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A QUALITATIVE ANALYSIS OF INDUSTRY 4.0 TECHNOLOGIES IN THE
TURKISH CONSTRUCTION SECTOR

ABSTRACT

Industry 4.0 describes an advanced level of digitisation in which production processes
are automated and products can communicate with their environment. This concept is
revolutionizing the manufacturing sectors. Still, despite its proven benefits regarding
productivity and quality, most of the construction industry clings to traditional
methods and inefficient systems.

Construction companies in developed countries have slowly begun to adopt Industry
4.0 in an effort to combat the typically low profit margins, cost overruns, and project
delays that afflict the industry. But the vast majority of the Turkish construction sector
has yet to embrace new technologies. To maintain their competitive advantage in the
global industry and improve the quality of the country’s built environment, Turkish
construction companies must hastily digitalise and adapt to global practices.

This study evaluates the effects of Industry 4.0 and the current state of technology
adoption in the Turkish construction sector. Specifically, it presents current use cases
implemented by Turkish construction companies and examines their implications on
the project. This includes application methods, training and adaptation periods, and
overall project outputs. Furthermore, this study identifies the main barriers to
widespread digitalisation and explores methods for overcoming them.

Building on existing literature, this study investigates current and future opportunities
for Industry 4.0 application in construction projects. A qualitative research was
conducted to gather insight from five industry professionals. The findings indicate that
employing Industry 4.0 technologies has significant benefits in terms of project
management and design. Improved coordination and decision making, reduced project
durations, and cost saving opportunities are among key findings. However, a
widespread adoption appears unlikely without the interference of government entities.
The industry demonstrates a strong resistance to change; moreover, most enterprises
cannot afford the high investment costs of innovative technologies. This study shows
that standards and regulations are the primary factors in the Turkish construction
sector's digital transformation. A joint effort is required from the government and from
construction professionals for overcoming these barriers. Further research is needed
for raising awareness on the importance of digitalisation in improving efficiency and
obtaining higher quality buildings.






TURK INSAAT SEKTORUNDE ENDUSTRI 4.0 TEKNOLOJILERININ
NITEL ANALIZI

OZET

Endiistri 4.0, liretim siireglerinin otomatiklestirildigi ve lriinlerin ¢evreleriyle iletisim
kurabildigi ileri diizeyde bir dijitallestirmeyi tanimlamaktadir. Bu konsept, imalat
sektorlinde kalite ve verimliligin 6dnemli derecede artirilmasini saglamistir. Buna
ragmen, insaat sektorii geleneksel yontemlere ve uygulamalara bagl kalmaktadir. Bu
durum proje verimliligini, yap1 kalitelerini ve siirdiiriilebilirligi olumsuz yonde
etkilemektedir.

Son yillarda, gelismis {ilkelerdeki insaat sektorleri Endiistri 4.0 teknolojilerini
uygulamaya baglamiglardir. Biiyiilk cogunlukla standart ve regiilasyonlarin ivme
kazandirdigi bu dijital doniigiim, sektoriin senelerdir tistesinden gelemedigi diisiik kar
marji, maliyet agimi1 ve proje gecikmesi gibi sorunlara bir ¢6ziim olmustur. Ancak
Tiirkiye’deki insaat sektorii hala yeni teknolojileri benimseme konusunda direng
gostermektedir. Dijital doniisiime ayak uydurmadigi takdirde, Tiirk insaat sektoriiniin
kiiresel piyasadaki yerini kaybetmesi, iilkenin ihracattan elde ettigi geliri olumsuz
yonde etkilemesi ve kalite agisindan geride kalmasi kaginilmazdir.

Bu calisma, Endiistri 4.0''m insaat projeleri iizerindeki etkilerini ve Tiirk insaat
sektorlindeki yerini, ayrica sirketlerin teknoloji kullaniminin mevcut durumunu
belirlemeyi amacglamaktadir. Bunun yani sira, iilke capinda Endiistri 4.0’1n
benimsenmesindeki ana engellerin tespit edilmesi ve bu engellere karsilik ¢6ziimlerin
belirlenmesi hedeflenmistir.

Bu hedefler dogrultusunda, bu c¢alismanin ilk asamasinda bir literatiir taramasi
yapilmustir. Yapr Bilgisi Modellemesi (BIM) basta olmak {izere, Endiistri 4.0
kavramlari incelenip agiklanmistir; farkli iilkelerde kullanilan uygulamalara ve yapilan
arastirmalara yer verilmistir. Calismanin ikinci asamasi ise niteliksel arastirma
yontemi olan bireysel roportajlardan olusmaktadir. Tiirk insaat sektoriinde Endiistri
4.0 teknolojileri kullanan bes kisi ile goriismeler yapilmistir. Bu kisilerden biri dijital
donilisim uzmani, tigli BIM yoneticisi, biri ise planlama ve kontrol miidiirtidiir.
Roportajlar yardimiyla; Tiirk insaat projelerinde Endiistri 4.0’a dair kullanim
ornekleri, bu wuygulamalarin etkileri, karsilasilan zorluklar ve sektoriin
dijitallesmesinin oniindeki engeller incelenmistir. Bununla beraber, engellerin nasil
asilabilecegine ve Tiirk ingaat sektoriiniin gelecegine dair yorumlara yer verilmistir.

Caligma, Endiistri 4.0 teknolojilerinin proje yonetimi ve tasarim gelistirme agisindan
onemli faydalar1 oldugunu gostermektedir. EKipler ve taraflar arasindaki
koordinasyonun onemli seviyede artirildigi tespit edilmistir. Ayrica, adam saat
acisindan verimliligin artirildigi, maliyet tasarrufu saglandigi ve tasarima dair
kararlarin daha kolay alinabildigi belirtilmistir. Ancak sektorde bazi taraflarin
sergiledigi diren¢ ve teknoloji yatirnmlarinin yiiksek maliyetleri, Tiirk insaat
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sektorlinlin  dijital donilisiimiinii engellemektedir. Degisim icin devletin ve kamu
kurumlarinin miidahalede bulunmalarinin bir zorunluluk olmasi vurgulanmstir.
Standart ve regiilasyonlarla beraber, Endiistri 4.0 kullanimmin ve Ar-Ge
caligmalarinin tesviki biliyiik 6nem arz etmektedir. Diger taraftan, iiniversitelerin ve
sirketlerin konuyla ilgili egitimler vermeleri ve yine sirketlerin inovasyon alaninda
onciiliik edecek bireyler tahsis etmeleri 6nerilmektedir.

Bu caligma, Tirk insaat sirketlerinin Endiistri 4.0 uygulamalarin1 sunarak, olumlu
etkileri konusunda farkindaligi artirmay1 amaglamistir. Calisma, sektordeki engellerin
ortadan kaldirilmasi igin atilmasi gereken adimlari vurgulamistir. Sektoriin dijital
doniisiimiint tesvik etmek amaciyla konu ile ilgili daha fazla aragtirma yapilmasi
Onerilmektedir.
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INTRODUCTION

Construction has a prominent effect in driving economic growth. The global
construction industry accounts for 13% of global Gross Domestic Product (GDP) and
nearly $10 trillion is spent every year on construction related goods and services
(Ribeirinho et al., 2020). 7% of the world’s workforce are employed in construction-
related positions (Pan and Zhang, 2021). Moreover, the built environment has far-
reaching social and environmental effects that shape our daily experiences. The
designs of dwellings, offices, and infrastructure directly influence the population’s
quality of life.

In Turkey, rapid mass urbanization and gentrification developments have vastly
influenced the construction sector. Additionally, Turkish contractors’ projects in
foreign countries account for a significant share of the country’s total exports. In 2020,
Turkish construction projects in countries like Russia, Turkmenistan, Libya, and
Kazakhstan produced 12,4% of Turkey’s export earnings (Turu, 2019; "IMSAD",
2021). Approximately 9% of Turkey’s GDP comprises of revenue from construction
(Tekin and Atabay, 2019). In the Top Global Contractors’ List published by
Engineering News-Record (ENR) in 2018, 44 out of the 250 contracting firms that
earned the highest revenues worldwide were Turkish companies. Turkey was ranked
second in the world, following only China (TMB, 2018). However, this success in the
field of contracting does not translate to the same feat in engineering consulting.
International clients prefer foreign consulting firms over Turkish firms, due to the
latter’s inadequate adoption of technology (Tekin and Atabay, 2019). Yet failure to
embrace innovation is not exclusive to the Turkish construction sector. Majority of the
global construction industry has yet to adopt new technologies.

Consequently, productivity growth in construction over the last two decades remained
at a third of overall economy averages (Ribeirinho et al., 2020). In fact, labour
productivity in construction has decreased during this time (Osterreich and Teuteberg,
2016). Meanwhile, the automotive, health and manufacturing sectors have consistently
leveraged and contributed to technological advances, increasing their productivity
rates. Even grocery stores have transformed into multi-national retailers, with global
supply chains and digitized distribution systems. Barbosa et al. (2017) estimate that, if
the construction industry’s productivity growth were to match other industries, global
revenue would increase by $1.6 trillion a year, which is equal to 2% of the world’s
yearly GDP. Yet, productivity gap is not the only problem. Construction profit margins
rarely exceed 5%; more than 30% of work-related fatalities are in construction; and
projects are regularly affected by delays and cost overruns (Ribeirinho et al., 2020;
Pan and Zhang, 2021). Furthermore, the construction sector is responsible for a third
of all greenhouse gas emissions in the world, as well as contributing to the depletion
of natural resources (Craveiro et al., 2019).

The digital transformation of the construction industry is long overdue. The sector
must undergo drastic changes to reach its potential for productivity, cost-efficiency,
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sustainability, and safety. Client demands are experiencing a shift regarding factors
like energy performance, cost of ownership, and smart features. The technologies to
reach these objectives are available, but they need to be broadly implemented. The
COVID-19 crisis is expected to accelerate the construction industry’s digital
transformation (Ribeirinho et al., 2020).

The past decade has already seen significant improvement. Building Information
Modelling (BIM) has become a widespread practice as governments pass standards
and regulations for its compulsory use. BIM improves coordination across the entire
value chain and reduces manual processes during the design stage, which is often the
reason behind errors, rework, and delays. Furthermore, integrating BIM with Industry
4.0 technologies like the Internet of Things (IoT), cloud computing and Big Data (BD)
is becoming more common. The widespread adoption of these technologies will
revolutionize construction methods (Turner et al., 2020). The industry will operate in
a more standardized, consolidated, and integrated manner. The reuse of digital
information, the increase in off-site manufacturing, and the application of analytics for
supply-chain logistics are some ways in which Industry 4.0 is expected to shift
previous practices (Ribeirinho et al., 2020).

However, the speed of progress must be accelerated, particularly in the Turkish
construction industry. Despite the availability and proven benefits of many
technologies, adoption rates are low. Many key industry players cling to traditional
methods, avoiding the cost and effort of investing in new practices. To speed up
progress, a systematic focus on research is needed on both a global and a national
scale. While there is ample research on the applications and implications of BIM,
Industry 4.0 in construction remains largely unexplored.
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AIM OF THE STUDY

A dedicated effort is required by companies and governments to streamline
construction processes in Turkey. The first steps in achieving this are conducting
research and promoting awareness on Industry 4.0 technologies in the construction
sector.

The aims of this study are exploring the effects of Industry 4.0 technologies,
identifying the main barriers to broader adoption of Industry 4.0, and discussing the
steps to overcome these barriers in the context of Turkey. To achieve these aims, this
study hopes to answer the following research questions:

e Which Industry 4.0 technologies are used by Turkish construction firms and
what effect do they have on the project?

e What are the main barriers that hinder Turkish construction firms from using
Industry 4.0 technologies?

e What can be done to achieve widespread implementation of Industry 4.0
technologies in the Turkish construction sector?

e How do industry professionals envision the future of the Turkish construction
sector regarding digitalisation?
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RESEARCH METHODOLOGY

Prior to commencing the research, a comprehensive literature review was conducted.
First, the advancement of construction technology was briefly reviewed. This review
started from the first industrial revolution to the recent digital age to gain a sense of
the impact of change following important milestones that marked the different
industrial ages. Circling back to the present time, current widespread practices in the
architecture, engineering and construction (AEC) industry were discussed.

The second part of the literature review addressed Industry 4.0. definitions, use cases,
and implications. Academic interest for Industry 4.0 in relation to the construction
industry was presented. Industry 4.0 concepts were presented by their classifications:
smart construction site, simulation and modelling, digitisation and virtualization.
Examples from the Turkish construction industry were provided when applicable. The
final part of the literature review summarized the challenges against the widespread
adoption of Industry 4.0 in construction.

A qualitative analysis was preferred to gain a detailed understanding of projects,
technologies, and experiences. Five construction professionals were interviewed for
their accounts and thoughts regarding Industry 4.0 applications in construction
projects. Qualitative methods proved effective in gathering insight on the effects of
these technologies and the barriers hindering widespread digitalization. Possible
solutions and visions regarding the future of the industry were also addressed.

Respondents’ contributions were grouped and presented in line with this study’s
research objectives. Common emerging themes and contradictions were presented.
Lastly, the research findings were further analysed and reiterated to provide an overall
summary of the results. Limitations of the study and recommendations for further
studies were given.
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1 CONSTRUCTION THROUGHOUT THE INDUSTRIAL REVOLUTIONS

1.1 Introduction

The growth in human progress has been exponential since the beginning of the
industrialization era. Each industrial revolution brought on breakthroughs that have
had permanent effects on how we live, manufacture, build, and connect. This chapter
briefly goes over the advancements in building technologies throughout these

revolutions.

1.2 Construction in the First Industrial Age

The second half of the 1700s brought on a series of breakthroughs that changed the
manufacturing, agricultural, and building sectors across the world. A new method to
smelt iron allowed its large-scale production, leading to the invention of the double-
acting steam engine, which could use water and steam to power mechanical equipment.
For the first time in history, human labour was substituted by machinery. Just over a
decade later, the steam powered rolling mill enabled production of iron building
elements. Though the application of iron structures leads back centuries before the
industrial age, the introduction of machine power revolutionized construction

operations (Chang & Swenson, 2020).

The proliferation of factories and mills caused a rapid migration from villages to cities.
The percentage of the population living in cities rose from 20 to 80 per cent. This
influx led to a demand in high-density housing and extensive infrastructure works.
European cities filled with apartment-style buildings, roads, railways, and canals. The
shortened travel times quickened the spread of industrialization even further (Chang
& Swenson, 2020).

The first industrial age brought on the separation of architecture and structural
engineering disciplines. The practice of building science emerged, enabling accurate

prediction of structural performance using mathematical models. Environmental
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control technologies like coal gas lighting, steam heating, and plumbing systems
enhanced dwellers’ living standards. (Easton et al., 2013; Chang & Swenson, 2020).

1.3 Construction in the Second Industrial Age

The Second Industrial Revolution is marked by the start of mass production using
electricity in the 1870s. Urban planning practices emerged; also, new studies were
conducted on building materials, enabling structures that combined a variety of
elements. Developing technology and surging land values gave way to high-rise
buildings in the United States. Electricity replaced steam power in building services
(Easton et al., 2013).

Engineers and contractors started investigating methods to speed up construction
processes to meet demands. The introduction of various construction machines
increased the safety and speed of construction processes. The 1920s witnessed the
invention of tower cranes, crawler dozers, concrete pumps, and concrete vibrators. A
good amount of building material production moved to the factories; construction sites
became more compact, and the required manhours for completing projects decreased

significantly (Easton et al., 2013).

The second industrial revolution prompted a level of institutionalization in the
construction industry, like the introduction of building regulations. Furthermore, the
accelerated development of the industry started to facilitate international rivalry
regarding building material production and distribution. According to Maskuriy et al.
(2019), “this revolution drove the construction industry in terms of innovation in
architectural design and lightening vertical space alongside new prefabrication
technology and the beginning of computer-aided design (CAD)” (p. 4). The 1950s
witnessed early applications of computer software, personal computers, and
mathematical tools. These developments would set the foundation for the Digital

Revolution in the coming decades.

1.4 Construction in the Digital Age

The Third Industrial Revolution, also known as the Digital Revolution, occurred with
the rise of electronics in the 1970s. Alaloul (2019) describes this era as: “the innovation

of technology from analogue, electronic, and mechanical devices to today’s digital
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technology” (p. 225). Designers shifted from the drawing board toward computers.
Traditional technical drawings were created in a virtual environment using 2D
computer-aided design (CAD) software. The use of CAD improved productivity and
precision; also, revisions became significantly easier and faster to complete. These
developments resulted in shorter project delivery times, fewer errors, and faster
information management (Eastman, 2011; Borrman et al., 2018).

CAD software slowly shifted towards 3D as solid modelling programs became
commercially available by the 1980s. Also during this time, Autodesk released its
AutoCAD software, which is still widely used today. Software programs developed
advanced computational functions with action and reaction rules. Overall, precision of
drawings increased significantly. Designers could more easily experiment with

creative designs (Maskuriy et al., 2019).

1.5 Building Information Modelling (BIM)

Following the adoption of digital tools and the widespread use of CAD software,
industry professionals noted a significant improvement in designing and constructing
structures. However, digital 2D drawings still resulted in loss of information,
inconsistencies, and miscommunications across structures' lifecycles, especially for
complex projects (Borrman et al., 2018). Thus emerged BIM, a modelling platform
that encompasses not only geometric shapes but also in depth information about factors

like materials, technical properties, and costs.

BIM represents a multitude of concepts, therefore a generally accepted definition is
lacking. A widely used description phrased by the Construction Project Information
Committee (CPIC), is as follows:

The digital representation of physical and functional characteristics of a facility
creating a shared knowledge resource for information about it forming a
reliable basis for decisions during its life cycle, from earliest conception to
demolition. (Sinclair et al., 2012, p. 3)



The Associated General Contractors of America defines BIM as:

The development and use of a computer software model to simulate the
construction and operation of a facility. The resulting model, a Building
Information Model, is a data-rich, object oriented, intelligent and parametric
digital representation of the facility, from which views and data appropriate to
various users’ needs can be extracted and analysed to generate information that
can be used to make decisions and improve the process of delivering the
facility. (Ernstrom et al., 2005, p. 3)

BIM enables users to simultaneously work on a shared model where changes are
reflected in others' views in real-time and related elements are automatically amended.
While previously users would work on different versions of 2D drawings and
consolidate them later, BIM ensures that all parties work on the same, up-to-date
model (Baldwin and Bordoli, 2014; Borrman et al., 2018). This collaborative approach
facilitates a shared knowledge repository that can be accessed throughout a structure's
lifecycle. Waters (2020) describes how BIM enables different stakeholders to engage
in new ways of interdisciplinary coordination: "The principal driver of BIM is the
merging of information from different professions into shared 3D virtual models . . .
this data from architects, engineers, landscape architects and construction contractors
can be constantly updated in digital models"” (p. 14). Borrmann et al. (2019) write that
this information flow improves design decisions, enables detailed simulation
integrations, and leads to better monitoring of construction processes. This view is
shared by Waters (2020), who highlights that the use of BIM results in "the
streamlining of time, labour, costs, materials and waste is pursued over the course of
a whole project . . . [achieving] efficiencies in site planning, concept, design, detail,
construction and management” (p. 14). Furthermore, BIM reduces manual data entry
to a minimum, preventing error prone work. It enables the conducting of analyses and
simulations. Moreover, the operation and maintenance of buildings become more
efficient due to the quality and depth of the information handover (Borrman et al.,
2018).

Baldwin and Bordoli (2014) classified the potential advantages of BIM according to
the affected stakeholders. For example, projects managed with BIM offer clients

improved building performance and quality, shortened project delivery times, reduced
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costs, and advanced handover information for facility operations. Meanwhile,
designers can visualize their designs in early project stages, collaborate with other
disciplines, generate cost estimates with less effort, and use simulations to achieve
better energy efficiency. Lastly, contractors and subcontractors benefit from improved
procurement processes, reduced design errors in the construction stage, and effective
site safety procedures.

This advancement in technology has increased the expectations of clients and
governments, particularly in developed countries. Scandinavian countries pioneered in
mandating BIM between 2007 and 2015. Finland mandated IFC standards in 2017.
Singapore implemented the world's first BIM electronic submission system in 2016.
The UK government adopted radical BIM implementation strategies in 2016. Also in
2016, Australia made BIM mandatory for large scale infrastructure projects (Mustaffa
etal., 2017). Germany prepared a comprehensive roadmap for BIM implementation in
2015 and started mandating BIM for public realm projects in 2020 (Borrman et al.,
2021).

Although BIM adoption rates differ according to company, region, and country, it is
currently the most widely accepted standard for designing and producing large and
complex projects (Jacobsson and Merschbrock, 2018). Walter (2020) highlights that
companies who want to tender for infrastructure, institutional, civil, and public realm
projects have no choice but to adapt. This technological shift dubbed "a new paradigm
within AEC" by Azhar (2011, p. 242) has not only changed processes in design,
construction, and facility management, but also the roles and interactions among key
project stakeholders (Eastman et al., 2011; Jacobsson and Merschbrock, 2018). This
view is echoed by Eastman et al. (2011), who describe BIM as an activity and a change

in process:

BIM is an activity, ... not just a technology change, but also a process change.
It is our belief that BIM is not a thing or a type of software but a human activity
that ultimately involves broad process changes in design, construction and

facility management. (Eastman et al., 2011, p. xi)

Waters (2020) provides a similar description, calling BIM "a considerable shift in
approach to the way design-to-construction projects are delivered” (p. 14). Jacobsson



and Merschbrock (2018) present a unique account, in which they present BIM from
several perspectives: BIM as a product, process, system, or practice. As a product,
BIM can be seen as a combination of software and data. It is the digital representation
of a physical object or structure. As a process, BIM represents the activities of creating
the model, developing the project, and delivering the end product. As a system, BIM
represents the collaboration and coordination among users and stakeholders. As a
practice, BIM refers to the everyday operations that a team undertakes throughout a
project, like AEC practices or instructions that can be found in BIM manuals
(Jacobsson and Merschbrock, 2018).

Malev (2021) views BIM as “an important catalyst for the digitalization of the
construction industry” (para. 7); similarly, Elghaish (2020) calls it “one of the main
embodiments of digitalization” (para. 2). Admittedly, BIM is the basis and foundation
of the technologies that will be discussed in this study. In BIM, there are three main
phases that form a structure’s lifecycle: design, construction, and operations. During
the design and construction phases, activities are human-centric and depend on the
active involvement and decision-making of people. Throughout these phases, the
digital twin is created: a virtual replica of the physical structure that contains detailed
information about its components (Eastman, 2011). However, the operations phase
largely consists of repetitive tasks which can be automated. Depending on the nature
of the project, the use of a building’s digital twin for facility management may be of
great importance. For example, public buildings like hospitals or airports require
constant upkeep and maintenance. The digital twin provides valuable information
regarding HVAC systems, energy use, maintenance cycles, and so on. At this stage,
the integration of Industry 4.0 technologies with BIM is massively advantageous.
Sensors and the Internet of Things (10T) can provide real-time insights which can be
analysed to enable a more efficient use of the building. Repetitive maintenance tasks
can be automated. In several cases, this integration may also benefit operations in the
construction phase. For example, sensors can be attached to construction machinery;
the data obtained from the sensors can be analysed for efficiency or used for enhancing
site safety (Sakin, 2019; Maskuriy et al., 2019). Such applications have the potential
of lessening the productivity gap between the construction and manufacturing sectors.
Thus, the following chapter will investigate Industry 4.0 applications and how they

can be integrated with BIM to improve efficiency in the construction sector.
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2 INDUSTRY 4.0 IN CONSTRUCTION: LITERATURE REVIEW

2.1 Introduction

This chapter provides an overview of Industry 4.0: what it means, how it emerged, its
implications on everyday life and the construction industry. The current state of
research for Industry 4.0 in the construction industry is presented. Then, technologies
that are applicable to the sector are presented with use cases, features, and effects.
Finally, the challenges in adopting these technologies are discussed.

2.2 Overview of Industry 4.0

The term “Industry 4.0” was coined by the Federal Government of Germany in 2011.
Industry 4.0 describes the enhanced use of machines and the ability to automate
production processes. In the words of Osterreich and Teuteberg (2016), Industry 4.0
IS “the increasing digitization and automation of the manufacturing environment as
well as the creation of a digital value chain to enable the communication between
products and their environment and business partners” (p. 122). In the same vein,
Alaloul (2019) states that the German government formed this concept to endorse the
automation of industrial processes to “accomplish an adaptive yet extensive
production and service network” (pg. 226). In some literature, Industry 4.0 is referred
as “I4” or “IR4.0” (Alaloul, 2019; Newman et al., 2020).

The phrase “Fourth Industrial Revolution” comes five years later in 2016 by Klaus
Schwab, founder and executive chairman of the World Economic Forum. Osterreich
and Teuteberg (2016) found that Industry 4.0 is “often used as a synonym for the
planned 4th Industrial Revolution by pointing out its huge technological potential,
comparable to technical innovations which led to the first industrial revolutions: the
field of mechanisation, the use of electricity and the beginning of digitisation” (pg.
122). However, Schwab warns that the new industrial revolution will be different from

the previous three. According to him, the exponential growth in technology will have



an unprecedented impact on all aspects of life. Schwab (2016) hypothesizes that aside
from changing how we communicate, consume and produce, the Fourth Industrial
Revolution will also change our identities. Our way of life will alter increasingly fast
as the world around us becomes integrated into one system driven by Big Data: smart
traffic, smart government, and smart cities. He concludes that every industry will be
deeply affected and that business models with revolutionize. Schwab’s vision is
supported by Alaloul (2019) who writes that this technological breakthrough “has
found new ways of demonstrating its abilities by blurring the lines between the
physical, digital and biological entities” (pg. 255). Almost every paper that has been
written on Industry 4.0 highlights its massive implications on every industry. Newman
et al. (2020) provide a broad summary which supports this notion: “Industry 4.0 is
predicted to be a game-changer, revolutionizing commercial and manufacturing
practices through improved knowledge utilization and efficiencies” (para. 1).
Furthermore, he notes that on top of modernization, sustainability is a key aspect which
is aimed to be achieved by Industry 4.0. Specifically, he highlights the importance of

sustainable manufacturing, renewable energy, and energy efficiency.

Osterreich and Teuteberg (2016) envision that the transition towards Industry 4.0 will
be realised in three steps. First, the horizontal integration of IT systems, processes, and
data flows among customers, suppliers, and other stakeholders. This will enable a
closer and more effective collaboration among parties. Second, the comprehensive
digitalisation of engineering processes using automation and cyber-physical systems.
This will facilitate the production of highly customized products at low operational
costs. Third, the vertical integration of IT systems, processes, and data flows among
enterprises. This will result in smarter manufacturing environments across the entire

value chain, from product development to manufacturing, logistics, and sales.

2.3 Industry 4.0 in the Construction Industry

BIM has already digitized a significant portion of construction processes. The industry
has shifted towards a more data-driven approach. 3D models are equipped with
schedule and cost layers. Now, Industry 4.0 has introduced new technologies like
sensor systems, advanced simulations, and intelligent machines. These technologies

can be integrated with BIM to expand its capabilities, revolutionizing how construction



companies operate, design, communicate, and produce (Maskuriy, 2019; Ribeirinho et
al., 2020).

Considering the construction industry’s underperforming track record, Industry 4.0
technologies provide an opportunity to overcome the status quo and shift towards more
sustainable, cost-effective, and efficient processes (Ribeirinho et al., 2020). According
to Osunsanmi (2018), applying Industry 4.0 to construction is the integration of
information that improves project monitoring and to create a smarter built
environment. This information is collected by technologies like laser scanning, drones,
and sensors; afterwards, they are integrated into different platforms through IoT.
Osterreich and Teuteberg (2016) provides a similar explanation, adding that the aim
in introducing Industry 4.0 into construction is to "arrange and evaluate data from
different stages of the construction project and from end users after completion of the
construction project towards delivering a faster, more flexible construction project at
a higher-quality and reduced costs” (pg. 124). Turner highlights the importance of
achieving these aims by summarizing the consequences of the industry’s current

shortcomings:

Poor productivity [has] led to high construction costs, delays in construction
projects and poor sustainability practices in the construction sector. The
construction industry makes extensive use of natural resources . . . it consumes
fossil fuels such as diesel and petrol for building machinery and transportation.
All of these contribute to global emissions and the depletion of natural
resources at an unsustainable rate. (Turner, 2020, pg. 1)

Interest in tackling these issues through Industry 4.0 technologies is rising. Germany’s
“High-Tech Strategy” initiative aims to develop its manufacturing sectors through
technology based research and innovation. The strategy includes several construction
related initiatives. Innovation Programme Future Building was launched in 2019 with
the objective to provide “important impetus for the construction industry concerning
climate protection, energy and resource efficiency, affordable construction, design
features in the (urban) planning context and for coping with demographic change”
(The High-Tech Strategy 2025 Progress Report, 2021, pg. 9). Additionally, the
Lightweight Construction Technology Transfer Programme was launched in 2020 “to

promote knowledge and technology transfer across materials and industries in
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lightweight construction taking a life cycle assessment into account” (The High-Tech
Strategy 2025 Progress Report, 2021, pg. 33).

Similarly, in 2013 the UK government and construction industry have formed a joint
strategy called “Construction 2025.” This undertaking aims to achieve the following
four objectives by 2025: reducing construction and lifecycle cost by 33%, accelerating
construction by 50%, lowering construction-related greenhouse gas emissions by 50%,
and reducing the trade gap between exports and imports of building materials by 50%.
Several strategic priorities for implementing this vision include supporting businesses
to leverage smart construction and digital design, maintaining protocols and standards,
developing a technology based action plan, and addressing knowledge gaps in the
workforce. The last strategic priority which is Research and Innovation is listed with
the following Action: “Industry and Government will work with academic and
research communities to bring forward more research, development and demonstration
to the wider industry and work to remove barriers to innovation” (Construction 2025,
2013, pg. 71). Overall, these initiatives provide evidence that governments are well
positioned to facilitate change and lead the construction industry into an era of end-to-

end digitalisation.

It is important to note that BIM is key to the digitization of the construction industry.
Newman et al.’s (2020) work on Industry 4.0 deployment in the construction industry
concludes that: “Industry 4.0 is indeed the way of the future, and must be embraced.
Largely, for construction however, the emphasis centres on BIM” (Conclusion section,
para. 5). Similarly, Osterreich and Teuteberg’s (2016) analysis found that BIM “is
considered as the central technology for the digitisation of the construction
manufacturing environment” (pg. 126). Much of the available literature on the topic
highlights the centrality of BIM, presenting it as an immutable foundation for

implementing Industry 4.0 in construction.
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In their widely cited review, Osterreich and Teuteberg (2016) identified and grouped

the key technologies and concepts in the context of Industry 4.0 into three main

clusters, as seen in Table 2.1 below.

Table 2.1 Classification of Industry 4.0 technologies and concepts

Cluster

Key technologies and concepts in the context of Industry 4.0

Smart Factory (C1)

Simulation and modelling (C2)

Digitisation and virtualisation (C3)

Cyber-Physical systems/Embedded systems/RFID
Internet of Things/Internet of Services
Automation

Modularisation/Prefabrication

Additive Manufacturing
Product-Lifecycle-Management (PLM)

Robotics

Human-Computer Interaction (HCI)

Simulation tools/Simulation models

Building Information Modelling

Augmented Reality (AR)/Virtual Reality (VR)/Mixed Reality (MR)
Cloud Computing

Big Data

Mobile Computing

Social Media

Digitisation

Source: Osterreich and Teuteberg, 2016

This system of classification has since been used in numerous subsequent studies, such
as the works of Osunsanmi (2018), Ebrahimi (2019), and Alaloul (2020). The

following subchapters of this study will also make use of Osterreich and Teuteberg’s

(2016) classification system; however, some modifications have been made to better

address the research objectives of this study. For example, “Smart Factory” was

renamed “Smart Construction Site” for a more industry specific indication. Social

media was omitted due to its limited relevance to the Turkish construction industry.

Also, BIM was omitted due to having been mentioned in the previous chapter.
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The Industry 4.0 concepts which will be presented in this chapter are listed below in

Table 2.2.

Table 2.2 List of Industry 4.0 technologies and concepts in this study

Cluster

Key technologies and concepts for Industry 4.0
in the construction industry

Smart Construction Site

The Internet of Things (10T)

Cyber-Physical Systems (CPM)

Automated and Robotic Equipment

Modularization/Prefabrication

3D Printing/Additive Manufacturing (AM)

Human-Computer Interaction (HCI)

Product-Lifecycle-Management (PLM)

Simulation and Modelling

Simulation Tools and Models

Augmented Reality (AR)/Virtual Reality (VR)

Digitisation and Virtualisation

Cloud Computing

Mobile Computing

Big Data and Analytics

Artificial Intelligence (Al)

Digital Supply Chain

2.4  Academic Interest for Industry 4.0 in Relation to Construction

To measure the current state of research for Industry 4.0 technologies in the context of

construction, a keyword search was conducted in the Scopus database. The following

key phrases were inputted into the search query: “Industry 4.0,” “fourth industrial

revolution,” “construction,” and “construction 4.0”. This search resulted in 597

publications. Titles and abstracts were thoroughly examined to exclude irrelevant

publications. For example, several publications about shipyards, agricultural robots,

and ontology were omitted. After the results were refined, 569 publications remained.
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This search was conducted in May 2021. However, the date range for the graph in
Figure 2.1 was limited to 2020 to prevent a misleading visual regarding the drop in

number of publications.
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Year

Figure 2.1 Frequency of publications by year (Source: Scopus, 2021)

It is apparent from the line chart above that the academic interest in Industry 4.0 for
construction is on the rise. Only three publications were issued in 2014 and five in the
following year. 2016 and 2017 recorded 22 and 30 publications, respectively. A surge
is observed in 2018, when 85 publications were issued. A bigger rate of growth is
observed for 2019, which presents 166 publications. This is almost twice the amount
compared to the previous year. The growth rate declined afterwards, as 2020
publications increased by only 37 from the previous year. This decline may be related
to the COVID-19 pandemic.
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As can be seen in Figure 2.2, most of the research is presented through conference
papers which represent 49% of the publications (279 papers). Combined with
conference reviews, this number rises to 53% (302 papers). Articles come in second
place at 35.7% (203 articles) and reviews represent 5.4% (31 reviews). The remaining
5.9% comprise of books, short surveys, a data paper, an editorial, and a note. Thus, it
Is reasonable to assume that the conferences which were cancelled in 2020 due to the

pandemic affected the number of publications that were issued.

Note (0.29%)

Editorial (0.2%)
Data Paper (0.2%)
Book (0.2%)
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//
Article (35.7%)

Figure 2.2 Publications by document type (Source: Scopus)

Regionally, the highest number of publications are issued from Germany (63
publications). This is unsurprising, since Industry 4.0 emerged in Hannover. Also,
Germany’s High-Tech Strategy has caused a surge in academic interest towards the
topic. Following contributions are from Italy (52 publications), China (46
publications), Russia (36 publications), and the UK (34 publications.) The top
contributors can be seen in Figure 2.3. Turkey has four publications and ranks 32",
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Figure 2.3 Number of publications by country (Source: Scopus)
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Naturally, these results are not exhaustive since the Scopus database does not contain
every research. However, Scopus is widely used within the construction discipline and
provides a strong coverage of contemporary developments (Newman et al., 2020).
Therefore, 569 construction related publications in the ten years since the introduction
of Industry 4.0 illustrates that adequate attention is still lacking from the industry,
especially in Turkey. Whilst some interest is shown towards Industry 4.0 in relation to
the Turkish construction industry, research is limited to BIM. Tekin and Atabay’s 2007
study and Sakin’s 2019 study provide extensive insights on the Turkish construction
sector’s position in regard to BIM. But very little attention has been paid to Industry
4.0 technologies. To date, only Ebrahimi’s 2019 study was found; the research

investigated AEC professionals’ awareness on Industry 4.0 concepts.

2.5 Smart Construction Site

2.5.1 The Internet of Things (1oT)

The Internet of Things (10T) refers to the concept of connecting things using wireless
Internet connection and using this connection to facilitate communication and perform
activities. This communication enables information gathering and monitoring (Gamil
et al., 2020). Turner et al. (2020) highlight the significance of 10T integration with

BIM for improving processes across a building’s entire lifecycle:

The Internet of Things (IoT) is one of the key technologies that can enable the
linking of BIM with real time (or near to real time) data. Combining BIM with
IoT opens up the value of treating buildings and their components as intelligent
products capable of providing information concerning their correct assembly

and real-time status both during and after construction. (pg. 3)

I0T has three main layers. First, the perception layer which is the physical component
that refers to hardware like sensors and devices. These gather information from their
surroundings and connect with other smart devices within their reach. Second, the
network layer, which is the network coverage that enables communication and data
processing. Third, the application layer, which uses the previous two for deploying
services to the user. Overall, these three layers enable the formation of smart buildings,

smart cities, and smart transportation (Sethi & Sarangi, 2017).
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Arowoiya et al.’s (2020) research indicates that prevalent IoT technologies in the
construction industry are Wi-Fi, WSN, visualization, Bluetooth, and RFID. Gamil et

al. (2020) list the main uses for 10T in construction:

e Preventive maintenance for on-site machineries using embedded systems and
sensors in machines.

e Reducing admin expenditure through faster, better decision making based on
data driven forecasts.

e Monitoring construction processes real-time and analysing progress; detecting
deviances from planned schedule.

e Improving construction management practices by facilitating advanced
communication between assets, like materials or machinery, and minimizing
downtime.

e Monitoring human resources by tracking manhours for activities.

e Improving on-site safety by tracking labourers, monitoring their mobility, and
detecting potential hazards or dangerous behaviour?.

Furthermore, they find that leading 10T applications generally occur in the design stage
of smart cities, smart dwelling, and smart transportation; in the construction stage of
bridges, railways, and tunnels; and in the maintenance stages of buildings. These
applications provide improved monitoring and project execution, better quality
control, faster decision making, and better crisis management (Gamil et al., 2020).

For Arowoiya et al. (2020), 10T is a model that promises a future where devices and
everyday objects will communicate with each other through transceivers,
microcontrollers, and protocol stacks. According to them, this communication will
become a significant part of the internet. However, it is uncertain how big of a role the
construction industry will play. 1oT application in buildings presents numerous
challenges. Gamil et al. (2020) classified these challenges into three areas: technical,

administrative, and societal. The most pressing technical challenges are lack of

! The significance of construction safety cannot be overstated, as there are an estimated 60,000 fatal
accidents on construction sites around the world every year. One in six fatal work accidents are
attributed to the construction industry (Lingard, 2013).
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security, network connectivity issues, and complexity of use. Internet connection
creates vulnerability to attacks, which creates safety and privacy risks. Protection
against external interference can be difficult and costly. From an administrative
perspective, lack of standardization and laws may cause confusion and chaos. Socially,
these factors may cause unwillingness to adopt new technologies. To overcome these
obstacles, leaders must draft standards and laws, increase awareness, provide training,

and promote further research on technical aspects (Gamil et al., 2020).

An effective way for promoting awareness is through industry conferences. Ghosh et
al.’s (2019) paper presents successful implementations of IoT in construction. One
example illustrates an automated safety inspection method for construction workers.
The technology uses RFID-based location tracking, sensors, and infrared to check
personal protective equipment (PPE) on labourers working at heights (Ghosh et al.,
2019). Wearable technology tracks the workers’ location, creates automatic
inventories, detects risks, and sends safety alerts based on real-time data. Edirisinghe
(2019) describes the future construction worker as wearing smart safety vests, smart
hard hats, smart glasses, and wearable kits that can minimize injury during strenuous

tasks (10T in Construction: Analysis of Innovations and Use Cases, n.d.).

Another use case is an application in structural engineering. Foldable structural
components embedded with loT and Artificial Intelligence (Al) technologies can
autonomously adapt their structure for resisting extreme loading conditions in real-
time. The reconfiguration of a building’s structure during an earthquake can prevent
or delay collapse, allowing a prolonged time for evacuation (Ghosh et al., 2019; Naser,
2019). This has great implications, especially for geographies prone to natural
disasters. Considering that Turkey is in an earthquake zone, applications of this nature

could minimize damage and casualties.

2.5.2 Cyber-Physical Systems (CPS)
The German National Academy of Science and Engineering provides the following
definition:

Cyber-physical systems (CPS) are systems with embedded software (as part of

devices, buildings, means of transport, production systems, . . . and management

processes), which:
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— directly record physical data using sensors and affect physical processes
using actuators;

— evaluate and save recorded data, and actively or reactively interact both
with the physical and digital world,;

— are connected with one another and in global networks via digital
communication facilities (wireless and/or wired, local and/or global);

— use globally available data and services;

— have a series of dedicated, multimodal human-machine interfaces.

(Acatech National Academy of Science and Engineering, 2011, p. 15)

Sensors gather data from the physical world. This data is then processed by network-
based services. These services formulate a command based on the data, which they
transmit to actuators® to form a physical response (Acatech, 2011). An example of a
widely used CPS is the temperature detecting fire sprinkler system. The working of
this system is illustrated in Figure 2.4.

Sensor Control Center Actuator
(7 o)
s ® D T o
S B, &
Temperature Sends this Control center Sprinkler turns
sensor detects  detect signal to sends command on and puts
heat. the control to sprinkler. out flame.
center.

Figure 2.4 Sensors and actuators in 10T (Misra, 2017)

The sensor captures data from the environment and sends it to the control centre via

I0T. The control centre makes sense of this data, signalling the relevant devices to act.

This example encompasses both CPS and loT systems. The two are similar and
complementary concepts. In some sources they are interchangeably mentioned; there

is some confusion surrounding the differentiation. 10T can be perceived as the evolved

Z Actuators are devices that can manipulate the physical environment through a mechanism or system
(Misra, 2017).
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model of CPS (Acatech, 2011). The following explanation describes the differences
between the two concepts:

[l0T] enables the interconnection of all types of devices through the internet to
exchange data, optimize actuators and monitor devices in order to generate
results. Cyber-physical systems, on the other hand, consists of computation and
control components tightly combined with physical processes—providing the
foundation for loT. (What is the Difference Between CPS and 10T?, 2020, para.
11)

In the construction industry, CPS can integrate physical systems with the digital twin
to create context-aware systems. These systems can facilitate physical action for
adjusting the construction site or facility. For example, CPS can detect crane
movements, analyse these together with the surrounding environment, and provide
real-time instructions to the crane operator. Traditionally, crane operators have limited
visibility on crane movements and surroundings, so they rely on auditory or visual
signals from nearby construction workers. Consequently, up to one-third of

construction site accidents involve cranes (Anumba et al., 2021).

Another benefit of CPS is the automated influx of real-time information from the field
to the office. Although cloud computing has simplified collaboration, many
applications still require some form of data entry, such as uploading images or typing
messages. CPS applications can continuously feed the virtual model with real-time

data from sensors.

Context-aware computing through CPS will enable getting tailored feedback during
the construction and facility management stages. This can optimize construction
processes and reduce safety risks, drastically minimizing injuries and casualties in the
industry. The accuracy of digital twins will also increase as more environmental
factors are reflected in the models. This can improve the comfort of inhabitants and
simplify maintenance operations. Many aspects of a building can be supervised and
manipulated through the virtual model, eliminating the need for tedious physical

inspection and labour (Anumba et al., 2021).
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2.5.3 Automation and Robotics

Automation and robotics have been used in the manufacturing sectors for decades; yet
their application in construction is rare and most research is based on prototypes (Soto
et al., 2018). However, the uses from other sectors can be investigated and used as
groundwork. As automation and robot technology becomes commonplace, the
likelihood of a “technology transfer” to the construction industry becomes higher

(Bock & Linner, 2015).

Bock (2015) categorizes construction automation into five areas: (a) robot-oriented
design, (b) robotic industrialization, (c) construction robots, (d) site automation, and
(e) ambient robotics. Robot-oriented design refers to tools and methodologies that
enable the deployment of automation and robotics. This allows the simpler and more
efficient implementation of advanced technologies to enhance conventional
construction processes. Bock (2015) describes robot-oriented design as “the basis for

automated construction and other robot-based construction sites” (p. 114).

Robotic industrialization consists of two main applications: large-scale prefabrication
and building component manufacturing, otherwise known as additive manufacturing
(AM) (Bock, 2015). Both applications will be discussed further in their own
subchapters. Gantry robots, fixed robotic arms, and 3D printers are common robotic
technologies for AM and the most prevalent form of robotics in the industry (Soto et
al., 2018).

Construction robots are machines that perform single and repetitive tasks. Following
successful albeit scarce applications of off-site prefabrication in the 1970s, a Japanese
company developed construction robots that functioned on the site. However, their use
without the organization of the site caused ineffective and high-risk environments.
Nevertheless, these robots created the basis for today’s integrated robotic sites (Bock,
2015).
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Site automation is the integration of single-task repetitive robots into on-site
environments to create networked machine systems. Site automation has proven to
improve organization and material flow. In Figure 2.5, the image on the left illustrates
an automated construction site based on a robot-oriented design. On the right, a single-
task construction robot is shown painting the fagcade of a building. To date, these

applications are generally limited Japan, Korea, and Germany (Bock, 2015).

Figure 2.5 Left: Robot-oriented design in an automated construction site. Right:
Single-task construction robot painting a fagade. (Bock, 2015)

Lastly, ambient robotics are technologies that are used throughout the operation and
maintenance stages. These robots have embedded sensors to perform customizable

services based on the requirements of the environment (Bock, 2015).

If implemented, automation and robotics have the potential to boost construction
productivity. Machines are not susceptible to physical limitations such as fatigue or
human error. Also, their use in high-risk situations would reduce construction related
work accidents. The manufacturing sectors have already proven the benefits of high-
level automation (Bock & Linner, 2015; Soto et al., 2018). However, automated
construction sites may be farther in the future. Currently, automation in off-site
manufacturing environments is becoming more common, due to the rise in modular

and prefabricated buildings.
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2.5.4 Modularisation/ Prefabrication

McKinsey research shows that modular construction is a key area of action for raising
productivity levels in construction. Barbosa et al. (2017) agree that “rethinking design
and engineering processes” in terms of a production system is the most impactful
action for kickstarting the sector’s stagnant productivity (p. 8). Excluding projects that
require unique solutions, construction can be standardized: the increased use of
prefabricated standardized components is encouraged, as well as the widespread use
of standard design libraries. On-site construction can be minimized by producing pre-
cast components in manufacturing facilities and partly assembling panels in factories
(Barbosa et al., 2017). Although modular construction has been widely used in low-
rise buildings so far, recent years have seen an increase in their use for multi-storey
and high-rise buildings. The benefits of modular construction can be treated under five
aspects: (a) reduced project duration, (b) reduced cost, (c) reduced carbon footprint,
(d) fewer health and safety risks, and (e) improved quality control processes (Barbosa
etal., 2017; Bertram et al., 2019).
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Modular projects have consistently presented a 20-50% acceleration of project
timelines. Standardized libraries provide great opportunity for reduction in design
time. Offsite manufacturing allows for repeating and automating of activities, easier
access to tools, and controlled weather conditions. Furthermore, construction
workflow sequences are quickened because offsite manufacturing can overlap with
onsite foundation work. Figure 2.6 below compares construction project timelines for
traditional and modular apartment projects. While traditional construction dictates that
each phase must follow the next, modular construction allows for overlap between

phases (Bertram et al., 2019).

Example apartment project construction duration, traditional vs offsite 3D volumetric, months
Months

Traditional 6 2 8 24

anc des
and design
Foundations

Onsite
construction 12

Construction Redesign is frequent in traditional J
over-run’ construction, but very rare in offsite

3D volumetric

Planning 5_7 PR f:dore u.:-_fro_nt design "Er early ptojects but design
and design phase will shorten as designs are repeated

. Offsite manufacture begins
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Enhanced productivity

o e oy ! e 20-50% faster

module build
Onsite Fast assembly because no MEP? Installation could eventually
installation and finishing personnel required m‘—l be parallel with manufacture
6 12 18 24
Months

Figure 2.6 Comparison of project timelines for typical, hypothetical apartment

project construction (Bertram et al., 2019:11)

In addition, prefabrication strategies can amount to a 20-40% decrease in costs
compared to traditional construction methods. Studies show that with correct
implementation, modular construction in Europe and the United States could deliver
up to $22 billion in annual savings by 2030 (Bertram et al., 2019). Reduced project

costs also facilitate housing affordability, an issue which will gain even more
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importance as city populations rise. Moreover, the reduction of on-site work minimizes
construction waste and air pollution. There is a higher opportunity for using recycled
products at the manufacturing stage. Typically, modular projects are sustainable and
present high energy efficiency, resulting in more eco-friendly building lifecycles
(Barbosa et al., 2017). In a factory environment, supervision of labour and quality
control processes is improved. This results in enhanced energy consumption rates,
structural integrity, and seismic performance. Furthermore, the controlled environment
of factories and the reduced work involving difficult weather conditions or high
altitudes minimizes the risk of construction accidents. Building manufacturing and
assembly typically requires a series of standardized, repetitive activities with few
variables (Barbosa et al., 2017). Overall, these factors lead to a more efficient process.
Additionally, lessons learned from each modular project can be used in the next, since
factory conditions remain the same. Designs and the manufacturing process can be
streamlined with each project (Boston Consulting Group, 2016; Bertram et al., 2019).

Chinese construction company Broad Sustainable Building (BSB) is a leader in
prefabrication. 90% of its components are produced off-site. BSB’s Mini Sky City
project in 2015 gained significant media attention. The 57-storey building was
completed in 19 days at a rate of three storeys per day. Similarly, their 15-storey
Newark Hotel and 30-storey T30 building were completed in 6 and 15 days,
respectively. Total cost of the projects were less than $1000 per square metre.
Currently, the company’s Xiangyin factory can produce 5 million square meters of
components per year (Generalova et al., 2016).
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Figure 2.7 Top left: Prefabrication assembly line. Top right: Assembly of Mini Sky
Tower. Bottom: Transportation of prefabricated components. (Generalova et al.,
2016)

Figure 2.7 above shows a BSB factory production line, a flat back truck carrying
prefabricated components, and the assembly of Mini Sky Tower. Standardized floor
plates with steel frame structures are prefabricated in large production lines, where
they are equipped with electrical cables, ventilation systems, sound and heat insulation,
and floor finishes. Exterior walls are prefabricated with windows and integrated solar
shading. Load-bearing structural steel columns are also produced in production lines.
These are then transported to the construction site, where they are assembled using
bolted and welded joints. On-site construction mainly consists of connecting the steel
columns, bolts and wall panels, and joining the pre-installed wiring and piping between
floor plates (Generalova et al., 2016; Boston Consulting Group, 2016). In a typical
modular project, five workers can assemble approximately 260 square meters of
finished floor area per day, which is significantly faster than conventional methods
(Bertram et al., 2019). BSB buildings have magnitude nine earthquake resistance, five
times higher energy consumption efficiency compared to traditional Chinese
buildings, and advanced air purification systems. Moreover, buildings are made of
recycled steel and production waste is at 1%, compared to 5%-10% for traditional
construction methods (Boston Consulting Group, 2016).
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2.5.5 3D Printing/ Additive Manufacturing (AM)

Tay et al. (2017) assert that 3D printing and AM are synonymous. They define it as
“an advanced manufacturing process that can produce complex shape geometries
automatically from a 3D CAD model without any tooling, dies and fixtures” (pg. 1).
Paolini et al. (2018) present the following explanation provided by international
standard ISO: the “process of joining materials to make parts from 3D model data,
usually layer upon layer” (para. 2). A further definition of AM is given by Buswell et
al. (2018) who describe it as the utilization of “computer-controlled placement of
extruded cement-based mortar to create physical objects layer-by-layer” (para. 1). This
definition includes material information as well and relates specifically to the

construction industry.

AM was first used to produce models and test products during the design stage.
Currently, the automotive, aerospace, and medical industries actively use the practice
(Craveiro et al., 2019). Both Paolini et al. (2019) and Craveiro et al. (2019) agree that
industrial use of AM is becoming more commonplace and that its benefits deem it an
attractive alternative to conventional manufacturing processes. Figure 2.11 below
illustrates the main steps for producing an object through AM. First, a 3D CAD model
is created. Second, the model is typically converted into STL format. Third, the file is
sliced into multiple 2D cross-sections. Lastly, the cross-sections are sent to the AM

system and printed incrementally (Tay et al., 2017; Craveiro et al., 2019)

CAD STL SLI

Figure 2.8 The process for producing an object through AM (Craveiro et al., 2019)

Research and applications on printing building components have gained considerable

popularity in the last decade (Osterreich and Teuteberg, 2016). Predominantly, AM

elements are produced off-site and assembled on-site, creating partially 3D printed

structures. Larger-scale systems are slowly proliferating, enabling end-to-end on-site

applications (Craveiro et al., 2019) Recently this year, an entirely 3D printed building

in Europe was commercially rented as living quarters for the first time (Boffey, 2021).
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The most common application in construction is AM of concrete, otherwise known as
3D concrete printing. Concrete mixture is pumped through a hose and extruded
through a nozzle; concrete filaments are printed at the desired location with the help
of a motion-controlled robot; these filaments then bond with the previous layer and
solidify (Bos et al., 2016; Buswell et al., 2018). Figure 2.12 show a residential building
construction project in Germany. The two-storey structure is comprised of triple-skin
cavity walls, an insulation compound, and installation works within the cavities
(Harrouk, 2020).

Figure 2.9 Left: 3D printed concrete filaments. Right: Top-down view of the
construction site (PERI GmbH, 2020)

If embraced, AM has the potential to transform the construction industry. The
advantages of an AM approach to building include: (a) minimized construction waste,
(b) increased site safety, (c) opportunities for more complex geometries, (d)

elimination of formwork costs.

All sources confirm that AM in construction requires fewer resources and produces
less waste compared to conventional building methods (Perrot et al., 2016; Tay et al.,
2017; Paolini etal., 2019). Moreover, some companies use recycled construction waste
materials in the printing material, further contributing to a design’s sustainability

(Craveiro et al., 2019).

AM also translates to the replacement of human labour by robots. (Perrot et al., 2016;
Tay et al., 2017) It eliminates the need labour-intensive manual work like bricklaying,
installation of reinforcement, or concrete casting; thus reducing the physical workload
of construction and preventing work related injuries. Furthermore, construction
projects in hazardous environments can be done with minimal human intervention
(Paolini et al., 2019).
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Furthermore, combining 3D printing with BIM allows for creating more customized
and complex designs (Tay et al., 2017; Paolini et al., 2019). Perrot et al. (2016) indicate
that constructing concrete structures without formwork gives an unprecedented level
of “architecture freedom” (para. 1). Another advantage to eliminating formwork is cost
reduction. Formwork accounts for 35-60% of the total budget for concrete work.
Without it, procurement costs are reduced, and a shortened supply chain leads to
accelerated production rates. This provides ample opportunities for mass production
(Craveiro et al., 2019).

Nevertheless, AM still has several important limitations. Research is required for
developing new printing materials and technologies. Producing non-supported
structures like overhangs or roofs is a significant challenge. And despite low printing
costs, initial investment into the technology can be high compared to conventional
methods. Therefore, many stakeholders maintain reservations regarding AM’s cost

efficiency (Craveiro et al., 2019).

2.5.6 Human-Computer Interaction (HCI)

Human-Computer Interaction (HCI) is a discipline that studies the design of computer
technology with an emphasis on user experience. It focuses on how this interaction
affects human work and activities and HCI researchers aim to produce designs that
facilitate convenient, comfortable experiences (Dix, 2009). While the discipline
originated from computer science, it now extends to practices like cognitive science,
ergonomics, and recently construction ("What is Human-Computer Interaction?",
2021). According to Osterreich and Teuteberg (2016), HCI is a significant factor in
achieving a digitised construction industry: “in many cases, the way humans interact
with technology, e.g. with robotics, is considered as the main key to implementing a
successful solution on construction site” (pg. 130). Nonetheless, conducting a
literature review on HCI in relation to construction yields limited results. One
conference paper investigates the use of eye tracking technology for hazard
identification on construction sites to improve safety (Ye & Konig, 2019). Two studies
propose that HCI can be used for teaching AEC students and professionals, since HCI
modes can be combined with BIM applications to offer a more visual and interactive
teaching experience (lIrizarry et al., 2013; Vassigh et al., 2018). Remaining sources are

focused on Human-Building Interaction (HBI).
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HBI looks at the interactions between humans and digital artefacts that pertain to the
built environment (Alavi et al., 2016). However, a generally accepted definition of
HBI is lacking. According to Nembrini and Lalanne (2017), this is due to the
interdisciplinary nature of HBI. Another reason might be that current studies on HBI
are largely hypothetical with few existing applications. In fact, several studies are call-
to-actions which aim to persuade HCI researchers to contribute to the field of HBI.
Alavi et al. (2016) assert that “the HCl community [has a responsibility] to intervene
and involve the user in the Human-Building Interaction (HBI) practice” (para. 2),
while Nembrini and Lalanne (2017)’s research introduction reads emphasizes “the aim
to establish HBI as a relevant component of HCI research” (pg. 2). Similarly, Topak
and Pekerigli (2020) describe how HCI research can contribute to HBI, innovating the

way in which people interact with the built environment that they inhabit.

These studies hypothesize that in the future, buildings will have a common building
interface that acts as a mediator between occupants and building components. This
interface, powered by Al and loT, will act on occupant inputs and environmental
parameters as well as automating various occupant-specific preferences. This shift in
the way people interact with their surroundings will be fuelled by advancements in
sensory systems that can be integrated into building infrastructures (Alavi et al., 2016;
Nembrini and Lalanne, 2017; Topak and Pekerigli, 2020).
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Figure 2.13 below illustrates the projected transition in HBI modalities. Several
traditional interactions like switching lights, adjusting thermostats, opening doors or
shutting blinds may be replaced by interface navigation or automation (Topak and
Pekerigli, 2020).
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Figure 2.10 Transition toward Human-Building Interaction (Topak and Pekerigli,
2020)

Aside from human comfort, HBI focuses on maximizing energy efficiency. HBI
applications can impact user behaviour by suggesting alternatives that reduce energy
consumption. This creates a dialogue between building and occupant, requesting that
the latter assume accountability for energy efficiency. For instance, occupants may be
induced to lower blinds or use insulating curtains for lowering the temperature. Hence,
activities like heating, cooling, lighting, and ventilating are realized using minimal
amounts of energy (Nembrini and Lalanne, 2017). Conversely, Shen (2015) argues
that behaviour change evokes inconvenience and difficulty. According to them, HBI
must analyse occupant habits and leverage that knowledge to create energy-saving
opportunities. Shen (2015) proposes a user-centred approach that “facilitates and
empowers building occupants to live and work using less energy” in a convenient and
effortless way (pg. 9). A well-known example of this approach are hotel rooms that

require a key card to be inserted into the light switch for turning on electricity. While
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inside the room, occupants benefit from having a place to keep their room key without
it being misplaced. Meanwhile, the hotel prevents excess energy consumption from
guests that forget to turn off the lights (Shen, 2015).

The influence of computing power and technology on occupants’ experience with the
built environment is growing. However, HCI within the construction industry is still a
novel concept. The available research consists of future frameworks, proposals, and
hypotheses. Alavi et al. (2016) theorise that extensive HBI practices will become

commonplace by 2030.

2.5.7 Product-Lifecycle-Management (PLM)

Osterreich and Teuteberg (2016) define Product-Lifecycle-Management (PLM) as “a
concept which deals with the seamless integration of all information produced
throughout all phases of the whole lifecycle of a company’s product” and describe it
as a “key element to enable a digital value chain” (p. 129). Terzi et al. (2010) provide
a simpler description: “A PLM environment enables collaboration between various
stakeholders of a product over its lifecycle” (p. 363). PLM is often associated with
BIM. Both approaches integrate processes, stakeholders, technology, and information
across a product’s lifecycle. In some sources, the two terms are used interchangeably
(Osterreich and Teuteberg, 2016).

These associations are typically instances in which PLM attributes from
manufacturing are mirrored onto BIM to improve project performance in the AEC
industry. PLM preceded BIM and many aspects of the latter are derived from the
former (Jupp, 2016). Mangaliardi et al.’s (2017) comparative study of BIM and PLM
clarifies the distinction. BIM pertains to the AEC industry and, in some cases, the
shipbuilding industry. Conversely, PLM is rarely used for the AEC industry; however,
complex manufacturing sectors like the automotive and aerospace industries are
exclusively mentioned with PLM. Another difference is that the level of Information
Communication Technology (ICT) adoption associated with BIM is typically much
lower compared to PLM, which demonstrates higher levels of integration and
consolidation across supply chains. This is because the manufacturing industry has
been adopting PLM systems significantly longer than the AEC industry’s adoption of

BIM. Also, the construction sector’s project-based and fragmented nature complicates
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seamless integration across processes. Thus, standardization of processes becomes
highly difficult, which affects BIM adoption rates.

As previously mentioned in this study, the construction industry is lagging in
productivity compared to the manufacturing industries. Therefore, it would be highly
beneficial for AEC professionals to continue learning from PLM case studies and
enhance BIM processes (Boton et al., 2016). For instance, Yousefnezhad et al.’s
(2020) case study illustrates a real-world example of a campus building that integrates
a feature of PLM with the digital twin to manage and manipulate the lifecycles of smart
products in an 10T environment. This application enhances data processing and
decision making, creating new opportunities for research regarding smart buildings.

2.6 Simulation and Modelling
2.6.1 Simulation Tools and Models

Construction projects can be affected by a wide range of external variables; examples
include weather conditions, labour performance, variations in supply, and fluctuations
in local currency. Simulation tools and models integrated with BIM help to formulate
effective plans against these variables, as well as optimizing various design aspects.
Hence, they aid design development, project planning, resource planning, and project
management (Osterreich and Teuteberg, 2016; Ram and Khan, 2019).

BD and simulations appear to be closely linked, as the analyses and predictions are
often based on previously collected information. When discussing simulations, Ram
and Khan (2019) assert that “the integration of BD-BIM helps designers at early
design phase as it enables gaining an integrated and visualized view of building
performance” (p. 570). Likewise, Wang and Zhai (2016) found that BD integrations
enable advanced simulations that enhance building performance across the entire
lifecycle. Simulations on building performance are widely used at the design stages to

evaluate lighting, energy consumption, CO, emissions, and construction waste.

Revit’s embedded daylight analysis tool has been widely used in the industry for many
years. Users can analyse illuminance as well as sun and shadow studies. Using this

insight, designers can optimize shading features, artificial lighting, and window
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placement. These strategies help to maximize occupant comfort, avoid glare, and
predict energy savings ("Daylight Analysis in BIM", 2018; Majeed et al., 2019).

Energy simulation software simulates a building’s energy consumption and efficiency
based on the BIM model and provided parameters (Bilal et al., 2016). Thermal
insulation software tools can “determine the appropriate size of HVAC systems,
analyze the energy consumption, and calculate the cost of the energy used” (Sousa,
2012, p. 1). Users can also determine whether efficiency rates abide by client
specifications, regulations, or by certification programs such as LEED (Leadership in

Energy and Environmental Design).

Construction waste minimisation is another significant gain that can be achieved using
simulation tools. There are several studies which investigate optimization of
construction and demolition wate management through simulations (Hao et al., 2007,
de Guzman Baez et al., 2012; Bilal et al., 2016). Bilal et al. (2016) describes how waste
estimation at the early design stages helps to proactively minimise waste, while Baez
et al.’s (2012) proposed model evaluates waste management plans against local

regulations.
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Aside from the more common simulation tools mentioned above, there are specialized
tools for specific types of projects. For example, pedestrian simulation tool
MassMotion is used for railway projects to reduce passenger congestions in stations.
The software can be integrated with the BIM model. It provides 3D model animations
and numerical reports that show the impact of train schedules and passenger behaviour.
Figure 2.11 below illustrates a MassMotion animation still of pedestrian movement in
a railway station. The different colours of the pedestrians symbolize whether they are
boarding or disembarking, as well as the metro line they pertain to (Kirlangigoglu and
Doker, 2018). Designers use this information to determine optimal placements for
staircases, elevators, and turnstiles. If necessary, train arrival patterns are also modified
(King et al., 2014; Keskin, 2017).

Figure 2.11 MassMotion simulation of pedestrians in a railway station (Source:
Oasys, n.d.)

A 2014 study on Canadian subway interchange stations states that “adjusting the train
arrival pattern was found to cause as much as a 63% reduction in the congestion
passengers experienced” (King et al., 2014, p.27). In Turkey, projects that utilized
MassMotion include the Uskiidar-Umraniye-Cekmekdy, Basaksehir-Kayasehir,
Bostanci-Dudullu, and Gaziantep metro lines. Other use cases for MassMotion may
include shopping centre projects, airport projects, and football stadium projects
(Keskin, 2017).

Augmented Reality (AR) and Virtual Reality (VR) can also be used to enhance
simulation tools and models by providing rich and interactive visuals. Bilal et al.

(2016) discusses the possibility of “virtual site visits, proactive schedule dispute
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identification and resolution, and as-planned vs. as-built comparison” by combining
simulation software with AR applications (p. 516). These will be discussed further in

the following section.
2.6.2 Augmented Reality (AR)/ Virtual Reality (VR)

Alizadehsalehi et al. (2020) define VR as “computer technologies that use software to
generate realistic images, sounds, and other sensations that represent an immersive
environment and simulate a user's physical presence in this environment” (pg. 115).
AR is a less immersive technology compared to VR; it superimposes interactive digital
content onto the real world. This content is predominantly accessible from PCs, tablets,
or smart devices (Alizadehsalehi et al., 2020). Elghaish et al. (2020) provide the
following descriptions: VR “allows the replacement of a user’s perception of the
surrounding environment with a computer-generated artificial 3D environment,” while
AR “integrates images of virtual elements into the real world” (para. 3). Table 2.3
compares VR and AR technologies regarding artificiality of content, interactivity, and

technology medium.

Table 2.3 Comparison of VR and AR technologies

VR AR
Virtual Content High Low
Real Content Low High
Interactivity Low Middle
Desktop/Mobile/
Type Standalone Desktop/Standalone

Source: Alizadehsalehi et al., 2020

Elghaish et al. (2020) attribute the increased use of AR and VR in the construction
industry to the increased affordability and popularity of drones. AR and VR
applications are often used to display data collected by drones, which are used to
automate site-based data collection. This eliminates the need to perform in-person
inspections and take photographs, which is particularly important for projects that span
over large areas. Another common application in this context is laser scanning. Laser
scanning processes visual data through photogrammetry to create point cloud data

which is then transferred into a BIM model. Laser scanning is often used for capturing
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the initial site or as-built information. These technologies combined with AR or VR
applications reduce the need for labour-intensive data collection (Elghaish et al.,
2020). Meza et al.’s (2014) study found that tracking and monitoring a construction
project is best done through AR applications. Stakeholders can perform site surveys,
monitor project progress, and compare construction against the BIM model (Elghaish
et al., 2020). Likewise, Turner et al. (2020) hold the view that conveying information
in a visual and context-aware manner is critical to digital twin applications. They write
that “technologies like AR provide a unique visualization solution that enables a
worker to document, monitor construction site activities and mark up important
information for a digital twin to intelligently run offline hypotheses generation and
analysis” (p. 5). Nevertheless, “project control and monitoring” appears to account for
the fewest number of publications on immersive technologies in construction. Elghaish
et al.’s (2020) extensive literature review identified four major areas of application;
Figure 2.12 below presents the areas of academic studies in decreasing order by

number of publications, left to right.
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Figure 2.12 Applications of immersive technologies in construction (Elghaish et al.,
2020)

Construction safety training and construction education are the leading topics.
Although studies and technologies vary, researchers have obtained exclusively
positive results from introducing AR and VR into their operations (Elghaish et al.,
2020). Workers can undergo safety training sessions in a virtual environment without
any risks (Osterreich and Teuteberg, 2016; Li et al., 2018; Alizadehsalehi et al., 2020;
Turner et al., 2020). Some AR headsets can identify hazards and warn workers in real-
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time. Furthermore, they can help assemble parts with increased accuracy (Turner et
al., 2020).

The second most popular topics are defect and quality management. This is due to the
industry’s widespread problem regarding reworks. The high costs and time consuming
nature of on-site inspections heightens the importance of accelerating inspection
processes (Elghaish et al., 2020). AR helps inspectors to identify defective onsite work
in a much faster manner, while an enhanced understanding of complex geometries
through AR makes it easier to detect design flaws at the initial stages (Alizadehsalehi
et al., 2020).

Team collaboration and communication come in third place. The use of immersive
technologies in facilitating collaboration among contractors and clients at the early
stages is significantly convenient. VR applications can provide visuals that enable a
much better comprehension on design details compared to 3D BIM models; thus,
preventing miscommunication throughout decision-making stages (Osterreich and
Teuteberg, 2016; Turner et al., 2020).

2.7 Digitisation and Virtualisation

2.7.1 Cloud Computing

Cloud computing is the delivery of computing services through the internet. The
services include software, databases, data storage, servers, and networking. The
National Institute of Standard and Technology (NIST) defines cloud computing as a
model that provides universal and on-demand network access to a shared pool of
devices (Mell & Grance, 2011, p.2). Ebrahimi (2019) summarizes the concept as

“outsourcing data storage and processing to a third-party data center” (pg. 40).

Cloud technology removes the inconveniences of traditional ICT practices such as the
requirement for on-site storage, the high investment costs for hardware, the operational
costs for maintenance, the safety risks, the inaccessibility to information, and the lack
of scalability. Cloud computing has five key attributes: (a) on-demand self-service, (b)
Rapid scalability, (c) affordable storage, (d) measured service, and () a collaborative
platform (Mell & Grance, 2011; Newman et al. 2020; Bello et al., 2021).

Traditional ICT methods require human interaction and waiting periods for

procurement, delivery, and installation. But cloud computing can be unilaterally
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purchased from the provider’s website and does not require lengthy installations (Mell
& Grance, 2011). Cloud computing can scale to meet short-term demands without
supplementary infrastructure. Users can expand or shrink storage capacities, service
features, and user accounts as needed. This allows companies to adapt their IT
resources to varying requirements throughout the project stage. Furthermore, it
eliminates the need to predict storage and processing requirements at the beginning of
a project, which is difficult and often yields inaccurate results (Newman et al. 2020;
Bello et al.,, 2021). The availability of affordable storage becomes critical as
technologies like 10T, AR, and 7D BIM popularise. These applications generate
massive volumes of data; on-premises solutions would be significantly expensive and
would require ample physical space. Cloud providers offer competitive prices at

virtually no operational costs (Bello et al., 2021).

Moreover, cloud computing abides by a pay-as-you-go pricing model. Customers pay
according to the storage, processing, bandwidth usage or number of accounts they use.
Many services offer fixed pricing models as well, where users can choose a package
within the range of their needs pay a monthly fee. Furthermore, users can monitor their
usage to determine exact IT costs according to project, construction phase, and team
(Mell & Grance, 2011). This transparency enables companies to make more accurate
predictions on the extent of services they will need for future projects, therefore

producing more accurate cost forecasts.

Another important aspect is the accommodation of multiple users who can access a
central repository for real-time construction data through a shared online network
(Bello et al., 2021). Users can access their cloud services regardless of time and
location, by means of any smart device that has a working internet connection (Mell
& Grance, 2011). This provides seamless communication between stakeholders. For
instance, site engineers can rapidly access modifications made by the technical office.
This facilitates an organized, collaborative practice and prevents errors caused by

outdated information.

Osterreich and Teuteberg (2016) assert that the industry is not invested in cloud
computing as a singular solution, but instead as a “key enabling technology for BIM,
for project management applications, payroll solutions, Enterprise Resource Planning

(ERP) systems or digital document management platforms to create a single source of
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truth for the project team” (pg. 130). This is exemplified in the Dudullu-Bostanci
Metro Project, a thirteen-station railway construction in Istanbul. Project Architect and
BIM Coordinator Tiirkeri states that the project’s architectural, structural, and
mechanical, electrical, plumbing (MEP) models were created on Revit; 4D and 5D
BIM integrations were made using Primavera; while time simulations and
interdisciplinary clash detection tests were achieved through Navisworks. All these
processes were merged and coordinated using Oracle Aconex, a cloud project
management software developed for the construction industry (Tiirkeri, 2020). Figure

2.13 illustrates the information flow throughout the project.
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Figure 2.13 Cloud-based data management architecture of the Dudullu-Bostanci
Metro Project (Tiirkeri, 2020)

Oracle Aconex provides its users with a Common Data Environment (CDE) that
connects all project and model information. This CDE is the “single source of truth”
mentioned by Osterreich and Teuteberg (2016). Users can access documents, reports,
3D models, BIM workflows, and correspondence from a web browser or application
using cloud technology. In the Dudullu-Bostancit Metro Project, users were able to
track modifications on the BIM model in real-time and access up-to-date information
using Aconex. Subcontractors, field engineers and supervisors on the site could view
the latest revision of a project using mobile devices and report to the office through
the web (Tiirkeri, 2020; Aconex Project Delivery and Controls, n.d.). Tiirkeri (2020)
emphasizes that interdisciplinary coordination is essential for timely and accurate
manufacturing of building components. Cloud technology’s five attributes mentioned

previously are a significant contribution to the industry’s ability to collaborate.
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2.7.2 Mobile Computing

Mobile computing refers to accessing cloud technologies through mobile devices:
laptops, notebooks, tablets, wearable computers, and smartphones. The agility of
mobile devices enhances the availability and practicality of accessing the cloud (Kim
et al., 2013). In Edirisinghe’s (2018) words, “mobile computing enables connectivity
anywhere, anytime” (para. 2). The widespread use of smartphones amplifies the
opportunities for optimizing construction processes. Tracking the location of
construction workers and equipment on the site becomes easier due to smartphones’
embedded features. Time spent looking for materials is minimized. GPS navigation
allows users to tag their location when sending photographs for reporting various site
conditions to the design office. Gyroscopes and accelerometers allow phones to sense

their orientation, enabling the use AR applications on-site (Kim et al., 2013).

Today, an increasing number of software vendors offer integrated mobile computing
solutions for the construction industry. Smartphones have become such an
indispensable part of the construction site that in 2013 construction equipment
manufacturer Caterpillar released its first rugged smartphone®. Currently, the company
offers a variety of smartphones and mobile phones that can be operated with gloves,
are water resistant, provide loud audio for noisy environments, have high damage

resistance to drops, and possess thermal imaging capabilities (Catphones.com).

Mobile computing reduces response waiting time and facilitates better collaboration
between the site and the office. On-site project members can access up-to-date
documents on the go; meanwhile, the office can track progress and provide
preventative feedback when needed.

2.7.3 Big Data and Analytics

As previously stated, construction projects generate enormous volumes of data when
advanced technologies are implemented. Information can be accumulated from people,
computers, machinery, embedded devices, or sensors networks throughout the
lifecycle of a structure. This diverse set of information is known as Big Data (BD).
The Gartner IT Glossary defines BD as “high-volume, high-velocity and/or high-

variety information assets that demand cost-effective, innovative forms of information

3 A type of smartphone that is highly resistant to extreme conditions.
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processing that enable enhanced insight, decision making, and process automation”
("Big Data", n.d.). BD is very large and in constant exponential growth, too
voluminous and complex to be stored and processed with traditional data management
tools (Bilal et al., 2016; Ram, Afridi & Khan, 2019).

While BD is the acquisition and generation of information, the real value comes from
processing this information to extract useful insight. Illustrated in Figure 2.14 are the
two main components of BD: Big Data Engineering (BDE) and Big Data Analytics
(BDA). BDE involves the storage and processing of data. BDA involves extracting
information for analysis, measuring performance, and finding useful patterns in data
for improving predictions and decision making. BDA comprises of statistical software,
ML, and data mining technologies (Bilal et al., 2016; Saggi & Jain, 2018).

Big Data
Big Data Engineering Big Data Analytics
Big Data Big Data Statistics Machine Data
Storage Processing Learning Mining

Figure 2.14 Components of Big Data (Bilal et al., 2016)

Construction data varies based on its source. A useful example is BIM, which
generates 3D geometric, encoded, compute intensive, and compressed data in various
file formats. To name a few, these can be DWG, DXF, DGN, RVT, RFA, RTE, NWD,
ixcXML, or ifcOWL files. Even the design data of a simple 3-storey building model
is approximately 50 GB. In addition to design data, construction projects consist of
schedules, ERP systems, procurement data, laser scanning data, sensory inputs, and
more (Bilal et al., 2016; Ram, Afridi & Khan, 2019). Serensen et al. (2016) assert that
geospatial data is another significant portion of construction BD. This is generated
through GPS devices or RFID sensors and provides valuable insight for urban planning

and infrastructure decisions.
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Other use cases for BDA in construction projects include:

e Using HVAC and energy performance BD to automatically improve the
accuracy of energy simulation software.

e Preventing occupational injuries during the construction stage by analysing
workers’ behaviour and use of heavy machinery.

e Identifying causes of construction delays and cost overruns through statistics
and data mining.

e Using waste management BD to pre-emptively minimize waste in the design
stage.

e Applying data mining on facilities’ maintenance databases to provide
predictive maintenance alerts to facility management professionals (Bilal et al.,
2016; Serensen et al., 2016)

It is important to note that the application of BDA in the construction sector is not as
straightforward as other industries. For example, manufacturing operations consist of
repeatable and predictable processes, whereas construction projects are unique and
have numerous variable parameters that can change at any point. Examples include
subcontractors and market conditions. Such inconsistencies affect the efficiency of
analytics tools and complicate establishing benchmarks. Culture is another important
challenge, as leaders may have a difficult time internalizing predictive analytics over
their personal experience and expertise. Nonetheless, replacing human assumption
with fact-based data modelling has been proven to significantly improve decision
making (Hovnanian et al., 2019). For example, Hovnanian et al. (2019) emphasize the
usefulness of analytics at the bidding stage. As most major construction projects have
a timeline that span five to ten years, accurately predicting cost is a challenging feat.
Inaccurate predictions of cost and risk can result in severe consequences for
construction firms. Considering the low profit margins of construction projects,
deviations in bid estimation can have serious consequences. Therefore, the analysis of
data from past bids and projects can have significant benefits. Contract structures,
regional market information, statistics on geographical workforce, nature and size of
the project, asset classes, and profit margins are important assets that provide valuable
insight. Unhindered by biases or individual incentives, predictive analytics provide the

most accurate project outcomes by assessing a vast number of probabilities.
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One company used similar insights provided by BDA to formulate potential risk
variables based on past patterns. Based on this information, they were able to decide
whether the project was worth pursuing. They estimated costs and determined the level
of contingency that met the risks. Similarly, construction companies can use BDA to
evaluate the validity subcontractor bids. One infrastructure company leveraged data
from 17,000 projects to create an extensive database for project cost, time, and
procurement. Using this database, it formulated a statistical model that could predict
final costs based on type of project, materials, and manhours. This tool reduced their
average time for estimating procured contracts from an average of 60 days to two days
(Hovnanian et al., 2019).

Problem detection is another important use for BD. Combined with real-time project
monitoring, companies can track project performance. Analytical tools can scan
project data and detect events that relate to loss in performance. If a situation is
detected, relevant stakeholders are alerted and management can take preventative

action against potential time overruns (Hovnanian et al., 2019).

BDA provides the highest value when combined with other technologies. Bilal et al.
(2016) concur that BIM, cloud computing, 10T, and AR “amplified the advent of Big
Data in the construction industry.” BIM data recorded throughout the building
lifecycle, integration possibilities provided by cloud computing, and data collection
tools like RFID and sensory devices are several examples of technologies that enhance

analytics applications (Bilal et al., 2016).

2.7.4 Artificial Intelligence (Al)

Al is a system that perceives its environment and formulates strategies to achieve its
goals within that environment. Al can learn and adapt by analysing the data that
surrounds it; it does this through machine learning, which are algorithms that enable a
system to learn from data and make decisions based on observed patterns (Smith,
2019). Currently, Al is one of the fastest evolving technologies. There are three types
of Al: (a) artificial narrow intelligence (ANI), (b) artificial general intelligence (AGI),
and (c) artificial superintelligence (ASI).
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ANI, also known as “weak” Al, is the only type of Al that presently exists. Its
capabilities are limited to singular, goal-oriented actions. For the remaining of this
study, mentions of Al will refer to artificial narrow intelligence. AGI can theoretically
perform any intellectual task that a human can. While ANI detects and predicts patterns
for a singular task, AGI can use such patterns for a wide array of complex, multi-
faceted activities without additional configuration. ASI refers to systems that are self-
aware and evolved beyond human intelligence. ASI is a theoretical concept that is
unlikely to be achieved in the foreseeable future (Smith, 2019; What Is Artificial
Intelligence?, n.d.).

Although Al adoption in the construction industry is relatively low, investment in the
technology is slowly increasing. A 2019 industry research reports that construction
companies that apply Al experience a profit increase of up to 50%. Top use cases are
schedule and design optimization, risk mitigation, analysing patterns, and image
recognition (Cognilytica, 2019). Schober (2020) notes that use cases for Al are not
limited to construction companies, rather they implicate numerous stakeholders along
the construction value chain. Building material manufacturers improve their product
quality by using intelligent quality control systems. Al and machine learning tools can
streamline production machinery schedules and minimize downtimes. These
technologies help to optimize procurement management processes as well. Past pricing
information and current factors are analysed for insight on the raw materials market.
Al then provides recommendations on best buying periods according to its forecasts.
In the future, Al has the potential to identify gaps in the inventory and make orders on
its own (Schober, 2020).

In the design and planning stages, architects use Al to evaluate design variations.
Engineers deploy virtual simulations to test decisions about structure and statics. These
activities are realized through generative design. Generative design is an Al system
that develops design alternatives based on knowledge from previous projects. Users
must input parameters like special requirements, materials, environmental
performance, and cost. Al software explores possible variations within the specified
constraints and produces design alternatives. The software's recommendations become
more efficient with each choice that the designer makes. Generative design accelerates

the design process by eliminating problematic design alternatives, thus preventing time
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consuming rework. It also detects potential clashes with utilities by using neural
networks. While traditional methods for producing utility plans can take weeks of on-
site work, artificial neural networks can perform detection clashes in a day (Schober,
2020).

In the construction stage, Al is used to compare imagery gained from drones, robots,
and laser scans against the BIM model to track on-site progress and detect deviations
from the plans. If delays or errors are identified, these are immediately logged into the

work schedule and the relevant stakeholders can be alerted.

Throughout the maintenance stages, facility managers can exercise predictive
maintenance based on Al functionalities, like detecting unused parts of a building for
energy expenditure savings or recommending replacement of faulty parts. Preventative
maintenance, which is achieved through a combination of Al and IoT sensors, can
calculate optimal times for various actions, like cleaning a filter. As the facility
manager performs his duties Al can learn and adapt, improving its planning

capabilities and eventually performing certain tasks on its own (Schober, 2020).

Construction giant Bechtel* has been leveraging BD and Al since 2018. The company
digitized 120 years’ worth of construction data from nearly 25,000 construction
projects 160 countries. It deployed Al and machine learning tools to find hidden
inefficiencies and optimize construction sequences for complex projects (Bhargava et
al., 2019:11; Garza, 2018). Bechtel Senior Data Scientist Smith reports that Al helps
to determine the best course of action against unexpected problems:

Through artificial intelligence we are able to find connections and learn new
solutions we would not be able to find if every possibility had to be tested in
the wild. We can do so in the presence of dynamic factors and shifting
constraints. Once faced with unexpected weather, material or labor shortages,
our project teams will be able to ask: “What is the best approach from this point
forward?” Machine learning will allow us to optimize in real time as events

impact schedule and execution. (Smith, 2019, para. 12)

4 Bechtel Corporation is a global engineering, procurement, construction, and project management
company. It is the third largest construction company in the world (https://www.bechtel.com/).
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Nonetheless, Al algorithms rely on past data and most firms do not have thousands of
projects to collect data from. In fact, 90% of the construction industry comprises of
small and medium enterprises (Bello et al., 2021). To overcome this obstacle in the
industry, Blanco et al. (2018) suggest that external third-party organizations could
leverage accumulated AEC data to train and provide Al algorithms to the sector. Yet
much of the sector has strict restrictions on data sharing which would prohibit such
undertakings. In any case, the earlier a firm adopts BD and Al, the earlier it will start
benefitting. Adopting Al approaches that are relatively simpler to implement and have
positive short-term impacts can be a good start, as it dissolves any distrust in the
technology and promotes further practices. Investing in complementary solutions for
data collection and processing, like cloud infrastructure and analytics, is also an
advised first step. To speed up R&D efforts, companies can form partnerships with
tech-savvy organizations outside of the construction industry, like universities or Al
related businesses. Forming an in-house R&D department or hiring individuals with
IT backgrounds, as well as reskilling current workforces to adapt to the digitized

environment are also necessary practices (Blanco et al., 2018).

2.7.5 Digital Supply Chain

Digital supply chains are not a piece of technology; rather, they are a strategy that
leverages other technologies. Supply chains in engineering and construction are a
multifaceted system, involving many stakeholders, materials and equipment, products
and services, logistics and information, and money flows. Disruptions in the supply
chain can cause delays and loss or waste of materials, which lead to cost and time
overruns. Currently, most supply chains in the construction sector lack digitization and
are managed manually, using phone calls and spreadsheets. Therefore, companies have
limited supply chain visibility and cannot accurately predict when the next materials
or equipment will be needed. (Bhargava et al., 2019). McKinsey reports that the
digitization of procurement and supply-chain management is a vital area of

improvement for the industry (Barbosa et al., 2017).

Digital supply chains provide a transparent overview of real-time coordination
between multiple stakeholders across a complex network and enable creating a master
schedule with advanced planning. This helps to predict and prevent future problems.

Changing vendors, variations in resource availability, weather impacts and increased
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tariffs are among the problems that can disrupt supply and demand (Bhargava et al.,
2019). Bhargava et al. (2019) assert that there are three main factors that make up a
digital supply chain strategy: synchronized schedules, value-chain visibility, and
intelligent assets. First, synchronized schedules between parties allow changes in
supply chain events to reflect on all project schedules in real time. If a purchase or
delivery is affected, forecasts can be adjusted accordingly. Second, value chain
visibility provides an overview of real time situations of materials and equipment. This
helps to gather supplies from relevant parties and formulate reports. It identifies risks
and adjusts to changing events. Lastly, intelligent assets leverage Al and IoT to
optimize use of resources and improve predictability of operations.

A study involving 250 executives from leading AEC organizations in 19 countries
investigated the effects of implementing a digital supply chain. 24% of respondents
had executed a digital supply-chain strategy. These leaders reached profit margins that
were over six times larger compared to others. 73% of those executing digital supply
chains realized a revenue growth that outperformed the industry. Figure 2.15 below
illustrates the comparison between digital supply chain results compared against
traditional methods (Bhargava et al., 2019).

26% 76%

. 2X Manage material quality and risks
20% . 75% 3X Integrate financial, sales, and operational planning
17% . 75% 4X Improve service responsiveness
18% 73% 4X Improve speed of response to changing requirements
P p P gingreq
21% 71% 3X Improve equipment utilization and output
P quipi p
21% . 71% 3X Improve supply allocation and distribution decisions
23% . 9% 3X Improve supply-chain security
13% 69%
. 5X Improve analytics around supply-chain data and costs
16% 68%
. 4X Improve demand forecasting
23% 61%
. 2X Enhance supply-chain collaboration
19% 61%
. 3X Improve speed, reliability of manufacturing and distribution
20% 61% I .
. 3X Increase real-time visibility into operations
22% 56% .
. 2X Manage transportation disruptions
12% . 33% 4X Determine unplanned event scenarios

All others () Leaders

Figure 2.15 Comparison of digital supply chain profitability against traditional
methods (Bhargava et al., 2019:6)
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The implementation of a fully digital supply chain provides many benefits to the
construction process, including: (a) improved productivity, (b) reduced downtime, (c)
lower costs, (d) reduced waste, and (e) enhanced use of resources (Bhargava et al.,
2019). The effectiveness of digital supply chains is exemplified by Katerra, an off-site
construction start-up that single-handedly acquires all its procurement needs. Katerra
leverages SAP technology, analytics, mobile applications, and industrial 10T tools,
while combining machine learning and BD. Through these technology-driven
practices, it designs and constructs prefabricated large-scale residential, commercial,
and institutional projects. Katerra has a standardized kit of parts that can be arranged
in different ways to adjust to the site and meet client needs. Pre-designed parts like
floor systems, interior and exterior wall panels, cladding, and windows are combined
using computer software for each unique project; components are built in a factory and
assembled on site. Furthermore, Katerra curates its own digital supply chain. Having
an entirely standardized set of components enables the firm to have total control of the
materials, logistics and labour used in their projects. A smart inventory tracking system
determines the optimum quantity of raw materials for each project, and when these
should be ordered relative to construction sequence. Katerra handles design,
construction, and supply chain in-house using smart technologies. This helps the
company determine cost and time factors early in the project and prevent any overruns
(“Building a Digital Supply Chain in the Building Industry”, 2017; Katerra.com;
McKnight, 2017).

2.8 Challenges

Despite the opportunities for cost efficiency, the construction industry’s adoption of
Industry 4.0 is not nearly as extensive as the manufacturing or automobile industries.
The lack of motivation to fund R&D efforts is a critical barrier. Osunsanmi (2018)
asserts that this lack of investment is a key reason for “lack of innovation and
technological progress” (pg. 207). Even in EU countries, the construction and
materials industry invest less than 1% of their total income into R&D. Small and
medium sized enterprises have limited resources for technological innovation, which
makes it difficult to adopt Industry 4.0 (Osunsanmi, 2018). Technical equipment,
software, training and education, and consultancy fees are costly endeavours. Many

companies are hesitant to make these investments due to the uncertainty surrounding
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the measurable benefits of new technologies (Osterreich and Teuteberg, 2016).
Newman et al. (2020) point out that a significant portion of the industry comprises of
small enterprises; and that bigger companies rely on them for specialty services.
Therefore, the industry cannot fully digitalise without the participation of small
companies. Hence, it is unsurprising that while productivity in many industries has
doubled over the past decades, labour productivity in construction has decreased
(Osterreich and Teuteberg, 2016).

Another aspect is the construction industry’s unique challenges that do not apply to
factory-based sectors. Construction projects are site-based and have an immense
number of variable components, rendering the standardization of operations
impossible. Each project has a different site, which leads to uncontrolled environments
with varying geological situations, zoning laws, and local regulations. The
involvement of numerous contractors, subcontractors, and suppliers adds to a
fragmented supply chain. A high number of interrelated processes depend on different
stakeholders, each acting by their own interests and schedules. All this leads to great

unpredictability and uncertainty (Osterreich and Teuteberg, 2016).

Culture is another barrier, as the construction industry leans toward a habit of short-
term thinking and adopts a strong resistance to change (Osterreich and Teuteberg,
2016). Companies have reservations about the practical benefits and costs of Industry
4.0 technologies, while workers may present reluctance due to the fear of being
replaced by machines or a lack of motivation to learn new methods (Newman et al.,
2020). Data security concerns further ignite companies’ reservations, since loss of data
or unauthorized access can lead to significant damages (Osterreich and Teuteberg,
2016). Bui et al. (2016) suggest that security concerns are particularly important in
developing countries, because of the widespread use of software piracy. Developing
countries have the highest piracy rates and many AEC companies used cracked

software, which increases the likelihood of viruses and security breaches.

The lack of skilled workers is an important challenge. Construction workers generally
have low technical competency, which requires a focus on staff training and efforts to
attract skilled workers to the industry (Osterreich and Teuteberg, 2016). Newman et
al. (2020)’s study revealed several difficulties of arranging staff training; aside from

cost and time challenges, the industry suffers from a lack of trainers and training

49



materials. An absence of standards, policies, and reference architecture is another
barrier mentioned by several sources (Osterreich and Teuteberg, 2016; Bui et al., 2016;

Tekin and Atabay, 2018).

Even Germany, which is the origin of Industry 4.0 and the High-tech Strategy
initiative, “from a digital standpoint . . . is trailing behind other industries,” according
to Malev (2021, para. 1). Conversely, Newman (2020) asserts that “developed
countries like Germany [are] leading in the field” which is a testament to the industry’s
stagnation (para. 3). A recent German research investigated the reasons for the

industry’s slowness in adopting digitalization and found the following results:

62.4% of the surveyed companies said that the financial outlay was too high.
61.5% were put off by the excessive amount of time involved.

57.5% thought that data protection regulations were too strict and therefore a
hindrance.

55.6% blamed insufficient broadband expansion for the lag. (Malev, 2021,
para. 4; Bertschek et al., 2019)

Malev (2021) notes that despite its importance for Germany’s economy, the
construction industry is largely dominated by analogue tools and technologies. He
asserts that many companies prefer the familiarity of 2D technologies. In their study
reviewing BIM adoption in developing countries, Bui et al. (2016) summarise that
typical implementation challenges for ICT are a lack of management support, financial
support, R&D, standards, and qualified personnel, as well as data security concerns,
staff’s resistance to change, and low awareness of BIM benefits. Tekin and Atabay’s
(2018) study, which focused on the Turkish construction industry, reveals that
resistance to new technologies is the most prominent barrier. They conclude that “the
lack of open-minded culture, the fear of the unknown and being attached to old habits
are the main causes of this barrier” (Tekin and Atabay, 2018, p. 4). This attachment to
old habits is exemplified: rather than working on a shared BIM model, some industry
professionals convert 2D drawings into 3D models, and each discipline works on a
separate model. Additional challenges for the Turkish construction industry include a
lack of experts and high investments costs for software licenses and equipment.
Subcontractors’ interests in utilizing new technologies are overcome by financial

worries (Tekin and Atabay, 2018).
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3 DIGITILISATION IN THE TURKISH CONSTRUCTION SECTOR:
CASE STUDY

3.1 Introduction

This chapter outlines the design of the research, explains the methodology, then
presents the research data in detail and discusses the findings. The discussion section
reiterates the major findings of the study, interpreting the findings and relating the
obtained insights with existing literature. The chapter concludes with the limitations

of the study and recommends areas for future research.

3.2 Research Design

This study has three objectives. First, evaluating the use and effects of Industry 4.0
technologies in Turkish construction projects. Second, discussing the main barriers
and solutions in the sector’s adoption of Industry 4.0. Lastly, exploring industry
professionals’ narratives on their vision for the Turkish construction industry. A
qualitative content analysis was conducted to meet these objectives; this type of
analysis was chosen because it provides a more in-depth insight into complex topics
(Elliott & Timulak, 2005).

The interview survey was derived from literature review findings relating to Industry
4.0 and the Turkish construction industry. Research papers of a similar nature were
also examined. To name a few: Osunsami et al.’s (2018) paper exploring “Construction
4.0” in the context of South Africa, Ang et al.’s (2020) research studying the effects
of BIM on the Malaysian construction industry, and the work of Ernstsen et al. (2021)
investigating how “UK innovation champions” envision the digital transformation of
the industry. The final survey questions were reviewed by an academic in the field of
construction to confirm they were understandable, unbiased, and relevant to the

research topic.
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3.3 Interview Survey Methodology
3.3.1 Population and Research Sample

The population for this study is professionals in the Turkish construction industry. For
the purposes of this study, candidates were selected based on their experience with
Industry 4.0 technologies. Their role within the firm and their years of experience in
the industry were also a factor. The final sample of the research consists of five
professionals from the Turkish construction industry.

3.3.2 Research Instrument

A semi-structured interview method was chosen as the main research instrument.
However, respondents were asked to complete a questionnaire prior to the interview.
The questionnaire gathered information on demographics, respondents’ companies,
and projects details; it consisted of 11 closed-ended questions, which can be found in
Appendix A. Given the factual nature of the requested data, there was no need for

discussion at this stage.

For the interview, an open-ended strategy was adopted for obtaining detailed accounts.
Probing questions were asked to encourage further elaboration on experiences and
thoughts. Interviews comprised of 10 open-ended questions, excluding probing

questions.

3.3.3 Data Collection

Interviews were conducted online using various video conference software. After
receiving verbal consent from the respondent, each interview was recorded and then
transcribed. The level of transcription was intelligent verbatim; fillers, repetition, and
nonverbal communication were left out for the sake of brevity. Irrelevant digressions
or information that compromised the respondent’s anonymity were also omitted. The
transcripts total to 15,860 words and can be found in Appendix B. Quotes that were

used in this study were translated into English.

3.3.4 Method of Analysis

The preferred method for analysing the interviews was thematic content analysis. This
was realized through coding, a technique that classifies qualitative data into labels

according to category (Bhattacherjee, 2012). Interview transcripts were imported into
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qualitative data analysis software Cloud Atlas.ti, where each sentence and section were
examined for points that could be linked to the research objectives. The transcripts
were read numerous times to annotate all relevant concepts and codes. The codes were
then compiled into relevant groups; reoccurring points and data patterns between

respondents’ answers were Studied and compared.

3.4  Findings
3.4.1 Sample Information

The first section of the questionnaire consisted of demographic questions. The
following information were requested of the respondents: profession, position, and
years of experience in the construction sector. The questions were multiple choice;
however, respondents were asked to specify answers that did not fit within the choices.

Each respondent was assigned an identification number for preserving their
anonymity. As seen in Table 3.1 below, the sample group represents one electrical
engineer, two civil engineers, and two architects. The respondents’ median years of
experience in the construction sector is 14,6. Respondent 1 has the least amount of
experience, which is 11 years. Respondent 2 has the most amount of experience, which
is 18 years. Three of the respondents are BIM Managers, one respondent is a Planning
and Control Manager, and the remaining respondent is a Managing Partner. On

average, the duration of the interviews was 48 minutes.

Table 3.1 Respondent sample

Respondent Profession Years of Position Interweyv Length
Experience (hh:mm)
1 Electrical Engineer 11 Managing Partner 00:51
2 Civil Engineer 18 BIM Manager 00:36
3 Architect 13 BIM Manager 01:06
4 Acrchitect 17 BIM Manager 00:45
5 Civil Engineer 14 Planning and 00:42

Control Manager

The last question in this section inquired the respondents’ roles and responsibilities
within their organizations, as shown in Table 3.2. Respondent 1 and Respondent 4
checked only one box: digital transformation and BIM management, respectively. The

remaining respondents checked three boxes each. Respondent 2 had planning, design,
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and BIM management roles. Respondent 3 had planning, BIM management, and
quality control roles. Respondent 5’s duties included planning, risk management, and

cost management.

Table 3.2 Roles and responsibilities of sample
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The second section of the questionnaire gathered data about the respondents’
companies. Respondents were asked about their company type and size. The data can
be seen in Table 3.3. Respondent 1 is part of a digitalization consultancy firm and
Respondent 2 works in a project management consultancy firm. Respondents 4 and 5
work in firms that act as a contractor. Respondent 3’s company is an investor as well

as a contractor.

Table 3.3 Types and sizes of the sample’s companies

Respondent Company Type Number of employees
1 Digitalisation Consultancy 1-49
z o een
3 Investor, Contractor 1000+
4 Contractor 1000+
5 Contractor 1000+

The third part of the questionnaire gathered information on the type of projects
undertaken by the respondents’ companies. Table 3.4 shows that Respondents 1, 2 and
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4 replied that their companies take on residential, commercial, infrastructure and

industrial projects. Respondent 5 affirmed the types, in addition to transportation

projects. Respondent 2 was the only respondent who checked one box, replying that

their company works exclusively in industrial projects.

Table 3.4 Project types of sample’s companies
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When asked whether their companies are involved in international projects, all five

respondents answered affirmatively. They were asked to mention the countries in

which the companies generally took on projects. Respondents 1, 2, and 5 mentioned

countries in the middle east, Africa, and eastern Europe. Respondent 3 gave a similar

answer, with the addition of Russia. Respondent 4 was the only respondent who

answered with predominantly European countries. The full list of countries can be seen

in Table 3.5 below.

Table 3.5 Projects sample

Involvement in

Respondent - - Predominant Countries
International Projects
Turkey, Azerbaijan, UAE,
1 Yes Romania,
Saudi Arabia, Qatar, Kazakhstan
2 Yes Sudan, Boshia-Herzegovina
3 Yes Turkey, Russia, Kazakhstan, Libya
4 Yes Turkey, Russia, the Netherlands,
Turkmenistan, Kazakhstan
5 Yes Turkey, Azerbaijan, Romania, Iraq
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3.4.2 Project Information

In the last section of the questionnaire, respondents were asked to choose a project that
utilized Industry 4.0 technologies, which would be a starting point for the interviews.
As mentioned in the literature review, BIM is the basis for digitalization and Industry
4.0 technologies (Elghaish, 2020; Malev, 2021). Therefore, respondents were asked
how prominently BIM was used in their projects. A multiple-choice question sought
to determine which BIM dimension, from 3D BIM to 7D BIM, the projects had
reached. The respondents’ projects ranged from 4D to 7D BIM. As seen in Table 3.6,
two respondents reported 6D BIM, while 4D, 5D and 7D BIM were reported once.

Table 3.6 Level of BIM usage in projects

Respondent BIM Dimension

1 sD
2 7D
3 6D
4 6D
5 4D

The final question asked the respondents to select the Industry 4.0 technologies that
applied to their projects. The multiple answer question covered the technologies
mentioned in this study’s literature review. There was also an “Other” answer option
with a comment field for additional technologies if applicable. The respondent’s

answers can be observed in Table 3.7 below.

Table 3.7 List of technologies used in projects

Respondents

Technologies Used No. 2 3 4

Project management 5
software

Cloud computing

v
v
v

<A e
<

Big Data/Analytics

AR/VR

LAl Ao

Al/Machine Learning

3D Printing

Automation/robotics

PR RrRrNNw DS

Internet of Things
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Cloud computing and project management software were the two most widely used
technologies; both were selected by Respondents 1, 2, 3, and 5. Respondents 1, 2, and
5 responded that their projects took advantage of BD and analytics. AR and VR
applications were used by Respondents 1, 4, and 5. The remaining technologies were
selected once: 10T, Al and machine learning, 3D printing, and automation or robotics.
Only Respondent 1 selected 10T and automation or robotics. Respondent 4 was the
sole user of AR and VR. Lastly, only Respondent 5 mentioned an Al or machine
learning project. Further information on the use of these technologies were gathered

during the interviews.

3.4.3 Effects on the Project

This section examines the impact of Industry 4.0 technologies on construction projects.
Respondents were asked to share their thoughts on the effects of Industry 4.0
applications, give accounts on the training and adaptation periods, and comment on
the challenges for implementation.
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3.4.3.1 Benefits

It is noteworthy that when asked to elaborate on the effects of Industry 4.0
technologies, none of the respondents mentioned disadvantages without being
specifically asked. Table 3.8 below illustrates the main benefits of employing
innovative technologies in construction projects. The benefits are listed in decreasing

order by number of mentions.

Table 3.8 List of benefits of using Industry 4.0 technologies in construction

Respondents
3

Benefits No.

Increased coordination
Cost savings

Time savings
Improved design
development
Improved site
management

Improved site safety
Risk management
Sustainability
Quality management
Data safety

S ING RN RN
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In all cases, the respondents reported that Industry 4.0 technologies helped improve
coordination, lowered project cost, and reduced project duration. Four out of five
respondents felt that these technologies enhanced site management, site safety, and
risk management. Improvements regarding sustainability, design development,
visualization, and error prevention were mentioned by three respondents each. A small
number of respondents found it worthwhile to mention aspects regarding quality

management and data safety.
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One respondent summarized the effects of BIM combined with AR and VR
technologies:

We save a lot of time. We minimize risk. Because with the model, you can see
everything clearly visualized; nothing remains unpredictable. All processes can
be done via the model, which is seriously advantageous in terms of
coordination. On-site production durations are significantly shorted compared
to AutoCAD based systems, because once production begins, all the problems

are already solved. The need for rework significantly decreases. (R4)

Increased coordination

When asked about the effects of Industry 4.0 technologies, the respondents talked
about the enhanced coordination that was achieved among various stakeholders. For
example, one respondent mentioned that these technologies reduced the need for in-

person meetings and enabled remote working:

It’s very difficult getting different disciplines to work together. Thanks to BIM,
project members can work on the same model and coordinate in real-time, even
if they’re based in different locations. This eliminates the need for in-person
meetings. Even when you’re working remote, you’re viewing the same model

and evaluating the same issues. (R4)

The potential of remote work was mentioned by another respondent as well. When
talking about VR technologies, Respondent 5 shared their belief that “it will have a
huge impact on increasing project coordination.” They discussed how clients and
management personnel could visualize project states by using VR glasses or watching
video reports. They reported the added convenience of this possibility for projects

located in distant geographies.

People will be able to solve problems as if they’re physically on the site,
regardless of where they’re actually located. This may seriously impact project
management costs. Potentially, we’re looking to a future where we can devise
different decision support systems, working with fewer staff but with advanced
technologies. (R5)
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Talking about coordination, Respondent 3 shared that their company had developed
its own project management software that enabled cloud-based collaboration. This
program also contained project information that dated back 60 years. Therefore, users
can access past project data to gain insights which can be used to improve decision

making. They described the features and benefits of this software:

It's a document management system, as well as a Common Data Environment,
where we upload our BIM models. A platform where we track all information
flows, see file shares, and share models. We use this platform for submissions
to our stakeholders, other disciplines, and clients . . . We always work on the
cloud. And it's not just for the design project. It’s a platform that handles
requests relating to machinery and equipment shipments, purchases,
purchasing requests— it even has a database of all the companies we have
worked with. We use this for tender bidding processes. The advantages of this
in terms of project management is the optimization and shortening of
processes, as well as coordination and synchronization between the design
office and the field. (R3)

It is clear from this response that the software not only benefits processes during the
design stage, but several processes including tender bidding, procurement, site

management, and construction.
Time and cost savings

In analysing the interview data, time and cost savings were prominent discussion
topics. One respondent explained how AR and VR based applications for visualising
the design process minimized reworks and improved decision-making processes,

leading to faster and more economical implementations:

This significantly accelerates the project. The construction industry wastes a
lot of time during the design stage. Design and material decisions change,
physical models are deconstructed and remade. This leads to loss of time and
cost. Working with VR can prevent this loss. Presentations to management and

in-house meetings become more efficient. (R4)
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They also mentioned the practicality of automating quantity surveys using BIM:

When working in 2D, we used to do quantity survey works manually. With
BIM, quantity surveys are automatically generated. Of course, this depends on
how accurately you produce the model, which is very important. BIM lets you
redirect the workforce you use for quantity surveying towards different
operations, thus managing the technical office with fewer people. This

provides significant benefits in terms of manhours. (R4)

In their accounts of the events surrounding a project with stakeholders in three
continents, Respondent 3 commented that digitalizing coordination resulted in
substantial cost savings: “Some construction drawings were revised 30 times. Using
Aconex saved us from physically printing and internationally shipping all these
drawings for approval. By eliminating shipping costs, we achieved a great amount of

cost savings” (R2).

These comments provide evidence on the relationship between Industry 4.0
technologies and time and cost savings. Factors like enhanced design visualisation,
improved information flows, reduced rework, and digitalised approval processes led

to a mentionable reduction in manhours and project cost.

Improved design development

Visualization and design development were common themes that emerged in the
interview data. These themes are correlated because they have a cause-and-effect
relationship. For instance, Respondents 4 and 5 shared similar experiences regarding
the effects of VR applications. For both respondents, VR was clearly beneficial in
gaining a better understanding of design aspects. Respondent 4 stated: “We did a VR
study for landscaping. We had some issues regarding elevation differences, areas that
we could not visualize. So, we used VR and were able to very clearly analyse those
landscaping aspects” (R4). And Respondent 5 commented: “Visualizing the digital
twin and drone videos [with Hololens VR headsets] creates an open discussion
environment and enables a better understanding of aspects that otherwise wouldn’t be
clear” (R5). In both cases, improved visualisation aided in decision making during the

design development stages. It was suggested that improvements in visualisation had
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significant effects on error prevention as well. Respondent 4 expressed that they firmly
believe AR applications help to detect design flaws, even during the construction

stage:

I think that AR should definitely be used in construction processes. It’s very
advantageous when the construction crew learns and adapts to use this system.
For instance, we taught the construction workers to use BIM Viewer during a
hospital project. BIM Viewer is a free software and we achieved incredible
results. They were able to identify all the design flaws that we had missed, and
they gave us feedback about production problems they encountered. (R4)

Another respondent reported that a main factor in error prevention was the improved
coordination which resulted from using BIM and cloud software:

By working on a BIM platform rather than with conventional methods, we can
identify problems at an earlier stage . . . We can ensure that the right
engineering and architectural solutions are implemented on-site. When we can
all collaborate and communicate via a common platform, we eliminate
information pollution and misunderstandings. We get the right information

across in a simpler manner (R3).

In another case, Respondent 2 commented that using clash detection software allowed
their team to pre-emptively identify that a component clashed with the site: “Using
Navisworks, we were able to notice a design error before beginning field work. If the
wrong component had arrived from China, remaking it would have cost us six months”
(R2). Overall, some felt that AR and VR visualisations were critical, while others
considered the effects of BIM and clash detection simulations. Although the
respondents presented different accounts of how and which technologies helped, they
agreed that improvements in design operations were a significant aspect of Industry

4.0 applications.
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Site management and site safety

Improved site management operations also affect project cost. One respondent shared
their accounts on a project in Dubai, where the local government required the use of
5D BIM for waste control. By leveraging BIM simulations for site management
operations, the contractor achieved a significant amount of cost savings. As the

respondent put it:

A regulation mandated by the Dubai local government caused the project to be
upgraded from 3D BIM to 5D BIM . . . This completely changed the
contractor’s site management strategy. Aside from cost and planning issues,
they had to monitor the site daily. By digitalising five or six critical processes
on the field, the contractor saved around $1 million from quality control
aspects; this is not counting the safety, technical, planning and design aspects.
(R1)

Commenting on site management, Respondent 5 mentioned that simulations and VR
applications aided in improving site safety. For instance, they could perform risk
analyses by virtually analysing tower crane placements, hazardous areas, and

construction machinery routes.
Risk management

Respondent 5 reported that their company has an in-house SAP department and that
they leverage several of SAP’s modules for collecting project data and formulating

predictions:

SAP Analytic Cloud has a planning feature which can provide predictions
based on past performance data. Currently, we’re only partially using this
feature. We mainly use SAP to establish decision support mechanisms. We
began setting up systems for Al. The important factor is creating and collecting
data, then converting that data into outputs. We have Al-based alert

mechanisms for risk management. Our work in that area is still ongoing. (R5)

Sustainability

One of the respondents explained how they pre-emptively calculate their projects’

LEED ratings by inputting building material performances, daylight factors, and
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energy performances into Autodesk’s cloud software: “We send the data to the cloud
system and receive a performance report. We use these reports to optimize our projects
by tweaking window dimensions or any other energy performance related factor” (R3).
Another project involved value engineering using BIM tools. The project scope was
constructing a football stadium for the World Cup. However, the stadium would be
demolished after the games and the materials would be reused for new projects
afterwards. The respondent noted: “How many functions could a stadium project be
converted into? It was surprising how many alternatives we obtained. These studies

optimize for cost, design and construction—without compromising quality” (R3).

3.4.3.2 Training and Adaptation Periods

This part will present the respondents’ experiences on the trainings and adaptation
periods for implementing Industry 4.0 technologies. One respondent shared their
accounts on training all relevant staff in a project, including procurement, planning,
accounting, the design office, and the construction workers. The trainings involved
using cloud-based project management software, clash detection software, and BIM.

As the respondent put it:

During implementation, we first worked on document numbering. How can we
number the documents? What are the international standards? . . . Then, we
established the document management procedure: how to upload materials,
models, drawings, and methods based on their type. After establishing the
system, we taught the process to our staff. When we first got Aconex, every
relevant department was trained . . . We had training sessions for Revit as well
... [The construction workers] learned how to find the BIM models using their
tablets. We explained that every revision could be accessed; we showed them
how to measure the distance between two elements; and they learned how to

access everything they needed without requiring the help of a supervisor. (R2)
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Another respondent commented that their company provided extensive training

programs, which were often compared to academia:

We organized various trainings for our staff, so the older employees got more
familiar with the technology, and the new employees gained some experience.
We have an academic institution within our firm. Managers can determine the
needs of certain employees and send them to specific programs; and anyone

can request to take part in these courses as well. (R3)

However, they added that this was uncommon for many construction companies, as it
requires a significant budget allocation. Importantly, the emphasis on “older
employees” illustrates a recurrent theme in the interviews, which is the difference in
predisposition toward new technologies between younger and older employees. For
example, Respondent 5 commented that younger generations are substantially more

interested in Industry 4.0 technologies and that their adaptation periods are shorter:

Younger team members are much more interested in these technologies, which
is something we considered when assembling the team. So, they adapted very
quickly. We trained people who had never used drones or the specialized
software, and they learned very quickly. Their interest towards new
technologies was an advantage that allowed a very fast implementation. (R5)

This theme will be further discussed in subsequent subchapters, as it is a common view
amongst respondents. Returning to the topic of training, one respondent presented a
unique account in which they preferred to outsource some aspects of AR and VR
application, rather than learn the specialised software:

It’s unfeasible to do everything internally, to learn all the software. We’re a

BIM team and this [AR and VR applications] is more of an animation job. (R4)

Together these results provide important insights into the implementation process of
Industry 4.0 technologies. While a variety of training approaches were expressed, a
common sense among the responses was the importance of planning for adaptation.
Respondent 2 mentioned extensive preparation processes before commencing
trainings, while Respondent 3 talked about their company’s academic institution and
training procedures. Respondent 5 recognized the effect of employee age and reported
the influence of this knowledge when assembling their team. Lastly, Respondent 4

concluded that in some cases outsourcing specialised work can be more beneficial.
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3.4.3.3 Challenges

When asked about the challenges of using Industry 4.0 technologies, several issues
were identified by the respondents. These can be observed by looking at Table 3.9.
The most prominent challenges were resistance to change from older personnel and a

lack of qualified personnel.

Table 3.9 List of challenges of using Industry 4.0 technology in construction

Respondents

Challenges No. 1 5 P 3 4 5
Resistance to change 4 v v v v
Lack of qualified personnel 4 v v v v
High investment costs 3 v v v
Time consuming 2 v v
Software flaws 1 v
Internet connectivity 1 v

Resistance to change

Four out of five respondents shared that the resistance to change from older personnel
was a significant challenge. This theme persisted throughout the interviews. Similar to
Respondent 5°s account which was presented in the previous section, Respondent 2
specified that draftsmen over the age of 50 had a difficult time adapting to new

technologies, whereas younger staff were eager:

Some of the draftsmen, especially those over the age of 50, had a really difficult
time. Colleagues under 50 accepted this digital transformation. The younger
team members were very enthusiastic from day one. But those over 50
generally resisted a lot. It was quite difficult. (R2)

Talking about this issue Respondent 3 said: “Resistance against technology from older
staff members was a challenge. It’s very tough for the construction industry to adapt
to change . . . unlike the world, where everything is constantly changing, [the
construction industry] maintains a more traditionalist approach” (R3). Respondent 5
echoed these views, stating that: “Those from a few generations ago, who are used to
traditional methods, are much more conservative about [the use of technology]” (R5).
They added that older managers were generally sceptical towards the benefits of these

technologies, a factor that delays innovation in the industry.
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Lack of qualified personnel

One respondent alluded that due to the high percentage of older staff members on their
team, the company had difficulty appointing tasks the required the use of technology.
Eventually, the company hired a high number of younger staff members. Another
respondent mentioned the difficulty of finding people with BIM know-how: “We are
having a really difficult time finding qualified personnel, especially regarding BIM.
Having a good command of BIM requires having a good command of the field, which

limits our options.” (R4)
High investment costs

When talking about the challenges of finding qualified personnel, Respondent 5

expressed how this reflected to project costs:

There aren’t many qualified personnel that use these technologies. You need
to employ and train your team, which creates an initial investment cost that can
be intimidating to some. Investing in drones or specialized software—there is
a lot of prejudice on how fast the ROI is going to be. These factors are a

disadvantage when attempting to gain approval from upper management. (R5)

Commenting on investment costs, one respondent talked about the required hardware
equipment for AR and VR applications. While software programs were not costly, the

computers required a significant investment:

Naturally, we had to buy the equipment. [AR and VR applications] require very
capable computers with strong processing capabilities. They cost a very
significant amount. However, we had the software developed for a very

reasonable price. And the results were very successful. (R4)

Respondent 3 presented a unique approach to compensating for the high costs of

training:

We created a roadmap for internal BIM training to our staff. Now, when we
draft the budgeting for our tender bid proposals, we include that [training] as
an item. Because if a Client wants the project on a certain platform, with
innovative technologies, and if they want to oversee the project in this manner,
that comes at a price. So, when we write up our pricing offer, we present which

portion of it goes to training. We have a transparent policy. (R3)
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Overall, three respondents agreed that high investment costs were a challenge for
Industry 4.0 technologies. These costs stemmed from software licenses, hardware

equipment, and employee training.
Time consuming

Two respondents mentioned that the time-consuming nature of the implementation
was another issue. One respondent mentioned the duration of training:

Working with [drone photogrammetry and drone piloting] requires a training
and experience period. Such applications are limited both in the world and in
Turkey, therefore a certain level of commitment and determination is

necessary. This can be a little challenging. (R5)

Another respondent asserted that modelling certain technical details is not worth the

effort, as it can require a high number of manhours with little added benefit:

What I've learned from past projects is that not everything needs to be
modelled in 3D. Some things are better left in 2D. Attempting to model
everything in 3D requires a lot of manhours, which can lead to loss rather than
profit. It is critical to decide the best course of action regarding what aspects
should be managed with BIM early on . .. modelling every aspect in extraneous

detail would be very expensive. (R4)
Software flaws

One concern expressed regarding technology was that software programs can have

defects and limitations:

Not every software is perfect. There are certainly shortcomings and technical
issues. When a software provider offers a platform or a service, we report the
problems we face. The provider fixes the issue for the new version or update.
It is important to be aware that these software programs cannot do everything—
this perception is dangerous. For example, the limitations of what we can do

with Revit is a constant query. (R3)
Internet connectivity

Another limitation was mentioned by Respondent 2. When asked about the challenges

of using Industry 4.0 technologies, they stated that the cloud-based collaborative

software they used required uninterrupted internet connectivity for accessing data.
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Although they did not experience any connectivity issues, they mentioned that this
would have been inconvenient in projects with difficult site locations. They mentioned
that a common practice for underground rail projects in Turkey is downloading files
in bulk when users reach an internet source. In this case, changes made throughout the
day would not be visible to on-site staff until the next download onto the server.
However, the respondent added that this drawback is not applicable to all cloud-based

software.

In summary, when asked about the effects of Industry 4.0 technologies, the
respondents listed significantly more benefits compared to challenges. The
respondents were unanimous in the view that Industry 4.0 technologies improved
coordination, reduced project duration, and helped achieve cost savings. Respondents
working in construction companies also agreed that older employees presented a
resistance to change and had difficulty adapting to new technologies. Finding qualified
personnel in the field and the high investment costs of equipment and software were

among the top challenges of working with Industry 4.0 in construction projects.

3.4.4 Industry Barriers

This section looks at the factors that delay or prevent Industry 4.0 adoption in the
Turkish construction industry. Table 3.10 presents a list of the main barriers.

Table 3.10 List of barriers to digitalization of the Turkish construction industry

. Respondents
Barriers No.

1 2 3 4 5
Lack of standards and regulations 5 v v v v v
Resistance to change 5 v v v v v
Lack of qualified personnel 4 v v v v
High investment costs 4 v v v v
Data security concerns 2 v v

Several themes that emerged while discussing project challenges recurred when the
respondents were asked about industry barriers. These themes were resistance to

change, lack of qualified personnel, and high investment costs.

Lack of standards and regulations
When asked about their thoughts on why the Turkish construction industry is falling

behind in digitalisation, the respondents agreed that this primarily stemmed from a

69



lack a mandated standards and regulations from the government. In particular, some
respondents suggested that small and medium-sized companies are unlikely to

innovate unless they are obligated:

Currently, only railway projects have BIM specifications in Turkey. Since
there is no obligation, small and medium-sized companies simply don’t prefer
to digitalize. (R2)

When talking about countries like England and Finland, where BIM and Industry 4.0
technologies are more widely implemented, one respondent summarized the reasons

they were farther ahead in digitalisation:

First, regulations from local governments . . . These regulations are needed
both on a local and on a national scale. The second is standards . . . The reason
why England started undergoing this digital transformation around 2010 is
because a standard came up. This standard is the BS 1192, and it has been used
in projects there for years now. They were quickly established and
implemented. So as | said, this kind of obligation is one of the biggest factors

in the implementation [of these technologies].

Obligation in the form of regulations and standards were seen as critical drivers for
digital transformation. Other respondents agreed with the notion that mandates are the

primary factor in other countries’ adoption of technology:

The fact that construction projects abroad are digitalised is due to obligation.
But there is no obligation in Turkey, which is why some projects are still
implemented with AutoCAD. (R4)

Similarly, one respondent talked about construction projects in Dubai and Abu Dabi:

The technologies are mentioned in the project specifications. Document
management systems, scheduling software, and BIM. The regulations are strict
and there’s a significant number of human resources appointed for these

operations. Unfortunately, Turkey is not at that stage. (R5)

The participants on the whole demonstrated a clear belief that without certain
obligations and mandates from the government, a widespread adoption of Industry 4.0

in the Turkish construction sector is unlikely.
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Resistance to change

Resistance to change was a key theme in all the respondents’ narratives. When asked
about barriers, one respondent replied that “there’s an incredible resistance against
change” which they considered to be “the most important factor” (R4). When asked to
specify which groups were most resistant, most of the respondents had matching
answers which reiterated the challenges mentioned in the previous section. The
respondents reported that members of upper management over the age of 50 were
persistent in opposing new technologies. Some felt that this was caused by a scepticism
of the technologies’ benefits, while others considered that a fear of losing power was

the main concern. For example, Respondent 5 stated:

The people in management positions usually have a conservative approach,
which leads to certain prejudices within the industry. They are doubtful
whether these technologies will have any benefits on the project . . . It's a
generational matter. When we entered the industry, our managers at the time—
some of them had never used a laptop. They drafted projects with pen and paper
without using any computers. Now that we took over, some degree of
digitalization and of keeping up with the times is noticeable. The next

generation will be a lot more agile in using these technologies. (R5)
Conversely, Respondent 4 commented:

Especially with managers above a certain age— because they’re concerned. It's
a new system which they do not know. They resist against it due to the fear of
losing control over something they don't know. They don't want to lose their
power. Therefore, they present an enormous resistance against transitioning to

a new system. (R4)

On a different note, one respondent expressed the belief that this resistance came

externally from the clients, rather than internally from older staff members:

Clients are the reason why [digitalization in the construction industry] is so
slow. Although it isn’t required, they insist on drafting specifications in which
they want four or five sets of hard copy construction documents. They want
wet signatures. They don't want to deal with a new system, they don't want to
change how they've been doing things, so there's a resistance there. (R1)
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Either way, the industry’s overall conservative approach was an important theme

throughout the interviews.

Lack of qualified personnel

A common concerned expressed by respondents was the lack of know-how and
qualified personnel within the industry. For instance, when Respondent 4 mentioned
that their company did not use innovative technologies as comprehensively as they
would prefer, a probing question asked for further elaboration on what prevented them

from doing so. They answered:

You need to factor in the state of the industry in this country. Even if you use
these technologies, this needs to be reciprocated by other project stakeholders.
Although our company is one of the best in its field, we still haven’t moved on
to 6D and 7D BIM. We subcontract our projects and the number of firms who
produce 3D models is extremely limited. Everyone claims that they do, but
there’s very few firms who are capable. Therefore, we really cannot use these

technologies in great detail. (R4)

In addition to the large-scale limitations of finding technologically savvy companies
in the Turkish construction industry, the respondent mentioned the difficulties of hiring

qualified field workers:

Personnel qualified in technology is hard to come by in the field. Particularly
in Turkey, it’s very difficult to find qualified personnel in Industry 4.0
technologies. Usually, teams who have experience in this area prefer to work

in head offices or in technology companies. (R4)

High investment costs

Another respondent described the same difficulties as Respondent 4 and remarked on
how this affected investment costs: “There aren’t many qualified personnel who can
use these technologies. You need to employ and train these teams yourself, which can
make the investment costs intimidating” (R5). Commenting about high investment
costs, Respondent 2 said that many businesspeople do not find it reasonable to invest
in expensive technologies when they can finish a project at a lower cost. They added:
“This is an excuse for not utilizing these technologies. The main priority of commercial
companies is making profit—aside from finishing the job, of course” (R2). There were

views that some companies do not have the financial means to digitalise. One
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respondent stated: “Not every company can afford to invest in technology or software”

(R1). Another commented that currency exchange rates were a challenging factor:

Trainings are very expensive. This is, of course, challenging. Software is very
expensive also. Because the currency is converted from dollars or euros. This
ads to the challenges of transitioning to BIM. Small-scale companies
experience great difficulty because of financial reasons. (R4)

In analysing the interview transcripts, it is observed that mentions of high investment
costs are often interconnected with discussions regarding the lack of qualified
personnel within the industry. Both themes are prominent in four out of five

respondents’ interview data.

Data security concerns

One respondent expressed that some technical offices had reservations about sharing
private data through online platforms due to security concerns: “Technical offices
handle a lot of processes regarding budgeting and progress payments. Some of these
sums is highly confidential information . . . They have reservations about putting this
data on the internet” (R1). Opinions differed as to whether sharing data online was a
less safe way to collaborate. One respondent mentioned that during the initial phases
of their project, an important piece of documentation had been lost by traditional
shipping methods. Resultingly, they convinced the client to migrate to the cloud to
prevent loss of data. They mentioned that cloud-based project management software
Aconex complied by ISO’s internationally recognized data security standards, which
is a standard that safeguards worldwide banking processes. Nonetheless, how a client
feels about internet security is highly variable and this concern is a viable topic when

discussing industry barriers.
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3.4.5 The Motivation Behind Digitalization

In seeking to uncover potential solutions to the barriers mentioned in the previous
section, it may be useful to first consider the motivation behind Turkish construction
companies that have adopted Industry 4.0 technologies. This section will examine the

primary motivators mentioned by the respondents, which can be seen in Table 3.11.

Table 3.11 List of motivators for using Industry 4.0 technologies

. Respondents

Motivator No. 1 5 P 3 4 5
Obligation 4 v v v v
Innovation leaders 4 v v v v
Design visualisation 3 v v v
Coordination 2 v v
Time and cost savings 2 v v
International tenders 1 v

As seen in the table above, the most common themes relating to this issue were
obligation and innovation leaders. In the most part, obligation was only applicable for
using BIM. When discussing the motivators behind other Industry 4.0 technologies,
respondents mentioned innovation leaders, design visualisation, coordination, time

and cost savings, and international tenders.
Obligation

Since all the respondents’ companies were involved in international projects, project-
specific regulations and client specifications required them to adhere to certain
technology standards. The comment below illustrates the impact of client

specifications to the value chain:

If the client makes [the use of Industry 4.0 technologies] a must, then you have
to adhere to get the job. It is a matter of supply and demand. As long as the
client wants something, you must adapt and improve. When you do, your

subcontractors will have to follow suit. It’s a chain reaction. (R4)

When talking about obligation, Respondent 3 focused on government mandates,

giving England’s example:

Level 2 BIM is mandatory for public tenders in England. If you want to win a

tender in England, you have to meet these conditions. This isn't something that
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just happens from within a construction company by some reflex. It's an
external push, either by the client or by the government or by your main

contractor, if you have one. It's something that is imposed on you. (R3)

Likewise, Respondent 1 frequently emphasized that “regulations and standards are the
main trigger point” for digitalization. Respondent 2 added that internationally, clients
are not the only stakeholders who add digitalisation clauses in their specifications,
rather contractors have technology preferences as well: “many foreign contractors are
adding collaborative software programs like Aconex into their contracts . . . often they
get accustomed to it due to obligation and then experience the benefits, which makes
them want to use it” (R2). The theme of obligation persisted while discussing solutions

as well, which will be presented in the subsequent section.

Innovation leaders

One respondent stated that despite the lack of standards or client specifications, their
company was invested in Industry 4.0 practices because that is where the future is
headed. Incidentally, theirs was the sole company among the interviewed who
employed analytics tools using SAP, which was an initiative started by management.

As the respondent put it:

We invest in technology because as a company we’re aware of the added value
this brings. And we know that this is where the future is headed. The earlier we
integrate these technologies into our business processes, the further we will be
ahead . . . One very important factor is how visionary the management is. Like
with SAP: they witnessed its use in other countries, they worked with it, and
they applied it here. (R5)

Another respondent reported that their employer instigated their project’s digitalisation
and led the team towards BIM: “Our employer spearheaded this [digitalisation] despite
being over 50 years old. Really, we achieved what we did due to them” (R2). In both
cases, the interview data reveals that people in leadership positions have a crucial
influence in shaping the industry. First, they have the authority to implement new
practices. Second, many stakeholders witness the benefits of these practices, which

affects decisions for future projects.
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Design visualization

A common view amongst most of the respondents was that Industry 4.0 technologies
aided in design visualisation, and consequently design development. In one case,
Respondent 3 described using 6D BIM for sunlight simulations in a large-scale luxury
housing project to meet detailed client specifications. A similar application had been
done for a shopping centre project, where sunlight simulations revealed that the food
court area would reach an uncomfortable heat. Talking about these studies, the
respondent said that BIM helped them visualise several possibilities and provided a
better understanding on how the units worked with each other: “At the design
development stage, we conduct studies that show us how different functions work and
interact with each other, and whether units are positioned in the right places” (R3).
Respondent 4 talked about using AR and VR to visualise structures in the early stages

of a project and present it to relevant stakeholders:

We have several AR and VR applications that we apply to hospital projects.
We mainly use VR. The purpose behind this is to have a visual on the end-
product and to critique design decisions and daylight studies at the early stages
of a project. Naturally, we often use these applications for management
presentations. Imagining spaces on paper can be difficult; VR glasses helps
management to virtually walk around the buildings and better understand the

spaces. (R4)

Respondent 5 discussed the decision of using drones to capture an extensive amount
of data that would have otherwise been difficult and time-consuming to collect. The

captured footage would later be visualised using VR headsets. They commented:

The project is situated in a very large area: 20 million square metres. Using
drones to see the bigger picture is very important. And photogrammetric
modelling is much more economical compared to laser scanning. Basically, the
drone takes hundreds of pictures from a certain height. It’s a simple and cost-

effective solution. (R5)

It can be seen that a variety of project specifications or circumstances can lead decision
makers into adopting new technologies. An important factor is that key stakeholders

are aware of the benefits and potentials of these technologies.
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Coordination

Whilst all agreed that use of innovative technology significantly improved
coordination, less than half of the respondents described it as a main motivator. In one
case, Respondent 2 discussed an industrial project in Sudan, in which project drawings
were produced in lzmir, components were fabricated in China and Germany; the
project management team was Istanbul-based, while the consulting firm was German.
This entailed an abundance of international approval processes among stakeholders.
The contract required that eight copies of drafts be shipped from Izmir to Istanbul,
followed by Germany, and finally to Sudan. By convincing the client and consultants
to migrate these approval processes to a cloud-based collaborative software, the project
management team realized immense time and cost savings on document management
operations. Some drafts were revised over 30 times and with traditional methods, the
coordination amongst parties would have required hundreds of shipments of
documents across four countries. The same respondent elaborated on the benefits of
working in a CDE. Site workers were given tablets and trained to navigate BIM models
using the collaborative cloud application. The accessibility of up-to-date data
combined with clash detection software Navisworks prevented the team from making
costly and time-consuming errors. A noteworthy contribution to this issue was made
by Respondent 1, a digital transformation consultant. They asserted that when asked
about their priorities, clients first mentioned their difficulties in coordinating: “During
the digitalisation process, we first ask clients about their biggest problem. The first
issue they mention is an inability to communication and coordinate with other
stakeholders and difficulty to exchange documentation” (R1). Based on this statement,
it can be said that while coordination is not a primary motivator for some respondents,

it is a common reason for undergoing digitalisation within the industry.
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International tenders

For one respondent whose company tendered in exclusively international projects,

adapting to global technology trends and specifications was vitally important. They

said:

It is unlikely to win tenders by employing traditional methods, turning your
back to technology, and denying the reality of Industry 4.0. In fact, it is unlikely
to finish the job at all . . . International bids have precise specifications: which
cloud-based software to use, how to submit documents. If you want to get these

big projects, you have to invest in the technology infrastructure first. (R3)

Talking about this issue, another respondent detailed how Turkish contractors employ

different project methods for international projects:

We’re more traditionalist here [in Turkey]. The same contractor company has
different systems regarding digitalization here. But when it gets a tender in
Dubai or Abu Dabi, its way of operating changes. It invests [in technology]
because the government, client, consultant, and engineers there... they have
higher expectations. So the contractor meets these expectations; but when it

returns to local projects, it resumes previous practices. (R5)

The observation that Turkish contractors operate differently abroad was mentioned by

all the respondents; similarly, all respondents highlighted the importance of having

mandatory standards and regulations. Respondent 4 considered their firm’s annual

reports to be another important concern, as these reports are an important publicity tool

with a global readership:

We publish annual sustainability reports where we present the environmental
effects of our projects, our relations with non-governmental organizations, and
our vision to improve our green rating. This gives us an upper hand during
tenders. Clients are more environmentally conscious now. They care about
more than just technology. They consider how environmentally conscious a
bidder is and the carbon footprint of its past projects. They question whether a
company uses innovative, sustainable methods. [These factors] determine

whether or not you get the job. (R3)

Another matter of concern was getting a high ranking on the Engineering News-

Record List, which Respondent 3 asserted is impossible without investing in
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technology infrastructure. High rankings and awards can also be a motivating factor
for top management. Respondent 5 mentioned that their drone application won a

prestigious innovation award, which became a source of encouragement for the team.

3.4.6 Solutions

This section focuses on discussing the solutions needed for widespread adoption of
Industry 4.0 in the Turkish construction industry. Table 3.12 summarizes the solutions

that were suggested by the respondents.

Table 3.12 Solutions for Industry 4.0 adoption in the Turkish construction sector

Respondents

Solutions No.
1 2 3 4 5

Standards and

regulations > 4 v v v v
Education and training 4 v v v v
Innovation leaders 4 v v v v
Support from the

government 3 v 4 v
Setting an example 3 v v v
Raising awareness 3 v v v

Standards and regulations, support from the government

As previously mentioned, the respondents agreed that a lack of standards and
regulations is the most important barrier to Industry 4.0 adoption. Consequently, all
the respondents believed that the primary solution is the establishment of mandated
standards and regulations by the government. This view is illustrated in the excerpts

below:

First, regulations from local governments . . . These regulations are needed
both on a local and on a national scale. The second is standards . . . The reason
why England started undergoing digital transformation around 2010 is because
a standard came up. This standard is the BS 1192, and it has been used there
for years. They were quickly established and implemented. So as | said, this
kind of obligation is one of the biggest factors in the implementation [of these
technologies]. (R1)
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Respondent 4 added:

It’s extremely important that state institutions and organizations support [the
use of Industry 4.0 technologies]. When the state supports these works and
makes it mandatory, there’s going to be an immense transformation. We’re

already seeing that steps are being taken regarding BIM. (R4)

Likewise, Respondent 3 reiterated the theme of obligation. While their company was
obligated to digitalise due to client requirements, the rest of the sector had to be obliged

by the government for an industrywide change. They discussed this obligation:

If the state passes some kind of regulation, then everyone will quickly move to
Industry 4.0. For instance, how did so many companies in the private sector
undergo digital transformation this past year? Because of Coronavirus. It's not
because of the CEOs, it's not because of the CFOs, it's entirely because of
circumstance. For us, because we're in the private sector, we have to embrace
these technologies because that's what clients expect in international tender
bids. We have to do it to win the bids. (R3)

Commenting about the necessity of government mandates, Respondent 5 mentioned
that BIM implementation is central to Industry 4.0 adoption. They also mentioned the
importance of R&D support:

State institutions must add a digitalisation clause in specifications, especially
in public projects. The biggest factor for transitioning to Industry 4.0 is BIM.
The more we use BIM, the faster we’ll adapt to new technologies . . . The
relevant ministries and state institutions must create regulations— they must
provide the structure and support for reaching a certain level. In fact, it should
be an obligation. It’s important that the state dictates that certain projects must

adhere by certain technologies or pursue R&D efforts. (R5)

Furthermore, they suggested that financial incentives can be given to companies that
switch to BIM, use Industry 4.0 technologies, or pursue R&D efforts: “Financial
incentives from the state for technology investments is one of the most important

factors” (R5). This idea was supported by two other respondents.
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Education and training

Four respondents shared the belief that education and training were crucial
determinants in the sector’s adoption of Industry 4.0. Several respondents’ accounts
on the trainings that took place at a company scale were presented in the previous
sections. Respondent 3 introduced a unique account, in which their BIM department
organized mock projects for familiarizing the staff with BIM: “The BIM department
organizes various pilot projects to overcome the staff’s reluctance to use BIM tools.
It’s training for when we get tenders, so that we don’t experience difficulties during a

project” (R3). Later, they mentioned the significance of university curriculums:

Universities are now very supportive in teaching parametric modelling and
Industry 4.0 concepts. Now, graduating classes are capable of using these
technologies. They only lack experience, which they can gain by working in
companies [that employ technology]. Eventually, with the internal and external
pressures [to adapt], construction companies and the industry will have no

choice but to change. (R3)

It can be summarized that education and training is required at three levels: at

universities, at a company scale, and at a national scale by raising awareness.

Innovation leaders

Several respondents talked about the importance of innovation leaders, which was also
a motivating factor as discussed in the previous section. Respondent 1 talked about the
human psyche, commenting that modernization occurs when a small group of
innovators and early adapters set an example for the vast majority. According to them,
the innovators discover or invent new ways, while the early adapters quickly embrace
the novelty. Then, these two groups must present the benefits to the masses and
convince them to adopt the innovation. They asserted that in the construction industry,
the innovators that set this example come from the private sector, and governments
follows behind. Respondent 1°s notion about innovators was supported by examples
collected from other respondents. For instance, one respondent mentioned that the use
of drone applications in their project was due to their leadership and persistence
combined with upper management’s support. As the respondent put it: “If I hadn’t
insisted on conducting the project in this way, we wouldn’t have these drone-based
technologies and tracking systems within our system. I came up with the idea,
management supported it fully, and we were able to move forward” (R5). Moreover,
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they emphasized the importance of having managers that are competent and interested
in technology. A common view amongst several respondents was that appointing an
innovation team is necessary. The excerpts below show one respondent talk about a
BIM team that is dedicated to combatting traditional methods, while another mentions

having an R&D department for digitalisation:

A BIM team or department must be established to oversee these technologies.
A group of expert engineers and architects that will lead this process and resist

the inclination to fall back on traditional methods. (R3)

We have employed a consultant who leads our digitalisation and R&D
operations. There’s an entire team dedicated to this, which is important. To
implement innovative ideas, you must first think of them. And for that, you

need to employ, appoint, and value dedicated personnel. (R5)

Raising awareness

One respondent talked about education on a national scale in terms of the benefits of
digitalization. They mentioned the recent developments regarding the involvement of
BuildingSMART, an international non-profit organization for digital transformation

in construction, in the Turkish sector:

BuildingSMART is bringing a great deal of global know-how to Turkey, in
Turkish. This is a very important contribution . . . It shows us where to begin
and which examples to follow. It helps the ministries create a roadmap. The
Turkish Contractors Association can cooperate with BuildingSMART and
explain to contractors and stakeholders that these technologies are an
opportunity to complete higher quality projects faster, at a lower cost, with

increased profitability, efficiency, and productivity. (R1)

Setting an example

Setting an example is an important way to raise awareness on technology benefits,
according to the respondents. Respondent 2 revealed that following the Istanbul
Metropolitan Municipality’s BIM regulation for railway projects, several other cities
including Gaziantep and Konya followed suit. All the railway projects in these cities
now require the use of BIM. They added that state agencies are affected by each other’s

implementations after observing the benefits and successful results.
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Overall, the respondents presented a strong belief that standards and regulations are
critical to the industry’s adoption of Industry 4.0. The government has a critical role
and must pass mandates, as well as financially support industry players. This would
also alleviate the barrier of high investment costs. Another important barrier is
resistance to change. Respondents’ proposed solutions to overcome this obstacle
included appointing innovation leaders, setting examples with successful projects, and
raising awareness on the benefits of technology. Admittedly, innovation leaders were
a strong theme that emerged both when discussing motivators and solutions for the
industry. Lastly, the lack of qualified personnel can be overcome by education and
training, which is a theme that reappears throughout the interview transcripts.

3.4.7 Future of the Turkish Construction Industry

This section discusses the respondents’ thoughts on the future of the Turkish
construction industry. The overall retort was optimistic, and the respondents shared
the belief that the industry’s adaptation to digitalisation is quickening. Over half of
those surveyed emphasized that the younger generations will have a positive impact

on the industry. For example, Respondent 1 said:

In terms of project quality, we’re preceded by the US and the UK. To surpass
them we need to focus on quality, which can only be achieved by digitalisation
.. . | see tremendous potential in the younger generation. There’s a great
amount of interest . . . Once we have regulations and standards in place, and
once our young community can benefit from the experiences of what Turkish
contractors do both inside and outside of the country, we won’t have any

trouble keeping up with China, the US or the UK. (R1)

Likewise, Respondent 5 commented that progress will quicken when members of
Generation Z become decision-makers:

As the Turkish construction industry gains young and visionary professionals
who actively use technology, change will follow. Particularly people that have
graduated since 2015 are keeping up with world developments in relation to
technology. And they have greater to access to it. | remember when laptops
were a luxury; now, even children have laptops. In that sense, development is

very quick. I believe that the Generation Z will rapidly get us ahead. The faster
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they reach management positions and get involved in decision-making, the
faster we will improve. Specifications are now becoming mandatory. |
mentioned HoloLens and SAP. Perhaps in 10 years, these will become
mandatory as well. I don’t think that’s very far off. Especially in the next five

years, | believe that awareness will rise a lot faster. (R5)

Respondent 4 indicated that while the industry is progressing with BIM, they believed

that a widespread adoption of Industry 4.0 technologies is farther ahead in the future:

Things are going very well. Adaptation to BIM is rapidly progressing. Public
enterprises are beginning to provide support. | believe that soon we will
become much more technology oriented. Once regulations are in place,
companies will quickly adapt. I am sure that regarding BIM, we’ll see a lot of
change in the next two or three years. We still have a long way for reaching

Industry 4.0, but we’re taking steps in that direction.

Despite the positive outlook, several respondents advised caution regarding
expectations. Respondent 1 emphasized that having an intermediate command of
English is essential to using these technologies, and that the alternative is unfeasible.
Additionally, Respondent 5 commented that the construction industry is unlikely to
ever keep pace with the manufacturing industry. They argued that this is because of
the centrality of the human factor in construction: “We [as the construction industry]
cannot match up to the manufacturing industry, because the biggest factor [in
construction] is the human factor. Our workforce has a more limited education level,
which is difficult to fix in the short-term. But I think that in time, this can be overcome”
(R5).

3.5 Discussion
3.5.1 Summary of Findings and Discussion

This section discusses the findings obtained from the qualitative data survey. The
purpose of this exploratory, qualitative research was threefold: evaluating the effects
of Industry 4.0 technologies, identifying the main barriers to broader adoption of these
technologies, and discussing how Industry 4.0 adoption can be realized in the Turkish

construction industry. Prior studies have investigated the topic of Industry 4.0 in
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construction, but very little was found in the literature in relation to the Turkish
construction sector. Therefore, this study was designed to provide a country-specific
perspective. This section contains discussions that help to answer the following

research questions in the context of Turkey:
Question 1. What effect do Industry 4.0 technologies have on construction projects?
Question 2. What are the barriers that hinder Industry 4.0 adoption in construction?

Question 3. What solutions can overcome the barriers and enable widespread Industry
4.0 adoption?

The current study found that Industry 4.0 technologies have predominantly positive
effects on construction projects. While a variety of aspects were identified, the primary
effects are: (a) increased coordination among stakeholders, (b) reduced project
durations, (c) cost savings, and (d) improved design development operations. On the
question of barriers, this study found that the two most important factors were: (a) the
lack of standards and regulations coupled with (b) a strong resistance to change from
older generations, followed by (c) high investment costs and (d) the lack of qualified
personnel in the sector. It is interesting to note that the latter three themes were also
noted as the main challenges faced when adopting Industry 4.0 technologies in a
project. Lastly, this study identified that the most critical factor in achieving
widespread Industry 4.0 adoption is through standards and regulations mandated by
the government. Other major findings include: (a) providing education and training at
multiple levels, (b) appointing innovation leaders in companies, and (c) the
government providing financial incentives for the use of Industry 4.0 technologies.
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Figure 3.1 A mind map of the findings

By exploring the effects, barriers, and solutions, this study set out to provide an
overview of the Turkish construction sector's current state in relation to technological
advances. The mind map in Figure 3.1 above illustrates how each of these themes

relate to each other. Each topic is described further in the following sections.

Use and Effects of Industry 4.0 Technologies
While the small sample size did not allow for an analysis of all Industry 4.0
technologies, it did provide some insight into the technologies used by several

prominent construction firms in Turkey.

All respondents reported using cloud-based project management software and there
were several mentions of using CDE's in which project models and documents can be
accessed by the entire team. The respondents referenced BIM and cloud technology as
vital technologies in facilitating coordination among project stakeholders, different
disciplines, and team members. The use of mobile computing on the site was reported
as a significant convenience. Ultimately, the improvements in coordination processes
were reported to lead to faster decisions, minimized reworks, and fewer manhours
spent on a project. This finding supports numerous other studies in this area, including
the works of Chong et al. (2014), Newman et al. (2020), and Bello et al. (2021), who
cite that cloud solutions enable access to up-to-date data and enhance the organization
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and integration of project teams. Moreover, all the respondents noted on the economic
benefits of cloud-based collaboration and document management tools. The
digitalisation of approval processes and submissions present significant gains in terms
of cost and time, especially in international projects where stakeholders are dispersed

in several countries.

Respondents expressed that AR and VR applications are highly useful throughout
various stages in a construction project, particularly during design development. The
interview transcripts show an emphasis on the enhanced visualisation capabilities that
enable a deeper and better understanding of complex design aspects. Hence, decision
making is improved, and various errors may be prevented. There are similarities
between the effects reported by the respondents in this study and those described by
Elghaish et al. (2020), who describes a "system of BIM data in VR for collaborative
decision-making™ (section 4.4, para. 1). This improvement in decision-making also
translates to reduced project durations, because design issues can be preemptively
identified and solved before construction work begins. Another important finding was
that VR headsets or videos can facilitate detailed communication throughout meetings,
management presentations, and sales pitches to prospective buyers following project
completion. Again, this result further supports the notion of "a cloud-based multi-user
VR headset system . . . that facilitates interpersonal project communication in an

interactive VR environment" (Elghaish et al., 2020, section 4.4, para. 2).

Alaloul et al. (2020) cites that Industry 4.0 "would ensure little to no errors, increasing
quality assurance [and achieving] more effective results through sufficient
information” (p. 229). This supports this study's data regarding error prevention.
Enhanced visualisation methods, increased coordination, clash simulations, and the
use of a shared model all lead to the minimisation of errors. Fewer errors translate to
fewer reworks on the site, which prevents budget overruns. Also regarding these
features, several respondents discussed the possibility of a potential shift in how the
industry operates. For example, the possibility of remote project management was
discussed. One respondent pointed out that working on a shared BIM model eliminates
the need for in-person meetings, while another mentioned that managers can track site
progress using VR technologies. Furthermore, technology has significantly reduced
the amount of manual work in design offices; for example, BIM can automatically

produce schedules from a model. The respondents agreed that technical offices of the
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future may work with fewer staff. These results reflect those of Osterreich and
Teuteberg (2016) who also found that the industry can expect a series of
"organisational and process changes™ and a "redesign [of] the current business model”

following the adoption of Industry 4.0 (p. 135).

The study found that while BD and analytics are beginning to be more commonly used
in Turkish construction projects, applications are generally in tentative stages.
Therefore, this study is inconclusive on its effects. However, it appears that R&D
efforts to implement Al in analytics are being made, and that the upcoming years may

witness significant improvements.

Industry Barriers

The theme of obligation recurred when describing motivators, when noting the
differences of Turkish contractor practices in foreign countries, and when describing
other countries' adoption of Industry 4.0. In short, all the respondents emphasized this
theme throughout each section of the interview survey. In some cases, this obligation
referred to client specifications; however, in most cases obligation was local
governments' standards and regulations. All the respondents emphasized that without
mandated standards and regulations, it is unlikely that any notable improvements will
occur regarding digitalisation within the sector. This topic is a consistent one
throughout several studies as well. In their study reviewing BIM in the Turkish
construction sector, Tekin and Atabay (2018) illustrate that this has been a
longstanding issue in this country: "the Turkish construction sector has suffered from

the lack of [BIM and CAD] standards, which resulted in many complicated problems™
(Pg. 4).

The respondents agreed that generally, construction companies are unlikely to undergo
major changes without obligation from the government. This is particularly the case
with small and medium-sized companies, who undertake simpler projects which can
be completed without advanced technologies. Furthermore, smaller and medium-sized
enterprises typically cannot afford to finance technological innovations (Osunsanmi,
2018). An implication of this is that the industry cannot fully digitalise, because bigger
companies rely on small enterprises for specialty services. Regarding this issue,
Newman et al. (2020) report that Industry 4.0 "cannot work for any one firm unless all
firms fall in line behind digitization™ (pg. 19). Mangialardi et al. (2017) provide further
elaboration on this issue, stating that “the level of technology adoption ranges from
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low to medium with consequent lack of process commonality, standardization and
integration between IT processes and software” (Industries Comparison section, para.
3). The results of this study directly reflected this dependency, illustrating that
subcontractors' inadequate use of technology affects the digitalisation of firms higher
up the value chain. In order for the Turkish construction sector to digitalise, all industry
players must adapt. Therefore, the lack of standards and regulations could be a major

factor, if not the only one, preventing the sector from evolving toward Industry 4.0.

It appears that besides a lack of regulations, resistance to change within the industry is
the most significant barrier to Industry 4.0. In all five interviews, this theme reiterates
throughout the respondents’ narratives multiple times. These results are in line with
those of previous studies. For example, Osterreich and Teuteberg (2016) said: "The
construction industry is known for its strong resistance to changes and new
technologies as well as the conservatism and inability to adapt by staff members of its
companies” (p. 135). Likewise, when discussing the barriers of BIM adoption in
Turkey, Tekin and Senbay (2018) mention that "one of the most difficult barriers in
BIM adoption is the resistance to new technologies. The lack of open-minded culture,
the fear of the unknown and being attached to old habits are the main causes of this
barrier" (p. 4). According to the respondents, this resistance primarily comes from
people over the age of 50. It is important to note that, while older staff members have
difficulty learning and adapting to new technologies, those in decision making
positions prevent the industry from evolving. Specifically, the resistance from older
members of upper management stem from three sentiments. First, reluctance to change
old methods due to the required effort and a conservative outlook. Second, scepticism
toward the benefits of these technologies. Third, fear of losing power and authority

over practices that are unknown to them.

Another important finding was that there is a significant lack of construction personnel
who is qualified and experienced in using Industry 4.0 technologies. According to
Tekin and Atabay (2018), even BIM experts are scarce: "the number of experts in the
field of BIM is very limited in Turkey" (p. 4). Therefore, the difficulty of finding staff
who can employ more advanced technology is unsurprising. It is important to consider
that the number of construction firms that use these technologies in Turkey are very
limited. Thus, there are limited opportunities for becoming skilled in these specialised

areas. Consequently, the firms that want to use Industry 4.0 technologies struggle to
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assemble competent teams. In most cases, they provide training in-house. This
difficulty further drives many firms' reluctance to adopt new practices.

In reviewing the literature, high investment costs are one of the main barriers in
Industry 4.0 adoption. This study confirms that the following factors are significant in
delaying or preventing companies from digitalising: (a) the cost of software licenses,
(b) the cost of hardware and equipment, and (c) training expenses. It is important to
note that cost in the context of developing countries is especially challenging, since
license and equipment fees are based on foreign currencies which have significantly
higher value. Tekin and Atabay (2018) assert that license fees, hardware requirements,
and hiring of BIM experts are the main drivers of cost, which deters most Turkish

subcontractors from implementing BIM despite their interest.

As mentioned previously, the lack of qualified personnel in the industry requires
companies to provide training for using Industry 4.0 software and equipment. This
requires additional budgeting on two accounts: hiring training professionals and the
cost of the staff's manhours spent on training. This study found that in most cases, the
training is done by BIM managers or related positions in the company, however this
also subtracts their valuable manhours from project time. Comparison of the findings
with those of earlier studies confirms that this is a common barrier within the industry.
For instance, Newman et al. (2020) have also found that "training fees for technical
equipment may become costly to an owner. Such training may require out of house
specialist to train the current work force for operation, taking up valuable time and
money" (p. 13).

Solutions

This study's results show that obligation is the primary motivator for using Industry
4.0 technologies, whether this obligation stems from client specifications or local
regulations. That is why all the respondents in this study pertain to large-scale
international companies: in order to undertake international projects and abide by the
respective countries’ standards and regulations, these technologies must be utilized.
Comparison of the findings with those of other studies confirms this. Tekin and
Atabay’s 2017 study found that the majority of Turkish companies who have shifted
to BIM have done so to participate in international tenders. Ademci’s 2018 study found
that professionals from companies that are active in international markets have
significantly higher rates of BIM awareness and usage. Correspondingly, the
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respondents in this study agreed that a lack of standards and regulations is the most
significant barrier against the Turkish construction sector's adoption of technology.
Hence, it is unsurprising that government mandates would be the most significant

driver of the sector's widespread digitalisation.

Moreover, the findings of this study support the notion that BIM is central to
digitalisation, as told by Malev (2021) and Elghaish (2020). For example, several
Turkish municipalities currently have BIM specifications in their railway projects;
while using BIM, these projects utilized various Industry 4.0 technologies as well.
Several respondents identified BIM as a starting point for the sector's shift to Industry
4.0. Therefore, it is imperative that the government extends its standards and
regulations for BIM beyond railway projects and implements them for all public
projects. This study found that financial incentives, such as tax breaks or R&D support,
must be given for companies who utilize and research Industry 4.0 applications, to
combat the challenge of high investment costs. These results corroborate the ideas of
Osterreich and Teuteberg (2016), who suggested that governments must provide
"funding programs for industry and research™ to motivate companies into adopting
costly technologies (p. 135). Furthermore, they mention that world leaders in BIM like
the UK and Scandinavian regions owe this success to their governments which “have
heavily invested in national funding programs, BIM mandates, implementation plans
and incentives” (p. 130). In their study investigating BIM implementation in
developing countries, Bui et al. (2016) assert that: "Construction organizations in
developing countries appear to expect financial and technical support and guidance
from their governments™ (pg. 493). This puts even more emphasis on the government's

role in the matter.

Education and training are other integral solutions. In response to the lack of
technology know-how in the sector, companies must provide training programs for
BIM and other Industry 4.0 practices. In some cases, specialised work may be
outsourced to technology companies. Part of the responsibility falls on universities,

who must integrate new practices into their curriculum.

The presence of a BIM or R&D team is both necessary and highly valuable.

Throughout the interviews, discussions regarding motivators and solutions often led

to the theme of innovation leaders. The respondents identified that persons or groups

who are dedicated to initiating innovative practices have a substantial effect on the
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direction of a project. In the same vein, Osterreich and Teuteberg (2016) suggested
that "companies can involve change agents as opinion leaders during the

implementation process™ (p. 135) to facilitate acceptance of new technologies.

While not an active solution, the Respondents expressed the belief that digitalisation
will accelerate as younger generations assume positions of power. Also, successful
projects that implement technology often inspire more projects to follow their
example. Further, it can be suggested that as more companies adopt these technologies,
more construction professionals will familiarize and specialise in Industry 4.0
practices. Many signs point to the fact that once standards and regulations are
implemented for a fraction of construction projects, digitalisation may gain momentum

across the entire sector.

3.5.2 Limitations and Future Research

This was an exploratory study, inquiring the accounts and thoughts of five industry
professionals. Due to the qualitative nature of the study, it is important to bear in mind
the possible bias in the responses. Also, the findings derive from a small sample size
and may not be applicable to the entire Turkish construction sector. This study may be
coupled with an industry-wide, quantitative research to improve the accuracy and
generalizability of the findings.

Moreover, this study is limited in terms of population sample. The respondents work
in large-scale companies that take part in international projects. While searching for
participants to take part in this study, it was observed that professionals who work in
small and medium-sized companies have limited experiences with Industry 4.0
technologies. All the respondents work in technical offices and three out of five are
BIM managers. Thus, these results need to be interpreted with caution. A broader
demographic of participants may provide more insight. Including participants such as
field engineers may provide more data on the effects of Industry 4.0 during the
construction stage. Also, a separate study is recommended to research industry
barriers; this study should include companies that have not yet employed Industry 4.0

practices.

It is unfortunate that the case study included a limited number of Industry 4.0
technologies. Considerably more work will need to be done to determine the effects of

technologies such as 10T, AM, and analytics, among others. However, this may only
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be carried out further into the future as such technologies become utilized by Turkish
construction companies, and sufficient data is obtained to gain outputs.
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4  CONCLUSIONS

The construction industry's stagnant efficiency is a widely discussed topic. The low
profit margins, inadequate sustainability measures, and high safety risks must be
overcome. Beyond only BIM implementation, the sector must prepare the integration
of Industry 4.0 technologies which will enable advancement of the design,
construction, and operations stages. While even BIM is still a novel practice in the
Turkish construction industry, large-scale firms now leverage several innovative
technologies to their competitive advantage. It is important that these use cases are
presented and that their effects are discussed to raise awareness on the operational
benefits that Industry 4.0 can offer the construction sector.

Therefore, this study aimed to explore the effects of Industry 4.0 technologies on
Turkish construction projects, identify the barriers, and discuss solutions for
widespread adoption. Based on a qualitative analysis exploring the views of five
industry professionals, it can be concluded that Industry 4.0 technologies have
significant benefits on construction projects and that a widespread implementation
heavily relies on standards and regulations. Furthermore, this study found that
employing Industry 4.0 technologies in construction projects increases coordination
among stakeholders, reduces project durations, provides cost saving opportunities, and
improves design decisions. Despite these benefits, the research has also identified
significant barriers that hinder widespread adoption of digitalisation in the Turkish
construction sector. First, there is a strong resistance to change within the industry,
particularly by older generations. Second, Industry 4.0 practices require high
investment costs for software, equipment, and training. Third, the lack of construction
personnel who are qualified in using these technologies makes it difficult and

expensive to assemble teams.

As mentioned in the literature review, the primary reason behind countries that are

farthest ahead in using BIM and Industry 4.0 technologies are government mandated
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standards and regulations. This was supported in the findings and accepted as the
primary solution for the Turkish construction sector's adoption of Industry 4.0.
Companies must appoint innovation leaders and departments dedicated to BIM, related
technologies, and R&D. A focus is also required on providing education and training,
in addition to raising industry awareness on the benefits of digitalisation. Finally,
governments must provide tax breaks and financial incentives to combat the high costs

implementing Industry 4.0 technologies and conducting research.

In reviewing the literature, it is apparent that much of the industry's focus remains of
BIM, while other Industry 4.0 technologies are yet to be explored. Particularly in the
Turkish construction sector, research on the use cases and effects of these technologies
is lacking. This is a significant gap in the literature that needs to be addressed in order
to promote further research and, ultimately, increase adoption of technology across the
sector. First, this study provided an overview on how Turkish construction companies
that use Industry 4.0 technologies conduct their projects. Second, the effects of these
technologies were discussed; the benefits and challenges were compared to ensure an
objective standpoint. Accounts of the companies' training and adaptation periods were
presented to provide insight into the implementation processes. Industry barriers,
along with their solutions, were explored to gain an industry-wide picture of the current
situation and how it can be bettered. Notwithstanding the limited sample, the
respondents’ experiences offer valuable insight into the sector's position regarding
Industry 4.0. Nevertheless, an industry-wide quantitative research with a more diverse
sample group is recommended to enhance the generalization of this study's findings.

While the global construction sector is behind compared to other industries, AEC
applications in developed countries are slowly adapting to Industry 4.0. If Turkey does
not follow suit, it risks surrendering its place among the world’s top contracting firms
and losing an important source of export earnings. Currently, rate of technology
adoption is low and the majority of industry players continue to work with outdated
methods. The widespread use of BIM, followed by Industry 4.0 technologies, provide
a vital opportunity for construction companies to gain competitive advantage and
maximize profit margins. The findings of this study suggest several courses of action.
The government is strongly encouraged to implement standards and regulations, and

fund R&D research in this area. Moreover, their partnerships with organizations like
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BuildingSMART will accelerate development and aid both private and public sectors
in their transition. Universities play an important role, as their curriculum affects the
level of know-how within the industry. Also, companies who appoint innovation
leaders and BIM teams will have much to gain. A combination of these efforts coupled

with future studies’ findings will have important implications for the sector.
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APPENDIX A

Bu anket, Mimar Sinan Giizel Sanatlar Universitesi, Fen Bilimleri Enstitiisii, Yapim
Proje Yonetimi Yiiksek Lisans Programi dahilinde yiiriitiilen bir tez arastirmasi igin

kullanilacaktir. Bilgilerinizin bagka bir amagla kullanilmayacagi ve tigiincii sahislara
verilmeyecegi teminatimiz altindadir.

Sera Ozkivang Prof. Dr.
Sema ERGONUL

Yiiksek Lisans Ogrencisi Tez
Danismani

1. Mesleginiz nedir?
() Insaat Miihendisi () Makine Miihendisi () Mimar
() DIger: o,

2. Insaat sektériinde kag yilhik deneyim sahibisiniz?

3. Firmamizdaki iinvaniniz nedir?
() Proje Yoneticisi () BIM Manager () Danisman
() DIger: «oe

4. Firmamzdaki gorevleriniz neleri kapsiyor?

() Planlama () Risk Yonetimi () Sozlesme Yonetimi
() Maliyet Yonetimi ( )Tasarim () Kalite Yonetimi

() Santiye Yonetimi () BIM Yonetimi

5. Firma tiiriiniiz nedir?

() Yatirimct () Ana yiiklenici () Alt yiiklenici
() Danigmanlik () Tasarimet () Proje Yonetimi
() DIger: o
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6. Firmamzin cahsan sayis1 nedir?

() 1-49 () 49-99 ()100-249  ()250-999 () 1000+

7. Firmaniz ne tiir projeler yapmaktadir?
() Konut () Ticari () Altyap1 () Endiistriyel
()DIger: oo

8. Firmamiz uluslararasi projelerde yer aliyor mu?

() Evet () Hayir

9. Evet cevapladiysaniz, projeler cogunlukla hangi iilkelerde gerceklesiyor?

Arastirmanin roportaj asamasi, bu teknolojilerin kullanildig: bir proje iizerinde
yogunlasacak. Liitfen asagidaki sorular sectiginiz proje icin cevaplayin.

10. Projedeki BIM kullanimi hangi seviyede gerceklesti?
() 3D BIM ve CAD (3 boyutlu model ve 2 boyutlu ¢izimlerin karma kullanimi)
() 3D BIM (3 boyutlu model)

() 4D BIM (3 boyutlu ortak model {izerinde ¢aligma, is programi entegrasyonu,
simiilasyonlar)

() 5D BIM (maliyet yonetimi, deger miithendisligi)

() 6D BIM (stirdiriilebilirlik calisma ve analizlerinin 3 boyutlu model iizerinden
yirttiilmesi)

() 7D BIM (bakim ve onarim siireclerinin 3 boyutlu model iizerinden yiiriitiilmesi,
tesis yonetimi)
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11. Projede hangi teknolojilerden faydalamldi?

() Nenelerin Interneti (10T) () Bulut bilisim

() Biiyiik Veri/Analitik () Yapay zeka/Makine 6grenmesi
() 3-boyutlu yazilim () Otomasyon/Robotik

() Sanal/Artirilmis Gergeklik (AR/VR) () Proje yonetimi yazilimlari

() Prefabrik/Modiiler insaat () Product Lifecycle Management
() Cyber-physical/Embedded systems () Human-Computer Interaction
() DIger: o

Katkilariniz icin ictenlikle tesekkiir ederiz.
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APPENDIX B

Interview #1
Respondent 1, Digital Transformation Expert
25.03.2021 14:00

Sera Ozkivanc: [Web sitenizde] dijitallesmeye iki baslikta yaklastyorsunuz: yazilim
ve servis olarak degisim yonetimi. Once yazilimlari sormak istiyorum; nelerden
faydalaniyorsunuz? Bu yazilimlar hangi teknolojileri barindirtyor?

Respondent 1: Biz 2010'da kuruldugumuzda Aconex’le basladik. Ad1 da biraz aslinda
geldigi yeri ve yaptig1 isi anlatiyor. Avustralya merkezli Aconex, o ylizden Australian
Construction Exchange. A-CON-EX birlesiyor, olmus Aconex. Aconex ile ¢evredeki
Avrupa, Ortadogu ve Afrika bolgesinde bayagi bir proje yaptik. Son bir yildir
Aconex’in yanina Asite’1 ekledik. Asite da Londra merkezli bizim sektérde en
yenilik¢i yazilimlardan sistemlerden biri olarak bilinen bir {iriin. Aslinda Asite bir
platform. Yani ¢ok esnek bir altyapi. O bize bir¢ok esneklikleri ve bircok hareket
kabiliyetini veriyor. Bunlar bizim insaat yonetim tarafinda ¢alistiklarimiz.

Ayriyeten, santiye yonetimi dedigimiz ofisler disinda sahanin dijitallesmesini saglayan
teknolojiler var. Orada da biz Crane diye bir yazilim gelistirdik. Tamamen Tiirkiye'de
gelistirdigimiz bir teknoloji. Su anda 1915 Canakkale Kopriisi'nde iki saha
stireclerinin dijitallesmesinde kullaniliyor. Crane'in soyle bir giizelligi var. Herhangi
bir sistemle entegre olabiliyor. Dolayisiyla Aconex veya Asite kullanilsa da Crane'i
kullanabiliyorlar. Crane’i tek basmna da kullanabiliyorlar. Herhangi bir sisteme
bagimlilig1 yok. O bize yillardir gelen bir talepti saha ekipleri i¢in-- sahanin yonetimi
icin ayr1 bir sistem isteniyordu. Onu da gerceklestirmis olduk.

Hangi teknolojileri barindirtyor dersen yani bu is aslinda biraz departman ve siireg gibi
diisiiniiliiyor insaatta. Dolayisiyla ihale teklif yani daha bu is ilk basindayken belki
projeyle ilgili mimari firma ilk karalamalar1 yaparken mimari firma ile isveren
arasindaki stirecin dijitallestirilmesinden tut da, isin ihale teklif agsamasi1 sonrasinda
yapim asamasi, yapim asamasi sirasinda tasarim onay siireglerinden, sahadaki
planlanan ve ger¢eklesen— yani sahayi giinliik izlemeye kadar giden ayrintili yapilar
izlemek. Is bittikten sonra bu gecici kabul ve isim kalip dedigimiz siiregleri ayr1 ayr1
izlemek ¢ok ama ¢ok biiyiik sikintilar. istanbul'da baz1 metro projeleri var ki 20 yil
once bittigi halde hala kesin kabulii yapilamamis. Sonrasinda da isletme agamasi var.
Isletme asamas1 da baz1 durumlarda isi yapan yiiklenici, miiteahhit firma isletebiliyor.
Bazi durumlarda ise yiiklenici firma ayr1 bir sirket kuruyor, o isletebiliyor. Dolayisiyla
elimizdeki teknolojiler, bir eserin ilk ¢izimlerinden yapilmasi sonrasindaki isletmesine
kadarki biitiin siiregleri kapsayan bir altyapu.

Yani ihale teklif siireclerinden tasarim onaya, teknik ofisin biitce ve hakedis takibinden
taseron performansina, malzeme onaydan imalat kontrole, ISG’den [Is Saglig
Giivenligi] BIM ve nesnelerin internetine, kurumsal zekd uygulamalarindan bir¢ok
veri kaynagindan bilgi ¢ekip raporlamaya, hatta yeri geldiginde bir portalde Excel’leri
konsolide etmeye kadar degisik ¢oziimleri liretebilecek teknolojik altyapilara sahibiz.
Neden bunu dedim veya bu neden ekleme ihtiyact duydum: Biraz sonra bana insaat
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sektoriinde dijitallesmede ne sikintilar var diyeceksin. Her sirketin teknolojik anlamda
veya yazilim anlaminda ¢ok ciddi yatirimlar yapma imkani olmayabilir. Bazilari
Excel’lerle isi dondiiriiyordu ama o Excel’leri konsolide, edip bir rapor alip, biitiin
derdini ¢ozmeye ¢alismak igin giinler, haftalar, aylar harcadiklari olabiliyor. Her
seferinde o Excel’i olusturmak icin adam saat olarak inanilmaz siireler harcaniyor. Biz
o projeler i¢in 6zel bir port alt yapist gelistirmistik. Web tabanli olarak Excel’leri
konsolide edip firmanin gérmek istedigi sekli sunuyorduk. Bunun igin arka tarafta
dedigim gibi biiyilkk yazilim yatirnmlari olmadan da yapilabiliyordu bu. Bazi
durumlarda ise, o biiylikk yazilim yatirimlarn yapilsa bile, kurumsal zeka
uygulamalariyla birgok farkli kaynaktan veriyi ¢ekip, bunlari konsolide edip, ilgili
kisilerin Oniline getirmek gerekebiliyor. Gormek istedikleri sekilde getirmek
gerekebiliyor. Arka tarafta ERP olabilir; biraz 6nce bahsettigim insaat yonetim sistemi
olabilir; saha operasyon yOnetim sistemleri olabilir; veya sadece basit bir ortak veri
alani1 ve bir siirli Excel olabilir. Bu kurumsal zeka o anlamda da isimizi kolaylastiriyor.
Bazi durumlardaysa yapi bilgi modellemesi ile isin yapilmasi bir konu— bunu
yaparken sahada sensorlerle veri ¢ekilmek istenebiliyor. Nesnelerin interneti burada
devreye giriyor olabilir. Ciinkii ben aslinda BIM’in ii¢ boyutlu bir arayiizii olan biiyiik
bir veritaban1 oldugunu diisiiniiyorum. Ug boyutlu arayiiziinden ziyade o BIM'in ‘I’s1,
information kism1 model kismindan ¢ok daha degerli aslinda.

Dolayisiyla o I tarafindaki biitiin bilgiler bu IoT dedigimiz nesnelerin internetinden
akabiliyor. Su an Ortadogu'da 6zellikle Dubai ve Abudabi'deki projelerde eser BIM'le
yapildiktan sonra BIM ile isletilirken, isletme asamasinda sensorlerden gelen verilerin
BIM’le islenmesi, BIM veri tabanina islenmesi ve oradan bunlarin raporlamasi
gerekebiliyor. Elimizdeki teknolojiler onu da gerceklestiren altyapilar dolayisiyla is
buraya kadar gidebiliyor. Bu biraz dijitallesmeden ilk beklentinin, dnceliklerin ne
oldugu ile alakal1 bir sey. Eger endiistri 4.0’dan bahsediyorsak konu bambaska bir yere
gidiyor--ama Endiistri 1.0’dayiz daha dogru diizgiin giden gelen bilgi yonetimini
koordine etmeye calisiyorsak eger, orada biz firmalara Excel’1 birak, illa bunlar1 kullan
kismina gotiirmiiyoruz. O isi agsamalandiriyoruz aslinda, onu da biraz sonra anlatirim.

SO: Anladim. Bahsettiginiz “cksenlerin konsolide edilmesi” de sanirim cloud
computing araci ile yapiliyor. Yani birden fazla ‘stakeholder’ arasinda dosya paylagimi
Endiistri 3.0 teknoloji olsa bile, aslinda bulut teknolojisi ile bu biraz daha ileri bir
noktaya taginabiliyor ve dediginiz gibi aslinda bu da sanirim ¢ok basta yliksek
yatirimlar yapamayacak sirketler i¢cin bir ¢oziim olabilir. En azindan baslamak i¢in
bir—

R1: Bir firsat.

SO: Evet.

R1: Bir baslangic noktasi. Ama orada soyle bir sey var yani bu sohbetlerde veya
miilakatlarda ayn1 seyi yasayacaksin. Bazi verileri internete koymaktan ¢ekiniyorlar.
Bu biit¢eyle ilgili veriler olabiliyor. Bu kurumun kendi igerisindeki 6zel veriler
olabiliyor. Bu ihale teklif agsamasinda bir yere o ihale teklifini hazirlarken o teklif
hazirlama asamasinda kurumun kendi igerisinde ¢ok 6zel ve gizli oldugunu diistindiigii
bilgiler olabiliyor. Dolayisiyla her seyi dijitallestirmekten ziyade biraz daha onlarin bu
cekince ve kaygilarinin olmadig: taraftan baglamak ¢cok daha 6nemli.
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SO: Servis olarak sundugunuz degisim yonetimini anlatir misiniz? Bir ingaat projesini
dijitallestirmenin adimlari nelerdir?

R1: Burada aslinda bir anekdot var. Onu ¢ok kisaca anlatmak istiyorum. Hikayede der
ki... Bir profesor iist diizey yoneticileri toplar. Profesor bir efsanedir. Ust diizey
yoneticiler onun agzindan ¢ikacak kelimeleri dikkatle dinlerler. O bir kavanoz getirir,
kavanozun igerisine Once biiyiik taslart koyar ve der ki: Sizce kavanoz doldu mu?
Herkes der ki, evet doldu. Sonra hemen masanin altindan ufak cakil taslarini ¢ikarir,
onlar1 ekler yine kavanozu gosterir. Ust diizey yoneticilere sizce kavanoz doldu mu?
Evet doldu derler. Birkag tanesinin biraz daha soru isaretleri vardir. Sonra ¢ok ince
kumlar1 ¢ikartir onu bu sefer kavanozun igerisine doldurur. Doldu mu bu sefer? der.
Bazilar artik yiiksek sesle, hayir hocam dolmadi der. Ciinkii biliyordur bir seyin daha
gelmekte oldugunu ve bir biiylik bardak suyu bu sefer kavanoza doldurur-- artik
kavanoz gercekten dolmustur. Simdi doldu mu der. Evet doldu, der, bu sefer biitiin
dinleyici iist diizey yonetici ekibi. Aslinda sunu anlatiyor bu hikaye: biz eger o biiyiik
taglari, yani kavanozun oncesinde, yani kavanoza yerlestirirken dnce biiylik taslari
koyup sonra cakil taslari, sonra kum tanelerini, sonra suyu koyarsak— yani dogru
sirada gidersek, o kavanozdaki bos alam1 ¢ok verimli ve dogru bir sekilde
degerlendirmis oluyoruz. Bu da 6nceliklerle alakali bir sey.

Dolayisiyla biz dijitallesme asamasinda 6ncelik soruyoruz. ilk derdiniz nedir, en
biiyiik derdiniz nedir? diyoruz. ilk sunla bashyorlar: ‘Biz gelen giden evraklari,
firmalarla aramizdaki iletisimi, koordinasyonu hicbir sekilde saglayamiyoruz’
diyorlar. Simdi buradan baslandig1 zaman, farkli bir kurgu varken, bazilar1 da geliyor
diyor ki: ‘Biz projelerimizde bir¢ok ilerleme yaptik, kendi i¢ siireclerimizi de
dijitallestirdik. Artik Yapr Bilgi Modellemesi tarafinda ne yapabiliriz? Cilinkii BIM
projelerine girip teklif vermek istiyoruz. Kendimizi orada gelistirmek istiyoruz’ diyor.

Bagkas1 da geliyor diyor ki: ‘bizim derdimiz ofislerde degil, biz daha ziyade sahay1
yonetmek istiyoruz. Santiye ile ilgili derdimiz var ¢iinkii santiyede neyin ne oldugunda
dair hi¢bir fikrimiz yok. Ofiste planladigimiz seyin santiyede gerceklestigini biliyoruz.
Ama planlanan ve gerceklesen arasindaki farki goremiyoruz. Boyle olunca da
yonetemiyoruz.’

Ve santiye Oyle bir ortam ki giines agtigi zaman bambagka bir kurgu donebiliyor.
Yagmur yagdigi zaman o giinlin plam1 toptan degisebiliyor. Yani havanin anlik
degisiminden, tageronlarin o giin sahaya gelis siirelerine ve kacg kisiyle geldiklerine
kadar her seyin degistigi bir konu. O yiizden saha ve santiye ekipleri sanki bir anda 10
tane tabagi dondiirmeye devam ederken higbirinin diismemesine dikkat etmeye
calisiyor. Isini yapmaya ¢alistyor, o anlamda zor bir is.

O ylizden dijital elestiritken Onceliklerinden bashyoruz ki dijitallestirmeyi
sahiplensinler. Biz kendi dnceliklerimizden baslarsak, ‘bu benim derdim degildi ki’
deyip o isi kenara birakiyorlar. Zaten insaat sektdriinde veya diger sektorlerde
dijitallesmenin basarisiz olmasinin nedeni bu. O ekiplerin 6nceliklerini degil de, bu
dijital doniisiimii yapan firmanin aklindaki ajandaya uyulmak istenince o is tamamen
sektorlin tabiriyle patliyor.
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SO: Yani aslinda proje veya firma bazli ‘bespoke’ ¢oziimler olmasi gerekiyor,
anladigim kadariyla. Peki sizce siirecin proje bazli m1 yoksa firma bazli m1 ilerlemesi
daha dogru?

R1: E belli bir proje veya belli bir projesini belli sayida bir projesinin dijitallestirdikten
sonra firma zaten merkezde de dijitallesmek istiyor. Ciinkii artik farkli projelerde farkl
ekipler de bunun faydasini goriiyor. Artik onun nasil katki saglayacagini hissediyor,
bunu somut olarak da goriiyor. Ondan sonra diyor ki ‘Ben kurumsal prosediirler
yapmaya baglayim, is siire¢lerimi ¢ikarmaya baslayin, siireglerini gozden gegireyim.
Hatta gerekiyorsa re-engineering yapayim. Yani tiime varmayayim da, tiimden de
geleyim. Kendimi de o anlamda tekrar bir gozden gecireyim ve ne gerekiyorsa onu
yapayim’ deniyor. Dolayisiyla bir yazilim alip o yazilimin onu kurtarmasin
beklemekten ziyade, onun artik bu konuda belli bir olgunluga ulagsmas1 ve olgunluktan
sonra dijitale gegmesi.

Dolayisiyla bizim hep gordiigiimiiz, projelerin dijitallesmesi sonra merkezlerin bunu
uygulamasi seklinde oluyor. Clinkii firma i¢in proje demek, gelir demek. Proje demek,
onun devamliligini siirdiirebilmesi demek. Dolayisiyla 6nce projenin derdini ¢oziiyor,
ondan sonra merkeze aktartyor bu birikimi.

SO: Deneyimlediginiz kadariyla, hangi departmanlar veya taraflar daha etkin bir
sekilde yenilik¢i teknolojilerden faydalanmaya acik? Kimler degisime biraz daha
direnis gostermekte ve eski usul yontemlerle ¢alismaya meyilli? Ve sizce bunlarin
sebebi ne olabilir?

R1: Seninle paylastigin notlarda Crossing the Chasm diye bir grafik var. Crossing the
Chasm sunu anlatir: bir teknolojinin sahiplenilmesi ile veya degisim doniisiim tarafiyla
ilgili sunu anlatir: her grupta, hangi iilkeye gidersen git, hangi ortamda bulunursan
bulun, bir innovater’ler vardir. Yani ezber bozup icat ¢ikaranlar. Bu yeni bir sey
kesfetmek de olabilir, bir siireci bir¢ok insanin hayatim1 kolaylastiracak bir hale
getirmek de olabilir. Inovasyon anlaminda. Bir de early adapter’lar vardir. Yani
hizlica buna uyum saglayip, kabullenip sahiplenip, hayatinda kullanmaya baslayanlar.
Simdi bu iki kitlenin Oyle bir noktaya gelmesi gerekiyor ki, genis kitleye bunu
anlatabilmesi, gordiikleri fayday1 onlara ikna edebilmesi ve o diger kitlelerin de—
ciinkii innovater ve early adapterlarinin sayist azdir— bu diger kitlenin bu innovater
ve early adapterlardan gordiikleri faydayr onlar da sahip olmak i¢in onlar takip
edebilsin. Her sektorde birkag lider firma vardir ve o diger firmalar o lider firmalarin
arkasindan giderler ya, onun gibi olmak isterler ya... dolayisiyla bu teorem hem insan
psikolojisi i¢in gegerli hem kurumlar i¢in gecerli.

Bunu soruna baglayacak olursak genellikle ilk bu isi kabul eden, arkasini getirmek
isteyen, ilk uyum saglayan tasarim olmus. Mimarlar! Inanilmaz bir sekilde mimarlar-
- hani o AutoCAD ¢iziminin AutoCAD yazilimlariin kullanilmaya baglamasinda
AutoCAD teknolojilerinin onlarin hayatina ¢ok daha fazla girmesiyle mimarlar bu
konuda tasarim siirecinde ¢ok ciddi bir ilerleme kaydetmisler. Mesela reel sektorde,
yani iiretimin oldugu reel sektdrde, muhasebecilerdir bu. Insaatta ise mimarlar bu
innovater ve early adapter olan grup. Innovater ve early adapter’lar mimarlar. Sonra
projelere, sirketlerde bu isi nasil yansimis? Kamu devlet is saglig1 ve giivenligi ile ilgili
regiilasyonlar getirmeye baslamis. Kurallar kanunlar getirmeye baslamis. Bu sefer
ISG’ciler hizli bir sekilde bu teknolojiyi sahiplenmisler ciinkii santiyeyi an be an
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dakika dakika izleyip her seyi takip etmeleri gerekiyor. Is saghg ve giivenligi
noktasinda. Santiyede o kadar ¢ok evrak, kagit, kiirek isleri ve rapor isleri var ki,
bunlarin ¢ogunda kaliteciler yapiyor. Kalitecilere de bikkinlik gelmis. ‘Su kagit kiirek
isinden kurtulsak da isimizi yapsak’ demisler. Dolayisiyla tasarim, ISG ve kalite; bu
ticll, bu isin early adapter ve innovaterlar’1.

Yani bunu biz nerelere yayariz da bu konuyla ilgili daha direng gosteren ekip, yani
onlar1 da dahil etti§imiz zaman bu is ilerleyecek? Teknik ofis. Ciinkii teknik ofis igin
biitcesi ve hakedisleri ile o kadar ¢ok ugrasiyor ki... ve bunlar o kadar ¢cok paranin
oldugu ve isin icerisinde siirekli bir rakamlarin, baz1 durumlarda da teknik ofis veya
firmalar i¢in mahrem denilen. O isin biit¢esiyle ilgili rakamlarin dondiigii kisimlar
oldugu icin, bunlar1 uzun siire hatta hala kagit tizerinden dondiirmeye ¢alisiyorlar ama
artik direnemeyip Excel tarafina gectiler. O Excel de artik onlara yetmiyor. Cilinkii
projeler biiylik, kompleks. Taseron sayisit ¢ok artti. Danigman firma sayisi ¢ok artti.
Yani hangisinin hak edisini ne zaman yapacaksin, nasil bunlarin evraklarinm
toplayacaksin da hakedis dosyalarin1 olusturacaksin? ¢ok biiylik bir sikinti. Artik
teknik ofisler de dijitallesiyor. Zaten teknik ofisler dijitallestigi an, yani is oraya
geldiginde, ingaatta ¢ok biiyiik bir duvar yikilmig olacak. Ve dijitallesmenin oniinii
biiyiik bir kism1 agilmis olacak.

Bunu engelleyen, biitiin bu isin bu kadar yavas gitmesine neden olan da igverenler.
Isverenler sartnamelerde bu isleri dijitallesmeye cekecek sekilde yapmadiklari igin,
paftalar1 dorder beser kopya istedikleri icin, teknik dokiimanlarda-- 1slak imza
gerekmese bile-- illa 1slak imza olsun dedikleri igin, bir sistem kurmaktan ziyade alisila
gelmis sekilde ezberlerini bozmadan devam etmek istedikleri i¢in de... orada bir
diren¢ olusmus. Proje yonetim firmalar1 da igverenleri bu konuda yonlendirmemisler.
Onlar da biraz artik diizene uyum saglamiglar. Bu konularda kamu biraz arkadan gelir.
Yani degisim doniisiimleri devletler yapmazlar, 6zel sektor yapar, devlet sonra bunun
faydasini goriir ve bunu genel anlamda uygular. Diinyadaki degisim doniisiimler de
boyle. Kamu da burada biraz direngli olunca, bu isler biraz yavaslamais... Teknik ofis,
proje yonetim firmalari, isverenler ve kamu diye siralayabilirim direngli olanlari.

SO: Dijitallesmenin ve endiistri 4.0 teknolojilerinin projelere olan etkilerine drnek
verebileceginiz bir proje anlatabilir misiniz? Bu teknolojilerin insaatta proje
yonetimini ne sekillerde degistirdiginden bahsedebilir misiniz?

R1: Tabi, seve seve. Simdi Tiirkiye'deki Endiistri 4.0 tarafinda olan algimiz biraz
farkli, clinkii dedigim gibi, sartnamelerde veya teknik beklentilerde heniiz 4.0
noktasina gelemedik. O yiizden Tiirk miiteahhitlerin yurt disinda yaptig1 islerden
bahsedeyim.

Mesela TAV Insaat’la Dubai’de 600 milyon dolarlik bir adres rezidans projesi
yapiyoruz. Burj Al Khalifa'nin yaninda Opera District dedikleri bir bolgede ii¢ tane
biiyiik, cok katli, yliksek katli bina yapiliyor. Ama santiye alan1 ¢ok kiiciik ¢tlinkii Burj
Al Khalifanin yani, Dubai'nin gobeginde, tam anlamiyla merkezinde. Taksim
Meydani'na bdyle bir eser diktigini diisiin. Oyle bir yapi icerisinde sinirli bir santiye
alaninda bunu yapmaya calisiyoruz ve biitiin bunlar yapilirken her tiirlii planlama ve
santiyenin gilinliik izlenmesi yap1 bilgi modellemesi ile oluyor. Niye? Ben oraya ving
ile konveyorii veya kamyonlar1 ayn1 anda sokamiyorum. Dolayisiyla BIM’1 Sadece 3D
ile degil, 4D ve 5D’de kullanmam gerekiyor ki, her tiirlii simiilasyonu planlamaya gore
akis olarak gorebileyim. Sadece binanin yapiminda ¢akigsmalar1 degil, santiye saha
alanmin kullanimi ile ilgili olacak problemleri de Onceden Ongdriip miidahale
edebileyim. Ciinkii santiye kamyonunu soktum, o bir dert. O kamyonu ¢ikartirken
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onun temizlenmesi ve bir siirli bir siiregten gegmesi gerekiyor ki— Dubai yerel
yonetimi o kamyonlarin yollar kirletmesine izin vermiyor mesela. Bir regiilasyon
BIM’i 3 boyuttan 5 boyuta getirdi bir projede. Yani basit bir ‘benim yollarimi
kirletemezsin’ regiilasyonu. Oradaki yerel yonetimin bu beklentisi santiyeyi bambagska
bir boyuta sokuyor. Boyle olunca planlama bambaska bir yere gidiyor ve her tiirlii veri,
her tiirlii koordinasyon, dijital anlamda gerceklesiyor. Maliyet ve planlama ile ilgili is
buraya giderken, bir yandan da bu santiyede giinliik ilerlemeleri ve sahay1 da anlik
izlemek gerekiyor. Sahadaki sirf kalite ile ilgili— yani yapilan isin kalitesi ve takibi
ile ilgili olan— siirecleri dijitallestirerek, yanilmiyorsam, bes veya alti tane kritik
stirecti bunlar. Bes alt1 kritik siireci dijitallestirerek, gecen yil itibariyle— proje daha
bitmedi ama— gegen y1l itibariyle TAV Insaat resmi olarak agiklad1 bunu: o projelerin
dijitallestirmesinden bir milyon dolar civarinda bir tasarruf sagladi. Sadece kalite
dedim. Daha bu isin ISG’si var, teknik ofisi var, planlamasi var, tasarim tarafi var.
Biitiin bunlarin dijitallestirilmesinden elde edilen faydanin ne kadar oldugunu su an
i¢cin dngdremiyoruz.

SO: Yani sadece kalitedeki bes siirecin dijitallestirmesi bir milyon dolar anlamina
geliyor?

R1: Evet. Sadece kalitedeki kritik bes siire¢: imalat onaydir bunlar, malzeme onaydir,
boyle kritik onlarin siirecleri var... Ciinkii dijitallesmeyi biz sadece olay santiyede bir
sekilde yapiliyor gibi hayal ediyoruz. Ama satin alma talebinin— yani taseron veya
tedarik¢i secilip— ona gonderilecek olan satin alma talebin satin alma siparisine
donmesi... O siparige istinaden gelen iiriiniin, malin malzemenin, santiyeye girisinin
yapildiginin kayit altina alinmasi... Bunun ambara girmesi... Ambara girdikten sonra
da imalat yapilirken ambardan ¢ikartilip imalata sokulmasi ve dogru zamanda dogru
malzemenin dogru kisinin oniline gelip dogru imalat yapildigini1 belgelenip bunun
proje yonetim firmasinda sunulup igverenin onaymin alinip hakedisin talep edilip
alinmasi, inanilmaz bir siireg!

Yani dijitallestirmede yapacak o kadar ¢ok is var ki! Dolayisiyla biz bunlarin bir
kismini hayata gecirip bir kismini yapabilerek ilk etapta--¢linkii bir anda her seyi
dijitallestirmek bu sefer insanlar1 bambagka bir diinyaya 1sinlamaya benziyor. Yani
ortami bilmiyorlar, ne yapacaklarini bilmiyorlar. Bu bir siirec. Bunu adim adim
gerceklestirmek lazim. Dolayistyla bunu yaparak olay1 bambaska bir noktaya getirdik
ve bu TAV Ingaat ile yaptigimiz altinc1 projeydi. Altinci proje itibariyle sdyleyebilirim
ki TAV artik Tiirkiye'de ugtan uca dijitallesmeyi her anlamda deneyen, goren,
uygulayan ilk firmadir. ik Tiirk miiteahhitlik firmasidir ve bunda da gayet basaril1.

SO: Soylediginizde enteresan bir nokta var aslinda. TAV bir Tiirk firmas: ama
konusmaya bagladiginizda direk yurtdis1 projelerinden bahsetmeye basladiniz. Araya
Dubai'nin bir regiilasyonu girdi mesela— yani aslinda bunlar1 yapabilecek kapasitede
olmamiza ragmen, belki de kendi lilkemizde yurt disinda yapabildiklerimizi
gerceklestiremiyoruz.

R1: Orada igveren Emaar’di. Emaar o bdlgenin en biiyiik igverenlerinden bir tanesi ve
bu anlamda isverenin danismani1 Mace’ti. Mace de Ingiltere kokenli bir proje Yonetim
firmasi. Emaar ve Mace Sartnameyi, beklentilerini, teknik konudaki teknik sartname
dokiimantasyonlarin1 o kadar giizel hazirlamiglar ki, miiteahhit firmanin orada ¢itay1
cok yukariya ¢ekmesi gerekti. Yerel regiilasyonlar bu isleri o kadar diizenli hale
getirmis ki, isin operasyonel tarafinin da ¢ok {ist diizey yonetmek gerekti. O yiizden
ben suna inantyorum: Mesela ben bu TAV i¢in verdigim 6rnegi, Prota ve Giilermak
icin de, Polonya i¢in veririm. Onlar da Polonya'da 3 yillik metro projesinin ilk bir
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yilinda her tiirlii koordinasyonu, yani isin ‘digital twin’ dedigimiz, 6nce dijitalde
yapilmasini gergeklestirdiler. Biitiin kurgulari, koordinasyonu her sey yapildi. Sonra
isveren, ana yiiklenici Giilermak, santiye soktu. Yani bir y1l boyunca ana yiiklenici
santiyeye giremedi. Tasarim firmasi, biitlin paydaslar, biitiin danismanlar, hepsi
projenin  dijitallestirilmesi  iizerinde, tasarimin  ‘digital twin’  olaraktan
olusturulmasinda calistiktan sonra, bu is isin Obiir tarafina gecti. Yani biz bunlar
yapabilecek giice, birikime, tecriibeye, teknolojiye, altyapiya, proje istedigi noktada
ulasabiliyoruz. O yiizden Tiirk miiteahhitleri endiistri 4.0’da calisabilir, endiistri 4.0’ da
da calisabilir.

SO: Sizce iilkemizde 6D/7D BIM ve Endiistri 4.0 teknolojilerinin kullanimindaki en
biiyiik engeller nelerdir? Neden Finlandiya, Ingiltere gibi iilkelerin seviyesinde
adaptasyon saglayamiyoruz? Dijitallestirme projelerinizden 6rnek verebilir misiniz?

R1: Bunu biz Finlilere sorduk, Norveglilere sorduk. BuildingSMART c¢atis1 altinda
onlar1 buraya davet ettik. Bir Hollandali, bir Norvegli, bir Isvicreli ile— hatta bunun
Youtube'da kaydi da var BuildingSMART 1 bdyle bir etkinligi ile ilgili. Onlarla
oturduk, sohbet ettik, ayrintili sorular sorduk. Konunun ¢iktig1 iki tane yer var. Aslinda
biraz dnce de bahsettim aslinda. Bir, yerel yonetimlerin regiilasyonlari. Yani neleri ne
kadar, nasil izin veriyorlar, nasil olmasini sart kosuyorlar? Bu hem yerelde hem de
tilke geneli ile ilgili bir regiilasyon kismu. Ikincisi de standartlar. Finlandiya ve Kuzey
iilkeleri, ve Ingiltere’yi de dahil edelim, mesela Ingiltere dzelinde bir &rnekle hemen
ilerleyeyim... Yillar énce ingiltere’nin 2010 gibi bu islere baslamasmin nedeni bir
standardin ortaya c¢ikarmis olmasi. BS 1192 dedikleri standarda istinaden bu isleri
yaptiklar1 icin, British Standards 1192 olarak bu yillarca Ingiltere’deki projelerde
kullanilmis. Ve Ingiltere yazili kiiltiiriin de ¢ok yiiksek oldugu bir iilke oldugu igin, bu
standartlar hizlica olusturularak uygulanmaya baslanmis. Ama dedigim gibi bu bir
zorunluluk olmasi da uygulanmasindaki dnemli kilan nedenlerden bir tanesi. Sonra bu
BS 1192 BuildingSMART International tarafindan ISO 19650'ye doniisiiyor.
ISO19650 de su an bes boliim halinde. Bu bes boliim de bizim bu bahsettigimiz
sikintilari, sorunlari adresliyor Aslinda. Bunlara ¢oziim tiretiyor. Biz BuildingSMART
Tiirkiye olarak Tiirk Standartlar1 Enstitiisii ile oturduk, Bir komite olusturduk, ISO
19650yi aldik. TSE'nin onayladig1t yapiyla bunu Tiirkiye'de uygulanabilir hale
getirdik. Son noktalarini veriyoruz Artik, ¢alismanin son halindeyiz. Boylelikle
yakinda Tiirkiye'deki projeler i¢in de bu 19650 standardi sartnamelerde hem igverenler
tarafindan hem de bu projeyi teklif vererek kazanan yiiklenici firmalar tarafindan da
uygulanmaya basliyor olacak. Dolayisiyla standart, regiilasyon, beklentiler, yap1, bu
isin sadece Ankara'dan degil, yerelden de ¢6ziiliiyor olmasiyla beraber, yani herkesin
dahil olmastyla beraber, bu sorunu Tiirkiye'de de ¢6ziiyor olacagiz. Onlarin farki, bu
konudaki olgunluklarinin bizden once baslamis olmasi. Kuzey iilkelerinin farkli ise
niifus az. Yapilan projelerle ilgili imkanlar ona gore. Ve siireyle ilgili de aceleleri yok,
belli konularla ilgili olarak esneyebiliyorlar. Bu onlarin bazi seyleri daha yavas, daha
sindire sindire yapma imkan1 elde etmelerini saglamis. Ama 6ziine bakacak olursak,
ana tetikleyici nokta regiilasyonlar ve standartlar. Bu regiilasyon ve standartlara
sartnamelere girmesi ve herkesin mecburen bu kurallara uymasi.

SO: Bu demin bahsettiginiz ¢calisma da zorunluluk olarak m1 gelecek peki?

R1: Evet, ciinkii bir Tirk standardi olacak bu. Sartnamelere giriyor olacak.
Almanya'da 2020 itibariyle biitiin altyap: projelerinde, mesela Alman hiikiimeti bdyle
basladi: altyap1 projelerinde BIM4INFRA2020 dedikleri bir program baslattilar. Biitiin
altyap1 projelerinde de BIM’i zorunlu kostular. Biz gegen y1l Almanya'daki bizimle
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ayni isi yapan yazilim firmalartyla sohbet ederken, BIM’le ilgili ¢ok yogun olduklarini
sOyliiyorlardi. Ciinkii bir yandan salgin var, aslinda salginla ilgili bir¢ok sikint1 var,
ama bir yandan da BIM’i devreye almak zorunda kaliyorlar. Ciinkii bu hiikiimet
tarafindan artik bir zorunluluk haline getirilince de bu doniisiimii biitiin firmalarin
yapmast gerekiyor.

Bu arada Avrupa’da— kita Avrupa'sinda, Ingiltere’yi hari¢ tutuyorum— kita
Avrupasi'nda BIM’in ne oldugunu bilen ana yiiklenici miiteahhit sayist sadece %12.
Bu BuildingSMART International raporlarina gore sadece %12. Dolayistyla bu konu
oralarda ¢ok ¢0ziildii de biz geride kaldiktan ziyade, bu isin standartlar1 ve yapisi1 daha
yeni oturuyor. Malzeme {ireticilerinin barkod kullanma zorunlulugu daha yeni yeni
belli bir noktaya geldi. Ki barkod benim daha 6nceki yillarda dijitallesmesinde yer
aldigim otomotiv sektorii gibi, reel sektor gibi, iiretim oldugu sektor gibi hizli tiikketim
sektorlerinde oldugu gibi ¢ok eski bir teknoloji aslinda. Yani insaatta bunun yeni
geliyor olmasi, bu zorunluluklarin artik herkesi belli bir sistematigi, belli bir yapiy1
uygulamak zorunda birakmasi anlamina geliyor ki, ¢ok iyi bir haber.

SO: Ingaatta dijitallesme alanina 2010 yilinda girdiniz. “Endiistri 4.0 terimi ise ilk
kez Hannover’da 2011 yilinda ortaya ¢ikti. 2010°dan beri sektorde nasil bir degisim
gbzlemlediniz?

R1: inanilmaz. Yani ‘exponential’ dedigimiz o biiyiime var bu konuyla ilgili. Biz
2010'da Libya'daki Tiirk miiteahhitlerin Libya'daki projelerini dijitallestirerek
basladik. Orada tabi ¢l sartlari, kum firtinalari, imkanlar hem doga anlaminda hem
oranin fiziksel sartlar1 anlaminda bayagi zordu. Ama oradaki beklentiler de dogal
olarak diisiiktii. Endiistri 1.0 olarak onu tanimlayabiliriz. Gelen giden dokiimanlarimi
paftalarimi1 yonetebileyim, hatta miimkiinse yazismalarimi da buradan yapayim, o
kadar. Onun diginda bir beklenti yoktu.

Endiistri 4.0 noktasinda artik igverenlerin hem agirlikli olarak yurt disinda hem
Tirkiye'de de baslad1 bu: ben ‘facility management’ yapmak istiyorum. Yani artik
“Yap1 Bilgi Modellemesini isletme tarafinda uygulamak istiyorum” dedigi noktaya
geldik. Fakat bunun tam ne oldugu hentiz ¢6ziilebilmis degil. Dolayisiyla biz bir ortak
veri ortam1 nedir? Common Data Environment nedir? iste bunu niye yapmasi lazim
ki? dedim ya BIM biiyiik bir veritabani, yani BIM’in altindaki veritabanina bir CDE
diyoruz. Common Data Environment diyoruz. Bu veritabani niye kullaniyor olmasi
lazzim? bunu niye sonrasinda isletme asamasina da aktariyor olmasi lazim? Bu
veritabaninin niye bina otomasyon sistemleri ile, evdeki diger sistemlerle veya o
eserdeki diger altyapilarla da entegre olmasi gerekiyor? O verilerin oraya niye akmasi
gerekiyor? Ki sonrasinda bundan yararlanabilsin tarafiyla ilgili kisimlart su an
anlatmaya basladik.

Bana 11 y1l 6nce boyle bir sey olacak ve bunlar1 anlatacaksin, isverenlerle artik bunlari
konusacaksin desen “bir saniye dur, dnce su gelen giden evraklar1 ¢ozelim ¢iinkii su
an Oyle bir derdimiz yok, bdyle bir sey hayal bile edemiyoruz” derdim. Dolayisiyla
konu oraya geldi. Bir diger avantajimiz, Tiirk miiteahhitleri 1979’dan beri Tiirk
Miiteahhitler Birligi'nin verilerine gore 113 iilkede 8900'e yakin proje yapmis durum.
113 iilke. Dolayisiyla biz zaten kiiresel bir sektoriiz. Zaten hem Tiirkiye'nin en biiyiik
sektorliyliz hem kiireseliz. Tiirkiye'deki gayri safi milli hasilanin yiizde 50°ni saglarken
diinyada insaat ylizde 13 noktasinda.

Dolayisiyla aslinda kiiresel bir konu ve bu sorun kiiresel bir sorun. Ve bunun vardigi
yer kiiresel sonuglar1 olacak bir yap1. Ha disarida 6grenmisiz, iceride uygulamisiz. Ha
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iceride 6grenmisiz, disarida uygulamisiz. Giiniin sonunda her haliikarda kazanacagiz.
Yani nerede yaparsak yapalim, bundan kazanch ¢ikacagiz. O yiizden 1.0 ve 4.0
arasindaki degisim, doniisiim, gelisim inanilmaz. Ama bu konuda c¢ok geride
kaldigimiz1 sdyleyemem. Ornek olan iilkeler de yiizdl¢iimleri ve niifuslar1 az oldugu
i¢in su an biraz daha ileride goziikiiyorlar. Niifusu biiyiik olan iilkeler — Almanya
daha yeni yeni 2020'dir Almanya'nin bu ise gegmesi. Ingiltere biraz onde ama tam
vartlmak istenen yerde degil. Amerika'da bu is daha tam oturmus noktada degil.
Tasarim onay siireci mesela tamamen BIM iizerinden dénemiyor. Isi Endiistri 4.0'a
tam olarak ¢ekememis durumdalar. Dolayisiyla orada biraz daha yol var. Treni
kacirmadik ama c¢ok dikkatli takip edersek bu yeteneklere sahip olan personeller,
ekipler, uzmanlar, profesyoneller diinya ¢capinda bir talebe yetismeye calisacaklar. Bu
da sektoriimiize goniil veren gengler i¢in inanilmaz bir firsat.

SO: Tiirk insaat sektoriiniin gelecegini ne sekilde goriiyorsunuz? Sizce sektdriin
dijitallesme potansiyeline ulasabilmesi i¢in iilke olarak atmamiz gereken adimlar
nelerdir?

R1: ENR’1n [Engineering News and Record] listesine gore Cin'den sonra o listeye en
fazla firma sokan ikinci iilkeyiz. 43 ila 46 arasinda degisiyor. Dolayisiyla nicelik
anlaminda ikiyiz. Nitelik anlaminda, yani daha kaliteli isler yapma anlaminda,
Amerikalilar ve Ingilizlerin arkasindan geliyoruz. Amerikalilar ve Ingilizleri
gecebilmek i¢in de kaliteye yiiklenmemiz gerekiyor. Dijitallesmeye yiiklenmemiz
gerekiyor. Onlarin yapmadiklarini, onlarin eksik biraktiklarini yapiyor olmamiz
gerekiyor ki sOylityorum. Biraz 6nce sdyledim, yine sOyleyecegim. Bu konuda
eksigimiz yok. Ben bu konudaki genglerimiz inanilmaz goriiyorum. Inanilmaz bir
potansiyel var. Inanilmaz bir merak var. Oradaki ilgi ve alakamin 10 kati1 var
Tiirkiye’de. Sadece o projelerin ve o firsatlarin karsimiza ¢ikmasi gerekiyor. Iste
burada bahsettigimiz regiilasyonlar ve standartlar gelirse ve Tiirk miiteahhitlerin
disarida yaptig1 islerde bu genclerimiz hem igeride hem digsarida bu imkanlardan
yararlanirlarsa... yani Cinlilerin dedigim gibi dyle ¢ok c¢ok bizden bir ekstras1 yok.
Amerikalilarin Ingilizlerin ¢ok ¢ok belki sirasi yok.

SO: Tiirk ingaat sektoriinde bu teknolojilerin daha etkin kullamilmasi i¢in en énemli
rol sahibi kisi veya kurumlar sizce kimdir?

R1: BuildingSMART uluslararasi anlamda biitiin diinyadaki know how’u Tiirkiye'ye
Tiirkce olarak getiriyor. Bu ¢ok 6nemli bir katki. Dolayisiyla bir dil bariyeri yok.
Aslinda bu isleri yapmak igin herkesin kesinlikle minimum Ingilizce bilmesi lazim.
Yani bunun kagari yok. “Ben Ingilizce bilmiyorum ama bu isleri takip ediyorum”
maalesef. Ona yapacak bir sey yok. Miimkiin degil. Onu cok kestirmeden
sOyleyebilirim. BuildingSMART bunu yapiyor. Ve bunu Tiirk Standartlar1 Enstitiisii
ile, Cevre ve Sehircilik Bakanligi ile, Ulastirma ve Altyapr Bakanligiyla. Yani
paydaslariyla, belediyelerle konusarak bu isin yayilmasi i¢in ekstra bir katki sagliyor.

Bunu alan ve bu birikimi, tecriibeyi bir STK’dan BuildingSMART gibi STK’dan alan
bakanliklarin da ilgili aksiyonlar1 ve ilgili ¢caligmalar1 yapmaya baslamasi ve devam
etmesi gerekiyor. Yani kimler hangi rol sahibi kurumlar dedigin zaman dolayisiyla
sOyle bir engeli kaldirtyor, BuildingSMART, nereden baglayacagimizi bilmiyorum
deme durumumuz yok. Aslinda nereden baslayacagimizi, neleri 6rnek alacagimizi
BuildingSMART sayesinde rahatlikla takip edebiliyoruz. Dolayisiyla bakanliklar i¢in
bir yol haritas1 ¢ikabiliyor.
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Tiirk Miiteahhitler Birligi ise is birliklerine giderek kendi iiyelerine BuildingSMART
vasitastyla bunlar1 anlatip miiteahhitlerin, ana ytiklenicilerin, bu isin igerisinde isi
yapan firmalarin, aslinda bu teknolojiler sayesinde daha kisa zamanda dogru kalitede
isi diistik maliyete yapip hem karliliklarini hem verimliliklerini hem fiiretkenliklerini
arttirma sansin1 gosterebilir ki, bu sodyledigim teorem onlarca projede kendini
kanitlamis durumda. Insaat Malzemeleri Sanayici Dernegi'nin catis1 altinda biz
BuildingSMART Tiirkiye’yi kurduk. Onlar da bu igin yayilmasi i¢in ellerinden geleni
yapiyorlar ki malzeme iireticileri de biraz 6nce Ornegini verdigim barkodlar
kullanmaya baslasinlar. BIM objelerini malzemeyi iiretirken kurgulasinlar. Bu BIM
objelerinden kiitliphanelerini yapsinlar. Diinyaya bu eserlerini, malzemelerini
acabilsinler. Hem diinyaya kiitiiphaneleri ile beraber satabilsinler hem de entegre olup
bu isin yayilmasina katki saglayabilsinler. Yani bu isin ihracata da katkis1 var, ‘know
how’ transferi olup diinya ¢apinda olmaya da katkis1 var, malzeme {ireticileri igin de.
Dolasiyla dyle de bir potansiyeli var bu isin. Herkesin kazandig1 bir kurgu aslinda.
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Interview #2
Respondent 2, BIM Manager
25.03.2021  14:00

Sera Ozkivanc: Projeyi kisaca anlatabilir misiniz? Yer, biiyiikliik, ortalama biitge,
zaman, katilimci sayist gibi maddelere deginebilirseniz sevinirim.

Respondent 2: Proje Sudan'da iki tane projeden olusuyordu. 945 Megawatt giiclinde
gaz tribiin santrali. Birisi Khartour kentinde bagkentte, digeri de Port Sudan
sehrindeydi. Iki sehirde toplam. Sudan'n kurulu elektrik giiciiniin de {icte birini
olusturuyordu. Ugte birine kadar elektrik saglayacakti. Proje bastan sona kadar BIM
ile yonetildi. Bir kisim proje Cin'de {iretiliyordu, bir kisim proje Tiirkiye'de
tiretiliyordu. Bunlarin hepsi kontrole miisavir firmaya Almanya'ya gidiyordu.
Almanya'da onaydan gectikten sonra Sudan santiyeye diisiiyordu. Santiyeye
geldiginde Sudan'daki enerji kurumunun da haberi oluyordu. Onlar onay vermek
istemedikleri i¢in, sadece “biz gorelim yeter” dedikleri i¢in, tiim paftalar dijital
ortamda Sudan santiyede uygulamaya yonelik hazir olmus oluyordu . . . Bu arada
projede sundan da bahsedeyim: Elektromekanik isler bizim sirketin uhdesindeydi.
‘Civil works’ Cinli bir firmanin uhdesindeydi. Tiirbinler ve tesisler—tiirbinlerle ilgili
tesisler de— Siemens, Alman firma yapiyordu. Montajin1 biz yapacaktik. Bizim
buradaki elektromekanik isler, bizim isimizin kapsami buydu. Bunun dl$ll’lda yaklagik
300 kisi gibi calisan vardi santiyede. Tiirkiye'de bizim merkez ofisimiz Istanbul’dayd.
Tiim proje yonetimi Istanbul’dan gergeklestiriliyordu. Onun diginda bizim izmir’de de
celik konstriiksiyonlar ve bazi yapilar i¢in bir tasarim firmamiz vardi. Yani onay
siirecleri Izmir’den Istanbul’a, Tiirkiye’den Almanya’ya, Almanya'dan Sudan’a ya da
Cin’den Sudan’a... Her sekilde onay siiregleri vardi. Bu sekilde projenin imalati
tamamlandi. BIM’de tamamladik.

Sahadaki arkadaslar da BIM’den faydalandilar. Nasil faydalandilar dersek, tablet
kullanihiyordu. ‘Supervisor’ ve santiye sefi pozisyonundaki arkadaslar tablet
kullaniyorlardi. Tiim sahadaki imalatin daha baslanmadan BIM modeli hazirlanmisti.

SO: Tabletlerde internet baglantis1 var miydi?

R2: Tabletlerde, evet. Santiyenin internet baglantisi vardi.
SO: O halde bulut bilisim teknolojisinden faydalanildi?
R2: Kesinlikle. Evet.

SO: Proje zaman veya biitce asimina girdi mi?

R2: Proje zaman ve biitce asimina soyle girdi: Sudan'da ayaklanma oldu. 2018-
2019°da bu yiizden bir duraksama oldu. Bu yiizden gecikme oldu. Onun disinda sonra
Koronaviriis nedeniyle, pandemi nedeniyle, bir duraklama daha oldu. Bu yiizden
gecikmeler oldu.
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SO: Anket cevaplariniza gére projede kullanilan Endiistri 4.0 teknolojileri arasinda
proje yonetimi yazilimlari, otomasyon veya robotik ve ‘cloud computing’ bulunuyor.
Hangi yazilimlar kullanildi ve bunlar ne sekilde uygulanildi?

R2: Biz tiim imalatlar1 BIM’de yaptigimiz1 sdylemistim. Celik konstriiksiyonlar i¢in
Tekla [Structures] kullanildi. Celik konstriiksiyonlar i¢in BIM modelleri Tekla’da
hazirlandi. Siemens'ten aldigimiz tiirbinler ve tesisler i¢in, onlardan gelen modellerin
Macro Station’da tiretildigini diisiiniiyoruz. Sketch Up’da da bazi modeller vardi . . .
Imalatgidan aldigimiz bazi modeller de STEP uzantiliyd: onlar1 da IFC’ye cevirdik.
Biz kendimizde Revit’te irettik: mimari tasarim, mekanik modelleme, mekanik,
elektrik, piping’leri. Tiim modellerin collaboration 1, bir araya getirilmesi, derlenmesi
de Aconex vasitasiyla yapildi. Aconex’e herkes modellerini yiiklityordu. Hem IFC,
hem de dokiimanin, yani modelin orijinal dosyasiyla beraber biz Aconex’e yiikledik.
Tiim dokiimantasyonu ve ‘workflow’ is akiglarii da Aconex {izerinden yiirittiik.
Modellerin hepsinin clash detection’z da NavisWorks Clash Detection ile yaptik. Bir
de Aconex’te yine tiim modellerin takibini gergeklestirdik.

SO: Peki bu Aconex’in veya bahsettiginiz sahada kullanilan tabletlerin, herkesin
internete bagh olup gergek zamanli dosya paylasimi yapabilmelerinin, planlama ve
genel proje yonetim siirecine nasil etkileri oldu? Varsa liitfen dezavantajlarindan ve
zorluklarindan da bahsedebilir misiniz?

R2: Soyle de biz planlama demisken bunu da sdyleyeyim. Biz cloud teknolojisini bir
de planlamada kullandik. Primavera Enterprise kullandik ve bizim yaptigimiz is
programini buluta tasidik Oracle’da. Oracle bize bir yer verdi. Primavera’da
yaptigimiz is programlarini ayni zamanda, yani es zamanli olarak, her yerden takip
edilebiliyordu. Ve NavisWorks’teki modelleri biz tanimladik, buluttaki is programini
tanimladik ve bir degisiklik oldugu zaman, planlama grubunda bir degisiklik
yaptiklarinda, biz modeli agar agmaz NavisWorks’te agtigimiz zaman otomatik
giincelleniyordu.

Cloud teknolojisinden ben yiizde yiiz ok memnunum. Bir tek dezavantaji soyle oldu,
bazi yazilimlarda var, bazi1 yazilimlarda yok. Internetin ¢ekmedigi yerlerde de,
ozellikle metro ingaati gibi ya da internetin zor c¢ektigi yerlerde, goriintiiniin
tikanmamasi i¢in ya da dokiimanlarin hepsine ulasabilmek i¢in internetten bagimsiz
da kullanilan software’lar var. Ama bizimki Oyle degildi. Biz internete baglanmak
zorundaydik. Tek dezavantaji buydu.

SO: Anladim. Peki internete baglanamadigimz oldu mu? Yani bir dakikalik, iKi
dakikalik zamanlardan bahsetmiyorum ama, ¢ok kritik noktalarda erigiminizin
olmadig1 durumlar oldu mu?

R2: Olmada.
SO: Sunu da sormak istiyorum—
R2: Cok pardon, bunun igin bir 6nlemimiz olacakti. Sonradan vazgectik. Bir server’a

indirip bilgileri server’dan ¢alistirilabilirdi. Server’dan, yani internet kesildiginde de
calistirilabilirdi, biz tercih etmedik bunu kullanmay1.
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SO: Ama server’a baglayp o sekilde calisinca, mesela tasarim ofisinde biri bir ‘clash
detection’ yapip bir seyi degistirirse sanirim gergek zamani ulagsmiyor—

R2: Goéremiyorlar, ulasmiyor. Tiirkiye'de yapilan bir degisiklik soyle: aksam internet
geldikge boyle peyderpey dosyalar, aligveris yapilabiliyor. Internet az gektigi yerde...
cektikee veriler tekrar giincelleniyor.

SO: Yani bu server ile ¢alisan kurumlar i¢in gegerli.
R2: Evet, boyle de kurabiliyorsunuz tercih ettiginiz collaborative software’lari.

SO: Anladim. Peki bunlart uygulamak igin yapilan yatirimdan, egitimlerden ve
adaptasyon siirecinden bahseder misiniz? Ozellikle sahadaki kisilerin herhangi bir
egitimden gegmesi gerekti Mi? Ve bu siireg nasil ilerledi?

R2: Ben BIM Manager olarak bizzat kendim Sudan'da egitime gittim. Tiim egitimleri
ben verdim. Tiirkiye'de de bir arkadasim vardi bana yardim eden. Tiirkiye'de de o ben
yokken 0, ya da beraber egitimleri verdik.

Bu bir kiiltiir meselesi. Yani bir aliskanlik diyelim, bir sirket kiiltiirii olusturma konusu
bu. Herkesin {irettigi modeli giinliik olarak Aconex’e yiiklemesi, bunun aliskanlik
edinmesi... Tabi biraz daha bagindan anlatmak gerekirse, dncelikle implemantasyon
stireci var. Biz dokiiman kodlamaya once calistik. Dokiiman kodlamada neler
yapilabilir? Uluslararasi standartlar nedir? Bunlar1 grendik. Ornegin santrallarin KKS
[Kimyasal Kayit Sistemi] kodlari var. Mesela riizgar gibi yenilenebilir enerjiyle
calisan santrallarin farkli kodlama sistemi var. Biz 6nce 0 KKS sisteminin, tiim
cihazlarin hepsinin adlar1 var, buna gore 6nce dokiiman numaralandirmayi ¢alistik.
Dokiiman numaralandirmay1 bitirdikten sonra bunu, iste Aconex’de bu dokiiman
sistemi— numaralandirma sistemine ‘document management’ Sistemine gore
ekipmanlari, modelleri, ¢izimleri, yapim yontemlerinin buna gore yiiklenmesini
belirttik. Bu bittikten sonra arkadagslara nasil numara verilecegini, bir dosya yiiklerken
neleri segmesi gerektigini, bunlarin hepsine tek tek egitimler verdik.

Yeni birisi ise bagladi. Mesela ilk Aconex yiiklendiginde sirkete hemen gruplar halinde
her departmana satin alma, Muhasebe, tasarim ofisi, tim departmanlara egitim
Aconex’in nasil kullanilacagini. Revit'e gegiste de ayni sekilde. Daha onceden
AUtoPLANT kullaniliyordu yanlis hatirlamiyorsam. Revit'e gegiste de egitim verdik
aymt sekilde. Planlamada basindan beri zaten planlamaci arkadaglarla beraber
konusuyorduk neler yapacagimiz. Onlarla bizim temasimizin, kontagimizin nasil
olacagini siirekli konustuk. Herkesin ayni dili konugsmasini sagladik. Bir dokiimani
nereye yiikleyecegini herkes biliyordu.

Onun disinda Sudan’a gittim. Sudan'daki santiyedeki arkadaslara [ses kopuklugu] bir
dosyayr aradiklarinda, bir ¢izim aradiklarinda nasil bulabileceklerini, nasil
ulasabileceklerini ve BIM modellerinin hepsinin bir arada bir platformda oldugunu
gosterdim. Biitiin santiye A'dan Z’ye eski revizyonlar: ile beraber bir platformda
toplandigini, isteyenin istedigi dakika bir borunun st kotuyla, baslangigtaki kotuyla
bitis kotunu rahatlikla gérebilecegini, bir kapida iki kolon aras1 mesafenin rahatlikla
olgtilebilecegini, higbir bilgisayar programina ihtiya¢c olmadan rahatlikla sahada bir
supervisor 'm ya da ofiste oturan bir arkadasin tiim projeyi A'dan Z'ye dokiimanlarini
birlikte gorebilmesini sagladigimizi anlattik.
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SO: Bu soruyu gecebilirim. Kullanilsaydi, projenin zaman veya biitce asimina
girmesini engelleyeceginizi diisiindiigliniiz teknolojiler olup olmadigini soruyorum
genelde. Fakat bu projede force majeur’lar yiiziinden zaman asim1 yasanmis. ..

R2: Evet. Biz bir¢ok teknolojiyi kullandik, clash detection’lar sayesinde sahada yanlis
imalati ¢ok onceden tespit ettik. Hatali malzemenin geldigini tespit ettik. Hatta Sudan
Enerji Bakani'na sunum yaptigimda, “Biz keske bunu 10 yil 6nce fark etseydik. Cok
fazla zayiatimiz var, sahaya ¢ok fazla malzeme yanlis geldi. Diger projelerimizde
bunun gergekten de 6niine gegmis olduk ¢ok memnunuz” diye tesekkiir etti.

SO: Anladim, yani gercekten avantajli—

R2: Kesinlikle! Sadece burada degil, s6zlesmede paftalar 8 niisha olarak iiretilecek,
Tiirkiye'den kargo ile Almanya'ya gonderilecek, orada miisavir firma onaylanip
Sudan’daki elektrik kurumuna gelecek, oradaki kaselerle “tamam” dendikten sonra
sahaya inecek diye sozlesmede madde vardi. Biitiin bu yikin hepsini kaldirdik!
Tamamen onaylar dijitale alindi. Ve bu parasal olarak da ¢ok yiiksek bir oranda fayda
sagladu.

SO: Peki bu sartnamedeki basili paftalarin gereksinimin dijitale doniistiiriilmesine kim
sebep oldu? Bu doniisiim nasil meydana geldi?

R2: S6yle, biz bir 6neride bulunduk. Aconex’i anlattik. Sudan hiikiimetine de anlattik,
Siemens'e de anlattik. Biliyorsunuz bu isin ayaklarindan biri de Siemens'ti iriinleri
getiren. Cinlilere anlattik. Ve miisavir firmaya da anlattik. Onlar bunu ¢ok makul ve
mantikli buldu. Bunun iizerine bir protokol imzalattik. S6zlesmede boyle yazmasina
ragmen, biz tiim onaylarimizi Aconex’in—diinya bankalarinin kullandig1 veri koruma
teknolojisine sahip oldugunu, ISO 27001’e dahil oldugunu ve verilerin garantiyle
silinmeyecek oldugunu, kesinlikle hi¢hir verinin silinmedigini, tiim yapilan
aktivitelerin loglarin tutuldugunu anlattik— ve bunu da bir protokolle igveren miisavir
miiteahhitlerin imzast ile bir protokolle anlagsma yapmis olduk. Protokole bagladik.
Bunun iizerine bu pafta silsilesinden ve onay silsilesinden—yani tahmin ediyorsunuz
ki birgok kez revizeler oldu, kimi paftalar'm 30. revizyonuna kadar gitmistik. Bunlarin
bir de basili olarak iptal edilmesi, tekrar gonderilmesi, kargo masraflari, tilkeler arasi
kargo yapilmasi, inanilmaz bir masraftan kurtard bizi.

SO: Evet, gergekten o kadar biiyiik bir mesafe aras1 kamyon kamyon paftalarm gidip
gelmesi biiyiik bir ziyan.

R2: Evet, onu isin basinda karar verdik. Bu arada sunun da bir etkisi var. Bizim ilk
isin baginda 6nemli bir yazismanin kaybolmasiyla baslad: her sey. Onemli bir yazisma
kaybolmustu elden ele, iilkeden iilkeye giderken kayboldu (...) Yani vesile oldu.
Bunun iizerine patron, “nasil bir program olabilir bizim hi¢bir sey kaybetmeyecegimiz,
her seyin dijital bir yerden bir yere gidebilecegi?” Bunun {izerine Aconex’i tercih ettik.

SO: Farkl1 departmanlar veya taraflar arasinda bu teknolojilerin kullanimi ne derecede
degisti? Kimler BIM ve Endiistri 4 0 imkanlarindan daha etkin sekilde faydalanirken,
kimler eski usul yontemlerle ¢alismay1 tercih etti? Tabi bdyle bir grup varsa.

R2: Var. Mesela teknik ressam arkadaslarin bir kismi, 6zellikle yaslart 50’1n iizerinde
olanlar cok zorlandilar. 50’in altindaki arkadaslar kabul ettiler. Yani bu dijital
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doniistimii tamamen kabul ettiler. Geng arkadaglar zaten ilk giinden itibaren ¢ok
heveslilerdi ama yas1 50’nin iizerinde olanlar ger¢ekten ortalama olarak ¢ok direttiler.
Cok fazla kisi yoktu ama ¢ok zor oldu. Ki bu isin 6nciilerinden biri de patronumuzdu.
Onun yas1 50 tizerindeydi ama o 6ncii oldu, 6nayak oldu. Gergekten onun sayesinde
bu kadar bu noktaya geldi.

SO: Tesekkiirler. Peki bu projede dijitallesme baglaminda bazi ‘lessons learned’
maddeleri ¢ikarildiysa veya siz kendiniz i¢in ¢ikardiysaniz bunlart paylasabilir
misiniz? Ornegin, bundan sonraki projelerde uygulamak istediginiz ne gibi
uygulamalar var?

R2: Tabii ki. Biz bir ‘case study’ yaptik. Burada da baz1 seyleri tespit ettik. Dokiiman
numaralandirmaya daha dikkat etmemiz gerektigini anlattik. Gereksiz yere
siniflandirmalarda... insanlarin basina is agmaya gerek. Siniflandirmalar1 oldukg¢a
sade yapmamiz gerekiyor. Work flow’lart, is akislarini belirlerken ¢ok uzun uzadiya
diistinmek gerekiyor. Yani etraflica konusmak, goriismek gerekiyor. Biz is akislarini
olustururken sahay1 da dahil ettik ama isin basinda fark etmediler belki. Daha sonra
kendileri revizyon istediler is akislarinda ama is akisinda revizyonlar olumlu degil
bence. Basindan her seyi: Kimden onay alinacak? Bir dosya nereden nereye gidecek?
Baslangi¢ noktasi ne olacak? Kimlerin onay1 gerekecek? Kimlerin goriisii alinacak?
Bunlar1 ¢ok net konusmak ve tespit etmek gerekiyor. Bunun disinda ortak dilin
kullanilmasi. Alanlar, bolgeler konusunda ortak dil konusu ¢ok &nemli. Bunu fark
ettik, aklima gelen seyler.

SO: Tesekkiirler, bir sonraki soruya geciyorum. Deneyimlediginiz kadartyla Tiirk
miiteahhitlerin yurt disinda ve yurt icinde yaptiklari projeler arasinda dijitallesme
baglaminda ne tiir farklar var? Kiyaslayabilir misiniz?

R2: Soyle kiyaslarim tabi ki ¢linkii ilk 2007°de ben Libya’ya gittim. Orada 2009'daki
bir projede 13 santiyenin merkez santiyesindeydim. Iginde toplu konut, tiyatro gibi
farkli seylerin oldugu 13 farkli proje, iki ii¢ tane farkli sehirde. Bunlarin hepsini o
zamanlar bir programla araya getirmisti. Gergekten zorunluydu. Yani boyle bir seyi
kullanmak zorunluydu bu kadar biiyiik ¢capli bir sey i¢in. Ve gelirleri de yurt diginda
iyi oldugu igin, tahmin ediyorum, miiteahhitler yurt dist projelerinde bdoyle
dijitallesmeye 6nem veriyorlar. Bir de yurtdisinda daha ¢ok yabanci miisavir firmalar
bu sekilde, Ozellikle Aconex gibi programlari sartnamesinde yaziyorlar. BIM
sartnamesi de oluyor zaten. Bu zorunluluktan dolayr kullantyorlar, kullandikg¢a
hoslarina gidiyor. Ya da zaten alismis oluyorlar biiytiik sirketler, o ylizden kullanmanin
ne kadar faydali oldugunu biliyorlar. Tiirkiye'de de sadece simdilik metrolarda BIM
sartnamesi var. Onun disinda bir zorunluluk olmadig icin kiigiik ve orta olcekli
firmalar tercih etmiyorlar. Ama biiyiik firmalar sonuna kadar VR [sanal gerceklik],
AR [artirilmis gergeklik] sonuna kadar gotiiriiyorlar. Biiyiik firmalar Tiirkiye'de de
kullantyorlar. Eski usuliin yani artik pek faydali olmadigini biliyorlar.

SO: Zorunluluktan bahsettiginiz, zorunluluk olmasimin biiyiik bir etken oldugundan
bahsettiniz. Sizce bizde bu teknolojilerin benimsenmesinde hangi kurumlarin
destegine ihtiyacimiz var iilke olarak? yani bu engelleri nasil agabiliriz, hangi kurumlar
veya kisiler veya tiizel kisilerin hangi adimlar1 olmasi gerekiyor sizce?

R2: Simdi BuildingSMART diye bir durum var. Biliyorsunuzdur sanirim. Bunlar
diinyada bir kurum. Tiirkiye'de de bunlarin bir ayag: var. Tiirkiye’deki yaptiklar
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calismalara ben de dahil oldum. Ozellikle kurumlarla bu isin sartnamesinin
olusturulmasi konusunda kurumlarla goriisiiyorlar. Tiirkiye’de yapilmiyor degil. Ama
IBB’de [Istanbul Biiyiiksehir Belediyesi] 6zellikle. IBB'de gorerek Antep Belediyesi.
Ayni sekilde metrolarinda BIM sartnamesi var. Bugiin mesela Bursa metrosunda yine
bir BIM sartnamesi var. Ayni sekilde baslayacak olan Konya Metrosu’nun yine BIM
sartnamesi var. Yani belediyeler birbirlerinden gordiikge etkileniyorlar. Ama bunun
disinda kurumlarin bu ise—AYGM [Altyap1 Yatirimlari Genel Midiirligii] bu arada
Konya’daki igsveren. AYGM mesela tabi Tiirkiye’deki yapilislar1 gordiikge, Altyapi
Yatirimlar1 Genel Miudiirliigii, bunu gordiik¢e bunu her yerde bunun kullanilmasini
istiyor. Bunun kurumlara 6nce anlatilmali, BuildingSMART gibi, gidip kurumlara
anlatilirsa bu is her yerde zorunlu olur. Dedigim gibi bosa masraf edilen kalemler var,
paftalar olsun, bosa kaybedilen zaman var, israf edilen ziyan olan malzemeler var.
Dedigim gibi, mesela Sudan'da yanlis bir parca—Cin'de imal ediliyordu celik
konstriiksiyon malzemeleri. Cin’den yanlis iiretim gelse, bir daha onun dogrusu
tiretilmesi 6 ay siirecekti. Yani bu BIM’de yapilmis olmasaydi, bu clash detection
yapilmis olmasaydi, goriilmeyecekti.
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Interview #3
Respondent 3, BIM Manager
03.04.2021  10:00

Sera Ozkivanc: Oncelikle projeyi kisaca anlatabilir misiniz liitfen?

Respondent 3: Bizim igverenlerimizin talepleri dogrultusunda proje scope’larimiz
degisebiliyor. Kimilerinde Endiistri 4.0 noktasinda, maliyet planlama, projen yonetim,
kalite agisindan degerlendirmeleri ya da deger miihendisligi ¢alismalari agisindan
farkliliklar yer aliyor . . . Suan mevcut olarak ¢alistigimiz iki tane proje var. Bunlardan
biri [X Projesi], digeri de Petersburg'daki hastane kompleksi projesi. Biz bunu BIM
platformunda ¢alisiyoruz. Biitiin disiplinler BIM platformunda calisiyor. Statik,
mekanik, mimari— hepsini oradan c¢alistyoruz. Neler var icerisinde: normal bir ana
hastane binasi var, onkoloji merkezi var, oteli var, yonetim binalar1 var. Bayagi biiyiik
bir proje. Yaklasik 13 tane binadan olusuyor. Biiylik bir kampiis diyebiliriz buraya.

Bu tarz biiyiik ve i¢ ige farkli fonksiyonlar1 bir arada bulunduran projeleri geleneksel
yontemlerle degil de BIM platformunda yapip, hem sorunlar1 daha erkenden goérmeyi
hedefliyoruz hem de diger disiplinlerle, paydaslarla, is verenlerle ve danismanlarla
daha yalin, istenilen bilgiyi, istenilen bilgi kadar tanimlamalar1 ya da dogru kisiye
yeteri kadar bilgiyi aktarabilme kabiliyetini esasinda sunmaya galisiyoruz bu tarz
teknolojileri ve platformlar1 kullanarak . . . Biz sadece hastane projeleri degil, altyap1
projeleri de yapryoruz. Ust yap1 projelerinde de ¢ok farkli projeler yapabiliyoruz. Yani
bizim Rusya'da kendi yatirirmlarimiz var, aligveris merkezleri var. Bundan sonra kamu
binalari, ofis binalar1 var, yiiksek yapilar var . . . Yani ¢ok genis bir skalamiz vardir
bizim. Tarihi eserlerden yiiksek yapilara, daha geleneksel kamu binalarindan aligveris
merkezlerine, hastane projelerinden, havalimanlarina kadar bayagi bir calistigimiz
proje oluyor. Bunlar kendi icerisinde her biri 6zellestirerek bir seyi yapiyor— yani
isveren talepleri dogrultusunda scope’larimiz belirleniyor. Karma bir sekilde, oradan
bunu yaptik, suradan bunu yaptik seklinde sorularini cevaplamaya ¢alisacagim.

SO: Tamamdir, o halde ikinci soruya geciyorum. Anket cevaplarimza gore
kullandiginiz Endiistri 4.0 teknolojilerini ‘cloud computing’, biyiik veri, analitik ve
proje yonetim yazilimlari olarak listelemissiniz. Hangi yazilimlar1 kullantyorsunuz ve
bunlar1 ne sekilde uyguluyorsunuz?

R3: Tabi sunu sdyleyebilirim, [firmamiz] kuruldugundan bu yana hep teknolojiyle ici
ice ve teknolojiye ayak uydurabilen bir firma. Kendi igerisindeki trendleri ve
uluslararas: ihalelerdeki sartnamelere gore kendini tekrardan hep modifiye etmek
zorunda kaliyor. Ciinkii Tiirkiye'de yaptig1 herhangi bir sey yok. Hep yurt disinda igler
oluyor. Bu noktada [firmanin] kendi bir yatirimi var. Kendi yazilim programi var. Bu
tipki Autodesk'in bulut tabanli programlari, BIM 360 gibi ya da Aconex’in bulut
tabanl programi gibi. [Firmanin] kendi sisteminde yaklasik 60 yildir harmanladigi,
tecriibe ettigi bilgiler dogrultusunda hazirladigr bulut tabanli bir sistem var. Bu
dokiiman yonetim sistemi olarak da ayn1 zamanda BIM modellerimizi de igerisinde
yiikledigimiz bir Common Data Environment diyebiliriz. Biitiin bilgi akislarini takip
ettigimiz, dosya paylagimlarim1 gordiigiimiiz, modellerini paylastigimiz bir platform
oluyor burasi. Bu noktada biz biitiin paydaslarimiza, diger disiplinlere, igsverene, hep
bu platform iizerinden yaymnlar gerceklestiriyoruz. Yani geleneksel olarak 6nceden
nasil biitiin projeler kendi bilgisayarlarimizda yer aliyordu, sonra server’larda yer
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almaya basladi. Ama bundan sonra hep bulut sistemi iizerinden yaptigimiz ¢caligmalar
oluyor. Bu sadece projesel anlamda da degil. Makine ekipman sevkiyatlarindan tutun,
alimlarindan tutun, ya da mesela modellerde olusturdugumuz metrajlarin satin
almalariyla alakali taleplerin olusturuldugu ve hatta biitiin ¢calistigimiz firmalarin veri
tabanlarinin bulundugu ve onlar {izerinden ihale yontemiyle de satin almalarin
yapildig1 bir platformdan bahsediyoruz . . . Proje yonetim tarafinda da bizim bu ek
dokiiman yonetimi sistemi olsun, yine is programiyla alakali olsun, satin almayla
alakali malzeme paketlerinin oraya girilmesi ile alakali isler olsun... Bu siiregleri hep
kisaltmak, santiye ile dizayn arasindaki koordinasyonu, esgiidiimlii ve senkronize
olacak sekilde c¢alisabilmesini saglamak. Bu tiir avantajlar1 var. Yani biz burada ne
yapiyoruz? Bir, isin kalitesini bir kere diisirmemis oluyoruz. ikincisi, zamanlama
konusunu optimize ediyoruz. Yani o ¢ok onemli bizim a¢imizdan. Bundan sonra
ticiinciisli, dogru miithendislik ve mimari ¢oziimleri santiye uygulatabiliyoruz. Yani
anlik olarak hep birlikte daha ¢ok fazla iletisim kurabildigimiz ve ortak bir platformda
bulusabildigimiz zaman, bu noktadaki yanlig anlagilmalari ya da bilgi kirliligini, bilgi
fazlaligin1 ortadan kaldirmis oluyoruz. Daha net ve daha sade, daha dogru bilgileri
aktarabilme sansimiz oluyor. Bunlar bizim i¢in ¢ok biiyiik bir avantaj oluyor. Zaten
bizim gibi firmalarin diinyanin bir¢cok noktasinda is yapabilme becerisi tamamen
bundan kaynakli. Yoksa diger tiirli daha geleneksel yontemlerle, ya da teknolojiyi
arkasin1 donerek “Ben Endiistri 4'e inanmiyorum” diyerek ne bir ihale alabilme
sansimiz olabilir, ne de basladigimiz isi bitirebilme sansimiz olabilir. Hatta direkt iflas
bayragini ¢ekmis bile olabilirdik diyebilirim.

SO: BIM’i bir projede 6D seviyesinde kullandigmiz1 belirtiniz ankette. BIM’i cloud
computing, biiyiik veri ve analitik teknolojileriyle entegre ettiniz mi?

R3: Evet.
SO: Peki bu insaat asamasinda santiye siireclerini ne sekilde etkiledi?

R3: Burada calistigimiz teklif projelerden bir 6rnek verecegim. Bir de kendi
yatirmmimiz olan aligveris merkezlerinde yaptigimiz ¢aligmalardan bir tane ornek
verecegim. Teklif projesinde 6D BIM’i nasil kullandik, éncelikle ondan bahsedeyim.
Bir toplu konut projesi vardi. Cok biiyiik bir projeydi. Liiks bir projeydi. Bizden
istenilen sdyle bir durum vardi: biiyiik bir arazide yapilacak farkli tip binalar var, konut
binalari, rezidans binalar1 var. Bunlarin birbiri tizerine golge diismemesi lazim ve belli
saatlerde minimum giin 1s181n1n igerisine girmesi gerektigi saatler belirlenmisti. Yani
oradaki devletin belirledigi seyler var. Biz buna yonelik olusturdugumuz bu rezidans
tiplerini, buradaki araziye dogru sekilde oturtup giin 15181 analizleri gergeklestirdik
mesela. Yani yaptigimiz calisma mevsimsel olarak da ayni zamanda yani kisin,
ilkbahar, yazin, sonbahar, bundan sonra en uzun giin, en kisa giinde binalarin birbirinin
tizerine golgenin diismesini engelleyip, ayn1 zamanda tipik dairelerin igerisine de giin
1s181n1n ne kadar siire igerisinde yer aldigi ile alakali tespitler yaptik. Yani boyle bir
calismamiz olmustu. Tamamen bizim hem bu toplu konut projesinde nasil bir oturum
diizeni saglayip da, daha dogru bir site tasarlamamizi, tasarimi yapmis olduk hem de
giines analizleri ile de ilgili tipik daire planlariyla alakali ¢oziimlerimizi de degistirmek
zorunda kalmistitk mesela. Bu tarz bir galisma gergeklestirmistik, bu tabi teklif
projesinde yaptigimiz bir calismaydi. Simdi gelelim alisveris merkezi ¢calismamiza.
Bizler ne yapiyoruz mimarlar olarak? Biz daha ¢ok uygulama tarafinda, daha yiiklenici
tarafinda yer aliyoruz. Ama kendi tasarim gelistirme ve ‘design development’
dedigimiz tarafiyla ile ilgili yaptigimiz ¢alismalarla fonksiyonlarin birbirleriyle nasil
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caligabildigini ve birimlerin dogru yerlerde kullanilip kullanmadig: ile alakali
caligmalar gerceklestiriyoruz.

Mesela yaptigimiz alisveris merkezinde bu ‘food court’ alan1 aksam giinesin oldugu
tarafa denk geliyormus. Yani Bati tarafinda komple ve tamamen cam bir cephe ve
bunu diinyadaki gercek konumunu tutturdugumuz zaman aksam saatlerinde gelen
kisilerin ‘food court’ boliimiinde oturamayacagini fark ettik. Yani inanilmaz bir giines,
sicak. Yani buray1 bir mekanik ekipmanla sogutabiliriz evet ama bu sefer de maliyeti
arttirtyoruz. Bu bizim i¢in 6nemli bir sey. Sonugta biz karbon ayak izimizi de
diisiirmeye ¢alisan bir firmayiz. Yani bununla ilgili de ¢aligmalar yapiyoruz daha yesil
binalar olsun diye. Ki Rusya'nin ilk yesil bina sertifikasina sahip olan proje bizim
projemizdir. Sonrasindaki de ayni sekilde — ikinci yaptigimiz aligveris merkezi de — bu
yesil bina sertifikasyonunu aldi. Bu noktada Revit’le calistigimiz igin parametrik
modelleme programinda olusturdugumuz olan binanin giin 15181 analizlerini yaparak o
bolgeyle alakali cephe tasarimizi — hatta biraz da fonksiyonun degistirilmesi ile ilgili
— galismalar gergeklestirdik. Bu bize hem mekanik ekipmanlar konusunda ciddi bir kar
ettirdi, hatta baz1 noktalarda cephe giines kiricilar1 tasarlamamiz gerektigi ile alakali
ve bunlarin performanslariyla alakali olgiimler gergeklestirdik. Ve santiyeyi de bu
sekilde yonlendirmis olduk.

Tabi sOyle bir sey var, [firmamiz] insaatlar1 ¢ok hizli bitirir. Zaten en biiylik rekabet
avantajlarindan birisi de bu. Bazi noktalarda nasil oluyordu? Es zamanli bir taraftan
biz projeyi yayinlariz, obiir tarafta hemen imalat baslar. Yani 0 kadar hizli. Yani bir
giin bir sey atlamaz. Boyle durumlar s6z konusu oluyordu. Bu siirede bir aksaklik
yasadik m1 diye soracak olursak, mesela o projede yasamadik. Ama tespitlerimiz
isletme tarafina dondiigii zaman— yani “binay1 yaptik artik yasayalim,” yasayan bir
bina haline geldiginde, [bahsettigimiz teknolojiler] bircok problemi en bastan
ongorerek ¢cozmemizi de saglamis oldu diyebilirim.

SO: Projelerinizi bu kadar hizla bitirmenizi saglayan faktorler nedir?

R3: Cok agresif ¢alisiyoruz. Bizim uzun zamandir— mesela Rusya'daki projeler i¢in
sOyleyebilirim— oturmus bir diizenimiz ve sistemimiz var. Calistigimiz kisiler var.
Oranin yonetmeliklerine hakim ve kurulu bir iligki diizenimiz var. Merkez tarafinda
ise, [firmamiz] ¢ok fazla ise alim yapmaz. Neden? Ciinkii mevcut kadrosunu korur,
korumaya ¢alisir. Yani diger mimari ofisler gibi bir ‘doldur bosalt’ sirkiilasyonu ¢ok
yoktur . . . Ama bir yandan bir bayrak teslim etme siirecimiz de var ¢iinkii inanilmaz
derecede uzun siiredir ¢alisan kisiler oluyor. Onlarin yerlerini artik yeni arkadaslara
teslim etmeleri gerekiyor.

Teknolojiyi kullanabilmek 6nemli bir faktor bizim agimizdan. Ayni1 zamanda nitelikli
ve yetkin insanlarla ¢aligtyor olabilmek. Yani isini bilen, nasil olmasi gerektigini, nasil
yapilmasi gerektigini yonlendiren tecriibeli insanlarin olmasi. Bu ikinci ana bir faktor.

SO: Biiyiik veri ve analitik kullaniminizdan bahseder misiniz? Hangi verileri
topluyorsunuz, nelerin analizlerini gergeklestiriyorsunuz? Bunlardan ne yonde fayda
sagliyorsunuz?

R3: Yaptigimiz her bir projenin bir kapanis raporu oluyor. Bu kapanis raporlarinda
‘lessons learned’ler, ‘best practice’ler bunlarin her biri kendi kategori baglig: altinda
siiflandirilarak kaydediliyor. Bu yaptigimiz isler bir sonraki proje asamasinda,
ozellikle risk yonetimi tarafindan, risk kriterlerinin belirlenmesi ve risk yonetimi
tarafinda degerlendiriliyor. Bunlar tabi daha ¢ok hangi asamalarda yer aliyor ve kimler
faydalaniyor diye bakacak olursak, bir PMO’cular [Project Management Office], yani
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proje yonetim ofisi. Bizim kendi igimizdeki proje miidiirleri. Onlar o bilgiler
dogrultusunda hareket edebiliyorlar, kararlarimi1 alabiliyorlar ya da bir kick-off
toplantis1 baglamadan 6nce hazirliklarini buradan gergeklestirebiliyorlar. Her tilkenin
kendi igerisinde zaten bir SWOT [Strengths Weaknesses Opportunities Threats]
analizi oluyor. Yani “yatirnm yapilmas:t gerekiyor mu gerekmiyor mu” seklinde
raporlamalar olabiliyor. Ya da o bolgelerde yaptigimiz olan projelerdeki yasadigimiz
zorluklar1, mesela bir proje veya imalat tarafinda aldigimiz dogru kararlar1 bir sonraki
asamaya arttirabilmek i¢in— unutmamak i¢in— Kaydettigimiz i¢in bunlardan
faydalanabiliyor. Boyle bir ¢alismamiz var kendi i¢imizde. Yine kendi dokiiman
yonetimi platformumuzda isteyen ya da hak sahibi olan kisiler girip bu raporlari
okuyabiliyorlar.

SO: Bu dokiiman yonetimi platformundaki belgeler de bulut iizerinde saklaniyor,
dogru anladiysam?

R3: Kesinlikle. Yani bu bir kural bizde. Hatta soyle sdyleyeyim, bu bilgi giivenligi
kapsaminda asla kendi lokalimizde herhangi bir dosya kaydetmiyoruz. Yani biitiin
caligmalarimizin hepsi server lizerinde ya da bulut {izerinde olmasi gerekiyor.

SO: Kullandiginiz teknolojilerin projeye olan etkilerini biraz anlattimz gerek maliyet
gerek design ve proje yonetimi agisindan. Varsa, liitfen dezavantajlarindan ve
zorluklarindan da bahseder misiniz? Engeller yasadiniz m1?

R3: Tabi. Simdi soyle bir sey var. Cok biiyiik bir tecriibe var dedik. Mesela 40 sene,
50 sene, 55 senedir [firmamizda] calisan abilerimiz ablalarimiz var. Bize isleri
gosteren, dgreten. Ama ne tiir sikintilar oluyor? Birincisi su: biz bu son alimimizi
yapmayana kadar nitelikli personel— daha dogrusu bu teknolojileri kullanacak yetkin
personel eksikligimiz vardi. Eski personelin de bu konulardaki direnci— ki insaat
sektoriiniin sen de igindesin, biliyorsun... Yeni bir seylere adapte olma ya da
degistirme sekli ¢ok zordur. Yani hep bir direncle karsilagiyorsun. Halbuki diinya dyle
degil, cok daha hizli adapte oluyor. Biz daha gelenekselci takilmay1 seviyoruz. Bu
noktada tabi yasadigimiz zorluklardan biri bu diyebiliriz. Yani yeni personelin hem
adaptasyon sorunu olabiliyor hem de eski personelin de yeni teknolojilere karsi
direnci.

Ikincisi, mesela her yazilim kusursuz degil. Yani mutlaka eksikleri oluyor, sikintilar
oluyor, ¢oziilmemis bir seyler oluyor. Birileri size bir platform, bir servis sunuyorlar;
siz de bu calistigimz serviste yasadigimz sikintilari bildiriyorsunuz. Onlar da bir
sonraki update’lerinde veya versiyonlarinda ¢6ziip tekrardan o servisi size sunuyorlar.
Yani bunun bilincinde hareket etmek lazim. Yani “00 ¢ok giizel BIM 360 soyle
yapiyor, Aconex soyle yapiyor”— bu [yazilimlar] size her seyi sunuyor seklinde bir
algiya kapilmak en biiyiik dezavantaj olur. Mesela Revit'te ne kadar yapabilecegimize
dair hep bir soru isareti vardir. Benim miilakatlarda sordugum bir soruyu sdyleyeyim.
Benim tek bir sorum var: Revit’te bir model yaparken en ¢ok zorlandigin komut
hangisi? Simdi bu soru dyle bir soru Ki, kars: tarafin verecegi cevap zaten onun ne
kadar bir Revit bilgisi oldugunu agikliyor. Yani oturup da model yaptirmaya veya
farkl farkl: testlere falan sokmaya gerek yok. Bu [soru] onun hem programa ne kadar
hakim oldugunu hem de bu programda ne tiir projeler yaptigini ¢ok giizel anlatiyor . .

[Bir bagka sorun ise] yiiksek altyapi maliyetleri. Genellikle is insanlarinin soyledigi
sey su: “Ben bu isi zaten bu teknolojiyi kullanmadan bu fiyata yapabiliyorum. Neden
bu teknolojileri satin alayim da, ekstra bu maliyetleri iistlenip zaten bitirebilecegim
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iste kar oranimi diisiireyim?” Yani bu zihniyetli insanlar da olabiliyor. Bu isleri
kullanmamak adina bir bahane {iretmis oluyorlar. Sonugta ticari firmalarin en biiyiik
kaygisi kardir, isi bitirmenin disinda tabi. Bunun ne gibi dezavantaji olur? Belki sen
bir projeden daha fazla kar edebiliyorsun ama bizim girdigimiz uluslararasi ihalelerde
en ¢ok bize sOylenen sey su: “Sen bu tarz bulut sistemi programlarmi kullanmak
zorundasmn, projelerini bu bulut sistemi lizerinde saklamak zorundas:z. Buradan
paylasmak zorundasin” gibi sartlar sdyliiyorlar. Yani sen eger yurtdisinda ahbap ¢avus
iliskisiyle aldigin projelerin disinda daha biiyiik projeler almak istiyorsan, 0 zaman
senin bu teknoloji altyap: yatirimini da yapman gerekiyor. Yapmazsan artik ENR
[Engineering News Record] listesinde kendini iist siralarda gérme sansin ¢ok olmuyor.
Daha agagilara girmis oluyorsun. Hatta ENR listesinden ¢ikmak zorunda kaliyorsun.

Bu zorluklariydi, dezavantajlariydi. Peki ne tiir tedbirler alabildik? Nitelikli personel
eksikligini, personelinin zorluklarindan bahsetmisken teknolojiye karsi direnci, hem
de yeni personelin de teknolojiye kars1 yatkinligi ama tecriibe eksikligi demistim. Yani
simdi bu noktada biz ne yaptik? Personele ¢esitli egitimler vermeye basladik. Yani
hem eski personelin teknolojiye yatkinligi olmasi agisindan hem de yeni personele
tecriibe edinmek agisindan; hem mesleki hem de yetkinlik egitimleri vermeye
bagladik. Bunun i¢in [firmamizin] kendi icerisinde [bir akademi] biinyesi var. Bu
akademi biinyesinde bu kisilerin ihtiyaglarin1 ydneticiler belirleyip bu kisileri
egitimleri gonderebilir veya o kisiler acilan egitimlerde taleplerde bulunabilir, “ben bu
tarz egitimlere katilmak istiyorum” diye. Bu da ayri bir biitce oluyor. Yani ¢ok fazla
ingaat firmalarinda olan bir sey degil. Hep [firmamiz] bir okul gibidir derler ve
gercekten de Oyledir . . .

Ikincisi, mesela bu teknolojiyle alakali BIM tarafinda bir BIM takimmin ya da BIM
departmaninin kurulmasi gerekiyor. Yani bu isi devamh ‘lead’ edecek, ondan sonra
direng gosterecek — geleneksel yonteme doniilmemesi acisindan direng gosterecek,
bu konularda uzman miihendis, mimar arkadaslarin bir arada oldugu bir grup olmasi
gerekiyor. Ayn1 zamanda teknoloji tarafinda mesela [bizim firmamizin] yatirimi
nedir? Kendi teknoloji firmasini kuruyor bu bulut tabanli platformlarin olusturulmasi
icin. Bunlarin her birini esasinda birer direng gibi gorebilirsin. Biraz ¢ok stratejik
hamlelerdir ¢linkdi bunlar. Ayni zamanda bu BIM takimindaki olan kisiler, ya da BIM
departmanindaki olan kisiler, personelin bu BIM araglarina karsi olan isteksizligini ya
da direnglerini kirmak igin gesitli pilot projeler gerceklestiriyor. Yani nedir bu?
Gergekten bir ihale aldigimiz zaman, sonrasinda herhangi bir zorluk yagamayalim diye
bununla alakali antrenmanlar yapiyoruz diyebiliriz. Ki bizim BIM takiminda 8 sene
once yaklasik tekrardan bir BIM takimi reorganize oldu. Ben de zaten oraya girmistim.
Orada biz kendi ¢alismalarimizi, kendi sistemimizi [sirket] kiiltliriine uygun olacak
sekilde kurduktan sonra — Once kendi departmanimizda basladik, simdi [firma]
geneline BIM farkindalik egitimleri veriyoruz. Yani o noktada kendi i¢imizde de bir
egitim planlamamiz oldu. Ve artik bu altyapi biit¢elendirmeleriyle alakali teklif
projelerinde fiyatlandirma yaparken, bunlar1 da artik bir kalem olarak ekstra olarak
belirtiyoruz. Ciinkii madem sen bdyle bir platformda istiyorsun, madem bdyle
teknolojik siiregleri icerisinde de projeyi hem gormek hem hakim olmak istiyorsun, 0
zaman bunun bedeli budur. Yani buna gore biz fiyatlandirmamizi yapiyoruz, buna gére
teklifimizi sunuyoruz seklinde daha agik ve beyan bir sekilde bunlari sunmus oluyoruz.
Bu gibi tedbirlerde bulunduk.

SO: Deneyimlediginiz kadariyla, Tiirk miiteahhitlerinin yurtdisinda ve yurtiginde
yaptiklar1 projeleri dijitallesme baglaminda kiyaslar misiniz?
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R3: Onunla alakali sdyle sdyleyebilirim; [firmamiz] sadece yurtdisinda proje
yapmiyor, ayni zamanda yurtdisinda yaptigi gibi yurti¢cinde de yapiyor. Yani bu
noktada gordiigiimiiz, tespit ettigimiz seyler var bizim de. Yani Tirkiye'de
kullandiklar1 is yontemini, ondan sonra is prosesini, yani is akis siire¢lerini yurtdisinda
kullanmiyor. Yurtdisinda yogurdu farkli yiyor, yurtiginde farkli yiyor. Yani bu
tamamen nereden ihale aldigina gore degisiyor. Yani kar marjlarini ¢ikabilecek ya da
ekstra biitge alabilecegini diisliindiigli yerlerde ¢ok fazla teknolojik yatirim tarafinda
blit¢celendirme ¢ok yapmiyor diyebiliriz. Ama yurtdisinda 6yle degil. Yani siz artik bir
uluslararasi platforma g¢ikiyorsunuz ve uluslararasi platformda yaptiginiz her is 0
kadar farkli kisi ve kurumlar tarafindan gozleniyor ki, burada size bir notlandirma
stireci oluyor. Belki biliyorsundur, bizim gibi firmalarin her yil bir faaliyet raporu
yayinlanir o yilla alakali.

Biz ayrica 2018 yilindan itibariyle de her yil bir de sirdiiriilebilirlik raporu
yayinliyoruz. Yaptigimiz ¢alismalarda hem g¢evreye olan etkileri, hem STK'larla [Sivil
Toplum Kurulusu] olan iliskilerimizi, hem de bir sonraki projelerde ne tiir daha gevreci
yesil projeler yapacagimizla alakali ilgili raporlamalar sunuyoruz. Bu raporu neden
yapiyoruz? Keyfimizden yapmiyoruz. Tamamen bir sonraki ihalelerde girdigimizde
bu tarz raporlar bizim elimizi gii¢lendir. Ciinkii isveren diyor ki — artik igveren de
bilingli. Tamam, teknolojiyi kullaniyor mu? Kullaniyor. Peki teknolojiyi kullaniyor
ama ¢evreci bir firma mi1? Yani karbon ayak izi nasil? Yaptig1 projelerde ne tiir
yenilik¢i yonler, ne tiir ¢evreci kararlar almig da hani bu sekilde projelendirmis?
Bunlarla alakali hem analizlerini yapiyor hem degerlendirmelerini yapiyor. Ona gore
sana o isi verip vermeyecegine karar veriyor.

Yani elbette fiyat politikasi ¢ok onemli. Mesela ben bir deger mithendisligi ile ilgili
yaptigimiz bir ¢alismadan bahsedeyim. Bunu séylememde sakinca yok. Mesela
Katar'da bir Diinya Kupas1 yapilacaktt ve bu Diinya Kupasi ile alakali stadyum
projelerinde ihaleler yapiliyor. Ve biz de ona girdik . . . Katar seyhi bir siirii stadyum
yapma karar1 aliyor. Ciinkii ortada stadyum yok ve bununla alakali birgok tasarim
firmasina da projelendirmesini yaptiriyor. Mesela bizim girdigimiz bir ihalede igveren,
yani Katar seyhi, bir milyar dolarlik bir stadyum projesi tasarlatiyor size ve buna diyor
ki “Benim 500 milyon dolar biitgem var. Hadi bana bir deger miihendisligi ¢aligmasi
yapin da, bu bir milyar dolarlik stadyumu ben 500 milyon dolara
gerceklestirebileyim.” Simdi biitiin firmalar, Cin miiteahhitler, Tiirkiye'den giren
miiteahhitler ciddi bir deger mithendisligi ¢alismasi yapiyor. Ve deger mithendisligi
caligmasinda tamamen bu teknolojik programlart kullanarak yapabiliyor. Yani
analizlerini vesaire raporlamalar1 ve sunumlari bu sekilde gergeklestirilebiliyor. Hatta
oyle bir sey ki, bu tiim projeleri Diinya Kupas: bittikten sonra yine atil kalacagi igin,
tekrardan fonksiyonlarin1 degistirerek bunlar1 otel, hastane gibi yapilara doniistiirme
yolunda da sizden bir de teklif istiyor. Yani diyor ki “Ben buralar1 yikacagim, bu
yiktiklarimi da — bunlar ¢6p olmasin, bu alanlarda kullanmak istiyorum” . . . O
fonksiyonlara gore mesela bir stadyum projesi kag farkli fonksiyona, kag farkli binaya
cevrilebilir Ki? sorusunun cevabini o kadar ¢ok farkli binalara ¢evirebildik ki, biz bile
sasirdik. Yani bu tarz ¢alismalar yapiyoruz. Bunlar hem ¢ok kiymetli hem de gergekten
de maliyet, tasarim, uygulama faktorlerinin bir sekilde optimize etme ¢alismasi gibi
bir sey oluyor. Yani ortak bulusabildigi— ve bunu isin kalitesini diisiirmeden
yapmamiz. Bu da ¢ok énemli bir kistas.

SO: Peki bunu ne kullanarak yapryorsunuz?
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R3: Tamamen BIM araclarin1 kullanarak yapiyoruz. Yani nedir? Revit’i
kullaniyorduk, Navisworks’ii kullaniyorduk. Bununla alakali enerji performansini
6lgecegimiz. Mesela [bizde] bir de LEED takimi vardir. Bu Amerikan Yesil Binalar
Konseyinin verdigi uzmanlik sertifikalari. Ben ayn1 zamanda oradayim da. LEED AP
[Accredited Professional] olarak galisiyorum. Burada olusturdugumuz modellerin
malzeme performanslarini, giin 15181 analizlerini, aydinlatma degerlerini vesaire
girerek LEED’den ka¢ puan alabilecegimizi burada analiz ediyoruz. Biz simdi ne
yapiyoruz, Autodesk’in kendi bulut sistemine génderiyoruz. Ondan sonra oradan bu
performansiyla alakali raporlar geliyor. Ve bu raporlart ondan sonra sekillendiriyoruz.
Hatta binanin oturma yoniine gore bile pencere genisliklerinin ya da enerji
performanslart ile alakali her tiirlii degerle alakali raporlar ¢ikarabiliyoruz. Bu tip
caligmalar da yapiyoruz yani.

SO: Bir sonraki soruya gegiyorum. Sizce Tiirkiye’deki insaat projelerinin
dijitallesmelerindeki engeller neler?

R3: Esasinda biraz 6nce 0 zorluklardan bahsettigimiz seydi. Yani personelle alakali.
Ondan sonra yazilim yetersizlikleri ile alakali ve altyapi maliyetlerinin ¢ok yiiksek
olmasi ile alakali. En biiyiik zorluklar onlar. Yani ¢ok kolay bir sey degil.

SO: Peki Endiistri 4.0 teknolojilerinin benimsenmesinde hangi kurumlarin destegine
ihtiyacimiz var? Engelleri agsmak i¢in hangi adimlarin atilmasi gerekiyor?

R3: Bu ¢ok giizel bir soru. Oncelikle kurumlarin, yani eger devletin bir zorunlulugu
olursa bu noktada biitiin firmalar ¢ok hizli bir sekilde seyi Endiistri 4’e geger. Hatta
ben su 6rnegi de vereyim, firmalar ya da 6zel sektor nasil dijitale adapte oldu ve nasil
gecti diye bir soru vardir. O da Korona sayesinde derler. CEO degildir, CFO degildir
bunu yapan, tamamen sartlardir. Mesela biz kendi girdigimiz uluslararasi ihalelerde,
biz 6zel sektoér oldugumuz igin sdylilyorum, bu tarz igveren talepleri oldugu igin biz
gecmek zorundayiz. Yani bu ihaleleri alabilmek i¢in. Ama devlet tarafinda, kamu
tarafinda da yapilan caligmalarda, sana higbir sekilde “geleneksel yontemlerle bu
projeyi tiret” demiyor, sana “bunlar: kullan” diyor. “Ben bunlarda proje istiyorum”
diyor. “Bu sekilde adapte et, bu sekilde koordinasyonu ¢oz.” Ingiltere bunun
onciilerinden bir tanesi. Ingiltere'de 6zellikle kamu ihaleleri — hatta [BIM’in] Level 1,
Level 2 seviyeleri var, biliyorsun sen de. Artik [BIM kullanim1] Level 2 seviyesinde
zorunlu hale geldi diyebiliriz. Yani eger sen bugiin Ingiltere'den bir is almak istiyorsan
ya da bir is yapmak istiyorsan, tamamen bu sartlar1 saglaman gerekiyor. Bu asla ingaat
firmalarinin kendi igerisindeki, kendi refleksleri ile olacak bir sey degil. Onu
sOyleyebilirim. Hep digaridan, ya isveren tarafindan ya devlet tarafindan, ya da eger
bir alt yiikleniciysen kendi yiiklenicisi tarafindan, devamli dikte edilerek yapilabilecek
bir sey.

Tabi soyle bir durum da var. Universitelerin de hakkini yememek lazim. Artik
tiniversiteler de bu Endiistri 4 tarafinda ya da parametrik modelleme programlarinin
Ogretilmesi konusunda c¢ok biliyiik destek veriyor. Yani oradaki kisileri hazirliyor.
Oradan mezun olan kisiler bu niteliklere sahip oluyor. Sadece tecriibeleri eksik oluyor.
Bu tecriibelerini de iste bu tarz firmalara girerek, alttan da bir baski, tistten de bir bask1
oldugu zaman, artik insaat firmalarinin ya da endiistrinin degismeme gibi bir sansi
olmuyor.
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Interview #4
Respondent 4, BIM Manager

23.04.2021 16:00

Sera Ozkivang: Anket cevaplarimza gbre, projelerinizde faydalandigimz
teknolojilerden bazilar1t AR ve VR [artirllmis gergeklik ve yapay gerceklik]. Bu
konudaki uygulamalarinizi anlatir misiniz?

Respondent 4: AR ve VR c¢alismalarimiz var farkli hastane projelerinde
uyguladigimiz. Daha agirliklt olarak VR c¢alismalarint  kullaniyoruz. Bunu
kullanmamizin amaci da daha projenin ilk basindan, projenin sonunu gorerek
tasarimsal kararlarimizi, giin 15181 kararlarimizi, bunlart kritik etmek. Bir de tabi ki
idari sunumlarda ¢ok kullaniyoruz. idareden gelen kisilere o VR gozliiklerini
taktirtyoruz ve binanin veya mahalin iginde gezdiriyoruz, ¢iinkii her seyi kagit
tizerinde hayal etmek ¢ok zor. Bu tarz teknolojilerle bir mekani net bir sekilde
gorebilmek — o alanin veya mahalin igerisinde gezerek projeyi ¢ok daha net bir sekilde
kavrayabiliyorsunuz. Bu ayrica santiyelerdeki [kesinti] o kadar ¢ok kullanabildigimiz
bir teknoloji degil ne yazik ki. Keske kullanabilsek. Ama insaat firmalarinda son
donemde ¢ok daha yaygin olarak, 6zellikle yurtdisinda kullanilmaya baslandi. Saha
imalatlarin1 bile artik AR iizerinden takip ediyorlar. Mesela sahada bir yere
yerlestirilecek celikleri direk AR teknolojisi iizerinden takibini yapiyorlar. Veya
sahada yapilan imalat takiplerini o sekilde yapiyorlar. Buna iliskin ¢ok farkl
uygulamalar var . . . Biz buna tasarimsal kararlar1 daha kolay verebilmek igin ihtiyag
duyduk. Hasta yatak odalarin o tasarimsal kararlarini hizli verebilmek igin, malzeme
kararlarin1 hizli verebilmek i¢in yaptik. Peyzaj tarafinda biz bir VR [sanal gergeklik]
calismasi yaptik. Orada da peyzajla ilgili kot anlaminda sikintilarimiz vardi. Yani 6n
goremedigimiz yerler vardi. Onlar1 kritik edebilmek i¢in VR ¢alismasi yaptik. Nitekim
de hakikaten o peyzaj alaninin VR’1n1 yaptigimizda o kot farkliliklarin — o peyzajla
ilgili sikintilar1 ¢ok net analiz edebilir hale geldik. O agilardan avantaj sagladi. Yani
aslinda her sey ihtiyagtan dolay1 ortaya ¢ikiyor.

SO: Peki bu teknolojiyi yurtdisi projelerin yani sira yurt igi projelerinde de kullaniyor
musunuz?

R4: Evet, biz Tiirkiye’de yapmis oldugumuz projelerde bunu kullaniyoruz. Yurtdisi
olarak bilinyemizde firmalarimiz var, mesela Hollanda’da — orada da farkh
uygulamalar yapiyorlar. Fakat o taraftan ¢alismalarimiz bagimsiz ilerliyor.

SO: Bu teknolojilerin projeye olan etkinlerinden bahsedebilir misiniz? Ve hangi
yazilimlardan faydalanildi?

R4: Biz bir firmayla anlasarak kendimize 6zel bir yazilim yazdirdik bunun igin.
Tamamen [firmamizin] talepleri dogrultusunda gelistirilen bir yazilim. Unity oyun
moturu ve HTC Vice Sanal Gergeklik gozligii kullanildi. Tamamen bizim
taleplerimizle sekillenen bir yazilim. Bazi yerlerde 3D modeller kullandik, bazi
yerlerde de ‘render’ ve gercek malzeme numunelerin fotograflarini kullandik. Ciinkii
bu tip caligmalar yapabilmek i¢in modelin ¢ok detayli olmasi gerekiyor, VR caligmasi
yapmak i¢in modeli de o kadar detaylandirmak ¢ok ciddi adam saat demek. Cok ciddi
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maliyetler demek. Buna da gerek olmayabilir. Biz ¢ogunlukla o nedenle VR’dan
ziyade renderlardan ve mevcut malzeme fotograflarindan ilerledik. Bu tabi projeye ¢ok
ciddi hiz kazandiran bir sey. Ciinkii biz Ozellikle tasarim asamasinda ¢ok vakit
kaybediyoruz genelde insaat sektorii olarak. Cilink{i tasarimsal kararlar degisiyor,
malzeme kararlar1 degisiyor, bunun igin siirekli mock-up’lar yapiliyor sokiilityor. Bu
da hem maliyet hem de zaman kaybina yol agiyor. Mesela VR ¢alismasi yaptiginiz
zaman bunlarin 6niine ge¢mis oluyorsunuz. Idare i¢in yapilan sunumlarda ¢ok etkili
oluyor, oOzellikle idareye bir is yapiyorsaniz. Veya kendi i¢imizde yaptigimiz
sunumlarda ¢ok etkili oluyor, toplantilarda. Bu yilizden hem maliyet hem de zaman
anlaminda ciddi fayda saglyor.

SO: Bu teknolojileri kullanmanin dezavantajlar1 ve zorluklar1 oldu mu?

R4: Biz bu teknolojiyi kullanmaya basladigimizda bu isi yapabilecek firma bulmada
biraz sikinti yasadik, ¢ilinkii ¢ok yaygin kullanilan bir teknoloji degildi. Aslinda
kullaniliyor ama emlak sektoriinde ¢ok kullaniliyor. Konut satiglarinda insanlarin
alacaklar1 dairede manzaray1 gérmesi, i¢inin nasil goriinecegini gormesi i¢in ¢ok sik
kullaniliyor. O anlamda onunla ilgili firma bulurken biraz tereddiitlerimiz oldu. Bir de
kendi yazilimimizi yazdirmayi istedigimiz i¢in biraz tereddiitlerimiz oldu. Ama higbir

sikinti yasamadik. Ilk calistigimiz firmalarla hemen sorunsuz bir sekilde sistemi
kurduk.

SO: Bu teknolojileri uygulamak i¢in yapilan yatirimdan, egitimlerden ve adaptasyon
stirecinden bahseder misiniz?

R4: Biz bunu tamamen disariya tasere ettik, ‘internal’ yapmadik. Ciinkii her seyi
‘internal” yapma sansiniz yok, biitiin yazilimlari 6grenme sansiniz da yok. Sonugta biz
bir BIM ekibiyiz bu is ise biraz daha animasyon tarafina giren bir is. O anlamda bir bu
151 tagere ettik. Ama tabi ki gerekli ekipmanlar1 almamiz gerekti. Ekipmanlar: siirekli
olarak anlastiginiz firmadan kullanamazsiniz. Bunun icin de ¢ok giiclii bilgisayarlar
ve ¢ok 1yl donanim gerekiyor. Bu ciddi bir maliyet getirdi bize. Onun disinda da
yazilim i¢in gergekten ¢ok yiiklii paralar 6demedik — hatta ¢ok uygun fiyatlara
yaptirdik diyebilirim. Ve ¢ok 1yi, ¢cok giizel sonuglar elde ettik.

SO: Ankette 3D printing kullandiginiz projelerin de oldugunu belirttiniz. Bundan biraz
bahsedebilir misiniz?

R4: 3D printing’i daha ¢ok tasarim ofisi kullaniyor. Biz ona girmiyoruz agikgasi.

SO: Bir konferansta, saglik kompleksi projenizi anlatirken, santiyede kameralarin
bulundugunu belirtmistiniz. Bu kamera goriintiilerini ne sekilde kullaniyordunuz?

R4: Navisworks’te zaman bazli bir simiilasyonumuz vardi. Kamera goriintiilerini es
zamanl olarak ayni tarihte Navisworks simiilasyonu ile kiyaslamali olarak raporlara
koyuyorduk. Mesela simiilasyonu tarih olarak bugiine ve bu saate getirdiniz,
simiilasyondaki modelin goriintiisiiyle, sizin o tarihte o saatte elde ettiginiz kamera
goriintiisiinii kiyasliyorsunuz. Birbiriyle ne kadar ortiisliyor, bakiyorsunuz. Tamamen
kiyaslama amaciyla kullandigimiz bir sistem. Genellikle iist yonetime sunum yaparken
bu kiyaslamali fotograflar ¢ok ise yariyor ¢ilinkii herkesin bu BIM programlarini
kullanmasim1 bekleyemezsiniz. Bu yiizden hem siireci yalinlagtirmak hem daha
anlagilabilir kilabilmek i¢in bu tarz sistemler kullaniyoruz.
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SO: Proje yonetim yazilimlarindan faydalaniyor musunuz?

R4: Aslinda tiimiiyle bir proje yonetim sistemi kullanilmiyor. Ciinkii biitiiniiyle boyle
bir sey kullanabilmeniz i¢in sirketteki ilgili departmanlarinin da bunu kullaniyor
olmas1 gerekiyor. Bu daha agirlikli yurtdis1 projelerinde kullanilan bir sey; bizim de
yurt dig1 firmalarimiz tarafindan kullanilan bir sey. Ciinkii oralarda zaten bu zorunluluk
haline gelmis durumda. Biz proje yOnetim sistemlerinin ancak belli boliimlerini
kullantyoruz, ¢ok aktif kullanmamakla birlikte. Ornegin, proje yonetim sistemlerinin
bir DDC [Dokiiman Kontrol Sistemi] boliimii vardir, uyumsuzluklarin takip edildigi
bir boliim vardir — yani Aconex gibi bir yazilim diisiiniin, bunun {izerinden biitiin
sistemi, yazismalar olsun proje arsiv sistemi olsun, bunlar yiiriittiigiiniiz diistiniin. Biz
bunun belli boliimlerini kullantyoruz, biitiin olarak degil.

SO: Siireglerin dijital sekilde ilerledigi projelerinizden ¢ikarmis oldugunuz ‘lessons
learned’ maddelerini paylasabilir misiniz?

R4: Mesela her seyin tek tek modellenmesinin gereksiz oldugunu gérdiim gegmisteki
projelerden. Bazi seyler iki boyut devam etmeli. Ciinkii her seyin 3D modellenmesi
avantaj saglamayabiliyor. Buna ¢ok fazla adam saat harcamaniz da size tam tersine
kar yerine zarar veriyor, zarara sebep oluyor. Neleri ii¢ boyutlu yapip, neleri BIM
sistemi tizerinden yonetip, neleri eski sistemle yiiriitilmesinin kararinin verilmesi — ilk
basta verilmesi ¢ok dnemli. Mesela AR’1n kesinlikle insaat siireclerinde kullanilmasi
gerektigini diisiinliyorum. Bu ¢ok avantaj sagliyor. Santiye ekiplerinin buna adapte
edilmesi, bu sistemi kullanabilir hale gelmesi bence ¢ok faydali olacaktir. Ciinkii siz
saha ekiplerini bu teknolojilere adapte ettiginiz zaman gergekten inanilmaz verim elde
ediliyor. Mesela biz bir psikiyatri hastanesi projesinde saha ekibine bir BIM Viewer
programini kullanmay1 6gretmistik. Tamamen ticretsiz bir yazilim ve inanilmaz
sonuglar elde ettik. Bizim atlamis oldugumuz ve gozden kacan biitiin tasarimsal
sikintilari, veya saha imalatindaki problemleri, direk bize saha ekipleri feedback olarak
geri verdi mesela. O agidan ¢ok ciddi avantaj sagladi ve insanlarin hakikaten ise olan
hakimiyetini artirdi.

SO: Projeye baska ne gibi etkileri oluyor? Risk yonetimi, is giivenligi — bu acilarda
bir faydasini gordiintiz mii?

R4: Biz su anda is gilivenligi tarafinda bunu ¢ok aktif olarak kullanmiyoruz ama is
giivenligi tarafinda kullanildiginda da is kazalarinda ¢ok ciddi azalmalar oldugunu
biliyorum yurt disindaki uygulamalarimizdan. Siirdiiriilebilirlik anlaminda ¢ok
Oonemli. Bunu sadece insaat asamasinda da diisiinmemek lazzim. Ayni zamanda
olugturmus oldugunuz modeller bir arsiv gorevi goriiyor ve isletmede de aktif olarak
kullaniliyor. Yani siz binanin isletmesinden de sorumluysaniz, binanin neresinde ne
oldugunu ¢ok net bilir hale geliyorsunuz, ki su an bence en biiyiik problemlerden birisi
budur Tirkiye'de. Yani bir as-built proje teslimini biz Tiirkiye'de dogru diizgiin
yapamiyoruz hala. Yarim yamalak projeler as-built proje olarak sunuluyor. Veya as-
built projede gosterilen ekipmanlarin yerleri gergekten yerinde orada degil. Bunun gibi
pek cok uyumsuzluklarla karsilasiyoruz. Bu anlamda BIM modelleri gergekten kilavuz
gorevi goriiyor. Size 0 binanin, o yapinin biitiin hikayesini anlatiyor. Modellerin iginde
bulundurdugu bilgilerle birlikte. O agidan ¢ok ciddi bir avantaji var.

Sadece para olarak bakmamak lazim olaya. Zaman 6nemli etkenlerden. Bir tanesi de
zamaninda bir isi bitirmek. Hatta zamanindan énce bitirmek ve isletmeye agmak, size
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0 anlamda da para kazandiran bir sey. Su konuda ¢ok biiyiik avantaj sagliyor. Eskiden
yapmis oldugumuz ¢alismalarda ne yapiyorduk? iki boyutlu ¢alisma yapiyorduk. Iste
onun koordinasyonunu iki boyut iizerinden yapmaya calisiyorduk. Gorebildigimiz
kadariyla. Biitiin metraj ¢alismalarinda iki boyut {izerinden manuel yapiyorduk. Bir
kere tiim sistem BIM iizerinden yiiridiigii i¢in metraj otomatik ¢ikiyor. Siz tabi ne
kadar dogru modellerseniz. O ¢ok O6nemli. Metrajlar1 yaptirmak igin kullanmis
oldugunuz ekibi baska yerlerde degerlendirebiliyorsunuz. Yani teknik ofiste 6nceden
belki bes kisi ¢alistyordu, metraj ayagi da oldugu igin. Az kadro ile ile teknik ofisi
yonetebiliyor oluyorsunuz. Adam saat anlaminda ¢ok ciddi avantaj sagliyor. Onun
disinda iki boyutta gézden kagan her seyi ii¢ boyutlu yakalama sansiniz var. Ciinkii
onlar1 net olarak gorliyorsunuz. Projedeki sikintilari net olarak gorebiliyorsunuz.
Gozden kagma riski ¢ok azaliyor. Atlanan detay sayisi ¢ok az oluyor. EKibin koordineli
caligmasina imkan veriyor . . . Farkli farkli disiplinleri bir araya getirmek ¢ok zordur.
Gergekten zordur. BIM sayesinde insanlar uzakta bile ¢aligsalar ayn1 model iizerinden
koordine bir sekilde calisabilir hale geliyorlar. illa yiiz yiize bir toplanti yapmaniz
gerekmiyor veya yiiz yiize bir toplant1 yapsaniz bile, veya online bir toplant1 yapsaniz
bile, ayn1 model iizerinden konusuyorsunuz. Ayni sikintilar1 degerlendiriyorsunuz.
Bunlar c¢ok biiyiik avantajlar

SO: Deneyimlediginiz kadariyla, Tiirk miiteahhitlerinin yurtdisinda ve yurticinde
yaptiklari projeleri dijitallesme baglaminda kiyaslar misiniz?

R4: Yurt disinda tabi ki ¢ok daha yaygin dijitallesme hatta yaygindan ziyade bir
zorunluluk olmus durumda. O nedenle zaten oralarda mecbursunuz bunu kullanmaya.
Yani yurt disinda zorunluluktan dolay1 zaten her sey projelerde dijitallesmis durumda;
ama Tirkiye'de 6yle bir zorunlulugumuz yok. O nedenle bazi projeler hala projeler
AutoCAD ile ilerletiliyor. Ama firmalar kendileri i¢in bunu dijitale tasiyorlar. Yani
biz, bir proje AutoCAD’de gelse bunun mutlaka 3D modelini olusturup BIM
sistemiyle projeyi yiiriitiiyoruz. Ciinkii bu bizim ihtiyacimiz ve bu bizim isimizi
kolaylastiran bir sey. Bu bir zorunluluk olmasa bile Ama Tiirkiye'de bir sey zorunluluk
olmadig1 zaman ne yazik ki ¢ok yaygin kullanilmiyor. Tiirkiye'de de su an BIM ile is
yapan firma sayisi ¢ok fazla degil. Modellemeyi BIM zanneden firmalar var. Ama 3D
modelleme tek basina BIM degildir. Bu yavas yavas anlasilmaya baslandi. Ilerleyen
stirecte daha da yaygin kullanilacak diye diislintiyorum.

SO: Peki sizin bu teknolojileri kullanmaniz da ki ana sebepler nelerdir?

R4: Bir kere ¢ok ciddi zamandan tasarruf ediyoruz. Risklerimizi minimize ediyoruz.
Ciinkii 6ngoriilemeyen higbir sey kalmiyor. Modeli ayaga kaldirdiginizda. Her seyi
cok net olarak goriiyorsunuz. Her seyi c¢ok net olarak, gorsellestirilmis olarak
gorebiliyorsunuz. Siireclerinizi o model iizerinden ydnetebiliyorsunuz ve ayrica
koordinasyon anlaminda ¢ok ciddi bir avantaj sagliyor. O anlamda bir kere slireden
cok ciddi avantaj sagliyor. Proje siiresi konvansiyonel sisteme gore, yani Autocad’le
yapilan sisteme gore daha uzun, ama saha imalat siiresi ¢ok ciddi anlamda kisaliyor.
Ciinkii sahaya imalata girerken biitiin problemleri ¢6zmiis olarak imalata gidiyor.
Geriye doniisler ¢ok ciddi anlamda azaliyor. Bu agilardan ¢ok avantaj sagliyor.

SO: Bu teknolojileri daha sik kullanmanizdaki engellerden bahseder misiniz?

R4: Daha once de bahsettiim gibi ne yazik ki bu teknolojileri ¢ok fazlasiyla
bulamiyoruz. Ciinkii iilke sartlarin1 da dikkate almak gerekiyor. Siz bu teknolojileri
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kullansaniz bile bunun karsiligin1 bulacak, kars1 tarafta muhatap bulmaniz lazim. Her
seyi ‘internal’ yapma sansiniz olmadigi i¢in ancak belirli boliimlerini bu teknolojileri
kullanabiliyoruz. BIM, VR gibi teknolojiler kullantyoruz. Yani biz bu isi en iyi yapan
firmalardan biri olmamiza ragmen daha 6D ve 7D asamasina gegebilmis degiliz. Simdi
biz mesela projeleri disariya tasere ediyoruz. Proje miiellifleri oluyor modellerimizde
projelerimizde— inanin 3D proje iireten firma sayisi ¢ok kisitli. Herkes tirettigini iddia
ediyor ama Hakikaten bu isi hakkiyla ve bilerek yapan firma sayisi ¢ok fazla degil. O
anlamda bu teknolojiyi 6yle ¢ok, belki de sizin hayal ettiginiz detayda kullanamiyoruz.

SO: Anladim. Peki bu kontekste kullandigmiz teknolojiler ne derecede isverenin
isteklerine bagh oluyor?

R4: Isveren bunu zorunlu hale getirse siz o isi almak i¢in bunu mecbur yapacaksiniz.
Arz talep olayi. Karsi tarafi bunu istedik¢e siz bu konuda mecburen kendini
gelistirmek zorunda kalacaksiniz. Siz bunu talep ettik¢e alt taseronlar bunu yapmak
zorunda kalacaklar. Bu bir zincirleme reaksiyon. Bu tamamen taleple ilgili: talep
olmazsa karsi tarafta bunun karsiliginda alamiyorsunuz. Veya soyle bir sey oluyor, iKi
boyutta ¢alisan firma size iki lira fiyat veriyorsa, ti¢ boyutlu ¢alismasini istediginizde
bu fiyat 10 liraya ¢ikiyor. Yani bunun gibi sikintilar da var. Maliyetleri de ¢ok artirtyor
teknoloji kullanmaya kalktigimiz zaman. O nedenle biz bunun yolu tamamen kendi
igimizde ihtiyaglarimiz dogrultusunda kullanmakta bulduk. Ama mesela AR veya VR
zorunluluk olmadig1 i¢in ¢ok aktif kullanmiyoruz. ihtiyag duydugumuz noktalarda
kullaniyoruz. Ama zorunluluk olursa siirekli kullanacagiz. Tiim projelerimizde dogru
kullanmakla yiikiimlii olacagiz.

SO: Farkl1 departmanlar veya taraflar arasinda bu teknolojilerin kullanim seviyesinde
farklar gézlemliyor musunuz?

R4: Bir kere saha ekipleri teknolojiye biraz daha uzak. Sahada ciinkii teknoloji
anlaminda kalifiye eleman sayisi, uzmanlasmis eleman sayisi oldukca azdir. Ozellikle
Endiistri 4.0 konularinda kalifiye eleman bulmak zaten ¢ok zor Tiirkiye’de. Genel bu
tarzda c¢alisan ekipler sahalarda degil merkez ofislerde c¢alisiyor veya teknoloji
firmalarinda calisiyor.

Onun disinda merkez ofiste de agirlikli olarak design ofis ve BIM ekipleri bu
teknolojileri kullaniyor. Onun disinda geri kalan teknik olursa olsun satin alma ekipleri
olsun vesaire diger ekipler olsun ¢ok fazla teknolojik ¢oziimlerle ilgili calismalar
yapmiyorlar. Ciinkii onlar teknolojik ¢alismalarin iriinlerinden faydalanan ekipler.
Yani [ses kesintisi] almig oldugunuz metraj1 teknik ofis ile paylasiyorsunuz, mesela
satin alma ile paylasiyorsunuz. Bu tarz ekiplerin zaten bu teknolojiler ile isi yok ¢iinkii
onlarin isi sizin bu teknolojilerden tiretmis oldugunuz tiriinlerle ilgili.

SO: Anladim. Zorunluluktan bahsettiniz— sizce zorunluluk olmamasi disinda,
Tiirkiye’deki ingaat projelerinin dijitallesmelerindeki engeller neler?

R4: Insanlar sistemi degistirme konusunda miithis bir direng gdsteriyorlar. En biiyiik
etkenlerden birisi bu. Bir de kalifiye eleman sikintisi. Ciinkii bu konuda gercekten
eleman bulmakta da ¢ok zorlaniyoruz. BIM konusunda ozellikle. BIM’e hakim
olabilmek i¢in saha tarafina da hakim olmak c¢ok Onemli. Siirecleri aktif olarak
yiirlitmek adma. Onun i¢in de yetismis ve kalifiye eleman bulma sikintist var.
Egitimler ¢cok pahali. Dolar ve Euro iizerinden agirlikli egitimler. Onlar tabi ki
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insanlar1 zorluyor. Yazilimlar ¢ok pahali, Dolar ve Euro’ya endeksli oldugu igin.
Bunlar da firmalarin bu BIM gegisine ilgili sikintilarin1 koriikleyen bir sey. Kiigiik
Olcekli firmalarin BIM’e gegisi Ozellikle bu maddi sebeplerden dolayr ¢ok sorun
oluyor. Ama en biiyiik etken kesinlikle insanlarin degisime agik olmamasi bence.

SO: Bu direnci en fazla kimler sergiliyor?

R4: Ozellikle belli bir yas iistiindeki yoneticilerden— ciinkii bir kayg1 ortaya ¢ikiyor.
Yeni bir sistem. Hig bilmedikleri bir sistem. Bilmedikleri bir seyde kontrolii kaybetme
korkusu oldugu i¢in direng gosteriyorlar. Ellerindeki giicii kaybetmek istemiyorlar.
Bundan dolay1 yeni bir sisteme gecisle ilgili miithis bir direng gosteriyorlar.

SO: fleri seviyede BIM ve Endiistri 4.0 teknolojilerinin benimsenmesinde hangi
kurumlarin destegine ihtiyacimiz var? Engelleri agmak i¢in hangi adimlarin atilmasi
gerekiyor?

R4: Bir kere kamunun bu isi destekliyor olmasi ¢ok dnemli. Kamu bu isi destekledigi
ve zorunlu hale getirdigi noktada miithis bir doniistim olacak, ki bunun adimlari
atilmaya baslandi BIM anlaminda. Ama 6D ve 7D'ye gelene kadar daha ¢ok yolumuz
var. Biz daha BIM’in basindayiz iilke olarak. Ona gelinceye kadar biraz daha BIM
konusunda egitilmemiz ve yetismemiz gerekiyor. Kamu da bunun adimlarini att1. Cok
hizli bir sekilde bu siireci zorunlu hale getirmekle ilgili ¢alismalar yapmaya basladilar.

Atilmas1 gereken adimlara gelince— bir kere ben bunu her zaman soyliiyorum—
zorunluluk haline getireceksiniz. Aynen belki Ingiltere’de oldugu gibi belirli
metrekarelerin lizerindeki projelerle baslatabilirsiniz. Sonrasi tiim kamu projelerinde
zorunlu hale getirilir. Belediye onay siireglerini BIM modelleri iizerinden
yapabilirsiniz Singapur'da oldugu gibi. Onaylar1 bu sekilde yiiriitiirseniz zaten insanlar
ister istemez teslimlerini BIM modelleri {izerinden yapmak zorunda kalacaklari i¢in
BIM’e gecis yapacaklar.

SO: Tiirk insaat sektdriiniin gelecegini nasil goriiyorsunuz?

R4: Kesinlikle gidisat ¢cok iyi. Ozellikle bu BIM adaptasyon siireci ¢ok hizl1 ilerliyor.
Kamu da bu isi ¢cok ciddi anlamda desteklemeye basladi. Bu da cok sevindirici.
Ilerleyen siirecte bu isi kesinlikle daha teknoloji agirlikli ve daha profesyonel yapar
hale gelecegiz diye diisiiniiyorum. Ve biitin firmalarin bu adaptasyon siireci de
zorunlulukla birlikte ¢ok ciddi anlamda hizlanacak. Ben iki {i¢ seneye kadar ¢ok farkli
bir noktaya gidecegimize eminim. O anlamda. Endiistri 4.0’a tamamlama anlaminda
hala ¢ok yolumuz var ama adimlar atilmaya baslandi. Bu sevindirici tabii.
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Interview #5
Respondent 5, Planning and Control Manager
23.04.2021  18:00

Sera Ozkivang: Projeyi anlatabilir misiniz?

Respondent 5: Bizim Konya’da bir giines enerji santrali projemiz var. Burada 3
boyutlu modelle is programina entegre edip, 4 boyutlu model tizerine cost'u ekleyip, 5
boyutlu planlamay1 gergeklestirdik. Bir de bunun disinda bir gergeklik modeli diye bir
kavram var, onu da kullandik. Nasil oluyor? Asama asama gittigimizde, ilk 6nce 3
boyutlu renkli olusan modelle is programi— Primavera’da hazirlanan is programi.
SYNCHRO diye bir yazilim var, Bentley sistemi. Bununla entegre edildi. Sonraki
asamada, 4 boyutlu planlamanin {izerinde bizim gergeklik modeli dedigimiz, drone ile
arazinin belirli yiikseklikten yiizlerce fotografi ¢ekiliyor ve bu Context Capture—
Bentley'in yine bir yazilimi— Context Capture ile gerceklik modeli olusturuluyor. Bu
da BIM modellerle entegre bir takip sistemi. Aslinda ¢ok boyutlu bir dijital proje
yonetim sistemi.

Arazi olarak dort milyon metrekarelik bir alandan bahsediyoruz. Kabaca baktigimizda
2’ye 2 kilometre gibi bir alan. Burada Giines enerji santrali kurulumu yapiliyor.
Paneller var, bunlarin tamamimin 3 boyutlu modellemesi yapildi. Daha sonra
Primavera ile hazirlanan is programi. SYNCRHO'da 3 boyutlu modelle Primavera,
SYNCHRO programi araciligiyla 4 boyutlu planlama iiretildi. Sonraki agamadaysa,
arazinin gerceklik model olusturuldu. Gergeklik modeli de su: belirli Slgekte
fotogrametrik modelleme, bizim tercih ettigimiz yontem. Bir lazerle tarama, bir de
fotogrametrik modelleme var; bunun hybrid kullanildig: projeler de var. Bu projede
arazinin belirli yiiksekliklerden yiizlerce fotografi birlestirilerek, gerceklik modeli
olusturuldu. Boyle bir takip sistemi.

SO: Gergeklik modeli, “digital twin’ mi yoksa farkli birsey mi?

R5: Aslinda ‘digital twin’ gibi yani gerceklik modeli. Fotogrametrik gergeklik
modelleme . . . Gergeklik modelle BIM modeli gakistiriyor ve de simiilasyon yapiyor.
Yani isin ilerleyis sekansini goriiyorsunuz.

SO: Ne tiir simiilasyonlar yapiyorsunuz?
R5: Is programinin simiilasyonu. Is programimin sahaya gére ilerlemesi.
SO: Drone ile fotogrametrik modellemeyi tercih etmenizin sebebi neydi?

R5: Simdi arazi ¢ok genis. Yani bahsettigimiz alan aslinda tamaminda, tiim fazlar
bittiginde, 20 milyon metrekare. Yani 20 milyon metrekare demek, yaklasik bir ucu 4
kilometre, diger ucu 5 kilometre olan bir alanm1 diisiinebilirsiniz. Yani ¢ok genis bir
alan. Arazi tabi ¢ok genis olunca drone tercih ettik. Bunu insan yontemiyle gidip
manuel dlgmek yerine dogrudan drone'u uguruyorsunuz, drone arazinin gergeklik
modelini olusturuyor. Yapilan imalatlar direkt drone ile takip edebiliyorsunuz. Boyle
bir avantaj sagliyor. Yani oradaki insan faktoriinii aradan ¢ikariyor. Dogrudan model
tizerinden hangi panel imalati yapilmis, hangisinde gecikme var. BIM modelle is
programini entegre edince bunu gorebiliyorsunuz.

SO: Peki bu yapay zekd ve makine Ogrenmesi kullanimlari ayni projede mi
gerceklesti?
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R5: Evet, [birlikte ¢alistigimiz tiniversite] ile bu drone 6lglimiinii yapiyoruz. Hangi
panel montaj1 yapildigini. Makine 6grenmesi ile ilerlemenin otonom aktarilmasi. Biz
su an onu manuel yapiyoruz ama bu ¢aligsmayla bu fotograflardan ya da modelden ilgili
paneli taniyacak ve otomatik aktaracak modele. Boyle bir calisma var iiniversiteyle
yiriittiiglimiiz. Onda da makine 6grenmesini kullaniyoruz. VR tarafinda da HoloLens
2 ile gergeklik modeline bunun digital twin'ini olusturup takip etmek. Bir hologram
teknolojisi kullaniyoruz— HoloLens yatirimi yaptik sirket olarak. Simdi bizim modeli
bulut ortamina tasty1p onu ig¢erisinde herhangi bir yerde tutup biraktiginizda, dogrudan
bunu hologram olarak karsinizda gosterecek bir teknoloji.

SO: Bunlarm projeye maliyet, planlama, proje yonetimi, kalite veya giivenlik veya
bahsetmek istediginiz baska herhangi bir agidan olan etkilerinden bahsedebilir
misiniz?

R5: Tabi bu teknoloji, yani boyle bir ¢alismay1 Tirkiye'de ve diinyada boyle
biitiinlesik yapan proje sayisi sinirli. O yilizden biz aslinda bu tiir teknolojileri bir
taraftan hem tamimaya calisiyoruz, daha aktif nasil kullaniriz diye. Ozellikle bu
teknolojiler is saglig1 giivenligi ile ilgili simiilasyonlarin yapilmasi, ondan sonra proje
koordinasyonunu artirmaya yonelik ¢cok biiyiik etkisi olacagini diislinliyoruz. Biz tabi
ozellikle mesela bu bahsettigim alan ¢ok genis bir alan ve Konya'nin ¢ok {icra, ¢ol
diyebilecegimiz bir alanda. Simdi patronun ya da iist yonetimin buraya erisimi ¢ok
kolay olmayabilir ama bizim hazirladigimiz video raporlarla, patron hi¢ sahaya
gitmeden projenin hangi asamada oldugunu gorebiliyor. Bu patron agisindan ¢ok ciddi
bir avantaj. Simdi biz bir de bunu HoloLens ile gosterecegiz, yani hologramini. Bir
gozlik takacaksiniz, oturdugunuz yerde projenin igerisinde bu gergeklik modeli
tizerinde Konya'daymigsiniz gibi bunu tecriibe edebiliyor olacaksiniz. Orada da belirli
bir asamaya geldik. Tabi model ¢ok yiiklii bizim bu alan da ¢ok genis olunca. Onun
icin de Amerika'dan destek aliyoruz Bentley'den. Bir iki hafta igerisinde artik burada
birebir yansitiyor olacagiz. Su an daha diisiik bir 6lgek tizerinden, belirli bir alanda bu
gorsellestirmeyi yapiyoruz. Simdi tamamini, tiim giines enerji santrali, o tarlanin, bu
giines enerjisi tarlasi, bunu tecrilbe etme sansini yakalayacagiz. Bu, oOzellikle
koordinasyon, projenin ilerlemenin takibi... Artt bunu simdi yeni baslayacak
projelerimizde de hastane, metro, burada da aktif kullanmak istiyoruz. [Ses kesintisi]
Proje iizerinden daha iyi algilanamayacak konulari daha boyle gorsel, drone ile
videosunu ve gerceklik modelini agip burada bir tartisma ortami olusturacak. Bir
taraftan tabi ISG ile ilgili risk analizi yapma sansimiz olacak. Kule ving yerlesiminden
tutun, ondan sonra riskli bolgeler nereler, ya da is makinelerinin gilizergahi nasil
olacak? Yani bunlarin hepsi daha somut. Proje, iki boyutlu ¢izim iizerinden degil de,
gerceklik model tlizerinden tartisabilir hale gelecek. Resime daha yukaridan bakma
imkan1 dogacak.

Bu baglamda maliyet avantaj1 agisindan da bunun ¢iktilarini birazcik zamanla gérmek
lazim. Yani bu ilk deneme projemiz. Maliyet etkisini direk buradan tartamiyoruz.
Burada en biiytik etkisi bize progress takibi, ilerleme takibi— aslinda zaman faktorii.
Yani ben buradaki gecikmenin, panel iiretimindeki— paneli de biz iiretiyoruz, giines
enerjisi panellerini. Burada maliyet etkisini 6lgmek bu etapta biraz zor goriiniiyor.
Ama tabi genel kabullerde bu tiir teknolojilerin yiizde 20 civarinda, 6zellikle siire,
isletme, bu anlamda yiizde 20-30 civarinda bir katma degerinin oldugu, bdyle bir kabul
var. Ama bizim bunu parametrik Sl¢tiiiimiiz bir sistem su an heniiz yok. ilerleyen
asamalarda bu tiir calismalar da yapilabilir.
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Avantaj olarak bir kere arazi cok genis bir yerde. Ben istanbul’dan Konya'ya gitmeden
oradaymisim gibi projeyi yonetebiliyorum. O ciddi bir kazanim. Bir taraftan 6zellikle
bu HoloLens hologram teknolojisi gelecegin teknolojisi. O anlamda ¢ok ciddi firsatlar
oldugunu da biz bu ¢alismayla gérmiis olduk. Ve bu konuda da aslinda diinyada boyle
¢ok yapilan calisma kisitli, o anlamda ciddi bir firsat var. Yani insanlar lokasyon
gbzetmeksizin, dogrudan bu tiir teknolojileri kullanarak oradaymis gibi sorunlari
cozebilir hale gelecek. Yani belki de proje yonetim maliyetleri baglaminda ciddi
anlamda diistirtir. Belki daha az, kisitli kadro ama daha ¢ok teknoloji ve karar destek
sistemlerin oldugu bir yapiya dogru gidilebilir. Ve giin sonunda tiim diinyada bu tiir
teknolojilere olan ilgi ¢ok sicak ama ¢ok fazla yapilmis ¢alisma da yok. Bizim bu
yaptigimiz ¢alisma gibi boyle biitlinlesik kullanan... Ag¢ik konusmak gerekirse, buna
benzer ¢alismalar vardir diye diisiinliyordum ama ¢ok simirli. Bu anlamda da ¢ok
firsatlar var.

SO: Bu teknolojilerin herhangi bir dezavantajin1 deneyimlediniz mi? Veya yasadigimz
zorluklar oldu mu?

R5: Soyle yani dezavantaji aslinda. Tabi biraz 6nyargi ile yaklasiyor insanlar. Sartlar
boyle ‘conservative’ bir yonetim ve takip sistemi oldugu icin insaat sektoriinde tabi
Onyargi oluyor. Hani bunlarin gercekten ne gibi fayda saglayacagi ama ciktilari
gordiiglinde insanlar ve bahsettigim islevi goriip uygulamasi gibi. Ama bunlar ¢iktiya
dontistiirdiigiinliz zaman bu alg1 degisiyor. Bir taraftan dezavantajlar1 demeyeyim de
zorluklarindan bahsedeyim. Zorluk tarafinda bu teknolojileri kullanan yetigmis
kalifiye personel pek yok. Bunlar1 alip sizin kendiniz yetistirmeniz gerekiyor ve ilk
yatirim maliyeti birazcik insanlarin goziinii korkutuyor. Baktigimiz zaman bir drone
yatirimi ya da bir yazilim aliyorsunuz. Bunun hizli geri doniisii ile ilgili bir tabi bir
Onyargi oluyor. Bu tabi projenin baslangi¢ asamasinda yonetime kabul ettirmede bir
dezavantaj. Ama bir isi aksatma ya da bdyle ¢ok isin Oniinii tikama gibi bir seyi
olmuyor; bunlar, bahsettigim drone egitimini verdigimiz arkadaglar yine proje
biinyesindeki harita miihendisleri. Harita miihendislerine ilaveten bu yazilimi
kullanmasina, drone pilotaj egitimini aldirip dogrudan onlar {izerinden bu sistemi
isletebiliyoruz. Tabi bir 6grenme ve bir tecriibe siiresi oluyor ve bu tiir ¢aligmalar hem
diinyada hem Tiirkiye'de sinirli oldugu igin, bunun gelisimi ile ilgili birazcik sizin daha
inat¢1 olmaniz lazim. O anlamda bu tiir zorluklar oluyor.

SO: Anladim. Ben de yatirim, egitim ve adaptasyon siireciyle ilgili birkag soru
soracaktim, o konuya girmis olduk. Bu teknolojilerin kullanim seviyesinde farklar
gozlemlediniz mi? Herkes adaptasyon saglayabildi mi?

R5: Adaptasyon tarafindan... Tabi daha ¢ok bu tiir teknolojileri daha bdyle yeni nesil,
geng arkadaslar ¢cok daha ilgili. Biz de onlarla yola ¢iktik. O yilizden onlarin adapte
olmasi ¢ok hizli oldu. Hi¢ drone kullanmayan arkadaslara drone egitimi aldirdik, ¢ok
hizli bir sekilde 6grendiler. Bu yazilimi hi¢ kullanmamis arkadaslara bunun egitimini
aldirdik, ¢ok hizli bir sekilde 6grendiler. O anlamda, O6zellikle yeni nesil bu
teknolojilere ¢ok ilgili oldugu i¢in, onun da avantajiyla ¢ok hizli implemente ettik.
Yani boyle bir projeyi iki buguk ii¢ ayda ayaga kaldirdik. Modellemesinden tutun
egitimlerine. O anlamda adaptasyon ¢ok problem olmadi. Tabi santiyede bu tiir
bizimki daha boyle gorsel ve ¢iktiya dayali seyler oldugu igin, yani somut gorebildigi
icin, onlar da bunu ¢ok benimsedi. Yani toplantilar bunun {izerinden yapildi. Tabi bir
de bu calisma Fast Company’nin En Inovatif Sirketler degerlendirmesinde de 6diil
aldi. Bu anlamda insanlar agisindan da motivasyon oldu. Yani bu teknolojiyle herkes
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ilgili ama nasil baglayacagini bilmiyor. Bu tiir girisimler de aslinda bunlarn
cesaretlendiriyor. O anlamda adaptasyon, egitim, yani ¢ok ciddi sorunlarimiz olmadi.

Bir de tabi sey de 6nemli, firma iist yonetiminin bu konudaki yaklasimi ¢ok dnemli.
Ust yonetim bu konuda cesaretlendirici ve tesvik edici yonde oldugu igin, biz hizl
ilerledik. Normalde daha geleneksel yontemlere alismis, birka¢ dnceki jenerasyonlar
bu konularda daha tutucu. Bu ne gibi avantajlar saglayacak gibi soru isaretleri varken,
daha geng neslin, bu tiir teknolojileri iyi kullanan, bizim dogrudan iist yonetimimiz bu
anlamda daha farkinda oldugu i¢in ¢ok hizli adimlar attik. O ylizden iist yonetimin bu
konudaki yaklasimi ¢ok 6nemli. Onu vurgulamamda fayda var. Onun disinda santiye
bu tiir yeniliklere sicak bakiyor. Yani 0 anlamda ¢ok ciddi bir diren¢ olmadi
diyebilirim.

SO: Anladim, tesekkiir ederim. Big Data ve yapay zeka kullanimlarmiz ile de ilgili
bilgi verebilir misiniz?

R5: Bizim Big Data ile ilgili onlarca projemiz var. Onlarca projede binlerce data
olusuyor. Biz bu datalar1 SAP— kurumsal kaynak planlama yazilimi— bunu
kullantyoruz ve burada birgok farkli, satin alma olsun, sozlesme hakedis siirecleri
olsun, stok hareketleri olsun, muhasebe olsun, insan kaynaklar: olsun... SAP veri
girisimde bulunuyor. Ve biz de bunu, SAP Analytic Cloud diye bir {irlin var, orada
patronlarimiza haftalik bazda buradan karar destek siireclerini, yonetim sistemleri
kurduk. Dashboard’lar tasarladik ve burada hem haftalik hem aylik bazda tim
projelere ait ilerleme, biitceye gore planlanan gergeklesen mukayeseleri, ya da adam
sayilarindan tutun fiziksel ilerleme performanslari. Ve bunlar1 raporlar hale geldi.
Bunu da tabi yapabilmekteki en biiyiik avantajimiz, bir¢ok veri SAP’de. Bizim veri
ambarinda toplandi ve bunlar akilli raporlarla, dashboard’lar ile, iist yonetime
raporlanmis oldu. Tabi bunu yapabilmek i¢in bir¢ok veri kaynagindan beslenen bir
sistematigin olmasi lazzim. Bunun da yontemi ERP’ler ve proje yonetim yazilimlari.
Bizim tarafta avantajli oldugumuz SAP oldugu i¢in ¢ogu projemizde, bu sistematigi
olusturduk. Bu anlamda yonetime karar destek mekanizmalari kurmaya ¢alistyoruz,
Kurduk. Devam ediyor bu ¢aligsmalar.

SO: SAP’nin yapay zeka 6zelliginden faydalaniyor musunuz?

R5: SAP Analytic Cloud’un bir planlama 6zelligi var. Ge¢mis performanstan gelecege
yonelik 6ngorii yapabiliyor. Ama bunu ¢ok aktif kullanmiyoruz su an. Kismi
kullaniyoruz. SAP tarafinda daha ¢ok karar destek mekanizmalar1 kurup, projeksiyon
tarafinda biraz baslangic asamasindayiz. Yapay zekayla ilgili ¢ok somut ¢iktilar daha
tam ortaya koymadik ama sistemleri kurduk ilk etapta. Onemli olan veri olusturup,
veri toplamak. Daha sonra bunlari ¢iktilara doniistiirmek. Su anki agamasi1 aslinda biraz
daha yapay zekay1 kullanip risklerle ilgili ‘alert’ mekanizmalar1 kurmak. O alanda da
caligmalar devam ediyor.

Yani [firmamiz] bdyle biiyliik projelere, biiyiik yatirimlar1 yonetmenin baska bir
platformu yok, onun farkinda oldugu i¢in SAP’ye ciddi bir yatirim yaptik. Kendi
icimizde de dogrudan SAO uzmanlarimizin oldugu bir departmanimiz var. SAP’nin
de bir siirii modiiliinii kullaniyoruz. Tabi bunlar1 yapabilen ¢ok insaat firmasi yok. Biz
de o anlamda bunu efektif kullanan Tiirkiye’de sayili firmalardaniz diyebilirim.

SO: Bu teknolojilerin kullanildig1 projelerden dijitallesme baglaminda baz1 ‘lessons
learned’ maddeleri paylasabilir misiniz?
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R5: Bunu kullandigimiz birkag tane proje var. Onlar da daha uygulama asamasinda.
Onu tam soyleyebilmek igin projeyi bitirmis olmak lazim. Mesela Konya'daki proje
2023 yilinda bitecek; 2023 yilinda daha detayli yorumlayabiliriz. Su an projeyi
yasiyoruz. Su an bir sey sdylemem ¢ok erken oluyor. Bu projeyi bitirmis olmak lazim
anlatmak igin. Zaten bu tiir teknolojileri kullanip da, ozellikle insaat tizerindeki
projeler, daha boyle uzun vadeli en az iki {i¢ senelik projeler oldugu igin, bu tiir
konularda geri bildirim alabileceginiz proje ve uygulama da simirlidir. Belki iki ii¢
seneye miimkiin olabilir. Su an insanlar bunu deneyimlemeye ¢alisiyor, tecriibe ediyor,
uygulamaya c¢aligsiyor. Cikt1 anlaminda projeye olan etkisini tartmanin biraz zaman
alacagim diisiiniiyorum.

SO: Ankette firmamzin yurtdisi projeleri de oldugunu belirttiniz. Tiirk insaat
firmalarin yurt disinda ve yurt i¢inde yaptiklar1 projeleri dijitallesme baglaminda
kiyaslar misiniz?

R5: Yurtdisinda 6zellikle dokiiman yonetim sistemi, planlama ile ilgili kullanilan
yazilimlar, art1 ¢alistiginiz cografyaya gore... Amerika veya Avrupa’da daha aktif
kullaniliyor. Ama Tiirkiye'de de bu konuda ¢ok geride degiliz. Bu konuda yapilmis
giizel c¢aligmalar var aslinda BIM tarafinda. Simdi son donemde Ulastirma
Bakanligi'nin yaymlamis oldugu BIM standartlar geldi. Artik isi nasil Ingiltere’de
kamu projelerinde BIM’i zorunlu hale getiriyorsa, Tiirkiye'de de yavas yavas bu
dontlisiim saglanacak. Yani biz de 0 konuda fena degiliz ama mesela Dubai'de veya
Katar’da veya Abu Dabi’de bu teknolojileri adamlar direk sartnameye ekliyor. Yani
kullanacaginiz dokiiman ydnetim sisteminden tutun, is programi yazilimi ya da BIM
tabanli olmasi. Bunlar tabi daha kati ve bu konuda ciddi bir insan kaynagi var,
projelerde istihdam edilen. Tiirkiye’de maalesef bu asamada degiliz. Tiirkiye'de boyle
bu teknolojileri ve dijitallesmeyi insaat sektoriinde kullanan sayili firmalar var, sayili
projeler var. Yani nispeten biraz daha geride diyebiliriz ama bu farkindalik ¢ok hizli
bir sekilde artryor. Istanbul Biiyiiksehir Belediyesi mesela BIM tabanli takip sistemiyle
ilgili artik sartnamelerine bir madde istiyor. Ulagtirma Bakanlig:1 ekletti. Ama yurt
disina gore biraz daha gerideyiz...

Tabi hangi cografya ile mukayese ettigimiz ile de ilgili. Belki Rusya’ya gore veya
Kuzey Afrika’ya gore iyiyiz ama bu isi profesyonel yapan, Amerika veya Ingilizler
veya Italyanlar—onlarda ¢ok daha icsellestirilmis durumda. Ama bizde de bu
konudaki merak, olusumlar var. Universiteler bu konuda artik miifredatina bu tiir
egitimleri koyuyor. Ama dijitallesme tarafinda ben o makasi ¢ok hizh
kapatabilecegimizi diistinityorum. Ama bahsettigim tilkelerdeki firmalara gore, o
segmentteki firmalara gore yeterli seviyede degiliz. Hala dokiiman y6netim sistemi ile
ilgili, proje takibi olsun, daha manuel yontemler tercih ediyor. Ama kisa siirede agigin
giderilecegini diisiiniiyorum.

SO: Sizce Endiistri 4 0 teknolojilerinin benimsenmesinde hangi kurumlarin destegine
thtiyacimiz var? Engelleri asmak i¢in hangi adimlarin atilmasi gerekiyor?

R5: Burada en biiyiik etken devlet. Devlet ve kamu 6zellikle projelerinde, yani yaptigt
islerde sartnamede bu tiir teknolojilerin kullanilmasini tesvik etmesi. Art1 bu tiir
teknolojilere kars1 yapilan yatirimlara maddi tesvikte bulunmasi en biiyiik etkenlerden
bir tanesi. Ciinkii insaat lizerinde diistiniince, biz daha isi gelencksel yontemlerle
yonettigimizden, bu konuda biz ayni miiteahhit firma Tiurkiye'deki isinde bu
sistemleri, 6zellikle dijitallesmeyi daha farkli kullanirken, gidiyor yurtdisinda is aliyor
— attyorum Dubai’de, Abu Dabi’de — oradaki is yapis sekli daha farkli oluyor. Yani
orada gidiyor bu tiir yatirnmlar1 yapiyor. Neden? Ciinkii bu konuda devlet veya isveren,
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misavir, mithendis... bu konuda daha beklentisi yiiksek. O ylizden o beklentiyi
karsilamak icin yurtdisinda boyle c¢alistyor ama Tiirkiye'de doniiyor, kendi
yontemleriyle ¢alistyor. Burada tabi biraz devletin sartnamelerde, Ozellikle kamunun
yaptig1 islerde bunu zorunluluk haline getirmesi, dijitallesmenin daha aktif
kullanilmasi. Bizde Endiistri 4.0’1a ilgili en biiylik gegis etkeni BIM. Yani bu gegiste
projelerde BIM’i ne kadar yaygin kullanirsak bu tiir teknolojilere daha hizli adapte
olacagiz.

Tabi bir taraftan da insaat, bir endiistri sektoriindeki gibi ya da tiretim sektoriindeki
gibi, o0 robotlarin kullanildigi, insan faktorlerden—Dbu tiir mekanizma biraz zor.
Bununla ilgili insaatin dogasindan kaynaklanan zorluklar var. Ama 3D yazicilar olsun
daha modiiler yapilari olsun, bu tiir kullanimlar zamanla artacak. Boyle bir egilim var.
Ama burada bu regiilasyonu yapacak ilgili bakanliklar, kamu. Burada belirli seviyeye
¢ekecek yap1 ve destek onlardan gelmeli. Hatta biraz bunun zorunluk olmasi
gerektigini diistiniiyorum. Bazi projelerde, “bu tiir imalatlarda veya projelerde bu
teknolojiler kullanilmalidir” ya da “ARGE olmalidir” gibi kamunun bizi yoénlendiriyor
olmasi dnemli.

SO: Sizi bu teknolojileri kullanmaya motive eden unsur ne oldu? Hangi faktorler sizi
bir yurtigi projesinde bu sekilde ¢alismaya itti?

R5: Alan ¢ok genis bir alan. Bahsettigimiz 20 milyon metrekareyi, yani biiyiik resmi
gorebilmek i¢in drone’u kullanmak ¢ok 6nemli. Bir de fotogrametrik modelleme lazer
tarama teknolojisine gore daha ekonomik. Aslinda yaptigimiz is, drone ile yiizlerce
fotograf ¢ekmek belirli yiikseklikten. Basit bir ¢6ziim yani. Maliyeti bir ¢6ziim degil
lazer teknolojisine gore. (...) Bir zorunluluk yok ama biz bu takip sistemini orada
kuruyoruz. Kendi ilave bu yatirima katlantyoruz ¢iinkii biz firma olarak hem gelecegin
burada oldugunu hem de bu teknolojinin katma degerinin farkindayiz. Ve ne kadar
erken bu siiregleri kendi is siireclerimize dahil edebilirsek, o kadar daha 6nde
olacagimizi diisliniiyoruz. O yiizden mesela bahsettigim Trabzon'da bdyle bir
zorunlulugumuz yok ama biz bdyle bir seye giristik. Gelecek bu yonde, onun
farkindayiz.

SO: Aymi soruyu Big Data ve SAP ¢alismalarmiz i¢in de sormak istiyorum.

R5: Sirket igerisindeki profesyonel kadrolarin bu konudaki egilimi ¢ok Onemli.
Ozellikle sirket icerisindeki iist yonetimde ve yonetimde teknolojiye yakin, teknoloji
aktif kullanmak isteyen profilin olmasi buradaki yapilacak ¢aligmalarda insanlari
cesaretlendiriyor. Bizim sirket 6zelinde [patronumuz], ingaat yonetim kurulu iiyesi ve
ingaat grubuna bagli, bu tiir teknolojileri zaten giindelik hayatinda kullanmak isteyen
ve uluslararasi gelismeleri takip eden, buradaki trend’i gorebilen vizyoner bir lider
oldugu i¢in boyle bir tesvik var g¢alisanlara karsi. Tabi bunu da yapabilecek
profesyonel ekibin olmasi 6nemli. Ornegin bizim kendi c¢alismamizi dogrudan
Planlama Kontrol Grubu olarak tasarladik. Bu uygulamaya gecirdik. Biraz da burada
fonksiyon grup yoneticilerinin bu konudaki yetkinligi ve teknolojiye olan yaklagim.
Ornegin ben dogrudan burada 1srarc1 olup projeyi iiretmesem, drone ile ilgili bu
teknoloji ve takip sistemi biinyemizde olmayacakti. Yani ben bu fikri ¢ikardim,
yonetim bunu destekledi, artt tam destek bu alanda yiiriimemizi sagladi. SAP
tarafindan bahsedecek olursak, o da yénetimin bu konudaki vizyonu ¢ok 6nemli. Yani
yonetim onlarca projesinde yiizlerce datayr ydnetebilecek mekanizmanin SAP
oldugunu kararimi veriyor. Bunu goriiyor. Zaten yurtdisinda bunun kullanimini
goriiyor, buralarda ¢alismis, buradaki firmalarla birebir iletisim kurmug goérmdis.

147



Bizim dijitallesme tarafinda da Ar-Ge g¢alismalariyla ilgili stireclerini ‘lead’ eden bir
[danismanimiz] var. Yani dogrudan spesifik, tamamen isinin bu oldugu bir kadro var.
Bu tabi 6nemli. Bu tiir fikirleri gerceklestirmek i¢in dnce bu fikirlerin olugsmasi lazim.
Bunun igin de bu tiir personellere istihdam saglaniyor olmasi, deger veriliyor olmasi,
calistiriliyor olmasi lazim.

SO: Tiirk insaat sektoriiniin geleceginin ne sekilde goriiyorsunuz?

R5: Ben 2007 yilinda mezun oldum ve is hayatina basladim. Bu bir jenerasyon
meselesi. Yani biz isi devraldigimizda, ise basladigimizdaki yoneticiler... yani
hayatinda bilgisayar notebook agmamis insanlar vardi. Bilgisayarlar olmadan,
tamamen kagit kalem ile proje tizerinden ¢alisan bir profil vardi. Simdi biz geldik, biz
biraz daha bu standartlari, dijitallesmeyi, ayak uydurmay: fark ediyorsun. Bizden
sonraki jenerasyon ¢ok daha bu tiir teknolojileri kullaniyor. O anlamda ben bunu biraz
seyle iliskilendiriyorum, Yani Tiirki insaat sektoriinde de geng, vizyoner, teknolojiyi
iyi aktif kullanan calisanlar, profesyoneller gorev aldikga buradaki ivme ¢ok daha
hizlanacak. O yiizden 6zellikle 2015'ten itibaren yeni mezunlar bu konuda hem
diinyadaki gelismeler olsun hem de artik teknoloji bizim igin ¢ok daha rahat
erisebildigimiz bir sey. Bizim zamanimizda notebook bile liiksken, simdi ¢ocuklarda
bile notebook var. Bu anlamda gelisim gok hizli oluyor. Ozellikle Z kusagimin buradaki
makasi ¢ok hizli kapatacagini diisiiniiyorum. O anlamda insaat sektordeki profesyonel
yoneticiler ne kadar genglesir ve karar alacak konuma gelirse, bu siire¢ 0 kadar
hizlanir. Diinya da bu sekilde gidiyor. Artik sartnameler de zorunlu hale geliyor. Ben
simdi HoloLens'ten bahsettim. Belki 10 yil sonra bu da zorunlu hale gelecek. Bu
hologram teknolojisiyle bu siiregleri yonetmek. Arti SAP ERP programini kullaniyor
olmak zorunlu hale gelecek. Ama bunun ¢ok uzakta olmadigini diisiiniiyorum. Yani
ontimiizdeki 5 yil igerisinde, 6zellikle insaat sektoriinde, bu anlamda farkindalik ¢cok
daha ivmeli bir sekilde artacak. Ama hi¢bir zaman iiretim sektoriinii yakalama
sansimiz yok ¢linkii en biiyiik faktor insan ve bizdeki projelerde egitim seviyesi daha
kisith bir is giicliyle ¢alisigimiz igin bunu degistirmek kisa vadede ¢ok kolay
goziikmiiyor. Ama zamanla bunun da ben kapanacagini diisiiniiyorum.
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