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SUMMARY

The construction industry is a complex and multidisciplinary industry. The con-
struction process itself involves many different stages, from planning and design to
maintenance and operation. This complexity can lead to a number of problems. The
use of new project management practices can be an effective way to solve problems
that arise in the construction industry. Lean Construction and Building Information
Modeling (BIM) are two important applications that have been increasing in popularity
recently. The main purpose of this study is to investigate the synergy between Lean
Construction and BIM and to determine at what level both contribute to the success of
the project. Firstly, Lean and BIM were examined through a literature review. With
the literature study, implementations that are considered to have high potential com-
patibility between BIM and Lean Construction have been identified. A model was es-
tablished after the implementations were determined. Then, the method to test the
model was determined as Structural Equation Modeling (SEM) and a questionnaire
survey was conducted in Turkey via an online platform in order to obtain the required
data for the model. According to the analysis results, it has been determined that Lean
Construction practices have a significant positive effect on BIM Processes and project
success. However, BIM's contribution to project success has lagged behind Lean Con-
struction's contribution to project success. In the final part of the study, according to
the information obtained as a result of the analysis, various comments and suggestions

were made.

Key Words: Lean Construction, Building Information Modeling (BIM), Project
Success, Structural Equation Modeling (SEM).



OZET

Insaat sektorii karmasik ve ¢ok disiplinli bir sektordiir. Insaat siirecinin kendisi,
planlama ve tasarimdan bakim ve isletmeye kadar pek ¢ok farkli asamayi igerir. Bu
karmasiklik bir dizi soruna yol agabilir. Yeni proje yonetimi uygulamalarinin kullanil-
masi, insaat sektoriinde ortaya ¢ikan sorunlar1 ¢6zmek igin etkili bir yol olabilmekte-
dir. Yalin insaat ve Yap1 Bilgi Modellemesi (YBM), son zamanlarda popiilaritesi artan
iki 6nemli uygulamadir. Bu ¢alismanin temel amaci, Yalin insaat ve YBM arasindaki
sinerjiyi arastirmak ve her ikisinin de projenin basarisina ne diizeyde katkida
bulundugunu belirlemektir. ilk olarak Yalin ve YBM literatiir taramas1 yapilarak
incelenmistir. Literatiir calismasi ile, YBM ve Yalin Insaat arasinda uyum potansiyeli
yiiksek oldugu diisliniilen uygulamalar tespit edilmistir. Uygulamalar belirlendikten
sonra model olusturulmustur. Daha sonra modelin test edilmesinde kullanilacak
yontem Yapisal Esitlik Modellemesi (YEM) olarak belirlenmis ve model i¢in gerekli
verilerin elde edilmesi amaciyla Tiirkiye'de online bir platform iizerinden anket
calismas1 yapilmistir. Analiz sonuglarma gore Yalin Insaat uygulamalarinin YBM sii-
reclerine ve proje basarisina 6nemli l¢iide olumlu etkisi oldugu tespit edilmistir. An-
cak YBM nin proje bagarisina katkis1, Yalin Ingaatin proje basarisina katkisinin geris-
inde kalmistir. Calismanin son bdliimiinde ise yapilan analizler sonucunda elde edilen

bilgilere gore ¢esitli yorum ve onerilerde bulunulmustur.

Anahtar Kelimeler: Yalin Insaat, Yapi Bilgi Modellemesi (YBM), Proje Basarisi,
Yapisal Esitlik Modellemesi (YEM).
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1. INTRODUCTION

The construction industry had fallen behind from past to present according to
labor productivity stats compared to all other industries. According to the McKinsey
Global Institute Report [2017], construction workers work more inefficiently than
other industry workers. Construction and manufacturing industries are compared in
terms of labor productivity in Figure 1.1. The report shows that the majority of con-
struction workers do not add value to their work. The report stated that if the labor
productivity in the construction industry reaches the labor productivity of the total
economy, the construction industry's added value will increase by approximately $1.6
trillion. This means construction industry's value added would increase by using the
same resources. As a result, many problems such as budget & time overruns, and

poor-quality reveal in the construction industry due to low productivity.

Index: 100 = 1995

220

200

180

160

140

120

100

80
wn [(o} ~ (o] D o — o o < n [(o} ~ o] [e)] o i o (42 <
o @ o o o 6 9 9O O © O © 9O 6 6 H «dH oS o o
oA o o o 6o o & 6 &6 6 6 &6 6 &6 &6 o o o o o
— — — - i (a\] o~ (a\] o~ o~ o~ ~N (oV] ~N o~ N ~N (oV] ~N o~

— -« Construction Total Economy  ====- Manufacturing

Figure 1.1: Real gross value added per hour worked, 2005 $.

Today, different methods and implementations are developed to improve labor
productivity in the construction industry. With the spread of methods such as Lean
construction & Agile project management, implementations of technologies such as

the Internet of Things (IoT) and Building Information Modeling (BIM), more efficient



workflows are targeted in construction projects. Eldeep et al. [2022] reported that sig-
nificant increase in project efficiency by using of BIM and Lean in the design phase.
They stated that BIM and Lean tools such as just in time reduced waiting time waste
by almost 50% in the design process. In the case study, they showed that using BIM
makes a significant contribution to Lean principles by adding more value to the cus-
tomer and reducing waste. It showed that an increase of approximately 11% in the
contract price and 25% in the contract time could be avoided by implementing BIM
and Lean tools. These technologies are even more efficient when they are implemented
together [Sepasgozar et al., 2021], [Sacks et al., 2010].

Considering the synergy of recently developing technologies in construction, the
aim of the study is to analyze the synergy between Lean construction, BIM implemen-
tations, and project success. When BIM and Lean implementations are examined in-
dividually, it is known that there are positive effects on construction processes [Aziz
and Hafez, 2013], [Eastman et al., 2011]. However, it is not known exactly how effi-
cient when both are applied together. Therefore, this study targets to reveal which Lean
and BIM implementations have positive effects on each other.

Within the scope of this thesis, first, literature review about Lean construction
and BIM implementation was made. As a result of the literature review, components
of Lean construction, BIM implementations, and project success were determined to
examine the synergetic relations in between. In this context, a structural equation
model was created to quantify the impacts. A questionnaire was administered to the
construction professionals. Then, the model was analyzed using AMOS tool of SPSS

software. The results are presented and discussed accordingly.

1.1. Problem Statement

Building defects are usually caused by reasons such as poor communication, lack
of planning, inadequate supervision, poor quality materials, skill shortage, poor site
layout, and designing problems during the design and construction phase. In addition,
these causes significantly reduce efficiency in the construction industry [Aljassmi and
Han, 2013], [Hasan et al., 2018]. According to Andajar-Montoya et al. [2017] , the
main cause of building defects is due to inadequate control of construction works

which is represent nearly 75% of these anomalies. This high percentage can be reduced



by using information and communication technology such as intelligent sensors net-
works, and using different management methods such as Last Planner System (LPS).

According to the Egan [1998], studies in the United States (US), Scandinavia,
and the United Kingdom (UK) have found that 30% of constructions are reworked. In
addition, mistakes account for 3-6% of the total cost, and at least 10% of the materials
were wasted. Love and Edwards [2003] stated that the cost of rework in Australian
construction projects reaches up to 35% of the total cost. It has been concluded that it
contributes up to 50% of the total overrun costs of projects. As a result, one of the most
important reasons for inefficiency and poor quality in the construction industry is re-
working.

According to John and Itodo [2013], poor supervision, use of poor-quality ma-
terials, and rework are the most critical factors causing waste on site. It shows that
these wastes contribute 21-30% on average to the project cost overrun. In the study, it
is mentioned that one of the biggest causes of waste is the lack of coordination during
the construction process. Khanh and Kim [2014] stated that the most important wasting
factors were time of inspection of construction works, waiting for someone else's work
to be done before continuing, accidents on the construction site, and time of transport-
ing materials, equipment, and workers. In addition, it is mentioned that 9.36% of the
total project cost consists of total waste cost. Mossman [2009] refer that the waste in
the construction processes is approximately 55-65%. This is a very high ratio of
waste/value. Lean construction tools are a significant opportunity to reduce waste in

construction processes.

Value Creation %5-10

Waste %55-65
Support %30-35

Figure 1.2: Waste & value in construction process.

According to Thomas et al. [2018] in PlanGrid and FMI’s report, it is estimated

that non-productive labor activities in the US caused a loss of $177.5 billion in 2018



alone. In addition, the report mentions that 48% of reworks in the US are due to insuf-
ficient data and poor communication. This high percentage is on average up to 52%
globally and costs $280 billion worldwide. Also, the reasons such as the frequent
change of workers, the low level of education of the workers, and the non-suitability
to the environment of the construction site for technological innovation restrict the
development in the construction industry. Loosemore and Lee [2002] stated that em-
ploying too many foreign workers in the construction projects can also cause many
problems like miscommunication. Multicultural working environments and workers
who are speaking different languages can lead to the lack of communication.
According to the McKinsey Global Institute Report [2015], the digitalization and
use of technology in the construction industry have lagged behind compared to other
industries. This report has been evaluated over 3 main headings: digital assets, digital
usage, and digital workers. Compared to other industries in Figure 1.3, the construction
industry has lagged behind in terms of digitalization. All problems in the construction
industry are actually an opportunity. Because there are many areas to develop the con-

struction industry.
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Figure 1.3: McKinsey Global Institute industry digitization index.

1.2. Aims and Objectives of the Research

There are many studies that analyze the interaction between BIM and Lean in
the literature [Saieg et al., 2018]. Both concepts have their own processes and methods.
Lean construction and BIM have been developed to increase productivity and, improve
quality and processes in the construction industry. With this aspect, they have many
common points. It is seen that especially companies that implement Lean construction
in the construction industry use BIM making it a Lean construction tool. Although
there is a lot of common points between Lean and BIM, there are still challenges when
it comes to integrate these two concepts. There are many academic studies in the liter-
ature about the contribution of BIM to Lean processes, but the contribution of Lean

tools to BIM processes has not been studied much [Pedo et al., 2021].



In this thesis, the contribution of Lean tools to BIM processes and the synergy
between them is investigated. Also, the compatibility of Lean construction tools and
BIM implementations with project success such as time, cost, quality, safety, and cus-
tomer satisfaction are further assessed. The main aim contribution of this study is that
it reveals the level of synergy between Lean construction, BIM, and project success,
and highlights which functions are common. This study is expected to help construc-
tion practitioners to review their strategies toward Lean and BIM implementation

based on the research outputs.

1.3. Research Method

Firstly, a literature review about Lean construction tools and BIM was conducted
through online science databases, paper congresses, and conferences of the Interna-
tional Group for Lean Construction (IGLC). While the literature is being searched, the
articles in which especially Lean and BIM together were reviewed. Thus, subjects
more related to each other were determined and comprehensive reviews were con-
ducted for the thesis. After the literature review, the hypotheses are created to research
the links between Lean, BIM, and Project success.

This study adopted a quantitative research method. Data were collected with a
questionnaire using Google Forms. Data from practitioners were analyzed by the SPSS
AMOS program. This study is based on Structural Equation Modeling (SEM). The
positive effects of Lean construction tools, BIM, and project success on each other

were analyzed by using SEM.

1.4. Scope and Limitations

The implementation of Lean construction and BIM in construction management
is gradually increasing across the world. Within the scope of this thesis, Lean con-
struction tools, BIM processes, and project success criteria were examined. However,
the study does not consider every Lean tool instead it considers the most widely ap-
plied ones and the ones that have been proven to have a significant impact and inter-

action with BIM practices based on the in-depth literature review. In addition, the five



most important headings like cost, time, quality, safety, and client satisfaction in pro-
ject success criteria were determined to research the synergy between them. Moreover,
quantitative methods were used in the research. The survey developed in this study
targeted construction professionals operating in the Turkish construction industry. Sur-
vey data was collected only from practitioners who implement BIM and Lean con-

struction implementations in their projects.

1.5. Organization of Thesis

This research consists of 6 main stages. In the first stage, it was introduced why
this study was carried out and what are the problems in the construction industry. In
the second stage, Lean and BIM concepts are presented. The origins and implementa-
tions of Lean and BIM are mentioned by conducting a literature review. In the third
stage, survey questions which are the method of the research and data collection meth-
ods are presented. The questionnaire answers were examined and made ready for anal-
ysis. In the fourth step, the collected data were analyzed by the SPSS AMOS program.
In the fifth stage, the results of the analysis are discussed. In addition, a summary of
the study is presented. In the last stage, the results of the study are mentioned. Sugges-
tions for future work are presented. The stages of the study are shown step-by-step in

Figure 1.4.
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Step 2

Step 3

Step 4

Step 5

Step 6

* INTRODUCTION

* LITERATURE REVIEW
* Lean Construction & BIM Applications
* Project Success

* DATA COLLECTION
¢ Collecting data from Lean and BIM practitioners through surveys

« ANALYSIS
* Analyzing the data by using SEM

* SUMMARY AND DISCUSSIONS

* CONCLUSIONS

Figure 1.4: Organization of study.




2. LEAN IMPLEMENTATIONS IN
CONSTRUCTION INDUSTRY

2.1. Background of Lean

From the industrial revolution to today, production approaches have constantly
changed and new production philosophies have emerged. Many different production
methods have been developed with new approaches to increase productivity. One of
these methods is Lean production. Lean production has emerged as a result of many
different processes over time. This method dates back to the 1950s which is the end of
World War II. In that time, Kiichiro Toyoda, who is the president of Toyota Motor
Company, realized that the company had to compete against US in three years or else
Japan's automotive industry would not be able to survive. Because the difference be-
tween the production of an US worker and the production of a Japanese worker was
considerable. An US worker produced about nine times more than a Japanese worker.
Therefore, Japanese workers wanted to learn why this difference exists and what is US
mass production method [Amaro et al., 2021], [Green, 1999].

Kiichiro Toyoda, Eiji Toyoda, and Taiichi Ohno visited US companies to learn
about Ford Production System (FPS) known as mass production. However, during this
visit, they noticed that the FPS was not suitable for Japan industry because both coun-
tries’ market was not similar to each other. Hence, they began to develop the Toyota
Production System (TPS). With this production method, they wanted to develop a pro-
duction method more suitable for the Japanese industry [Amaro et al., 2021].

TPS was dramatically heard by the Western industry after the 1973 oil crisis.
After the success of TPS in the crisis environment, the interest of the Western industry
gradually increased in Japanese manufacturing [Pathak, 2012]. As a result of this in-
tense interest, numerous academic studies and books have been published by research-
ers [Amaro et al., 2021].

This approach has been developed by industrial engineers in the automotive in-
dustry by trial and error for many years [Koskela, 1992]. The main idea of the TPS is

to eliminate the processes that are determined as waste and to remove inventories by



using a small lot production approach [Shingo and Dillon, 1989]. Taiichi Ohno de-
scribed the principles and techniques of the TPS method in his book Toyota Production
System: Beyond Large-Scale Production, which was published in Japanese in 1978
and translated into English edition in 1988 [Chiarini et al., 2018]. The tools and ideas
behind TPS are represented as a house. The TPS house is a cultural icon in the manu-
facturing industry. TPS house is shown in Table 2.1. The reason why TPS is likened
to a house is that only strong pillars are not enough for a house to remain strong. So,
all elements of the house should remain strong [Liker and Morgan, 2006].

Ohno [1998] describes that TPS consists of two main pillars which are autono-
mation and Just-in-Time (JIT) in his book. Autonomation or Jidoka which is one of
the pillars emerged as a result of Toyoda Sakichi's ideas and practices. This method
which he invented, was basically based on the automatic stopping of the machine in
case of any defect. This autonomation idea has been extended to processes where ma-
chine operators stop the process via a button or cord when they see any problems. So,
possible errors are minimized with Autonomation/Jidoka [Liker and Morgan, 2006].
The second pillar of the TPS is JIT. The JIT principle comes from the ideas of Toyoda
Kiichiro. JIT is based on the principle of purchasing or obtaining the needed products
at the right time, in the right place, and in the right quantity. All needs are determined
by the market demands. This approach is seen as the opposite of the mass production
system and is called the pull production system. In 1953, Ohno invented the imple-
mentation known as Kanban to be able to create and maintain the pull system. This
implementation began to be used to provide continuous flow from customers to sup-
pliers and to level accurately processes. However, Ohno thought that it is necessary to
focus on eliminating waste to have continuous flow and level the production processes
correctly. That's why Ohno divided waste into 7 main headings: overproduction, wait-
ing, transporting, inventories, overproduction, overprocessing, and moving [Chiarini
et al., 2018].

The foundation of the TPS house is as important as its pillars. Heijunka is called
leveling production. The aim of Heijunka is to create a leveled order flow and work-
load. Balancing the workload brings with it many opportunities to standardize pro-
cesses. So, the foundation of TPS should be given importance [Liker and Morgan,

2006].
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Stable and Standardized Processes

Figure 2.1: The Toyota Production System (TPS) house.

TPS, Toyota Way, and Lean are often confused with each other because the dif-
ferences between them are not well known. This causes many negative effects on com-
panies. The Toyota Way is different from the TPS and is not described as a system or
program. Fuiji Cho, who is a former Toyota president, released the Toyota Way model
in 2001 after he noticed contradictions about what they should focus on among Toyota
employees. Basically, the Toyota Way relies on the organizational culture. Cho wants
to emphasize that people are the most important part of the organization. Therefore,
continuous improvement and respect for people form the two pillars of the Toyota

Way [Coetzee et al., 2016].

2.2. Lean Production

The concept of Lean Production was first coined by a member of the research
team studying the international automobile industry in his book which is The Machine
That Changed the World. “Lean” refers to a production system created to produce
better products in less time and place by using fewer labor hours in contrast to the mass

production system [Ballard and Howell, 2003].
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Lean focuses on value above all else. However, value creation is equated with
cost reduction in some companies. This show that the concept of Lean is not fully
understood. Therefore, Womack and Jones [1996] explained what Lean thinking fo-
cuses on and what the principles are. Lean is not just eliminating waste and reducing
costs, it is preparing the product or service according to the customer's requirements.
By doing this, it is aimed to provide more value to the customer [Hines et al., 2004].

Womack and Jones [1996] described the summary of Lean in the Lean Thinking

book as follows:

“In short, lean thinking is lean because it provides a way to do more and more
with less and less — less human effort, less equipment, less time and less space — while

coming closer and closer to providing customers with exactly what they want.”

In Lean philosophy, if there is no problem in the process, there is a problem in
fact. The main work of the employees and management in the production phase or
whatsoever process is to identify obstacles experienced while reaching the optimum
quality level in the processes and solve it. Lean assumes that there is no process with-
out problems and everything needs to be constantly improved. Lean tools attempt to
identify the underlying causes of problems. In Lean thinking, these problems can be
defined as waste. Waste is the opposite of the concept of value. From customer's per-
spective, value is something he or she is willing to pay for. In other words, a product
or process that doesn't create value for the customer is a waste [LeMahieu et al., 2017].

Waste in Lean thinking is considered under 8 main headings [Hartanti et al.,

2022], [Melton, 2005]:

e The Motion/Moving is defined as the spending of time and energy by employees
to do a job. For example, if the distance between the office and the production area
is too long, it will be an unnecessary waste of time and energy for the workers.

e Waiting is another waste in processes. It is the most important type of waste that
causes delay in plans. For example, when an architect is designing a construction
project when she/he needs to get ideas from engineers, she/he gets the answer after

a long time due to insufficient communication between them.
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e Overproduction is a waste type referring to a product or process that is not
needed or produced earlier than planned. For example, preparing more rebar than
necessary at the construction site.

o FExcess stock represents the holding of goods or products that are not required for
current needs. Stocking materials to be used months later in the construction site is
defined as a type of waste.

e Defects are errors that can be seen in processes. Usually, this type of waste is
easily distinguishable. For example, wrong manufacturing according to the project
during the construction phase is defined as waste

e Extra transportation is defined as waste according to Lean thinking. Shorter
routes should always be preferred for transport processes.

e Overprocessing is doing more work than necessary. Processes such as holding
more meetings than required and excessive reporting are a waste. Increasing
productivity by doing more work is a misconception.

o Non-utilized talent is also a waste. Every employee's skills need to be used. In

order to ensure continuous improvement, this type of waste must be eliminated.

Since the 1980s, many companies have started to follow up on the Toyota model
for production because of its performance in times of crisis. In today's conditions, it is
certain that manufacturing companies need a Lean model to compete with other man-
ufacturing companies. Because now the Lean production model has been preferred
instead of the mass production model. For example, it is difficult to find a hospital in
the US that is not aware of Lean principles or does not take into consideration a Lean
program. However, it is not easy to apply Lean concepts in such environments where
the work is not in the workshop. It is better for companies to focus on Lean principles
instead of focusing on production processes. Because Lean is a philosophy rather than
a production model and it varies from company to company [Liker and Morgan, 2006].

Lean has five important principles. Lean tools are all created around these five

principles [Fowler et al., 2022], [Womack and Jones, 1996]:

e Value is the most critical starting point of Lean. The customer defines the con-

cept of the value and the producer created this value. It is necessary to provide the
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right product or service to the customer at the right time and cost. Otherwise, waste
will be created according to Lean thinking.

e Value Stream is the entire process from the producer to the customer of the ser-
vice or product. With the mapping of the whole process, it is easily determined
where the wastes occur. The value should be well defined. Thus, it is possible to
determine which stages it goes through while creating value and wastes can be elim-
inated.

e Flow is the provision of an uninterrupted process by producing the value defined
by the customer at the requested quality, quantity, and time. Processes that limit
continuous flow should be eliminated.

e Pull is based on the idea of not making the product or service without customer
request. In this way, wastes such as overstock and overproduction are prevented.

e Perfection is an endless journey. Aiming for perfection provides unlimited im-
provement opportunities for processes. Continuous improvement is made by using

the other four principles.

In many different industries such as manufacturing, service, construction, etc.
the concept of value can represent different meanings and visions. The concept of
value in the construction industry is generally associated with parameters such as qual-
ity, cost, and time. However, even though all these definitions are associated with the
concept of value, a universal value theory has not yet been developed in the construc-

tion industry [Salvatierra-Garrido and Pasquire, 2011].

2.3. Lean Construction

Technology and management techniques are two very important factors for ef-
ficiency. Although many new technological applications and construction manage-
ment techniques have been developed in construction projects in the last 40 years,
productivity has lagged far behind. One of the reasons for this is that new technologies
do not reduce costs in the design and construction phase and cannot sufficiently im-
prove the project processes [Aziz and Hafez, 2013].

The idea of implementing the Lean philosophy refer as a new production philos-

ophy in the construction industry is based on a study by Koskela [1992]. The term
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"Lean Construction" was coined at the IGLC's first meeting in 1993 [Tezel et al.,
2020]. IGLC has led many studies on the implementation of the Lean philosophy in
the construction industry. Developing tools such as planning, control, visualization,
and continuous improvement, it has changed the way of management in the construc-
tion industry [Salem et al., 2006]. Egan [1998] mentioned that Lean construction is a
way to improve performance in the construction industry and some construction com-
panies have achieved significant success in quality and efficiency by applying Lean
techniques. In the early stages of Lean construction, Lean tools such as 5S, Visualiza-
tion, JIT and Value Stream Mapping (VSM) were introduced by researchers to im-
prove productivity and quality in the construction industry [Jiang et al., 2022]. Since
the construction and the manufacturing industry's work environment and way of doing
work are not similar, tools had to be developed according to the construction projects.
Aziz and Hafez [2013] mentions that managing construction processes according to
Lean philosophy is different from ordinary practices. Because in the construction in-
dustry (1) net objectives are set for delivery processes (2) It is aimed at maximizing
performance for the client at the project level (3) products and processes are designed
simultaneously (4) production supervision is ensured throughout all projects. Planning
and control stages are also very important in Lean construction, as is practiced in the

manufacturing industry.

2.3.1. Gemba Walks

Gemba term is the "real place", where the action is produced and is seen as the
center of value. To ensure the effective use of Gemba, it is important to go where the
actual action is done and see the action being done. Being and spending time in Gemba
helps to see and fix problems. Because it fosters people who do the actual work to
produce value for customers in Gemba and it's important to contact them directly
[Tyagi et al., 2015].

The “go and see” principle is referred to in the Lean manufacturing literature as
Genchi Genbutsu. It is necessary to make direct observations and verify data on the
site, rather than relying solely on computer data or information from someone else.
We can also commonly see it as a glass icon in VSM [Lean Enterprise Institute et al.,

2003].
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Gemba Walk aims to identify non-value-added activities, which mean waste in
processes such as reworks in the construction site. This tool is regularly used by senior
managers to identify and eliminate waste. Observing and controlling how the process
is ongoing during the work and talking to the workers doing the job are quite important
for a full understanding of a process. The flow of material and information should be
examined to identify waste at different workstations during the Gemba walk [Barth
and Formoso, 2021].

Samudio et al. [2011] mentioned examples from a project in which the Gemba
Walk in a study was used to continuously improve production on the construction site
and increase the accuracy of weekly work plans. The team managed production by
collecting feedback directly from site observers and workers. In addition, adjustments
were made in weekly planning with the information obtained. Data collected by the
project team showed that the team's efforts improved their performance and assisted
in the use of LPS. In addition, Kerem et al. [2013] explained the importance of the
Gemba Walk in the construction site with case studies. It mentioned that the managers
who walking in the Gemba came to the work area and communicated with the workers,

making the workers feel that the work is really important.

2.3.2. Takt Time Planning

"Takt" word, a German term, means "rhythm” or “beat”. It refers to the regularity
of a work. Takt time used as a design parameter in a production site (such as manufac-
turing, construction, etc.). That is, the works are tuned according to the customer's

demand rate [Hopp and Spearman, 2011].

Net time available during the period 2.1
Takt time = g P @1

Customer demand

In Lean context, takt is associated with Lean concepts such as continuous flow,
standardization, and production line leveling. Takt represents the heartbeat of assem-
bly lines in the TPS. Today, this approach is used in industries, and the use of takt

varies appear difference. While the assembly line for the product keeps moving around
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workers in the manufacturing industry and move of workers is too low, in the con-
struction industry the (facility) product built is stationary and move of workers is too
much [Tommelein, 2017].

In order for each worker to complete the work assigned to them, the speed of the
production line and the working speed of the workers should be adjusted according to
takt time. The speed should be designed in such a way that a little more time remains
in the takt time. Under normal conditions, all of the given task will be done within the
specified takt time. However, you can never be sure that all the work will be done.
Because there can always be deviations from the works. Therefore the "time left" cal-
culated serves as a buffer for work completion [Tommelein, 2017].

Takt time planning in the construction industry has recently emerged in the lit-
erature. In the literature, we can see takt time planning implementation in highway
construction [Fiallo and Howell, 2012], hospital projects [Linnik et al., 2013], and
housing projects [Binninger et al., 2018], [Nunes Mariz et al., 2013].

> 1. Collect Daia

5. Fine Tune the 2. Define Zone & Takt
System Time
4. Pull Plan to Reach ||, 3. Create Flow &
Team Agreement Balance the System

Figure 2.2: Steps for takt time planning.

Step 1. Collect Data: In the first phase, planners collect data a few weeks before
the construction phase begins. The data collection process begins with a team meeting
of the trades and contractor involved. Each work is determined how and when it will
be done. At this stage, important issues such as the progress of the project, the working
methods, the constraints that hinder the work, and the sequencing of the works are
discussed [Tommelein, 2017]. One of the examples is the creation of colorful floor

plans by people who know the details of the work such as a foreman, to show the work
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to be done in a day. Examples are shown in Figure 2.3. This process helps to set dura-
tions and production plans. Work sequences are defined by coloring. Coloring is im-

portant for "take time planning" but it is not necessarily [Frandson et al., 2013].

Figure 2.3: Developing color-up.

Step 2. Define Zone & Takt Time: Takt time is defined as the time it takes for
trade to complete works in a zone. Zones are defined as areas that trade will control.
Zones are created with the information obtained from the data collection stage. Takt
time is still undefined when determining areas. Because there is still not enough infor-
mation. Coordination meetings should be held to determine the trade sequence. It is
vitally important who will work first and who will work after in a zone. The sequence
of trades is derived from the pull planning. Bottlenecks in each group are identified
and production rates in the areas are roughly estimated. In addition, more detailed
knowledge of the sequence is required to develop a reliable takt time.

Step 3. Create Flow & Balance the System: At this stage, workflows are created
and balanced. Zones are adjusted if necessary. The takt time is set to maintain the
weekly cycle. It is improved by adjusting crew sizes or trades capacities according to
takt time.

Step 4. Pull Plan to Reach Team Agreement: The processes that limit the mile-
stone planning are discussed with the team. Information and analysis learned from
processes are shared with other team members.

Step 5. Fine Tune the System: Finally, it is determined that the plan is reliable

and the work sequences are feasible. Arrangements are made for better performance.
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2.3.3. 5 Whys Analysis

5 Whys Analysis is an iterative technique used to identify the root causes of a
particular problem. This technique was developed by Sakichi Toyoda and has been a
significant problem-solving method in TPS. Taiichi Ohno, the architect of TPS, de-
fined the 5 Whys Analysis as the foundation of Toyota's scientific approach, a method
that makes the root causes and solutions of problems clearer by asking 5 why questions
[Gangidi, 2019]. There are three important factors for the effective use of the five-
cause analysis: (i) Expressing the problems accurately and completely, (ii) Giving hon-
est answers to the question of why, (ii1) Determinating to get to the root of the problems
and solve the problems [Web 3, 2009]. The approach used in the 5 Whys Analysis is
shown in Figure 2.4 [Ohno, 1988]. In the example, to determine why a machine
stopped working, the question "why" was repeated 5 times and the root cause was
investigated. Using this method can help uncover and correct underlying problems. If
this method is not used, the fuse or pump shaft will be replaced. So, the problem will
appear to be solved. However, since the source of the problem has not been identified,
the same problem will most likely recur within a few months. The main problem that
causes the machine to work is that the strainer is not attached in the lubrication pump.
Since the strainer was not installed, the shaft was worn and rattling due to metal scrap
entering the pump and therefore the machine malfunctioned. By attaching a strainer,

the reoccurrence of similar errors can be largely prevented [Ohno, 1988].
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shaft worn attached and metal
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Figure 2.4: Example of 5 whys analysis.

When 5 Whys Analysis is implemented by a team, processes are greatly im-
proved. This method basically consists of five steps. First, a team gathers and agrees
on the problem. It is decided whether additional people are needed to solve the prob-
lem. The team's first why the question is asked. Three or four sensible answers are
recorded on a place such as a whiteboard or a flipchart. For each answer given, four
more "why" questions are asked in a row. All reasonable answers are followed up and
reviewed. The root cause is determined when the "cause" issue does not provide any
more useful information. If needed, questions are continued to go beyond the 5 ques-
tions. Among the dozens of answered, systematic causes of the problem are sought.
These are discussed and decided on the most likely cause with the team. The most
likely root cause of the problem is determined and team approval is obtained. Thus,
appropriate corrective actions are developed [Web 3, 2009]. Unlike other sophisticated
problem-solving methods, 5 Whys Analysis does not include advanced statistical
tools. Therefore, it is easier and more suitable for integrating into operational tools
[Murugaiah et al., 2010].

5 Whys Analysis has been successfully applied in many industries such as

healthcare, manufacturing, and construction, to investigate, categorize and solve issues
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[Braglia et al., 2017], [Card, 2017]. 5 Whys Analysis is one of the most preferred ap-
proaches in order to prevent productivity and quality losses in the manufacturing in-
dustry [Murugaiah et al., 2010]. In their study, Benjamin et al., [2015] has proven to
be an effective approach in eliminating overall equipment effectiveness speed loss. In
addition, studies related to the use of the 5 Whys Analysis in the construction industry
have also been carried out in the literature. Jaber and Burhan [2020] used the 5 Whys
Analysis in his study to identify obstacles to investments in the construction industry

and argued this method very useful in identifying root causes.

2.3.4. 58

The 58S practice is a method developed to form and maintain a quality and orderly
environment in an organization [Ho and Cicmil, 1996]. Towards the 1960s, Japan was
the first country to start implementing 5S approaches in their manufacturing industry
organizations [Gupta and Jain, 2015]. But in retrospect, the philosophy of the 5S has
been seen in Japanese culture for many years. Shintoism, which emphasizes "cleanli-
ness", Confucianism, which emphasizes "orderliness," and Buddhism, which empha-
sizes "self-discipline", have an important place in the development of 5S practices in
Japanese society [Randhawa and Ahuja, 2017].

Takashi Osada was the first person to create and develop the 5S practice by
shortening Seiri, Seiton, Seiso, Seiketsu, and Shitsuke which are Japanese words.
Osada, introduced the the 5S practice to create a quality environment in organizations
[Randhawa and Ahuja, 2017]. The 5S practice has been used in Japan for many years.
Most Japanese 5S practitioners think that this method not only improves the physical
environment but is also useful for improving thinking processes [Ho et al., 1995]. The
58S practice is a quite popular housekeeping tool within Lean. It is the simplest method
to implement processes of organizing, standardizing, and sustaining the workplace
[Kilpatrick, 2003].

Each step in the 58S practice consists of different meanings. The steps of 5S and
its equivalent in English language are shown in the Table 2.1. [Ahuja and Khamba,
2008].
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Table 2.1: Elements of 5S.

Japanese English Meaning

Seiri Sorting Organization
Seiton Set in order Neatness

Seiso Shine Cleaning
Seiketsu Standardize Standardization
Shitsuke Sustain Discipline

Sorting is the first step of the 5S practice. The main idea of this stage is to deter-
mine the frequency of use of the products or equipment used, to identify unnecessary
items, and to eliminate unwanted items that cause clutter. Unnecessary products are
marked with a red tag. Rarely used items are moved out of the work area to a more
organized storage area. Fully unnecessary materials are disposed of out of the work
area [Peterson and Smith, 1998]. Sorting makes it easy to avoid batches of unnecessary
material or equipment in the workspace, removing barriers to the workflow [Chapman,
2005]. After all unnecessary items are removed, the set-in order stage which represents
the second S in the 5S practice is started. This stage helps organize the workspace. A
place is determined for each item and it is ensured that each item is kept ready for use
[Peterson and Smith, 1998]. At this stage, it enables the effective use of equipment or
materials by using methods such as labeling within each item, coloring for quick dis-
tinguishing, keeping similar materials together. By using these methods, materials be-
come more detectable [Gupta and Jain, 2015]. The third stage, Shine, represents clean-
ing. This step includes activities such as keeping clean the work area and maintaining
the clean appearance. A maintenance program must be developed to clean dirt, dust
etc. from equipment or the work environment [Randhawa and Ahuja, 2017]. In addi-
tion, a clean and tidy workspace provides motivation for employees. Employees enjoy
their work in a clean and healthy environment. As a result, the quality of the work
increases [Gupta and Jain, 2015]. The standardization stage helps improve the proce-
dures made during the 5S practice. It actually is a review process. It enables everyone
to maintain the 5S process in the most accurate way and to see the differences in the
processes easily [Peterson and Smith, 1998]. A procedure needs to be established in
order to maintain the Sorting, Set in Order, and Shine stages which are first 3S on a

regular basis. An effective procedure can be created using a variety of checklists
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[Randhawa and Ahuja, 2017]. The final step, Sustain, means sustaining all S stages.
Implementing the last step is vital because it requires some changes in the behavior of
employees within the organization. At this stage, employees within organization
should make all the 5S practice a habit. In order to gain benefits such as increasing
labor productivity, producing quality products, and preventing work accidents in
workplace, it is necessary to sustain the 5S practice and make it a corporate culture
[Randhawa and Ahuja, 2017].

Recently, it is also used as a "6S System" because most manufacturers see Safety
as a priority. The 58S practice is primarily aimed at improving the quality of the work-
place. With the addition of "Safety", which is the sixth step, to the 5S system, it is
aimed to realize the importance of occupational safety. The 6S is a more comprehen-
sive approach but can be successfully applied in many industries, including the con-
struction industry [Misiurek and Misiurek, 2020].

Rowlinson [2004] highlights the importance of 5S by describing it as the "the
mother of safety". He argued that the achievements of the 5S practice are extremely
substantial in terms of preventing work accidents, tidying the working environment or
site, discovering problems more quickly, increasing productivity, and creating a
brighter, healthier, and more spacious environment. In addition, He states that it is one
of the most effective ways to ensure safety at construction sites.

There are many examples of successful implementation of 58S in industries such
as service, and construction, apart from the production industry [Ho, 1999]. Leino et
al. [2014] determined that the number of accidents decreased and the weekly safety
inspection indices increased by 3.4 percent after the implementation of the 58S practice
on the construction site. Tezel and Aziz [2016] found that item transaction times were
saved by 50% and the usable area increased by 30% in a 5S practice pilot application
in a storehouse in the construction industry. It also improved cleanliness, health, and
safety. This method provides the opportunity to follow the maintenance of equipment

and materials.
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2.3.5. Standardization

Lean principles do not perform well when everyone is allowed to implement
their own way of working. The reason for this can be shown as the results are unpre-
dictable and complicate the workflow. Standardization is crucial for the implementing
of more successful and reliable processes [Chan and Tay, 2018]. Standardization is
key to continuous improvement. It is not a set of pre-prepared and controlled docu-
ments. Rather, it is a way to create the most efficient performance possible. It is the
steady continuation of processes [Liker and Meier, 2006]. The definition of Standard-

ized Work according to Lean Enterprise Institute [2003] is as follows:

“Establishing precise procedures for each operator’s work in a production pro-

cess, based on three elements:

o Takt time, which is the rate at which products must be made in a pro-
cess to meet customer demand.

o The precise work sequence in which an operator performs tasks within
takt time.

e The standard inventory, including units in machines, required to keep
the process operating smoothly.”.

In standardization, there are some additional applications besides the three ele-
ments mentioned above. Works can be standardized by using job instructions, visual
controls, charts, and process spreadsheets [Nunes Mariz et al., 2012]. Standardized
work is defined as specific instructions that help make a process run most efficiently.
These instructions are one of the ways developed to achieve the goal. It helps to iden-
tify areas that need improvement by focusing on eliminating waste in processes [Mor
et al., 2019]. According to Gibb [2001], standardization of processes creates more ef-
ficient processes by organizing the resources and time of project teams. He also men-

tions  that  standardization reduce costs and increases  quality.

2.3.6. Continuous Improvement

Kaizen is a Japanese word that describes activities undertaken to improve pro-
cesses or the environment in workplaces. It represents continuous improvement

[Brunet and New, 2003]. The person who first used the term "Kaizen" and often cited
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it was Imai Masaaki, who wrote Kaizen: The Key to Japan's Competitive Success
[1986]. In this book, he summarized the Kaizen concept, principles, and implementa-
tions used in the continuous improvement process. "Kaizen" term is derived from two
Japanese words Kai (change) and Zen (good). According to Chiarini et al. [2018], Kai-
zen is a way of thinking that encourages everyone to improve processes by making
changes to benefit the work and the team.

Any task in a business process into three categories which are incidental work,
value-added work, and muda. Accordingly, each task is considered one of these three
categories [Koskela, 1992] [Monden, 2011]. Incidental works are processes that do not
add value to the product but are mandatory works. This type of work does not create
full value from the perspective of the customer. Value-added works consist of works
that add value to the product or service. Processes that do not add value or muda (which
means waste in Japanese), are works that are not necessary in the process and are de-
fined as worthless in the perspective of the customer. Some companies simply increase
working hours to increase value-added work. However, instead of increasing this
value-added works, it increases muda and incidental works. Instead, a better way is to
identify waste and continually improve it to reduce it. Value-added work should be

increased by continuous improvement as shown in Figure 2.5. [Chen et al., 2010].

Incidental
Incidental Work
Work

Figure 2.5: Effect of Kaizen.

Kaizen concept is based fundamentally on human effort. Various approaches can be
used to achieve continuous improvement. The Plan-Do-Check-Act (PDCA) Cycle is

described as the most obvious kaizen implementation. Certain progress is made at each

25



stage. The plan is the stage of setting goals for improvement. Do is the stage in which
the plan is implemented. Check is the stage where the plan and implementations are
used effectively or not. The act is the stage where processes are standardized and new

targets are set in order to improve the process [Al Smadi, 2009].

2.3.7. Mistake Proofing

Poka-Yoke is a Japanese term meaning mistake proofing. Poka means inadvert-
ent mistakes, while Yokeru means avoidance. Mistake-proofing is the method of pre-
venting errors by setting limits for the correct execution of work. The original term is
Baka-yoke but since it means fool-proofing (or idiot-proofing) it has been replaced
with a more appropriate term poka-yoke [de Bucourt et al., 2011].

Mistake Proofing is a quality improvement approach that often uses simple de-
vices to develop improvements. It is aimed to prevent errors by using environmental
cues, simple devices, switches, and indicators. In order to develop techniques for mis-
take-proofing, it is first necessary to determine why errors occur and what factors help
in minimizing errors [Stewart and Grout, 2001].

Although Mistake Proofing is seen as a Lean manufacturing technique, there are
various literature studies showing that it is a Six Sigma technique [Vinod et al., 2015].
In addition, this technique is not only used in the manufacturing industry. For example,
the Mistake Proofing technique can be applied in the health industry. According to
Kumar and Steinebach [2008], the use of Mistake Proofing technique in hospitals helps
to achieve success in patient operations. It helps to prevent the staff from making med-
ical mistakes and ensures that the surgeries are correct, painless and prevents compli-
cations that may arise from medical mistakes. Also, Kumar and Steinebach, [2008]
mentions that it saves a lot of costs because it reduces the error rate.

According to Santos and Powell [1999] case studies, it has been determined that
the Mistake-Proofing approach is very beneficial in construction practice. There is a

wide range of applications for this approach, especially in construction machinery.
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2.3.8. Last Planner System

Greg Howell and Glenn Ballard, who know the dynamics and problems of the con-
struction industry closely, suggested that it was a way to standardize their workflow.
These two researchers and other Lean construction thinkers developed the Last Planner
System in a series of experiments in the early 1990s [Porwal et al., 2010]. With the
publication of the Shielding Production G. Ballard et al. [1998] article, LPS imple-
mentations have increased and examples of implementations have been seen in coun-
tries such as the US, UK, Denmark, Finland, Indonesia, Australia, Venezuela, Brazil,
Chile, Ecuador and Peru [Ballard and Howell, 2003].

LPS is basically a Lean construction tool that focuses on planning, monitoring,
and controlling [Gjerde et al., 2019]. LPS is seen as a management system that focuses
on optimizing workflow and learning rapidly. The last planner represents the last per-
son in the decision chain in the organization, usually a foreman [Fernandez-Solis et
al., 2013]. As seen in the Figure 2.6, the Last Planner focuses only on workable tasks,
unlike traditional planning. In addition, processes are structured to encourage learning.
This prevents the same mistakes from being repeated over and over [Kim and Ballard,

2010].
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Figure 2.6: Traditional planning process and last planner process.

According to Ballard [2000], there are four main categories for any project task.
These are Should, Can, Will, and Did.

SHOULD: It consists of tasks that should be performed in the near future ac-
cording to the project plan. It is the first stage for the work to reach the determined
milestones. In this process, various information is obtained from project objectives,
past experiences of planners, customer demands, etc. Then, tasks are created based on

the information obtained.
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CAN: This process consists of adjustments that need to be made in the Should

phase. All prerequisites must be done and the necessary labor and materials must be

ready. In addition, project constraints are determined at this stage.

WILL: These tasks are the process that works assured to be completed after all

constraints are assessed.

DID: These tasks are completed works.

In addition, there is a planning hierarchy used in these stages. These are respec-

tively the master plan, pull plan, look-ahead plan, and weekly work plan (WWP). Fi-

nally, it consists of learning processes in Did stage [Gao and Low, 2014]. Figure 2.7

shows the main steps of LPS. [Ballard and Tommelein, 2016], [Heigermoser et al.,

2019].
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Figure 2.7: Stages of the Last Planner System.

Firstly, main program (master schedule) of the project is created by team of pro-

ject. The main purpose here is to set up important dates, milestones in the project,
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provide general information and visualize them. Master schedule can be a graph sim-
ilar to the Gantt chart, and generally, not much detail is given here. This part must
show the work to be completed for the project [Maimon, 2015].

Phase schedule is derived from the first program and is more detailed than the
master schedule. Milestones are determined on a board in the (technical) big room.
Also, in this stage shows that specifies handoffs between subcontractors and contrac-
tors. Phase schedule develops with entire stakeholders of the project [Maimon, 2015].
Pull planning, also called reverse phase scheduling, is used as planning backwards
from the completion date of the work. Using this technique reduces waste caused by
over production [Ballard et al., 2007].

The Look-ahead plan is a more advanced planning level than previous planning
levels. This creates a schedule of the tasks to be carried out for the next 6 weeks. In
this process, materials, workforce, equipment the reliability of the planning, in short,
project features are determined [Ballard et al., 2007] At this stage, a progress meeting
is held at least once a week. The Look-ahead plan is the most important stage as it
forms the basis of the control mechanism [Maimon, 2015]

The next stage after look-ahead planning is weekly work plan. Weekly work
plan, which is a more detailed program, is a stage at the assignment-level. Thanks to
WWP, the completed part is evaluated by measuring with the percentage plans com-
pleted every week. In this way, by means of received feedback, it provides continuous
learning opportunities. Weekly assignment schedule is constantly updated [Kalsaas et
al., 2009].

LPS aims to continuously improve planning processes. For this, some reports
are needed. Planning failures are monitored and a report on the percentage planned
completed (PPC) is prepared. Thus, the development of continuous improvement
works is followed by project teams [Kalsaas, 2012]. Did, Can and Will processes are
evaluated and the reliability of commitments and productivity are monitored. Thus, it
provides an opportunity for continuous improvement, which is one of the foundations

of lean philosophy.
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2.3.9. Visual Management

One of the most important tools of Lean production is Visual Management. Us-
ing Visual Management effectively will help to develop standardization [Liker and
Meier, 2006]. Visual management tools are an underestimated but essential tool to
control processes. Its tools are used to accurately guide operations and processes [Parry
and Turner, 2006].

The purpose of Visual Management is to make information visible to every
stakeholder. It shows information with visual signs instead of long text, making it eas-
ier for each stakeholder to understand. Every piece of information needs to be grasped
quickly to increase efficiency and value [Singh and Kumar, 2021].

According to Galsworth [2017], Visual Management tools are divided into 4

headings: visual indicator, visual signal, visual control and visual guarantee.

o Visual Indicator: It does not have any power to be implement something. After
transmitting the information, the application is entirely at the people's discretion.
For example, speed limit signs in traffic.

e Visual Signal: Visual management tools in this class give a striking sign at first
and then convey the message to people. Andon lights in production lines are one of
the most substantial examples.

e Visual Control: It provides control by size, quantity, direction, and time. Kanban
cards are an example of this class.

o Visual Guarantee: It consists only of signs that give precise information. It gives
a clear message to people on important events or cases. It prevents possible errors.

In this respect, it is often compared to Poka-Yoke.

Using visual management tools on construction sites increases the transparency
of the process and provides an opportunity for continuous improvement [Brandalise et
al., 2018]. In addition, in workplaces where workers from many different nationalities
work, such as on construction projects, the number of workers who are familiar with
English or the local language may be few. For this reason, employees receive the mes-
sage directly through visuals instead of reading texts, allowing information to be ac-

cessed more effectively [Singh and Kumar, 2021].
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2.3.10. Just-in-Time

Just-in-Time (JIT) is an inventory management tool that aims to produce a prod-
uct in the required quantity and time and delivery it to the right location [Monden,
2011]. JIT is based on the premise that inventories cause waste and reduce value in the
process. Therefore, units or products should only be available when needed [Salem et
al., 2006].

The reason why JIT first appeared was actually that Japan had a relatively small
geography. For this reason in Japan, the most effective ways to use limited resources
were sought. The Japanese managed to turn this disadvantage into an advantage by
implementing the JIT [Canel et al., 2000].

Project materials make up a large part of the costs in a construction project. For
this reason, many contractors order materials before they are needed and stock them
in warehouses or construction sites and they consider this a more economical model.
However, excessive inventory is not an economic approach. This adds to the construc-
tion costs. JIT benefits stakeholders in construction processes. Although its implemen-
tation requires cost in the first stage, it provides savings in the long run. It also creates
an environment of trust between the contractor and the suppliers [Akintoye, 1995]

According to the study of Bamana et al. [2019], the use of JIT technique in the
construction industry brings many advantages. The results of the study showed that a
well-organized construction site and easily accessible materials had a significant im-
pact on reducing the project duration. In addition, it is mentioned in the study that the
use of prefabrication increases productivity in the construction industry.

Jeong et al. [2016] conducted a BIM-integrated simulation study, taking into ac-
count the operational tasks and the relationships between various activities, activities,
and resources, and calculated the production rate per hour of the project. Using such
approaches provides more reliable construction planning. Thus, the use of JIT imple-

mentations in processes yielded more successful results.
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3. BUILDING INFORMATION MODELING (BIM)

3.1. Fundamentals of BIM

BIM is one of the most important developments in the architectural engineering
and construction industry (AEC). The National Institute of Building Sciences [2007]
has defined BIM as follows:

"A digital representation of physical and functional characteristics of a facility.
As such it serves as a shared knowledge resource for information about a facility form-

ing a reliable basis for decisions during its life cycle from inception onward."”

This technology contains solutions that can be a solution to many problems in
the AEC industry. BIM creates one or more virtual models of a structure in its digital
form. It provides better analysis and control by improving the design phases. Com-
puter-generated models generate a lot of data, supporting activities such as construc-
tion, manufacturing, and procurement. In addition, BIM contains many functions for
modeling the lifecycle of a structure. A well-designed BIM Model makes it easy to
build a higher quality building with lower cost and reduced project time [Eastman et
al., 2011].

According to Lee, Sacks, and Eastman [2006], BIM is the process of creating
and managing building information in an interoperable and reusable way. One of the
points to be considered here is that the entire lifecycle of the building should be con-
sidered and included in the processes. In addition, Lee et al., [2006] stated that a build-
ing consists of geometric components and geometric information is included in BIM
design. BIM provides methods to facilitate the creation of building information and
geometric shapes in a building model. It also preserves the validity of the information.
Building designs can be maintained when an overhaul is required.

According to Smith [2014], BIM includes much more dimensions than 3D Mod-
eling. The level of knowledge in the building model increases with each new dimen-
sion added. Each dimension has a purpose and consists of various information. Alt-

hough there are various discussions between 6D and 7D, Smith [2014] has listed the
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BIM Dimensions as follows: 3D (shape), 4D (time), 5D (cost), 6D (facility manage-
ment applications), and 7D (sustainability). In their study, Ershadi et al. [2021] re-
vealed that the 10 dimensions of the BIM system characterize its full functionality.
BIM dimensions are shown in Figure 3.1. Dimensions up to the 7th dimension have
been used since the early 2000s through various software packages. However, 8D, 9D,
and 10D still need improvement. While the simplest BIM provides technical docu-
mentation of a facility/building, an advanced BIM system includes aspects such as

safety, Lean construction, and full industrialization.

=
=
=
=
N
= =
= .=
=
*
=
= E
= Ll
z =
- -
s = <
2 5 < [75}
g = ® &
L E =3
=
R
] 7]
- <
= & b5 &)
s z =
- 4 e
3 a £ @
= o]
Bl < &
= &
=
]
<
a
1D 2D 3D 4D 5D 9D 10D
Early BIM systems > Future BIM systems

Figure 3.1: Dimension of building information modeling.

Recent studies have shown that BIM provides significant benefits in planning,
conflict detection, design consistency, visualization, data management, cost estima-
tion, Lean construction practices, and team collaboration in the AEC industry. [Mar-
tinez-Aires et al., 2018].

BIM platforms can be used in different areas of building construction. For ex-
ample, an architect might use it for design modeling, while an engineer might use BIM
platforms for structural or energy analysis [Eastman et al., 2011]. Implementing BIM
requires using many different types of software such as Revit or Navisworks [Ahn et

al., 2016]. However, many BIM software has been developed today. BIM software
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map is shown in Figure 3.2. [Web 1, 2022]. Each software focuses on different pro-
cesses. This results in a large variety of software.
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Figure 3.2: BIM platforms map.

3.1.1. Documentation

Until recently, project data and project documents in the construction site were

kept with paper-based documents. This is one of the main reasons for high project
costs and project delays [Ian Davidson and Skibniewski, 1995]. As-built documenta-

tion contains very significant information needed about the project during and after the

construction of a project. The documentation is an information source to quickly learn

35



the details of the project and any modifications to the project. Considering the docu-
ment processes, BIM has been found to be a very powerful tool for conflict detection
and change orders [Abd and Khamees, 2017].

According to Chen and Kamara [2011], the flow of information in the construc-
tion industry suffers many interruptions while being transmitted to the construction
site. Project workers at the construction site must always carry paper-based documents
with important information such as drawings, specifications, and design clarifications
to get information about the project. There are difficulties in construction information
management due to the inadequacy of the control system to manage the document flow
and the weak document management. In addition, the disappearance of paper-based
information documents on construction sites with the completion of the project dam-
ages the process accumulation of construction companies [Lee and Cha, 2015].

BIM, which allows information assets to be easily standardized and managed,
also allows construction information to be accumulated. It also creates an automated
environment for information management drawings preparation, quantity calculations,
and other construction management resources [Lee et al., 2018]. One of the main in-
novations of BIM is the use of a detailed 3D view instead of traditional document
management. It makes the information much more understandable thanks to the defi-
nition of the properties of each material and their visualization. You can see the com-
parison in Figure 3.3. [Leicht and Messner, 2007].

Krygiel and Nies [2008] mention that document coordination comes automati-
cally when all drawings in the BIM model are placed in a single integrated database.
Considering that buildings are becoming increasingly complex today, BIM provides
users with an advantage. While editing pages of documents 50 years ago took a lot of

time, now this is automated thanks to BIM.
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Figure 3.3: Comparison between BIM & traditional documents.

3.1.2. Analysis

With the development of building information modeling, many analysis methods
such as energy, mechanical, cost and structural analysis have been developed [San-
guinetti et al., 2012]. The analysis is conducted to determine the functionality of a

building's structural system, ventilation system, temperature control, acoustics, energy
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distribution and consumption, water supply, and waste disposal. These simulations are
performed by experts in the design team using detailed analysis models [Eastman et
al., 2011]. In order to evaluate the building's performance at the early design stage, a
lot of information is needed, such as the form of the building, material information,
and technical systems. However, document-based CAD design does not allow this ap-
proach. BIM enables multidisciplinary information to be stored in a single virtual twin
building. A building information model is capable of storing different types of infor-
mation. This capability makes BIM a rich source of information to be able to perform
different analyses [Schlueter and Thesseling, 2009].

BIM simplifies the simulation steps as it can obtain a lot of information about
the building's geometry information and material parameters from the digital model.
It can be used in a wide variety of simulations such as structural analysis, energy anal-
ysis, and evacuation simulations during the design phase [Borrmann et al., 2018].

According to Azhar et al. [2011], the importance of sustainable buildings is in-
creasing due to rising energy costs and environmental concerns. The increasing popu-
larity of Leadership in Energy and Environmental Design (LEED), which is accepted
as a green building certification program, especially for sustainable buildings, has in-
creased the importance of energy analysis in building design. Energy analysis is done
by considering many different aspects such as structural integrity, lighting, tempera-
ture control, ventilation, energy distribution, and consumption. Therefore, integrating
performance analysis into the BIM model is an opportunity. BIM Models not only
provide data on building geometry but also enable energy calculation [Jalaei and Jrade,
2014].

According to a survey of 145 design and construction companies in the US, it
was concluded that practitioners who implement BIM-based sustainable analysis save
time and cost compared to traditional methods [Azhar, 2010]. BIM makes several con-
tributions to sustainable design. For example, building orientation for minimum en-
ergy costs, building massing to analyze building form, daylight analysis, energy mod-
eling to reduce energy needs and identify renewable energy alternatives, water har-
vesting to reduce water needs, materials management to reduce material needs and use
sustainable materials, activities such as logistics and site management to reduce waste
and carbon footprint can be carried out through BIM [Azhar et al., 2010], [Krygiel and
Nies, 2008].

38



BIM models also provide the potential for engineers by adding time (4D) and
cost (5D) data to 3D geometric design. This type of data provides geometry, material
property, and loading conditions for structural analysis. A structural engineer can
physically process objects into the model with Autodesk Revit, create structural con-
nections of objects with Tekla Structures, and add to structural loads on model [Vi-
lutiene et al., 2019]. When using almost all building structural analysis software pro-
grams, extensive tasks such as model geometry, defining material properties, and ap-
plying loads to the model need to be handled. In cases where BIM tools combine these
three works, all works can be automatically assigned to a single model and a structural
analysis can be applied [Eastman et al., 2011).

One of the biggest concerns in construction projects is clashes. Manually detect-
ing clashes is a time-consuming process and requires an extraordinary synthesis of
design and experience. Using BIM tools helps to detect clashes before construction
begins for design professionals and contractors [Akhmetzhanova et al., 2022]. Clash
analysis using BIM software enables early detection of problems that may occur. A
steel beam and a wall or heating, ventilation, and air conditioning (HVAC) unit clash

can be easily recognized as shown in Figure 3.4. [Azhar et al., 2008].

Figure 3.4: Clash detection example.
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3.1.3. Coordination & Collaboration

In recent years, building design and construction processes have become increas-
ingly complex. It has become impossible for designers to carry out a design project
without consultants, contractors, or other experts [Krygiel and Nies, 2008]. One of the
key benefits of BIM is that it increases communication among teams. Sacks et al.,
[2009] mentions that BIM can allow to show animated construction sequences and its
implementation is very successful for designers and planners. With the digitization of
processes, communication and coordination between teams increases. It can also im-
prove processes by providing even unskilled workers with the opportunity to demon-
strate how, when and where a building should be built.

Large project groups are very difficult to manage and control. Today, project
groups are often managed with complex hierarchical relationships. This causes other
workgroups to work independently of each other. The independent operation of disci-
plines can bring many problems. Thanks to its digital background, BIM enables disci-
plines to work together, as shown in Figure 3.5. [Huang, 2014]. BIM provides a sig-
nificant gain in terms of time, as it enables a quick interdisciplinary information ex-

change during the design phase [Popov et al., 2006].
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Figure 3.5: Cooperation in BIM.
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According to the Kymmell [2008], the coordination of project teams is one of
the important aspects that BIM has developed. 3D view of a project can provide sig-
nificant benefits in terms of speed and time instead of an ordinary 2D drawing. Such
models create a suitable environment for resolving conflicts and increasing interaction
between responsible workers. In addition, the use of BIM optimizes productivity by

making the outputs transparent to all team members.

3.1.4. Visualization

BIM allows us a huge of 3D models for the design, construction, and operation
of large-scale construction projects. These models contain a lot of information from
the design stage to the real situation. BIM is also used for various analyses and simu-
lations throughout a facility's life cycle. Visualization techniques are also used to ana-
lyze this data [Ivson et al., 2019]. The realistic 3D model of the building is one of the
key advantages of visualization in BIM. This makes it easier for stakeholders like ar-
chitects, engineers, and contractors to comprehend the design and spot possible prob-
lems or conflicts. In addition, The BIM model can be used to make animations and
walkthroughs. A 3D model created by BIM is designed directly instead of creating
many different 2D views. Thus, each section is not created separately. Desired sections
can be created automatically on the 3D model. This can be seen as a more accurate
and faster method for the design phase [Eastman et al., 2011].

Visualization can be used to share information across disciplines because all data
is already available in 3D in the BIM Model [Johansson et al., 2015]. For example, a
BIM Model can provide a separate visualization for each discipline as a result of con-
taining a series of smart objects. As seen in Figure 3.6, an architect, a civil engineer,
and a mechanical engineer want to display may be different visuals of a model. This

also provides an easier working environment for each discipline [Azhar et al., 2008].
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Figure 3.6: Different visual type of BIM model.

According to Chegu Badrinath et al. [2016], the most common use of BIM is
visualization, and the most important part of visualization in engineering is communi-
cation. Visualization can improve communication between stakeholders in the AEC
industry and provide a better understanding of what the customer wants.

Visualization is also used to show analysis results. For example, thermal perfor-
mance results can be visualized in detail by BIM platforms. Thermal energy results
allow not only architects or engineers to understand, but also ordinary people to exam-
ine the results, with the coloring of building elements in the BIM model [Jeong et al.,
2020]. Visualization can be used to create 4D and 5D models, which include infor-
mation about time and cost. It allows us to simulate the construction process and eval-
uate the impact of different options on schedule and budget.

Visualization also contributes to managing facilities and maintaining operations.
All information about operations must be collectible and accessible. BIM is one of the
technologies capable of providing this information. A work order (WO) is used to store
information about maintenance and repair work in a facility. With visualization, this
information can be made more accessible. An example of a visualization of the WO is

shown in Figure 3.7. [Akcamete et al., 2011].
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Figure 3.7: Visualization for WO associated with (a) spaces and (b) components.

BIM can also be used in construction task planning. By means of animations
showing the sequence of activities in the field, disruptions in planning for engineers
can be prevented. It also facilitates the understanding of the business plan for all stake-
holders. One of the most popular applications is Visibility Animation. Facility compo-
nents that have not yet been built remain invisible in simulation. As the simulation
time progresses, the constructed components become visible [Ivson et al., 2020]. Fig-

ure 3.8 shows an example of visibility animation pictures [Zhang and Hu, 2011].

Figure 3.8: Example of visibility animation.
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3.1.5. Planning

Planning a construction project consists of many sequential activities. A plan-
ning is made by considering topics such as procurement, use of resources, and project
constraints, etc. However, only people who are experienced in the project and how the
project will be built can determine whether the construction planning is viable. For this
reason, with the development of technology, this deficiency has been tried to be elim-
inated [Eastman et al., 2011]. Most BIM-based planning management tools focus on
basic simulation and visualization functions. However, in a planning it is necessary to
create a tool with decision-making functions. Various methodologies and functions are
required for this [Moon et al., 2015].

A 4D planning model with a construction schedule, a schematic construction
sequence simulation can be created. With the help of visualization, planning simula-
tion can be performed for works such as mobilization, crane placement. The BIM
Model can include production rate information for a lines of balance schedule analysis.
This allows fine-tuning for various jobs based on project locations and production rates
[Kymmell, 2008]. An example of visualization for planning is shown in Figure 3.9

[Web 5, 2023].
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Figure 3.9: Example of visualization for scheduling.

Schedule planning in BIM can be done through the use of a 4D model. The 4D

model allows users to simulate the construction process and to evaluate the impact of
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different options on the schedule. This can help to identify potential issues or delays
and to make adjustments to the schedule as needed. Also, users with BIM can access
real time information about the availability of different resources, which can be used
to plan the construction process more efficiently.

BIM can also be used to communicate with other stakeholders including archi-
tects, engineers, and contractors as well as to create detailed schedules, cost estimates,
and resource lists. BIM allows for better coordination and management of the entire
planning process, which can enhance project results. Therefore, the use of BIM in con-

struction planning processes shows significant potential.

3.1.6. Operation & Maintenance

Over the years, the importance of maintenance processes has increased. Today,
as a result of increasing automation and mechanization, the rate of maintenance spend-
ing has increased within the total operating costs [Garg and Deshmukh, 2006].

Operations simulation tools are another properties of BIM that draw various con-
clusions and analyze using data from a model [Eastman et al., 2011]. BIM allows cap-
turing and transferring information from the design and construction phases to the op-
erational and maintenance phases. Today, there are commercial systems that provide
information transfer from BIM to Computerized Maintenance and Management Sys-
tems (CMMS) and/or Computer Aided Facility Management (CAFM) Systems. Sim-
ilarly, with its Construction-Operations Building Information Exchange (CObie), it
allows capturing the information in the first stage of the building model, in a certain
format, and there is no need to re-create the facility information later. CObie is simply
the creation of all necessary basic information in a specific format and sharing it among
the project team at any stage of the project [Akcamete et al., 2010].

BIM describes the process of creating a digital building model, as well as the
process of maintaining, and modifying the built building throughout its entire life.

Figure 3.10 shows the cycle of BIM processes in a simple way [Borrmann et al., 2018].
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Figure 3.10: Cycle of BIM processes.

BIM can be applied to monitor, maintain, and operate a building after it has been
built. This process is called Facility Management Facility managers may more effi-
ciently manage and maintain the building over its lifetime with the use of BIM, which
gives them access to comprehensive information on the building and its systems. Ac-
cording to the data obtained from the BIM Model, maintenance activities can be

tracked as shown in Figure 3.11.
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Figure 3.11: Maintenance of a building model.
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3.1.7. Design

Design processes have gradually changed and become advanced as a result of
technological developments. All developments have also changed the relationship be-
tween structural engineers and architectural designers who are working together in
building design processes. In addition, it is seen that the use of simulation in the pro-
jects has increased with BIM development beyond visualizing building designs [Yan
and Damian, 2008].

In earlier design modeling technologies, it allows to a single user working on the
data file. This imposes restrictions on other users' access to file data. Whereas, com-
ponent modeling technology focuses on working in parallel with all design data, cov-
ering the entire design cycle. These models include object geometry, properties, con-
nections, etc. In addition, all elements have a specific 3D shape. A user can define
parameter properties to these elements like a real material and have them link with
other elements [Popov et al., 2006].

Traditional building design and the creation of project documentation are com-
plicated tasks. Misunderstandings between project participants during the design phase
can complicate the project in terms of time and cost. By presenting an accurate and
sufficiently detailed design model, BIM ensures quality and effective information
sharing, enabling finding the optimum workflow. In addition, it helps to reduce the
demands and work pressure on the designer [Pruskova and Kaiser, 2019].

According to Borrmann et al. [2018], BIM provides a significant benefit for en-
gineering and design processes. Unlike traditional 2D drawings, in BIM applications,
horizontal and vertical sections are derived directly from the building model. The fact
that models and sections are interconnected and created automatically contributes to
consistency in the design phase. BIM provides benefits not only in the static design of
buildings but also in various stages such as green building certification. According to
Jalaei and Jrade [2015], BIM helps designers choose the right type of material at the
early design stage and ensure a sustainable building lifecycle. In this way, it helps
designers easily visualize sustainable buildings at the conceptual stage.

Architectural design, structural design, and mechanical, electrical, and plumbing
(MEP) design generally generate mass data and information in a building design pro-

cess. Structural design and MEP design are closely related to the information obtained
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from architectural design. Calculating the behavior of the building under the influence
of different loads in structural design is a very complex and dynamic process. A struc-
tural model is an essential component of the BIM model. For this reason, studies on
BIM-based structural design have been increasing in recent years [Hamdi and Leite,

2014], [Liu et al., 2016].

3.1.8. Monitoring, Controlling and Reporting

Controlling and monitoring project progress on a construction project is one of
the most important tasks for project success. It is necessary to constantly monitor many
information such as the work of each team member, how the project is progressing,
where they are now according to the target plans, and cost control [Memon et al.,
2005].

Construction projects can be easily affected by environmental factors due to the
dynamic nature of the projects. Therefore, works such as comprehensive feasibility
studies and pre-project cost calculations may lose their function over time. Therefore,
it is necessary to constantly monitor environmental effects, calculate cost overruns and
take various measures in order to finish a project with successful conclusion. [Eadie et
al., 2013]. One of the benefits of monitoring, controlling, and reporting is managing
the construction process more efficiently. Users can access real time information about
the availability of different resources, such as materials, equipment, and labor in the
BIM Model.

BIM has become increasingly popular today to provide accurate, consistent, and
up-to-date building facility management. BIM can be used in facility management in
many different ways. Applications such as visualization, ease of maintenance, and en-
ergy monitoring can be easily implemented with BIM. Although facility management
is getting more and more complex in today's conditions, BIM has the potential to elim-
inate this complexity [Suprabhas and Dib, 2017].

Various tools are used in construction processes to control, manage and report
project status. BIM has detailed quantification and component knowledge that can be
associated with other different applications. This information provides an important
resource in control processes. It helps to visually analyze and control project progress

for contractors and project stakeholders. For example, the variances between budget
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and actual costs can be tracked using the Vico Cost Explorer. Where these differences
are greater can be visually displayed. Thus, it is easier to understand where the key
problems are. In addition, control management can be created through colors for each
component of the facility. So, the team can take a quick decision on the status of the

facility [Eastman et al., 2011].
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4. PROJECT MANAGEMENT PERFORMANCE

In the construction industry, one of the most essential industries in the economy,
human endeavors interact with almost all areas of projects. However, the complexity
and dynamic nature of most construction projects is challenging for many project man-
agers. Therefore, some milestones are used in project management to predict results.
In addition, various criteria are taken into account in order to measure the success of
the project. While the problems that may be experienced in the project can be reduced
by risk management, failures such as cost overruns and project delays may still occur
in the projects [Meyer et al., 2002], [Nguyen et al., 2004] For this reason, the success
of the projects should be kept under constant control with the help of various measures.

Success in project management has been widely discussed in the literature.
These usually include studies of how project success is measured, and what factors
influence success [Wang et al., 2006]. The criteria for the performance of project suc-
cess vary in the literature. These performance criteria vary according to the perspective
of the project participants [Wu et al., 2017].

In many articles in the literature, success in project management traditionally
consists of three main criteria: cost, time, and quality [A. P. C. Chan and Chan, 2004],
[Hatush and Skitmore, 1997], [Walker, 1995]. Atkinson [1999] defined these three
criteria as the "iron triangle". He also argued that while other definitions of project
management change and develop, the criteria in this iron triangle have always been at
the center of the project success criteria. These three criteria are still relevant today
and are central to evaluating project success. However, over time, these three criteria
have been criticized for being insufficient to measure project success [Papke-Shields
et al., 2010]. In order to overcome this deficiency, studies such as discovering the pa-
rameters that affect success and adding more dimensions have been carried out
[Berssaneti and Carvalho, 2015].

In addition to the iron triangle criteria, there are also studies in which various
criteria are added to measure the success of the project. For example, Wuellner [1990]
determined that the project success criteria were professional image, quality of design,
profitability, risk management, adherence to schedule and budget, and customer satis-

faction.

50



According to Wit [1988], the most commonly used criteria to measure the suc-
cess of a construction project are budget and schedule performance, client satisfaction,
functionality, contractor satisfaction, and team satisfaction. A. P. C. Chan and Chan
[2004] added criteria such as profitability, safety, environmental performance, func-
tionality and satisfaction in addition to time, cost and quality, which are often used in
project success criteria.

Lim and Zain [1999] claimed that project success in the construction industry is
affected by factors such as cost performance, quality performance, time performance,
safety performance, environmental performance, and relationship with stakeholders of
project scope. On the other hand, Kumaraswamy and Thorpe [1996] has taken into
account budget, cost, quality, customer and project manager satisfaction, technology
transfer, environmental performance, and safety.

In this study, two more criteria were added in order to better measure the pro-
ject's success besides the three important project success criteria. These are safety and
customer satisfaction. The project success criteria used in the model are shown in Fig-

ure 4.1.

Project
Success

Client Satisfaction

Figure 4.1: Criteria of project success.
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4.1. Time

Time basically represents a process required to complete a project. This requires
contractors to plan according to the target date set by the customer [Hatush and
Skitmore, 1997]. For contractors and clients, on-time project completion is the primary
measurement of project success. It takes a disciplined management effort to complete
a construction project on time. Because while controlling the time, it is necessary to
control the parameters such as cost and quality at the same time [Bowen et al., 2002].

Construction time performance is seen as one of the three important success fac-
tors in project management, along with cost and quality. According to Walker [1995],
construction time performance is important to the customer. Problems with time per-

formance are predictable. Thus, alternative plans can be implemented.

4.2. Cost

Cost is regarded as the extent to which a project is finished within its projected
spending limit [Bubshait and Almohawis, 1994]. The cost does not only represent the
tender amount. From the beginning to the end of a construction project, the costs aris-
ing from modifications, litigation, and arbitrations should also be considered in the
total cost [A. P. C. Chan and Chan, 2004] According to Molenaar and Songer [1998],
the success criterion of a construction project is the completion of the project within
the budget.

Products and services in the construction industry are quite expensive. Construc-
tion investment is risky for customers due to high cost. It's the same for the contractor
because a large project can constrain a significant portion of the capital. Therefore,
cash flow and cost have an important thing in projects. However, it should be noted
that having a budget plan for good project performance is not sufficient for success
[Chua et al., 1997]. According to A. P. C. Chan et al., [2002], costs must be closely
monitored during the pre-construction and post-construction phases. Because small

changes in the costs of projects can significantly change the success of the project.
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4.3. Quality

Quality is another project success criterion frequently mentioned by researchers
in the literature but it is actually quite subjective [A. P. C. Chan and Chan, 2004].
Quality is defined as the totality of the ability of a facility, product, service, or work-
manship to meet a particular need. In other words, it can ultimately be evaluated as a
measure of fitness for purpose [Parfitt and Sanvido, 1993].

Considering that a construction project goes through many different stages
throughout the project life, quality is one of the most critical factors of project success
[Ali and Wen, 2011]. Achieving acceptable quality levels in the construction industry
has always been difficult. Time, money and resources are wasted every year due to

inefficient quality management procedures in construction processes [Ashokkumar,

2007].

4.4. Safety

The construction industry involves many potential hazards and risks, such as
falls, equipment accidents. As a result, in order to reduce the likelihood of accidents
and safety employees and the environment, construction companies must emphasize
safety in all aspects of their operations. Safety is defined as the degree to which a
project is completed without a major accident or injury [Bubshait and Almohawis,
1994]. Safety can never be overlooked. Since most of the accidents in a project occur
during the construction phase, this period is especially focused on [A. P. C. Chan and
Chan, 2004]. According to the Hughes et al. [2004], in some projects industry profes-
sionals specifically recognized that safety success is more important than other classi-

cal metrics.
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4.5. Client Satisfaction

Satisfaction basically refers to the level of happiness of people affected by a
project [A. P. C. Chan et al., 2002]. According to Hassan et al. [2000], the importance
of quality has now expanded to customer satisfaction. Both quality and customer sat-
isfaction are not completely independent of each other. Because a poor-quality product
will greatly reduce customer satisfaction.

According to Torbica and Stroh [2001], if the end user is happy and satisfied,
the project is successful in the long run. In addition, providing superior quality and
satisfying customers gives companies a competitive advantage over their competitors.
In Collins and Baccarini [2004] study, it was determined that the most important suc-
cess criterion is meeting customer needs. This proves that increasing customer satis-
faction has a very important place in project management. With the scope and quality
management done by the project management, the customer's requirements must be

fully met.
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S. RESEARCH METHODOLOGY

This thesis study was created by considering three main steps. First, a detailed
literature study about BIM and Lean construction was made. Studies in which both
subjects were evaluated together were analyzed and common aspects of both applica-
tions were determined. In the second step, a hypothesis was put forward by considering
the common aspects and the factors affecting the success of the project. This hypoth-
esis has two main purposes. The hypothesis model is shown in Figure 5.1. The purpose
of this hypothesis is to determine the impact of Lean construction processes on BIM
processes and the impact of both BIM and Lean on project success. A questionnaire
was created in order to determine the results of the hypothesis created. It is aimed to
obtain important data by addressing the survey questions to people who are experi-

enced in BIM and Lean in the construction industry.

| Continuous Improvement | | Mistake Proofing |

Last Planner System
Visual Management

Standardization

5 Whys Analysis Lean Implementation

Takt Time Planning

H2

Gemba Walks

H1 Project Success Quality

Documentation

H3 Client Satisfaction

Coordination & Collaboration BIM Implementation Monitoring, Controlling and Reporting

Visualization

| Operation & Maintenance |

Figure 5.1: Hypothesis of thesis.
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After the get survey data, the last stage which is the analysis stage created. In
order to evaluate the survey data, Structural Equation Modeling (SEM) was used. The
model was created in the SPSS AMOS program and all the results were obtained
through SPSS AMOS. Finally, the findings from model are interpreted and discussed.

5.1. Survey

A survey was conducted in order to obtain the results of the research. The main
points with the highest potential for interaction between Lean and BIM applications,
which were determined as a result of the literature study, were asked to the construc-
tion industry employees through the survey. The questionnaire was created in Google
Forms and shared only with people working in the Turkish construction industry via
online platforms.

The survey consists of two main pages. On the first page of the questionnaire, a
section including the research topic, the confidentiality of the participant data, and the
contact information of the researchers was added. Then, various questions like expe-
rience, project type, project budget, and area of expertise of the company were asked
in order to obtain general information about the participant and their company.

In the second stage, questions were asked about Lean, BIM, and project success.
The questions were designed using the Likert scale. That is the questions were an-
swered as 5 - very good, 1 - very poor. Responses were collected from the participants

according to Lean, BIM, and project success criteria.

5.2. Structural Equation Modeling

Structural Equation Modeling (SEM) is one of the scientific research technics
used to determine the relations of variable sets with each other in basically. This tech-
nique helps researchers test and validate a theoretical model [Loon, 2008]. Collier

[2020] explains the SEM in its book as follows:

"SEM is a statistical method that examines the relationships among numerous
variables in a simultaneous way. SEM is not considered a single procedure but rather

a family of related statistical techniques. This family of analysis techniques examines
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the measurement properties of a variable along with the interrelationships between

variables and is often seen as a combination of regression and factor analysis. "

The multivariate analysis enables researchers to perform in-depth explanatory
analysis with the needed statistical efficiency. SEM is considered a very useful tech-
nique to examine many different series at once by solving multiple equations. The

general approach of an SEM analysis is shown in Figure 5.2. [ Thakkar, 2020].

Interpretation

SEM Analysis

Model
Testing

Model
Construction

Data
Collection

Instrument
Construction

Figure 5.2: General approach of SEM analysis.

The SEM technique consists of 5 main steps in addition to the data collection.
These steps consist of specification, identification, estimation, evaluation, and modi-
fication of models as shown in Figure 5.3. [Thakkar, 2020].

In the model specification stage, the researcher creates a theoretical model to
determine the observed variables and the relationship between these variables. In par-
ticular, a measurement and a structural model should be determined. The variables in
the theoretical model and the relationships between them can be visualized by creating

a diagram [Crockett, 2012].
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The model identification stage is often a complex phase to understand in SEM.
Most researchers see this not as a step but as a condition to be considered before ana-
lyzing data. At this stage, it is examined whether the model is sufficient or not [Weston
and Gore, 2006].

After identifying the model and collecting the necessary data from enough par-
ticipants, the data is organized and then the estimation phase begins. There are many
estimation methods in SEM, such as maximum likelihood (ML), generalized least
squares (GLS), weighted least squares (WLS). Each researcher should determine the
estimation methods researcher will use in his analysis before performing his analysis.
Because each estimation method has its pros and cons [Weston and Gore, 2006]. ML
estimation is an estimation method used by default in most SEM software often. Many
SEM models in the literature are based on ML estimation method [Kline, 2015].

Model testing includes measurements and analysis to determine the fit of both
the overall model and the individual model. Multiple fit indices should be analyzed to
control the degree of fit of the theoretical model to the sample data [Crockett, 2012].
The aim here is to determine whether there are relations between the measured varia-
bles in the model. After testing the model, the significance of the predicted parameters
should be evaluated in terms of the variances of the observed variables and how good
and fit the overall model is [Weston and Gore, 2006].

Model modifications, the final stage of the analysis, includes work to improve
the theoretical model. According to the SEM results, some parameters can be added or
trimmed. The SEM model encourages the researcher to refine the established model
quality by constantly experimenting [Crockett, 2012].

In SEM technique, many parameter values are checked for the accuracy of the
model. One of them is CFI. CFI compares the improvement of a model's fit with an
independent model for which there is no relationship between the variables. CFI Val-
ues range from 0 to 1.0. A result value closer to 1.0 indicates a more accurate result

[Weston and Gore, 2006].
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Model
Identification

Model
Testing

Figure 5.3: Model steps of SEM.

Computer software programs are a very important tool for performing and con-
ducting SEM analysis. SEM can be performed by means of several software programs.
Linear Structural Relationships (LISREL) was the first software program available for
SEM. However, the situation is different today. Because there are alternative programs
for the model-fitting program. Programs such as Analysis of Moment Structures
(AMOS), Covariance Analysis and Linear Structural Equations (CALIS), Equations
(EQS), Linear Structural Equations with a Comprehensive Measurement Model (LIS-
COMP), Reticular Action Model or Near Approximation (RAMONA) can be used for
SEM Analysis [Kline and Rex, 1998]. In this thesis, SPSS AMOS program, which is
a more user-friendly program, was preferred because of its ability to solve SEM ana-
lyzes.

There are many advantages to using the SEM method. According to Bagozzi and
Yi [2012], it has an integral function. In other words, it is a method that covers many
programs. It also enables researchers to reach more precise results in determining their
hypotheses. SEM easily shows how well the theory fits with the data. It also allows
comparison with different models. It provides some basis for predicting outcomes for

researchers as conditions change [Bentler and Stein, 1992].
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6. RESULTS

6.1. Survey Results

The questionnaire was sent to 223 people in total. The people to whom the sur-
vey was sent are especially experienced in BIM and Lean. A total of 73 people re-
sponded to the survey. 2 answers were not included in the survey results because 2
participants have insufficient answers to the questions. Thus, the total response rate of
the survey is 31.83%.

Figure 6.1 shows the field of the operation of participants. According to the re-
sults of the questionnaire, 60.6% of all participants work in the construction field. Af-
ter that, the engineering field comes out with a rate of 32.4%. Finally, it was concluded

that 7% of the participants were from the field of architecture.

Field of operation
71 responses

@ Engineering
@ Architecture

Construction

Figure 6.1: Field of operation.

Figure 6.2 shows the age distribution of companies. According to the Figure, it
is concluded that the experience of the participants' companies is quite close to each
other. According to the results, 26.8% of the participants work in a company with more
than 50 years of experience. The rate of the participants working in the company with
the experience range of 0-10 is 9.9%, which is the lowest rate according to survey

results.
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Number of years that your company has been operating in the construction industry
71 responses

@® 0-10 years
@® 10-20 years
20-30 years
@ 30-40 years
@ >50 years

Figure 6.2: Age distribution of companies.

Figure 6.3 shows the areas of expertise of the companies in which the partici-
pants work. In this question, more than one answer could accept as a company may
operate in more than one area. According to Figure 5.3, the majority of the companies
that the participants work for operate in the field of building construction. The other

answers are industry, transportation infrastructure, and water structures, respectively.

Areas of expertise of your company

71 responses

Infrastucture 21 (29.6%)
Transportation

Building 63 (88.7%)
Industrial 37 (52.1%)
Water Structures 13 (18.3%)

Other

Figure 6.3: Areas of company of participant.

Figure 6.4. shows the experience of the participants. 40.8% of the participants
have 15-20 years, 21.1% have 10-15 years, 19.7% have more than 20 years, 9.9% have

5-10 years, and finally, 8.5% have less than 5 years of experience.
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Your experience in the construction industry

71 responses

® 0-5 years
® 5-10 years
@ 10-15 years
@® 15-20 years
® >20 years

Figure 6.4: Experience of participants.

Figure 6.5 shows the positions of the participants in the company. The majority
of the respondents are working in a manager position. Another majority with 31% is

working in engineer position.

Your position at the company
771 responses

® Owner

@ Board Member
) Director

@ Manager

@ Engineer

@ Other

Figure 6.5: Position of participants.

Figure 6.6 shows the types of projects the participants are working on. 40.8% of
the participants work on a building project, 21.1% on a transportation project, 19.7%
on an infrastructure project, 15.5% on an industry project, and 2.8% on other types of

projects.

62



Type of the project

71 responses

@ Infrastructure

@ Transportation
@ Building

@ Industrial

@ Water Structures
@ Other

Figure 6.6: Type of project.

Figure 6.7 shows statistics on project ownership of the companies the partici-
pants work for. While 39.4% of the companies are sole, 28.2% is a joint venture, 9.9%

is a consortium, and 22.5% is other type company.

Project ownership
71 responses

® Sole

@ Joint Venture
@ Consortium
@ Other

Figure 6.7: Project ownership.

Figure 6.8 shows the role of the companies in the projects. 40.8% of these com-
panies are contractors, 25.4% are subcontractors, 4.2% are designers, 2.8% are clients,

while 26.8% assume other roles.
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Role in the project

71 responses

@ Contractor

@ Designer

@ Client

@ Sub-Contractor
@ Other

Figure 6.8: Role of participant companies in the project.

Figure 6.9 shows the contract types of the projects that the participants are work-
ing on. 39.4% of the answers are both unit price and lump sum contract type. 18.3%

of answers are turnkey contracts type, while only %2.8 are cost plus fee.

Contract type

71 responses

@ Unit Price
@ Lump Sum
20 4% 18.3% @ Turnkey
0 @ Cost Plus Fee
] @ Other

39.4%

Figure 6.9: Contract type.

Figure 6.10 shows the performance statistics of Lean construction implementa-
tion according to survey participants. According to the results of the survey, the Lean
construction implementations in which the participants showed the highest perfor-
mance is Visual Management (3,62). Another high-performing practice is Standardi-
zation (3,60). The performance results of other Lean construction implementations ac-
cording to survey participants are listed as follows: 5S (3,54), Continuous Improve-

ment (3,54), Just-in-Time (3,44), 5 Whys Analysis (3,30), Mistake Proofing (3,22),
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Last Planner Systems (3,01) Gemba Walks (2,87), Takt Time Planning (2,87). The
average of all results was found to be 3,31. According to the results, it can be evaluated
that the Lean construction performance of the survey participants is at a low-average
level. Standardization and Visual Management gave higher performance results com-
pared to other implementations. This can be interpreted as the implementation of

standardization and visual management being easier than other implementations.

oIIIIIIIIII

Figure 6.10: Lean construction implementation statistics.
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Just-in-Time
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Figure 6.11 shows the performance statistics of BIM implementation according
to survey participants. According to the results of the survey, the BIM application in
which the participants showed the highest performance is Visualization (3,7). Another
high-performing practice is Monitoring, Controlling, and Reporting (3,67). The per-
formance results of other BIM implementations according to survey participants are
listed as follows: Coordination & Collaboration (3,61), Documentation (3,60), Analy-
sis (3,52), Planning (3,41), Design (3,41), Operation & Maintenance (3,3) The average
of all results was found to be 3,53. According to the results, it can be evaluated that

the BIM performance of the survey participants is at a high above-average level. Vis-
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ualization and Monitoring, Controlling, and Reporting gave higher performance re-
sults compared to other implementations. However, other survey results are also not
low. In general, the above-average performance of all implementations indicates that

the implementation of BIM is positive for companies.

Figure 6.11: BIM statistics.
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Documentation
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Design
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Coordination & Collaboration
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Figure 6.12 shows the performance statistics of project success according to sur-
vey participants. According to the results of the survey, the Project Success in which
the participants showed the highest performances are Quality and Safety (3,62). The
performance results of other project success according to survey participants are listed
as follows: Client Satisfaction (3,45), Cost (3,32), Time (3,24). Quality and Safety
gave higher performance results compared to other indicators. 3,45. According to the
results, it can be evaluated that the project success performance of the survey partici-
pants is at a high above-average level. The lowest performance value is time and cost.
The fact that there are time and cost overruns in many construction projects supports

the results.
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Figure 6.12: Project success statistics.

6.2. Analysis Results of the Structural Model

SPSS AMOS is a very powerful SEM software for researchers. It enables to
conduct of a multivariate analysis including regression, factor analysis, correlation,
and variance analysis [Web 2, 2013]. SPSS AMOS is a highly popular software with
unique graphical interface for solving SEM problems [Thakkar, 2020].

According to Collier [2020], SPSS AMOS is user-friendly software for new us-
ers. There are some differences when compared to programs such as LISREL, EQS
and MPLUS. The major difference is that SPSS AMOS models are conceptualized and
analyzed in a graphical interface format, while other programs focus on entering code
to analyze a model. When constructing the theoretical model in SPSS AMOS software,

it is necessary to know what certain markings mean. These marks are shown in Table

6.1. [Collier, 2020].
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Table 6.1: Diagram symbols in SPSS AMOS.

Observed variables are represented as
squares or rectangles.

Latent/Unobservable variables are rep-
resented as circle.

The error terms are represented by an
arrow and a circle.

Direct effects are represented by an ar-

row. ‘='
Covariance is represented by a curved
line with arrowheads both ends.

6.2.1. Specification of the Model

In this thesis study, SEM method was preferred in order to understand the rela-
tionship between dependent and independent variables. SPSS AMOS Version 22 was
used in this study to analyze the hypotheses of the model. First of all, a model has been
developed in order to determine the relationships between Lean Construction, BIM,
and project management performance indicators, which are three independent sub-
jects. The implementations that are likely to interact with each other in each variable
have been determined with depth and comprehensive literature. The variables' names

determined as a result of the literature research are shown in Table 6.2.

68



Table 6.2: Description of model name.

Model Name Implementation Name
Lean Construction Implementation
L1 Gemba Walks
L2 Takt Time Planning
L3 5 Whys Analysis
L4 5S
L5 Standardization
L6 Continuous Improvement
L7 Mistake Proofing
L8 Last Planner Systems
L9 Visual Management
L10 Just-in-Time
BIM Implementation
B1 Documentation
B2 Analysis
B3 Coordination & Collaboration
B4 Visualization
B5 Planning
B6 Operation & Maintenance
B7 Design
B8 Monitoring, Controlling, and Reporting
Project Management Indicators
P1 Time
P2 Cost
P3 Quality
P4 Safety
P5 Client Satisfaction

General SEM approaches were taken into account when analyzing the model.

The three main hypotheses to be investigated in the SEM model are as follows:

e []: Lean Construction Implementation has a significant and positive impact on

BIM.

e [2: Lean Construction Implementation has a significant and positive impact on
project success.

e H3:BIM has a significant and positive impact on project success.
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6.2.2. Estimation and Identification of the Model

After the variables were determined, model identification and estimation steps
were started. Unobserved endogenous variables consist of three main subjects which
are Lean Construction Implementation, BIM, and project success. Observed endoge-
nous variables consist of 23 sub-subjects. The constructed SEM Model was created in
SPSS AMOS software. Then, the survey data were processed one-to-one on the SEM
model. The created SEM model is shown in Figure 6.13.

909
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L10
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H1 Project o3
sSuccess
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Figure 6.13: First SEM model.

The model creation was conducted in SPSS AMOS software. Then estimation
calculations were started. There are several different estimation methods when apply-

ing SEM. However, maximum likelithood will be used as the estimation method for
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this study. ML simply describes the statistical principle underlying the derivation of
parameter estimates. It is a normal theory method because multivariate normality is
assumed for the population distributions of the endogenous variables [Kline, 2015].

The initial estimation results are shown in Table 6.3.

Table 6.3: Standardized regression weights of first model.

Estimate

BIM Implementation <« Lean Implementation ;795
Project Success < Lean Implementation ;793
Project Success < BIM Implementation ,108
L1 «— Lean Implementation ,693

L2 < Lean Implementation ,780

L3 < Lean Implementation ,749

L4 < Lean Implementation ,791

L5 < Lean Implementation 717

L6 < Lean Implementation ,842

L7 < Lean Implementation ,655

L8 «— Lean Implementation ,792

L9 < Lean Implementation ,749

L10 «— Lean Implementation ,876

Bl < BIM Implementation ,837

B2 < BIM Implementation ,889

B3 < BIM Implementation ,839

B4 < BIM Implementation ,807

B5 < BIM Implementation ,857

B6 < BIM Implementation ,601

B7 < BIM Implementation , 707

B8 < BIM Implementation ,857

P1 «— Project Success ,678

P2 «— Project Success ,827

P3 «— Project Success ,830

P4 «— Project Success ,832

P5 «— Project Success ,859

According to the results of the first model, it was determined that Lean imple-
mentations contributed positively to BIM implementations and project success. How-
ever, the contribution of BIM implementations to the success of the project remained

very low.
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CMIN, Baseline Comparisons, and RMSEA results for the first model are shown
in Table 6.4, Table 6.5, and Table 6.6, respectively.

Table 6.4: CMIN results of first model.

Model NPAR CMIN DF P CMIN/DF
Default
Model 72 378,286 227 ,000 1,666
Saturated
Model 299 ,000 0

Table 6.5: Baseline comparisons of first model.

Model  NFI RFI IFI TLI CFI
Deltal rhol Delta2 rho2
Defauit 761 733 888 873 886
Model b 9 9 9 b

Table 6.6: RMSEA results of first model.

Model RMSEA LO 90 HI 90 PCLOSE
Default Model ,098 ,081 ,115 ,000
Independence
Model ,276 ,263 ,289 ,000

6.2.3. Evaluation of the Model Fit

After the results of the first model were taken and evaluated, the improvements
that could be made on the model were discussed. It was decided to continue on the
same implementation variables, since there is no low values path emerged according
to the model results. However, covariance relations were established between some
implementation parameters in order to make the model results more compatible. After
evaluating the results obtained from the initial model, implementations variables were
selected to make covariances. In order to establish the covariance relationship, varia-
bles with high modification indices were determined. Accordingly, firstly, a covari-
ance was established between the project success criteria, time and safety (MI: 13,10).

Then, the covariance relationship was established among BIM implementations. These
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were done between Documentation and Analysis (MI:11.89) and between Documen-

tation and Monitoring, Controlling, and Reporting (MI:6.29). After establishing the

covariance relations, the model was made ready for SEM analysis again. Figure 6.14

shows the Final Model.
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Figure 6.14: SEM model after model fit.

The analysis results of the final model are shown in Table 6.7. Studies for model

fit have changed the results. However, this change did not occur in large values. For

example, it has been determined that the effect of Lean Implementation on BIM Im-

plementation and the effect of BIM Implementation on the Project Success have in-

creased.
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Table 6.7: Standardized regression weights of final model.

Estimate

BIM Implementation <« Lean Implementation ;795
Project Success < Lean Implementation 175
Project Success < BIM Implementation ,123
L1 < Lean Implementation ,691

L2 «— Lean Implementation ,182

L3 < Lean Implementation 147

L4 < Lean Implementation ,788

L5 < Lean Implementation ,720

L6 < Lean Implementation ,841

L7 < Lean Implementation ,651

L8 < Lean Implementation ,794

L9 «— Lean Implementation ,750

L10 < Lean Implementation ,876

B1 < BIM Implementation , 178

B2 < BIM Implementation ,860

B3 < BIM Implementation ,838

B4 < BIM Implementation ,816

B5 < BIM Implementation ,881

B6 < BIM Implementation , 719

B7 < BIM Implementation , 724

B8 < BIM Implementation ,839

P1 «— Project Success ,733

P2 «— Project Success ,836

P3 «— Project Success ,808

P4 «— Project Success ,856

P5 «— Project Success ,852

CMIN, Baseline Comparisons, and RMSEA results for the final model are

shown in Table 6.8, Table 6.9, and Table 6.10, respectively.

Table 6.8: CMIN results of final model.

Model NPAR CMIN DF P CMIN/DF
Default
Model 75 334,816 224 ,000 1,495
Saturated
Model 299 ,000 0
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Table 6.9: Baseline comparisons of final model.

Model NFI RFI IFI TLI CFI
Deltal rhol Delta2 rho2
Default
Model ,788 , 761 ,918 ,906 917
Table 6.10: RMSEA results of final model.
Model RMSEA LO 90 HI 90 PCLOSE
Default Model ,085 ,065 ,103 ,003
Independence
Model ,276 ,263 ,289 ,000

X?/dfi, TLI, IFI, CFI and RMSEA values were compared in order to determine

that the model fit was applied successfully. This comparison is shown in Table 6.11.

The results support the successful implementation of model fit.

Table 6.11: Reliability values and fit indices for two models.

Index Recommended Value Initial Model | Final Model
X2/ df <5.0 1,666 1,495

TLI 0 (no fit) to 1 (perfect fit) | ,873 906

IF1 0 (no fit) to 1 (perfect fit) | ,888 918

CFI 0 (no fit) to 1 (perfect fit) | ,886 917
RMSEA <0.10 ,098 ,085
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7. CONCLUSIONS

7.1. Discussions of Findings

The construction industry is a very valuable industry that directly contributes to
the growth of the economy of a country but can be affected by crises very easily. Ac-
cording to Ocal et al. [2007], a crisis in the construction industry directly affects about
200 other industries. For this reason, it is vital to prevent crises that may occur in this
industry in advance. For example, COVID-19 which caused one of the most important
crises of recent years had a very negative impact on the construction industry. Many
construction companies faced high costs and overtime with this crisis and even had to
cancel some projects [Gamil and Alhagar, 2020]. This crisis, which affected the whole
world, also seriously affected Turkey. The high inflation triggered by the crisis in-
creased the construction cost index. The construction cost index in Turkey is shown in
Figure 7.1. So, it is necessary to improve the construction activities and working meth-

ods in the construction industry and make them more efficient.
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Figure 7.1: Construction cost index in Turkey.

According to Sambasivan and Soon [2007], the main causes of delays in the
construction industry can be seen as inadequate contractor planning, poor site manage-
ment, lack of communication, equipment availability and failure, and problems with

subcontractors. According to Haaseb et al. [2011], the lack of adequate details of the

76



project, and the lack of equipment and materials on-site on time are essential factors
in project delays.

According to Engineering News Record (ENR) reports in 2022, there are 42
Turkish companies in the Top 250 International Contractors List. In addition, there are
79 Chinese companies and 41 US companies in the same report [Web 4, 2022]. It is
very important that many Turkish contractors are on this list and can compete with
Chinese and US contractors. However, in order to compete well and successfully with
others companies, it is necessary to eliminate the inefficiency in the construction in-
dustry. Lean construction and BIM can be an important key factor for increasing
productivity.

Changes and improvements made in the understanding of project management
when crises occur are not new. The basics of Lean production, which spread all over
the world in the oil crisis that occurred in the 1970s, are still being used and developed
today [Pathak, 2012]. BIM, on the other hand, is a development that is increasingly
used in the construction industry. BIM is not only a technology but also a set of pro-
cesses [Azhar et al., 2012]. Therefore, the positive potential of both developments for
the construction industry was detected and the study was designed accordingly.

According to Sepasgozar et al. [2021], although the studies on Lean construction
and BIM are increasing gradually, there is no study investigating these topics before
2009. In this study, Lean and BIM which are the rising trend globally were examined
and various results were revealed regarding the relationship between them. There are
studies in the literature to investigate the contribution of BIM to Lean Implementa-
tions. However, the contribution of Lean Implementations to BIM Implementations
has not been adequately examined. The aim of this study is to reduce this gap in the
literature. In addition, project management indicators were added to the study and the
contribution of both subjects to the project success was investigated.

The summary information obtained from the analysis results is shown in Figure

7.2.

77



Lean
Implementation
0,78
0,79 )
Project
Success
hd 012
BIM
Implementation

Figure 7.2: Summary of analysis result.

Based on these results, the following comments were made about Lean and BIM

in the Turkish construction industry.

e [Lean Implementations have a very significant and positive impact on BIM Im-
plementations. The Lean Implementation aims to facilitate processes and improve
communication within the team by eliminating waste in order to increase efficiency
in project management. Lean's positive contribution to BIM implementation shows
that Lean Implementation have achieved their purpose.

e While Lean Implementations contributed significantly to project success, BIM's
contribution to project success was low. The reason for this may be that it takes
time for people to adapt to technology, companies are not willing to switch to this
technology yet, and there are not enough qualified personnel. In addition, since BIM
may vary depending on the specific project and organization, its contribution to
project success may be limited.

e BIM is widely used in many countries however adoption of BIM may vary in
different regions. It is possible that BIM is not as commonly used in Turkey. Be-
cause the use of digital technology is limited especially in the construction industry

in Turkey. But without more information, it is difficult to say for certain.
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e The basis of Lean is to eliminate waste so it is an opportunity to identify and
eliminate unnecessary steps in BIM processes. There are many practices that sup-
port this. For example, standardization prevents rework activities that can occur in
BIM processes. Since rework activities are considered waste, Lean Implementation
has a positive contribution to BIM processes. In addition, problems in BIM pro-
cesses can be eliminated by using the 5 Whys Analysis Methods. 5 Whys Analysis
not only eliminates problems but also encourages the "collaboration between disci-
plines" emphasized in BIM processes. There are also other implementations that
increase collaboration. Daily stand-up meetings, one of the Lean implementations,
can be used to increase communication and collaboration among team members.

This ensures that everyone shares the same goal.

As a result, according to the survey results, Lean implementations came to the
fore much more than BIM implementations. The fact that lean implementations are
much more accessible than BIM may have improved the results positively. However,
according to the results obtained, BIM should not be interpreted as having little effect
on project success. Because this study was done to interpret the relationship between

the two subjects.

7.2. Conclusions

Lean construction is seen as a management philosophy that aims to minimize
waste and increase efficiency in construction projects. This approach helps make con-
struction projects more efficient. BIM is a technological development that increases
efficiency by using digital data in construction projects. BIM offers an interdiscipli-
nary approach to the design, construction and operation of construction projects. Both
Lean construction and BIM are two approaches that aim to increase efficiency and
minimize waste in projects. Especially today, increasing competition has forced com-
panies to increase project efficiency by using different project management ap-
proaches.

The aim of this thesis study was to determine the impact of Lean construction

implementations on BIM implementations and the impact of both Lean and BIM im-
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plementations on project success. Accordingly, an in-depth literature search was con-
ducted, especially on Lean Construction and BIM implementations. Then, the imple-
mentations with the highest potential for the intersection of BIM and Lean implemen-
tations were determined and included in the model.

In order to analyze the model, data were collected from 71 people through a
questionnaire. The survey was conducted in Turkey and was limited to the Turkish
Construction Industry. The people who participated in the survey consisted of people
who are familiar with and apply Lean Construction and BIM implementations. The
obtained data were evaluated in order to validate the model and test the hypotheses.
For this, the SEM method was used. The proposed model was analyzed in detail and
the model was revised according to the results obtained in SEM. The reliability values
of the final model and the high model fit index support the accuracy of the model.
Finally, the information obtained as a result of the analysis was evaluated and inter-
preted.

Productivity in the Turkish construction industry lags behind when compared to
other industries. One of the most important reasons is the slow adoption of new tech-
nologies and new project management approaches in the construction industry. But,
Lean and BIM can be an opportunity to eliminate inefficiency.

It should not be forgotten that the construction industry is complex. In addition,
there are many factors that affect efficiency and project success such as the complexity
of the project, the experience of the team, conditions in global, the availability of re-
sources, etc. So, the implementation of digitalization and new project management
approaches should be carefully planned and executed, with the goal of improving ef-
ficiency and productivity.

According to the results of the survey, it was seen that both implementations
contributed to the success of the project. Therefore, Lean and BIM are applications
that can help overcome many crises. Another aim of this study is to introduce BIM and
Lean to the construction companies in the Turkish construction industry and to provide
data supporting success. However, there are some limitations in the study. First of all,
the number of employees who have applied both Lean and BIM in Turkey is quite low.
Therefore, participation in the survey was relatively low. This hypothesis can be re-
tested with a larger number of data to reach more accurate results. As companies' in-
terest in both issues increases, we can see more implementation examples. In this way,

the number of experienced professionals in these subjects can increase and much more
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accurate results can be obtained. In addition, the variables in the hypothesis can be
increased. Thus, many more applications can be examined in terms of relation to each

other.
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