship related issues are also among the most
important factors affecting successful project management with proper PDMs. Ac-
cording to the sector professionals, there are 5 main sub-groups for the aforementioned
issues; namely owner’s willingness to be involved, owner’s available human resources,
risk allocation, minimized number of contracted parties, level of compatibility and
communication among project team members. To illustrate, DBB consists of a great
number of contract parties with a low level of communication among team members,

DB and CM at agency focus on minimizing the contract parties and a high level of com-
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munication from the beginning of the project to decrease change orders and conflicts
of interest. In the literature, El-Sayegh (2007), Liu and the colleagues (2015), Mahdi
and Alreshaid (2005), Mostafavi and Karamouz (2010), Al Khalil (2002), Swarup and
the colleagues (2011), Chen and the colleagues (2011)., El-Sayegh (2007), Mostafavi
and Karamouz (2010), Al Khalil (2002) also draw attention to these factors during
the PDM selection process. At that point, the literature review and the interviews are

compatible with each other.

The design of the project is another fundamental concept affecting the project
management. Herein, the professionals divide the project characteristic issues into 2
groups as standard project and complex project. Additionally, they emphasize that
especially for the standard projects, DBB is used due to its straightforward nature,
but the complex projects require DB and CM at Agency to conduct the project in a
more conservative way to prevent cost and time overruns. Nevertheless, the studies of
El-Sayegh (2007), Liu and the colleagues (2015), Liu and the colleagues (2016), Mahdi
and Alreshaid (2005), Mostafavi and Karamouz (2010), Al Khalil (2002), Chen and the
colleagues (2011) consider the standard project type as a factor for the selection of the
appropriate PDM. Besides, the complex project type is regarded as another significant
factor for the project characteristic issues according to El-Sayegh (2007), Mahdi and
Alreshaid (2005), Al Khalil (2002), Pan (2008) and Chen and the colleagues (2011).

By taking into account the information provided above in detail, this study con-
tributes to the literature by indicating the probable factors affecting the selection of
the PDM in the Turkish real estate industry with 5 main factors categorized as “time
related issues, cost, funding and cash flow related issues, scope related issues, owner or-
ganization, risk and relationship related issues and project characteristic issues” with
13 sub-factors stated in Table 4.1 and Figure 4.1. In the interview phase with the
sector professionals in Turkey, this thesis includes different viewpoints such as those
of the contractors, the owners, the designers and the consultants. While Liu and the
colleagues (2015) solely focus on the owner characteristics for the selection of the PDM;
Swarup and the colleagues (2011) prefer only to use schedule, cost, quality and owner’s

perception as the most influential factors. The differences between the findings of sev-
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eral previous studies mainly originate from including different kinds of perspectives.
In other words, the number of the factors and their categorization are not identical
because the authors have different attitudes for different types of projects in different

countries.

As it was stated in the previous chapters, the determination of the factors related
to the PDM selection and the PDM types used in the real estate industry base on both
the literature review and on the interviews including questionnaires in this study. The
project managers, the contract managers, the designers, the site engineers, the owners,
the contractors who have different kinds of roles provide the data about the Turkish
real estate industry. In previous studies, some authors prefer to state the PDM types
without including any interview, solely by focusing on the literature like Chen and the
colleagues (2010). On the contrary, this thesis aims to provide information by using
not only the literature but also the professionals’ opinions for the Turkish real estate
industry. Reviewing the literature, it is seen that DBB, DB, CM at Risk and CM at
Agency are the four main PDMs types used in the real estate industry. The information
provided from the professionals implies that the most preferable PDMs in the Turkish
real estate industry are DBB, DB and CM at Agency. The reason behind the absence
of CM at Risk in the interview-based questionnaire mainly stems from the fact that
the owners do not will to transfer all managerial activity and risk to a construction
management company in Turkey. Thus, the other theoretical contribution of this thesis

is related to introducing the main PDMs used in the Turkish real estate industry as

DBB, DB, CM at Agency.

In addition to the elimination of CM at Risk, the “quality factor” is got rid of from
the literature review-based data when combining the interview answers to acquire the
final list of the factors. In the literature review, while some authors like Rojas and Kell
(2008) and Swarup and the colleagues (2011) state that quality is an essential key for
the PDM selection, others such as Mahdi and Alreshaid (2005) do not consider quality
as a factor affecting the identification of the optimum house construction delivery
approach in their comprehensive study. During the interviews, none of the professionals

have mentioned quality as a required factor. After all questions were answered, for
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comparison, they were informed that there were some studies assuming quality is an
influential factor for the PDM selection. However, their opinions were the same after
giving the information. As quality is an indispensable issue for every project without

any doubt, it should be provided in any case.

Finally, this thesis provides a practical contribution via a hierarchical model with
a questionnaire including theoretical contributions that are mentioned above to select
the appropriate project delivery method for the real estate projects in Turkey. The real
estate industry has many uncertainties inside it apart from the project characteristics,
namely political, social, economic risks. At that point, this thesis aims to help the
professionals who are responsible for the selection of the most appropriate PDM reduce

the risks and manage the project in a more proper way.

To sum up, this research provides important theoretical contributions to the
literature by showing the factors affecting the selection of the PDM and the suitable
PDMs for the Turkish real estate industry. Moreover, this research assists the decision-
makers to select the most appropriate PDM by the model created with questionnaire
including pairwwise comparison via the Fuzzy AHP in order to enable the proper

execution process of the project from the beginning to the end.
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7. CONCLUSION

Since the real estate industry is one of the fastest growing industries in Turkey
with its remarkable locomotive effect on the economy, this thesis aims to arrive at the
following objectives: the identification and the categorization of the factors affecting
the selection of the PDM, the determination of the PDMs preferred to use in the real
estate and the generation of the model enabling the appropriate PDM selection for the

Turkish real estate industry by using the Fuzzy AHP to obtain more accurate results.

The factors that have impact on the selection of the PDM in the real estate
industry are summarized through a detailed literature review and the interviews with
the sector professionals who have different kinds of roles in the real estate projects
such as the project managers, the contract managers, the designers, the site engineers,
the owners, and the contractors. During this process, the factors originating from the
previous studies in the literature review and the interview with sector professionals are
considered or are eliminated depending on whether they are relevant to the real estate
industry in Turkey. Moreover, all similar processes are conducted for the determination
of the PDM types used for the Turkish real estate industry. By the fulfillment of these
processes, a hierarchical model is created including all the factors affecting the PDM
selection and the PDM types detected previously. This model provides information
about the appropriate PDM type to be used in a real estate project. At that point,
the proposed model’s implementation is carried out via the collected data from the
respondent of the case study. Since the result obtained from this model is consistent
with the realized PDM selection which led to success of the project, this model can be

utilized to determine the proper PDMs for the real estate projects in Turkey.

In terms of the theoretical contribution to the literature, this thesis provides the
probable factors affecting the selection of the PDM in the Turkish real estate industry
with 5 main factors categorized as “time related issues, cost, funding and cash flow
related issues, scope related issues, owner organization, risk and relationship related

issues and project characteristic issues” with 13 sub-factors. Furthermore, another the-
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oretical contribution of this thesis is exhibiting the main PDMs used in Turkish real
estate industry as DBB, DB and CM at Agency. In addition to the theoretical con-
tribution, a hierarchical model with a questionnaire to select the appropriate project
delivery method for the real estate projects in Turkey is provided as a practical con-
tribution. Stemming from its nature, the real estate industry has many uncertainties
in its inside. Thus, the anticipation of the proper PDM is notably difficult. At that
point, this thesis aims to help the professionals who are responsible for the selection of
the most appropriate PDM to mitigate the risks and manage the project in a proper

way.

On the other hand, this research has some limitations as well. Initially, the
number of the interviews with the sector professionals can be considered as one of the
limitations. Then, another limitation in this study is concerning the number of the
case studies. Further case studies can be conducted to augment the reliability of the
proposed model. This way, the data about consistency can be achieved in order to

analyze the results deriving from this proposed model.

For the future studies, as the number of the interviews increase, the collected data,
a spectacular source of the proposed model, also increases and fosters the reliability
of the model. In other models, statistically, the broadened sample size helps to obtain
more realistic results. Moreover, the number of the future case studies may enable
testing the validity of the proposed model. By focusing on these two limitations,

further case studies can be conducted to reinforce the reliability of the model.
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APPENDIX A: QUESTIONNAIRE BASED ON THE
INTERVIEWS

The Questionairre for the Interview with the Sector Professionals

Demograhic Informations

1. What is your area of expertise in real estate projects? Project Manager
Contract Manager
Planning&Cost Control Manager
Designer/Engineer
Site Engineer

Other...

2. How many years of experience do you have in real estate projects? <5 years
5-10 years
10-20 years

=20 years

3. Which of the following organization are you from?
Owner
Contractor
Designer/Engineer
Consultant

Other.

Project Delivery Methods and the Factors Related to Their Selection

4. Which project delivery methods are suitable and applicable for real estate industry in Turkey?
Please select the proper one/ones in your opinion.

5. What are the main factors affecting project delivery selection in Turkish Real Estate Industry? Please
provide information about your opinion.

Figure A.1. Questionnaire Based on the Interviews with Sector Professionals.
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Code| Linguistic variables
Information about Expert 1 Equally preferred
2 Equally to moderately preferred
Expert's Name/ Surname 3 Moderately preferred
Job Title 4 Moderately to strongly preferred
Work Experience(years) Strongly preferred
The types of Projects Completed by the 6 Strongly to very strongly preferred
Expert (Dwelling, Office, Shopping Mall, 7 v " I r 5
Infrastructure etc.) Ly SIOns v PTETRrre
8 Very strongly to extremely preferred
9 Extremely preferred

Example Code Selection for Criteria

Criteria 2 is Very strongly preferred
than Criteria 1

Criteria 1 lala|7|s]s]a]z|z]1]2[3]a]s|6l7]8]a] Criteria 2
Criteria 3 is Strongly to very strongly
preferred than Criteria 4
Criteria 3 lalzl7l6ls]alalz]1]2]3]als]6l7]8]9] Criteria 4

Table 1: Pairwise comparison with respect to selecting the appopriate PDM

Cost ,Fundi d Cash Fl Related
ost.Funding and Lash Flow Relate a|a|7|s|s|2|z|2|1]2|3|2|5|6|7|8| 2 |Time Related 1ssues(x1)
Issuesi¥2)
Scope Related Issues(¥3) 9|8(7|6|5(4|3|2|1|2|3|4|5|6|7[8|5 |Time Related Issues(¥1)
0] a izati Risk and
wner Urganization , Risk an a|a|7|s|s|2|z|2|1]2|3|2|5|6|7|8| 2 |Time Related 1ssues(x1)
Relatlonshhms Related IssLiesl'JéIM
Project C teristics Related |
Wr:fc aractenisties helgled Issves gl al7 6|5 alz|2|1|2|3|a|s|6| 7|8 | o |Time Related 1ssuesix1)
Cost ,Fundi d Cash Fl Related
Scope Related Issues(X3) a|a|7|s|s|2|z|2|1]2|3]|2|5|6|7|8|g |-O5tTUNDiNE BN Lash Flow Relate
IssuesiN2]
Owne_rDrg_amzatmn,R|5kand ala|7lslsl2lzl2l1]2]3l2]5]6]7]8]a Cost ,Funding and Cash Flow Related
Relationships Related Issues{x4) Issues(X2]
Project Characteristics Related Issues ala|7lslsl2lzl2l1]2]3l2]5]6]7]8]a Cost ,Funding and Cash Flow Related
[X5) Issues(X2)
Owner Organization Risk and alz|7|6|s|2|3[2]1|2|3]|2]|5|6|7|8|9 |scope Related Issues(x3)
Relationships Related Issues(X4)
Project Ch teristics Related |
r;;'fc Bracieristics Relsted IS5U8s  lglzl7|s|s|alz]|2|1|2|3|a|5|6|7|8| o |scope Related Issues(xa)
Project Characteristics Related Issues alsl7lslslals|2l1l2l5]als!6]7]5]a Owner Organization ,Risk and
[X5) Relationships Related Issues(X4)

Figure B.1. Questionnaire for the Case Study Application Part 1.
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Table 2: Pairwise comparison with respect to Time Related lssues (X1)

Fast Track Schedule(Y2) |9|S|?|E|5|4|3|2|1|2|3|4|5|E|?|S|9 |N0rma| Schedule(Y1)

Table 3: Pairwise comparison with respect to Cost ,Funding and Cash Flow Related Issues [X2)

Facilitate Early Cost Estimates|y4) | g ‘ 3 ‘ 7 ‘ 5] ‘ 5 ‘ 4—| 3 | 2 | 1 | 2|3 ‘ 4—‘ 5 ‘ 5] ‘ 7 ‘ 3 | g ‘Cost Growth Tolerance(Y3)

Table 4: Pairwise comparison with respect to Scope Related Issues (X3)

Vague Scope(Ye) |9‘S‘?‘E‘5‘4|3|2|1|2|3‘4‘5‘5‘?‘S|9‘WellDeﬁnedScope[YS]

Table 5: Pairwise comparison with respect to Owner Organization ,Risk and Relationships Related lssues (X4)

Owners Available Human Resources(Y8) [2(8|7|6(5(4]|3|2]|1]|2|3|4|5|6|7|8]|9 |Owner's Willingness To Be Involved (Y7)

Risk Allocation(Ya) a|g|7|6|5|4]|3(2|1]|2(3|4|5|6|7|8]|9 |Owner's Willingness To Be Involved (Y7)

Minimized Mumber of Contracted

A 9|8|7|6|5|4]|3]|2]|1]|2|3|4|5|6|7|8]|9 |Owner's Willingness To Be Involved (Y7)
Parties(Y10l

Level of Compatibility and

T . 9(g|7|e|5|4|3|2|1]|2|(3|2|5|6|7|8]|9 |Owner's Willingness To Be Involved (Y7)
Communication Amoung Project Team

Risk Allocation(¥g) 9|8|7|6|5|4]|3]|2]|1]|2|3|4|5|6|7|8|9 |Owners Available Human Resources|Ys)

Minimized Mumber of Contracted

) 9|g|7|e|5|4]|3(2|1]|2(3|2|5|6|7|8]|9 |Owners Available Human Resources(Y8)
Parties(¥10)

Level of Compatibility and

T . 9|g|7|e|5|4]|3(2|1]|2(3|2|5|6|7|8]|9 |Owners Available Human Resources(Y8)
Communication Amoung Project Team

Minimized Mumber of Contracted

) 9|8|7|6|5|4]|3]|2]|1]|2|3|4|5|6|7|8|9 |Risk Allocation(Y3)
Parties(¥10)

Level of Compatibility and
Communication Amoung Project Team 9|8|7|6|5|4]|3]|2]|1]|2|3|4|5|6|7|8|9 |Risk Allocation(Y3)
Membersi(¥y11)

Level of Campatibility and Minimized Number of Contracted
Communication Amoung Project Team Parties(¥10])

Table 6: Pairwise comparison with respect to Project Characteristics Related lssues (X5)

Complex Project{Y13) |9‘S‘?‘E‘5‘4|3|2|1|2|3‘4‘5‘5‘?‘S|9 ‘Simpleproject[\‘lﬂ

Figure B.2. Questionnaire for the Case Study Application Part 2.




Table 7: Pairwise comparison of alternatives with respect to Normal Schedule (Y1)

Design-Buildiz2) g|8|7|6|5|4|3|2]|1|2|3|2|5|6|7|8| 9 |Design-Bid-Build(Z1)
Caonstruction Management AgencyiZ3) alB8(7|6|5|a|z|2|1]|2(3|4|5|6|7|8|2 |Design-Bid-Build(Z1)
Construction Management Agency(Z3) g|8|7|6|5]|4|3|2]|1|2|3|4|5|6|7|8|9 |Design-Build{Z2)

Table 8: Pairwise comparison of alternatives with respect to Fast Track Schedule (¥2)

Design-Build(z2) g|g|7|6|s5]|a|3|2|1|2|3|a|5|6|7|8|9 |Design-Bid-Build(z1)
Construction Management Agency(Z3) a|lg|7|e|5|4|3|2]|1|2|3|4|5|6|7|8|9 |Design-Bid-Build(Z1)
Construction Management Agency(Z3) a|le|7|e|5|4|3|2|1|2|3|4|5|6|7|8|9 |Design-Build{Z2)

Table 9:Pairwise comparison of alternatives with respect to Cost Growth Tolerance (¥3)

Design-Buildiz2) g|8|7|6|5|4|3|2]|1|2|3|2|5|6|7|8| 9 |Design-Bid-Build(Z1)
Caonstruction Management AgencyiZ3) alB8(7|6|5|a|z|2|1]|2(3|4|5|6|7|8|2 |Design-Bid-Build(Z1)
Caonstruction Management AgencyiZ3) a(8|7|6|5|4|3|2(1|2|3|4|5|6|7|8|9 |Design-Build(Z2)

Table 10: Pairwise comparison of alternatives with respect to Facilitate Early Cost Estimates (¥4)

Design-Build(z2) g|g|7|6|s5]|a|3|2|1|2|3|a|5|6|7|8|9 |Design-Bid-Build(z1)
Construction Management Agency(Z3) a|lg|7|e|5|4|3|2]|1|2|3|4|5|6|7|8|9 |Design-Bid-Build(Z1)
Construction Management Agency(Z3) a|le|7|e|5|4|3|2|1|2|3|4|5|6|7|8|9 |Design-Build{Z2)

Table 11: Pairwise comparison of alternatives with respect to Well Defined Scope (Y5)

Design-Buildiz2) g|8|7|6|5|4|3|2]|1|2|3|2|5|6|7|8| 9 |Design-Bid-Build(Z1)
Caonstruction Management AgencyiZ3) alB8(7|6|5|a|z|2|1]|2(3|4|5|6|7|8|2 |Design-Bid-Build(Z1)
Caonstruction Management AgencyiZ3) a(8|7|6|5|4|3|2(1|2|3|4|5|6|7|8|9 |Design-Build(Z2)

Figure B.3. Questionnaire for the Case Study Application Part 3.
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Table 12:Pairwise comparison of alternatives with respect to Vague Scope (Y6)

Design-Buildiz2) g|8|7|6|5|4|3|2]|1|2|3|2|5|6|7|8| 9 |Design-Bid-Build(Z1)
Caonstruction Management AgencyiZ3) alB8(7|6|5|a|z|2|1]|2(3|4|5|6|7|8|2 |Design-Bid-Build(Z1)
Construction Management Agency(Z3) a|le|7|6|5|4|3|2|1|2|3|4|5|6|7|8|9 |Design-Build{Z2)

Table 13: Pairwise comparison of alternatives with respect to Owner's Willingness To Be Involved (Y7)

Design-Build(z2) g|g|7|6|s5]|a|3|2|1|2|3|a|5|6|7|8|9 |Design-Bid-Build(z1)
Construction Management Agency(Z3) a|lg|7|e|5|4|3|2]|1|2|3|4|5|6|7|8|9 |Design-Bid-Build(Z1)
Construction Management Agency(Z3) a|le|7|e|5|4|3|2|1|2|3|4|5|6|7|8|9 |Design-Build{Z2)

Table 14: Pairwise comparison of alternatives with respect to Owners Available Human Resources (Y8)
Design-Build|Z2) g|8|7|6|5|a|3|2|1|2|3|a|5|6|7|8|9 |Design-Bid-Build(Z1)
Caonstruction Management AgencyiZ3) alB8(7|6|5|a|z|2|1]|2(3|4|5|6|7|8|2 |Design-Bid-Build(Z1)
Caonstruction Management AgencyiZ3) a(8|7|6|5|4|3|2(1|2|3|4|5|6|7|8|9 |Design-Build(Z2)

Table 15: Pairwise compariso

isk Allocation (Y9)

Design-Build(z2) g|g|7|6|s5]|a|3|2|1|2|3|a|5|6|7|8|9 |Design-Bid-Build(z1)
Construction Management Agency(Z3) a|lg|7|e|5|4|3|2]|1|2|3|4|5|6|7|8|9 |Design-Bid-Build(Z1)
Construction Management Agency(Z3) a|le|7|e|5|4|3|2|1|2|3|4|5|6|7|8|9 |Design-Build{Z2)

Table 16: Pairwise comparison of alternatives with respect to Minimized Number of Contracted Parties (Y10)

Design-Buildiz2) g|8|7|6|5|4|3|2]|1|2|3|2|5|6|7|8| 9 |Design-Bid-Build(Z1)
Caonstruction Management AgencyiZ3) alB8(7|6|5|a|z|2|1]|2(3|4|5|6|7|8|2 |Design-Bid-Build(Z1)
Caonstruction Management AgencyiZ3) a(8|7|6|5|4|3|2(1|2|3|4|5|6|7|8|9 |Design-Build(Z2)

Figure B.4. Questionnaire for the Case Study Application Part 4.



Table 17: Pairwise comparison of alternatives with respect to Level of Compatibility and Communication Amoung Project Team

Members [Y11)
Design-Build(Z2) g|g|7|6|5|a|3]2|1|2]|3|4|5|6|7|8| 9 |Design-Bid-Build(z1)
Construction Management Agency(Z3) 9|8|7|e|5|4|3|2|1]|2|3|4|5|6|7|8|9 |Design-Bid-Build(Z1)
Construction Management Agency(Z3) a(8|7|6|5|4|3|2|1]|2|3|4|5|6|7|8|9 |Design-BuildiZ2)

Table 18: Pairwise comparison of alternatives with respect to Simple Project (¥12)

Design-Build(Z2) g|8|7|6|5|4|3|2|1|2|3|4|5|5|7|8| 9 |Design-Bid-Build(z1)
Construction Management Agency(Z3) 9|8|7|6|5(4|3|2(1]|2|3|4|5|6|7|8|9 |Design-Bid-Build(Z1)
Construction Management Agency(Z3) 9|8|7|6|5|4|3|2|1]|2|3|4|5|6|7|8|9 |Design-Build(Z2)

Table 19: Pairwise comparison of alternatives with respect to Complex Project (¥13)

Design-Build(Z2) g|g|7|6|5|a|3]2|1|2]|3|4|5|6|7|8| 9 |Design-Bid-Build(z1)
Construction Management Agency(Z3) 9|8|7|e|5|4|3|2|1]|2|3|4|5|6|7|8|9 |Design-Bid-Build(Z1)
Construction Management Agency(Z3) 9(8|7|e|5|4|3|2|1]|2|3|4|5|6|7|8|9 |Design-BuildiZZ)

Figure B.5. Questionnaire for the Case Study Application Part 5.
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APPENDIX C: CASE STUDY ANALYSIS REPORT
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Figure C.1. Case Study Analysis Report Part 1.
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Table 29: Normalzed geometric mean with respect 1o y2

Normalired geometnic mean
(0.104.0.12,017)
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Table 30: Normalced geometric meaan with respact to y3

Normalized geometnc mean
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Table 34: Normalzed geometric mean with respect 1o y7

I y7 Ihlnurrr-ilured QEOMELC Medn
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Figure C.12. Case Study Analysis Report Part 12.

92



Table 38: Normalized geometric mean with respect 1o y11

Normalized geometrc mean
{0.107.0.129.0.19)
(0.182.0232.0329)
(04630 639081)

Table 39: Normalized geometric mean with respect to y12
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Table 41 : matrix of final weights (criteria) with respect to goal

component | Final tuzry weight | Final Crisp weight
xl 0222.02990417) 0309
2 |m31304680617) 04n2
x| 006701020138 0102
w  |oosroor40111) 0079
»  |mosnoosroos 0.064
27.10.2010

Table 42 : matrix of final waights (sub criteria) with respect to goal

Component | Final huery weight | Final Crisp weight
¥l 003800590, 109) 01066
y2 10.141,0.24,0.406) 0257
y3 0.035.0061.0.107) 0066
y4 (0.2 24,0407 0 688) 0431
¥ DO45.00890.153) 0.0
yh {0.007.0.013,0.024) QoM
¥7 {0.004,0.006,0.01 1) 0007
yll 10.003,0.005,001) 0006
¥ #0.004,0.005,0.01) 0,006

y10 (D.018.0.026.0.053) 003
yil 0.017.0032.0 058) Qu0as
¥z (0.034,0.049.0.1) 0.058
¥13 {0.005.0.008,0.016) QD09

DecisionEra Project
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Figure 2 : Final weights chart (sub critera) with respect 1o goal

Table 43 : Matrix of final weight (altematives) with respect to goal

Component | Final fuzzy weight of Atematives [Final Crap weight of Alternatives | Prioritization based on Crisp weight
A $0.077,0.161,0.397) 0.199 ]
A2 (0.089,0.192,0.432) 0.226 2
Al (0.281,0.686,1415) 0.747 1

Figure 3 : Alternatives final weights chart with respect to goal

Figure C.15. Case Study Analysis Report Part 15.






