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ABSTRACT

AWARENESS OF THE TURKISH CONSTRUCTION IN DUSTRY
TOWARDS INDUSTRY 4.0 TECHNOLOGIES AND CO NCEPTS

Ebrahimj Shima
Master of ScienceCivil Engineering
SupervisorProf. DrKr em Di kmen Toker
Co-SupervisorProf. Dr.M. Talat Birgonul

September 2019.05pages

The Architecture, Engineering and Construction (AEC) industry is a-kmellvn
latecomer to the effectiveness proposed by embracing of Industry 4.0 tedébsiolog
while other sectors embrace digitization and Information Communication
Technologies (ICT) as an innovative strategy for maintaining economic profit and
efficiency. In spite of the potential benefits that proposed by Industry 4.0, this
revolution was ot able to gain enough attention in the construction industry.
Therefore, this study took initial steps to assess the awareness of Turkish construction
professionals towards the implementation of a full digitalization to the construction
value chain usingndustry 4.0 technologies, moreover, a strategic roadmap for
implementing Industry 4.0 technologies and concepts in the construction industry
which is consist of five phases is proposed. In order to gather data from Turkish
construction industry experts,cuestionnaire was prepared and distributed among

them.

According to the survey responded by Turkish construction professionals, although
awareness on Industry 4.0 average is low, there are some technologies like Building
Information Modeling (BIM), Simulaon Models/Tools, and Mobile Computing that

the majority of respondents6 area awar e



towards the smart factory cluster technologies is exceptionally high, while these
technologies are neglected in the publicatiansl practice. Turkish construction
i ndustry professional 6s area aware that e mb

significant impact on improving decision making quality, and sustainability.

Keywords:Industry 4.0, Construction 4.0, Digitization, Dt Construction Industry,
Digital Transformation Roadmap
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Tez DanRd.braKmréem Di kmen To
Or t ak T e z:ProfaDr.Bl.KT ated Birgonul
Eylil 2019 105sayfa
Mi mar | ék, M¢hendi sl i k ve Knkaat ( AEC) e
beni msenmesiyle °nerilen etkililijJin bil:@i
kacave verimliliji korumak i -in sayeésall akt
yeni |l i k- bir strateji ol ar ak beni mseme
potansi yel faydal ar a raj men, bu kavram
kazanmaméktdéern. eBu bu -al ékma, Teéer k i nKaa
teknolojilerini kul l anar ak i nkaat 4.0
uygul anmaséna y°nelik farkéndal ekl aréneée ¢
Endustri 4.0 teknolojilerini ve kava ml ar éné i nkaat endg¢stri
stratejik bir yol haritasé oluktur muktur .
T¢rk i nkaat profesyonel |l eri arasenda daj
el de edi |l mesi i -1 hebkri anmadet hkzonmaahat ene &t
ger e, End¢stri 4.0 ortal amasé Il e il gi
kat él émcél arén -ojunlujunun kendilerinin
(Bl M), Sim¢gl asyon Model |maigi/biAraatzareek
var . Ayr éeca, danékmanl arén akell é& fabrik
son derece y¢ksektir, ancak bu teknol oj il
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CHAPTER 1

INTRODUCTION

1.1.Problem Statement

Industry 4.0, the fourth industrial revolution, was born iL2@vhen the German
government published a digital technolagiensive roadmap for manufacturing
environment of Germany till 2020. This trend was an initiative approach towards
digitization, automation, and i mpring ment af
process of industrie®\s part of the efforts to obtain or retain global leadership in
manufacturing, the government of several countries are providing funds for companies

and academicians. The term Industry 4.0 includes a range of technologies to
developing a digital value chain and enabling a digital and automated manufacturing
environment. This transformation results in a higfality product and reduce the

amount of théime to market.

The construction industry has a significant contribution &0@&DP of each country.

The daily increase in the world's urban population (200,000 people daily) is affecting
this sector. Simultaneous with population increase and economic growth, the demand
for transportation, social infrastructures, and inexpensivesdwuinas never been
higher than this. Such difficulties guaranteed that the construction industry
prerequisitedo reconsider and reshape its value chain. However, as always, it is
reluctant to embrace this digital industrial revolution because of some internal and
external features of it. For instance, tight collaboration between project participants is
of the most crucial challenges for projects. This industry is comprised of many small
and mediurrsized companies (S&Ms) which make the investments for research and

development (R&D) in modern concepts and technologies hard.



1.2.Research Questions and Aim of the Research

Given these conditions as well as the increasing challenges of construction firms to

maintain their global competitiveness, the following research ignsstrise:

1 Question 1. Which technologies in the construction industry are presently
linked to the Industry 4.0 concept?

1 Question 2: In the construction industry, what is the present state of the art of
Industry 4.0 related technologies?

1 Question 3: Hows the awareness rate of Turkish construction industry about
industry 4.0 related technologies?

1 Question 4: How is the utilization rate of industry 4.0 related technologies in
today's construction industry? Which technologies have been adopted? Also,
if it is not utilized now, what they think about its utilization time?

1 Question 5: What is the benefit and impact rate of Industry 4.0 technologies in
the determined areas (time and esmting, decision making, quality and

sustainability, safety, and collabdrat)?

According to these questions, this research aims primarily at offering aaviding

overview of the technology in the construction industry that is currently stadie

implemented Industry 40Assess the Turkeyds constructi o
towards industry 4.0 related technologies and propose a strategic roadmap for

implementation of these concepts and technologies in the construction value chain
1.3.Thesis Structure

Chapter 1 covers the current literatures about Industry 4.0 and digital traagtm.
The rest of this study @esignedas follows. In chapter 2, the multilayered concept of
Industry 4.0has been coverethen construction industrymportancen the national
economy of each country has been discussed, finally through publicates; to
show that implementation of Industry 4.0 technologiesaadtion of a digital value

chain is essential for the construction industry. In chapter 3, by reviewing publications,



a list oftechnologies that are associated wittustry 4.0arepresented and defined.

In chapter 4 the methods used to conduct this study and the questionnaire's design is
clarified. Chapter 5 covers the results gathered by Turkish construction experts and
explain their attitude and awareness toward these technologigbelFa basic
roadmap has been proposed to guide sector players to implement these new concepts
and preserve their competitiveness in the national and international market. In the final

chapter, a summary of this study and a conclusion of results is@ése

Embracing of the Industry 4.0 technologies and concepts can assist the construction
industry to maintain its productivity and competitiveness among all other
manufacturing, nonetheless, their technotoggnsive approach did not gain enough
attention in the Turkish construction industry, yéccording to some publications,

the overall awareness of Turkish construction industry is higher than South Africa, but
still it is not satisfactory for an industry that has one of the most significant shares in
Turkeydés GDP.






CHAPTER 2

LITERATURE REVIEW

For the first time, in 2011, Kagermann published industry 4.0 concepts and in follow

of that German National Academy of Science and Engineering (ACATECH)
published industry 4.0 platform in 2013 [Aarts, 2014]. IndugtO is an initiative
strategy that {fTakdés Sachitegyi 20281 Altt i on
facilitates Germands government road to

industries.

Industry 4.0 caused a transformation in manufacturimy@mments. This transition

tries to make business models and compan
way we produce products or providing services. Interconnectivity, automation,
machine learning, and refine data are the most important aspebat Industry 4.0

focused intensely on them to assist in the implementation of digitization in each stage

of the supply chain
2.1.Evolution of Manufacturing from Industry 1.0 to 4.0

To understand the fourth industrial revolution (Industry 4.0) more cledrlig,
necessary to understand the evolution of industrial revolutions since the 1800s till
now. There is an interesting point about Industry ¥1Gndustry 4.0 manufacturers
have the opportunity of guiding this digital transition and evolve it in aesteg they
want, while # the benefits of previous industrial revolutions came about after the fact
(Gilchrist, 2016) In the following paragraphs, all industrial revolutions will be

reviewed.
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Figure 2.1. Industry1.0to Industry4.0

2.1.1.First Industrial Revolution, Industry 1.0

In the late 1700s and early 1800s, the first industrial revolution took place. Water and
steampowered engines have been invented and transfornasdifacturing from
concentrating just on manual labor to a more optimized form of labor performance
with the help of machine tool. (E. Crandall, 2017; Yin et al, 2018, Epicore, .2018)

2.1.2.Second Industrial Revolution, Industry 2.0

The second industrial revoloti was happened by the entrance of electricity and steel

to the manufacturing environment in the late 19s century and the early part of the 20th

century. The second industrial revolution was intensively focused on two dimensions

of volume and variety of pducts. This revolution boosted the efficiency percentage

of I abor and machinery. Frederick Taylorés i
was the first publication on modern management theory, which was a turning point of
Industry 2.0. Then, Henry Fomlnd Tai i c hi Ohno were extended
their inventions and ideas. Ford executed the concept of thepmuakection assembly

line and cope with the shortage of supply in product volumes. Moreover, Ohno

establish the Toyota Production System $J,Pwhich is the pioneer to lean, then



concentrate on customer interests in diversity of prodiicGrandall, 2018; Yin et
al., 2018)

2.1.3.Third Industrial Revolution, Industry 3.0

The third industrial revolution (industry 3.0) has been started in the |&f&s I&hd

comes till today. This revolutiowvas about transforming from analog to digital
machineries which came true by implementing technological innovations into the
procedure and supply chaiburing this transformation, manufacturers began to
emphasizeanore on digital technology and automation software and less on analog
and mechanical technologies. In comparing with industry 2@ystry 3.0three
dimensions of volume, variety, and delivery tinaéso in this revolution request for
products increaseademendouslyYin et al, 2018. Richard E. Crandall in APICS
magazine defined Industry 3.0 ABYy invent
such as integrated circuit chips and transistors in the last decade of the 1900s, it was
feasible to automate inddual machines to complement or replace operators fully. In

the same era, software systems were developed to build on electronic hardware.
Company resource planning instruments have supplemented integrated systems such
as planning material specificatiots allow people to plan, schedule, and monitor
product flow through a plant. Integrated systems such as material planning have been
substituted with comparigvel scheduling instruments that allowed people to plan,
schedule, and track product flow througfiie factory. Cost reduction pressure
encouraged many companies to transfer component and assembly activities to low
cost nations. Geographical dispersion has led to the emergence of the concept of
supply chain management. o (E. Crandal I,

2.1.4.Fourth Indu strial Revolution, Industry 4.0

A fourth industrial revolution, called Industry 4.0, has appeared in recent decades.
This multi-faceted term was evolved by the German federal government to support its
high-tech approach and includes many interdisciplin@igas with no apparent
difference (Lasi et al, 2014; Oesterreich & Teuteberg, 20I®eoretically,

r



establishing a full digital and automate manufacturing environment, also creating a
digital value chain are some of the focus center of Industry 4.0 remluthis
transformation wants to create an environment which anything and anyone in it can

have an effective communication and collaboration (Schmidt et al., 2015).

Industry 4.0 provides a more extensive, interconnected, and integrated production
strategy It links physical to digital, enabling stronger cooperation and communication
across di vi si ons, suppliers, product,
managers to monitor and comprehend each part of their operations precisely and to
use reatime dda to increase productivity, enhance procedures, and drive

development (Epicore, 2018).

Industry 4.0 also mentioned as Industrial Internet of Things (lloT), Smart
Manufacturing, Smart Production, Internet of Things (loT) and Internet of Systems
(loS) (Oestrreich & Teuteberg, 2016). All these coptehave the same objectives.
Their harmonized combination with big data, machine learning, and digital
technologies within the value chaineate an integrated environment for companies
Although all companies ke different approaches towards their process and
management, all of them have a common challenge to face with it, which is their
necessity to interconnectivity and access to-tiea insights across processes. In
other words, Industry 4.0 concerns rensgvand growing the whole system, not just

the implementation of new technologies to enhance business efficiency.

Although Industry 4.0 create critical changes in the way business are done and propose
advantageous to systems such as growth in quality dupt@nd efficiency of value

chain, this revolution was not able to take adequate attention among academicians and
market playersMore attention is required, particularly in scholarly research, for
analyzing the contents thereof and its thorough desmniats well as for clarifying

likely future trends (Oesterreich & Teuteberg, 2016; Piccarozzi et al, 2018).

Some academic papers have been published and gave some definitions about this

concept. For example, Pan et al. in 2015 state that Industry 4.0 gsowd

and



manufacturing environment that industrial components can communicate with each
ot herdés (Pan et al ., 2015) . Schmi dt et
products in digital and physical procedures as Industry 4.0. Digital and physical
procedues communicate continually and lead to major changes in geographical and
organizational boundaries (Schmidt et al., 2015).

In 2016, Glichrist published different definitions for Industry 4.0 in his bsokne of

them are

1 Alndustry 4.0 is the fourth indtr&al revolution. It is best known as the new
stage of organization and control throughout the value chain of the product life
cycle and increasingly focused on individualized customer demands. The
process starts with the concept of the itemder, spread to the operation
stages,until the product reaches the end customer, and concludes with
recycling and encompasses all service delivery. The foundation for industry
4.0 is the reatime accessibility of all appropriate data by linking all items and
peoplein the value chain. It is also important that information can be used to
obtain the optimum value added at any moment. The conitgdietween
individuals, machinery, elements and anything in the progessrate real
time optimized valuadded links inand between companies. These can be
enhancedo meet diverse requirements such as expenses, accessibility, and
resource consumptia.

1 Industry 4.0 structurdepends on

o fThe digitization and integration of the horizontal and vertical value
chains.
o The digtization of products and services

o The introduction of innovated business models.

Kovacs and Sebastian in 2017 stated that the core of the idea for Industry 4.0 is the

implementation of networkonnecting intelligent systems that carry out a-self



regulatoy output: people, devices, machinery, and products will interact with each

other.

Barreto et al. (2017) state that Industry 4.0 is responsible for the creation and
implementation of creative Information Communication Technology (ICT) within the
sector. Itsoverarching objective is to enhance smart product and process networking
in all areas of the value chain so that organizational procedures are used more
effectively to produce goods and services that promote client satisfaction by providing
them with disinctive products and services. These industtgted changes are seen

as a holistic paradigm, now dubbed the Fourth Industrial Revolution.

Zhou et al. (2015) stated that the principal concepts of Industry 4.0 are the inclusion
of ICTs and industrial techwlogies. It is primarily based on constructing a Cyber
Physical System (CPS) to build smart and digital factory on encouraging
manufacturing to become digital, informatited, individualized, and sustainable.
Industry 4.0 aims to create an extremelysatite manufacturing system of customized
and digital products and services with rgale relations during the manufacturing

cycle between individuals, products, and devices.

In order to achieve Industry 4.0, Germany has created a strategic strategijzto re
Industry 4.0. This scheme can be summarized in the following primary points: (Zhou
et al., 2015).

1 Creating a network such as CybePhysical Systems (CPS). A network
should link all physical objects to the internet and include five tasks of
computatim, communication, accuracy monitoring, coordination, and
independence. This system will integrate the physical world with the digital
world. Moreover, the network, which is tleentral basisof Industry 4.0,
enables smart manufacturing and product.

1 Researting on two critical topics o f Asmart factoryo and
manufacturing. o The foundation of these t

and ICT. Smart factory concentrates on smart production systems, procedures,

10



and application networked scattergmtoduction equipment. Intelligent
manufacturing focuses on generating an extremely flexible, customized, and
networked industrial chain. To obtain these characteristics, intelligent
manufacturing works on things-things communicationhumarcomputer
comnunication 3D printing inventory managemerdand other innovative
techniques that can be implemented to whele manufacturing system to
generate an extremely efficient, customized and networked value chain.

1 Comprehension of three integrations: horizontal integration, vertical
integration, and entb-end integration are the three integrations. They will be
discussed precisely in the coming chapters.

1 Realization of eight planning goals~vhich create the foundation of reaching
Industry 4.0. The particular ctemt of these goals is:

0 System standardization and the construction of a reference project

o Efficient management models need to be established due to the advent
of a broad and complicated value chain

o Establishment of an integrated and trustworthy industrial
infrastructure. Industry 4.0 imposes rigigrinciples on the
communication netwotkThis networks need toe secure, extensive,
and highquality.

o Personal and environmental safety should be assured (from equipment
and product itself) while avoiding itemisase or unlawful access to
manufacturing equipment.

o Organizing and designing job with the content, procedures, and
environmental modifications, making higher requirements on
production management, green manufacturing, automation, and
leadership.

1 Staff traning and enduring professional improvement are vital to creating life
long training and ongoing professional improvement programs to help the

employees handle new job and skill requirements.

11



1 Creating a legislative framework is necessary. Inventions nte®dew
iIssues, such as corporate data, accountability, private information, and trade
limitations. Standards, model contracts, and other suitable controls are
required.

1 Enhancing resource efficiency can be obtained by consumption of new
materials, procedes, techniques, and other actions can enhance effectiveness
in the use of resources and reduce and equalize the use of pailtted

environmental resources
2.1.4.1.Four Main Characteristics of Industry 4.0

Presentation of Internet of Things ®ystemdo the procedure arttie integrationof
CyberPhysical Systenwithin the manufacturingrocedureshould besynchronized

in order b create a smart and digitmanufacturing process aptbduct.Industry 4.0
approach is to transform centralized production to decentralized production, als
transform conventional products to individualized products to engage the customer

with the pleasure of product design and production.
Industry 4.0 proponents named four primary features and specific features:

Vertical integration of smart production systems: Vertical networking is based on

the use of CybePhysical Production Systems (CPPSs) to build reconfigurable
factories and flexible manufacturing environment, which lets to act quickly and
correctly to any changes in demand levels, stock levels, madtefects, and
unanticipated delay. Because of this, integration and networking of smart factories,

smart products, and sma&alue chains are necessary.

Tjahjono and his team members in 2017 state that vertical integration of smart
products in maufacturing processes enable the autonomous organization of

production management and maintenance managtoo (Tjahjono et al, 2017).

Horizontal integration through value chain networks: The connection between

business partners and clients is the maimg to think of when talking about

12



horizontal integrationHorizontal integratiormeansthe integration of new business
models acrossountries and evetontinentsthus itcan play a crucialale in making

a global networKGilchrist, 2016). The integriain of CyberPhysical Systems and IT
systems within the process afidw of data between different parties such as
employer, contractor, designer, producer, and subcontrastgoower -closer
relationship with value chain partners across company borderde(@esh &
Teuteberg, 2016). As well as vertical integration, horizontal integration creates a
flexible manufacturing environment, enabling the company to respond faster to any

changes.

End-to-end engineering across the entire value chaiWith the implematation of
innovative improvements in the design, development and manufacturing processes
and also by using advanced methods of communication and virtualization, companies
can enable a significant optimization potential in the process. These technologies
provide a tremendous amount of data (Bigta) that help us to create new products
and production systems (Tjahjono et al, 2017). The created communication types by
Industry 4.0associatedechnologies areauman to computer, computer to cangr,

human to humargr service to service, which enable widespread horizontal, vertical,
and enegto-end integration (Zhou et al., 2015). Moreover, this option facilitates highly
customized products (Oesterreich & Teuteberg, 2016). All entities involved in the
process hee access to rediime information and controls on the shibpor level,
through Eneto-End (E2E) Engineering. In other words, which process in which

factory or company will be done will be less important (Brettel et al, 2014).

Acceleration of manufacturing through exponential technologies: The
implementation of innovative technologies such as exponential technologies on
manufacturing is the fourth main characteristic of Industry 4.0. The exponential
technologies play as a catalyst for the manufacturioggas which enables companies

to reduce costs, increase flexibility, customize products and also provide the necessary

field for individualized solutions (Tjahjono et al., 2017)

13



Besides these key aspects, Industry 4.0 requires other essential factotsdgiolyoe
cognitive and autonomous. Some of these factors are the Internet of Things and
Services, Atrtificial Intelligence (Al), Big Data, and Cloud computing. (Oesterreich &
Teuteberg, 2016; Tjahjono et al., 2017)

2.2.Construction Industry Importance in the Economy

Contrary to common opinion, the construction industry has a vital role in the economy
of countries; its impact can be demonstrated by the number of investments in
construction projects and their share of the nation's GDP. According to the EPoC
publicaion (2016), with a total of EUR 1.37 billion investment in 2014, the EU is one
of the most prominent actors in the construction industry. Almost 54% of this
investment is owned by the four major sectors in the EU: Germany, France, the United
Kingdom, andSpain which their share ranges from 8.1% to 11.8% of total GDP
(Deloitte, 2017; Oesterreich & Teuteberg, 2016). It is anticipated that in the coming
years the sector will expand considerably to almost $15 trillion revenue by\R@R5.
combination of $10rillion annual profits and $3.6 trillion add value, the construction
industry contributes to 6% of worldwide GDPrecisely, in developing countries and

in developed countries, respectively it represents 8% and 5% of total GDP. (Gerbert,
2016)

The construtton industry role in the national economy of each country has been
highlighted by several researchekhan in 2008, addressed thahe construction
industry regarded as one of thgal playerof financial growth, development and

economic growth

The comtruction industry is also a major source of employment to millions of
unskilled, semskilled, and skilled workforce. In 1989, Park asserted that the
construction industry generates one of the highest multiplier effects through its
extensive backward aridrward linkages with other sectors of the economy. In 1990,
Ofori noted the significance of construction industry in the domestic economy and

allocated it to strong economic ties. Construction is considered as an extremely
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important contributor to the delopment process of nations (Field & Ofori, 1988).
The World Bank (1984) indicated that the construction industry's significance derives

from its powerful links with other industries economic (Oladinrin et al, 2012).

Although the construction industry has significant impact on the economy of
countries-especially in developing countriesinding projects are extremely low for
reseach and development (R&D) in the construction indusfgcording to an EU

R&D Scoreboard publication in 201, the construiion industry R&D investments

in one of the lowest in compare with other manufacturing (less than 1% of net sales)
(Eastman et al, 2008; Hernandez et al., 2015), while this figure for the auto and
aerospace sectors is 3.5 to fércent Agarwal et al, 20&). This scoreboard
comprises 2500 companies which investing the most considerable sum of R&D in the
world and also 1000 companies based in EU with the highest R&D investments.
Another fact is the weak labor productivity of the construction industry. 0 ,2Dhe
Center for Integrates Facility Engineering (CIFE) at Stanford University had
developed a graph which is illustrated poor labor productivity of the construction
industry from 1964 to 2004. During these 40 yeag periods, notfiarm industry
productvity doubled (including construction). In the meantime, labor productivity
approximately is 10% below what was in 1964 in the construction industry (Eastman
et al., 2008).

According to the evidence discussed in previous paragraphs, it becomes evident that
there are fundamental inconsistencies in construction industry structure that should be

taken under consideration. (Oesterreich & Teuteberg, 2016).
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Figure 2.2. Indexes of labor productivity for constriar and norfarm industries19642004

2.3. Motivation of Digitization for the Construction Industry

Digitization is a must for construction industry, there is no substitute for digitization,

and ACE industry needs to adoptgial t. The
constructiono term for the first ti me in
(Arayici & Aouad, 2011).

The construction industry is the biggest worldwide consumer of materials: 3 billion
tons of raw material and 50% of global steel manufactaraddition, in the United
States it is responsible for 40% of solid waste drives from demolition and construction.
Also, 25% to 40% of global carbon dioxide belongs to buildings (Gerbert, 2016).

According to Akamu et al. (2013) statement, approximated§p Df construction
budgets are wasted due to inefficiencies, errors, delays, and weak communications
among participants and stakeholders. Design errors, design modification and updates,

ineffective realtime communication with construction site along witck of
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sufficient collaboration among participants resulted in delay and cost overrun. Access
to reattime model updates can assist project managers in making educated choices.
Barreto et al. (2017) were introduced two main logistic problems of the gotigir
industry: the elevated need for transparency (supply chain visibility) and quality
control (right materials, at the right moment, in the location, proper quantities and at

the exact price).

Updating the aduilt model with orsite modifications is €sential for project life

cycle management. However, they still updateecbw@k model manually after
construction. Therefore, it is susceptible to mistakes due to inappropriate
modifications record. Virtual models (such as BIM) provide a significant aagan

in assisting documentation of -bgilt data, the collaboration among project
participants, and visualization of construction progress, but they are mainly restricted
tothe preconstruction stage. By amplifying \
constuction, operation, and maintenance stage of a project lifecycle, much more
advantage can be extracted. In other words, virtual and physical models integration
can enhance data and knowledge management from design to construction and
operation (Akanmu et al2013; Motamedi & Hammad, 2009; Shen et al., 2010; Chin

et al, 2005). These problems persuade the construction industry to adopt the concept
and technologies of Industry 4.0. As stated in the Association of German Chambers
of Commerce and Industry (DIBktudy, 93% of companies approve that digitization

will affect each part of their process.

For understanding the necessity of digitization for the construction industry, it would

be better to understand what digitization is. According to the Oxforcbdarty, the
conversion of text, pictures, or sound into a digital form that can be processed by a
computer is digitization. In an article published b$doop website, digitization has

been defined as foll ows #fAdi galogorpmydicalon i s
things such as paper documents, images, sounds and more. In other words, it implies
that a nordigital thing is converted or represented into a digital format (bits and

bytes), which then used for many feasible purposes by a computirgreyst ( D e
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Clerck, 2018). A significant advantage of digital data compared to analog or physical
data is its efficiency in storing, accessing, transferring, and analyzing data
(Techopedia, 2019).

As discussed previously, the first transformation in prodoatias occurred by steam

and water power (Industry 1.0), then by the entrance of electricity (Industry 2.0), then
by the implementation of technological innovations (Industry 3.0), and more recently
by digitization (industry 4.0) which lead us to a compléigital ecosystem.
Digitization is about companies coming across integrated systems at every step in the
value chain, and it will permeate to every part of companies. This ecosystem is about
the full implementation of ICT based tools and practices suclCyserPhysical
Systems, Big Data, Internet of Things, Cloud Computing and others. Information and
communi cati on technol ogi es ar e not j ust S
performance a little bit; they are here to basically change the way business adon

also enabling new business models (See Figure 2.3). With another statement,
businesses are developing toward the complete digital ecosystem (Berger, 2016;
Schrauf & Berttram, 2016).

Automation, connectivity, digital data, and digital access areahedssential keys

for digital transformation of the European construction industry based on Berger

(2016) research. In this research a survey ardkpih interview was done with 40
companies (wide range si ze) i n @egon many, Swi
industry (Berger, 2016).
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Figure 2.3. The supply chain at the center of the digital enterprise
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Figure 2.4. digital supply chain would be effected from push and pull technologies
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Figure 2.5. The long road to industry 4.0, the digitization of every aspect of business (Schrauf &
Berttram, 201%

At the center of all these practices and activetasid the digital supply chain, which

is a fundamental key tthe production proceduref every company. Digital value

chain brings together all relevant players and paéidfie suppliers, the production
process, distributors of products, and the custoéheto extends all corporate
functions of the company from varal integration to horizontal dimension. For this
purpose, it utilizes a network of sensors and embedded tags which supervised via a
central control system, and managed by a comprehensive data analysis engine (see
Figure 2.5 and Table 2.7) (Schrauf & Beat, 2016). Leading the transformation
towards the smart supply chain is a mixture of two strands. From one side, ICT based
technologies such as big data analytics, Internet of Things/Systems, and the cloud are
entering the market. On the other hand, eygés, consumers, and business partners
are force companies to develop trustworthy and responsive supply chains to meet their

comprehensive and exact expectations (see figure 2.6)
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Figure 2.6. The digitally enabled supply ecosystem vs. traditional linear supply chain (Schrauf &
Berttram, 2016)
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Figure 2.7. Traditional vs. digital supply chai2016
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CHAPTER 3

INDUSTRY 4.0 RELATED TECHNOLOGIES IN THE CON STRUCTION
INDUSTRY

In first literature review, a list of technologies and concepts that are essential for the
implementation of Industry 4.0 in the construction industry are prepared. -Cyber
Physical Systems, Radirequency ldentification/Embedded tags, Internet of Things,
Internet of Systems, and Big Data are some of the main pillars of embracing this
industrial revolution in the construction industry. Oesterreich and Teuteberg
categorized these concepts in thregegories of Smart Factory, Simulation and
Modeling, and Digitization and Virtualization (Figure 3.1). Each of these categories

is consist of related technologies and concepts. In this chapter, these three clusters and

their associated technologies stat¢he art will be reviewed
3.1.Cluster 1, Smart Construction Site

In order to enable the construction process to be automated and smart, the first cluster
technologies which propose a broad variety of technologies will be essential. The
technologies assoce&d with this cluster are tailored to one of the critical features of
Industry 4.0, endo-end engineering (E2E). First clusterconsist oftechnologies

such as CybePhysical Systems, Internet of Things/Systems, and Radiguency
Identification are som of the exciting approaches to the creation of Smart
Construction Site. These interdgdsed platforms and sensors enable the construction
site participants to track and monitor the site. These technologies are presented in

Figure 3.1 and Figure 4.2 arfeeir description are described in the coming paragraphs
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Figure 3.1. A Conceptual Framework for Constructidrd

3.1.1.Cyber-Physical Systems

Shortly, all physical objects and structures will be equipped edthputational and
communication capabilities. Beside this mobilizing, applications and codes will be
created to take full advantage of thesenpetencethroughspace and time, also, by
harnessing these capabilities, a vast social and economic benedingige Cyber
physical systems iskand of systems which make a chanbetweercyberworld and

the physicalworld. These physical and engineered systems (egbgsical systems)
have a computing and communication core to supervise, synchronize, cantrol,
integrate all operations that are done by cyiersical systems (CPS). It is interact
with the physical world, and mostly it operateBably, securely, efficiently, and most
important in reatime (Rajkumar et al, 2010). There are various defingifor cyber
physical systems. For instance, in 2016, Esterle and Grosu introduce CPS as a
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distributed, timesensitive, multipurpose, and networked integrated system that
requires strong integration of computing, communication and control techniques to
attain efficiency, durability, and scalability in managing physical applications. Then

i n 2018 Di ng et al .-sca egeagraphicadly diSti#b8ted a s i
heterogeneous, and lifgitical systems in which embedded devices such as sensors

and actuata are networked to sense, monitor, track, and control the physical

environment. O

Beghi et al. mention that CPS relates to new and original combinations of hardware

and software that create intelligent and-selfing devices which enable effective end

to-end workflows and novel forms of usarachine interaction. Akanmu et al. point

out that Cybephysical system is close integration and coordination of virtual models

and physical construction. Cybphysical systems bring a transition to the physical

world via the cyber world. Thecybevor | d gat her datadés by us
an atmosphere to transfer this information. This strategy will empower developments

in progress tracking, construction process controlpuaé documentation, and
sustainable blding methods

Bi-directional :
Virtual Model (I et
Construction

Coordination

Mobile systems) and Actuators

.f Data acquisition technologies (e.g. RFID system, Wireless Sensors, |
I l
\

Figure 3.2. Bi-directional coordination between Virtual models and the Physical construction
(Akanmu et al., 2013)
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The internet and CPS have the same effect on communication. The Internet
revolutionized how humaniaterrelatewith each other because it changed where and
how the information access. Likewise, CPS will transform how huwuoaperateand

control the physical worldCPS has entered into many layers of various industries. It

is notable in medical devices and systems, aerospace industry, defense industry, smart
highways, robotics, process control, smart factories, and smart spaces (smart building

and environment).

Several latest trends drive CPS ' promise: the explosion of chghmapacity, low

power, and small size computing devices and sensors; a revolution in wireless
communication; unlimited internet bandwidth; ongoing enhancements in alternative
energy resources and their capacity. On the other hand,-glpsical systems
vendors in industries such as healthcare, aerospace, construction, process control, and
smart factories are highlighting the need for CPS technologies. They recognize that
the technology to construct high$pecific securitycritical CPS in a correct, cost

effective, flexible, scheduled manner does not exist (Rajkumar et al., 2010).
3.1.2.Radio Frequency Identification (RFID)

Philips proposed the smart environment idea, and it brought up in literature for the
first time in 1999 (Aarts, 2004). In a smart enviromtp&arious technological devices

such as sensors, readers, and computers are imperceptible and inconspicuous to users
and communicating with them is effortless and straightforward. A typical example is

a room with automatic lights, where lights lit if giitness is below a certain amount,

and if there are people inside the room. This definition leads to the creation of new
research topics related to the automation of humaman and humamachine
interactions. Traditional interacting devices are substiith wireless sensors,
touchsensitive screens, and others. Which requires less interaction with the user.
(Valero et al., 2015)

Nowadays, the necessity of automatic identification of elements and the collection of

related data is felt in many industriatientific, service, and social spheres. Without
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the need for human intervention to enter information. In response to this need, many
technologies have been designed and implemented. An Auto IdentificationlPjuto

term is used to identify a set of tedhmgies which used to identify objects, humans,

and even animals by the help of machines. The goal of most automatic identification
systems is to increase efficiency, reduce
to perform more important and seihs tasks. So far, various technologies have been
designed and developed for automated identification. Bar codes, smart cards, voice
recognition, some biometric technologies, Optical Character Recognition (OCR) and

Radio Frequency Identification (RFID)eaexamples in this area.

According to Calis et al. research, in 2011, Radio Frequency Identification (RFID) is

a technology that is based on data exchange via electromagnetic signals. Li and
Gerber, in 2011, define RFID systems as a technology which leasowponents, a
reader and a tag. When the tag is near or within the codec range, the magnetic field
generated by the code reader activates the tag. The integration of chip and antenna is
called RFID Tags or RFID transmitter. The tag store identificatidormation (ID)

of objects, and it is attached to an object. The chip, with the help of the embedded
antenna, transmits the identification information of objects to the reader. The reader
transforms the radio waves to digital data to makes it functionabfaputers to store

and analyze data. This set of technology is used for detecting and monitoring objects

and people automatically.
Tags can be differentiated by their energy source as passive, active,-passive.

1 Passive tagswill be activated whe they are within the codec range of the
reader. Their source of power is provided by the electromagnetic energy that
the reader emits. Hence, they have an unlimited lifespan. For the same reason,
they have short reagrite ranges and smaller data rang@scause of their
simplicity, flexibility, and durability in severe environments, passive tags have

been entered into various industries.
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1 Active tagspower is provided by an internal battery that not only considerably

increases the reaarite range but alsallows for extra buikin memory and

local sensing and processing capabilities. This local power results in a shorter

lifetime (510 years) and more expensive tags. (Ergen et al. 2007¢)

1 Semipassive tagsBatteryassisted passive (BAP) tags or sgrassie tags

use internal batteries to run the chip's circuitry, but they are only

communi

cating

codec range.

In the following table, state of the art for each types of tags are summarized

and

transferri

ng

Passive tags

Semipassive tags

Active Tags

Power Source

Availability of tag power

Typical radio frequency
Read range
Data storage capacity

Data Transfer Rate
Lifetime
On-Board data retention

Cost

RF from readers
Only when within readers’
read range

125-135 kHz, 400960 MHz

Uptol0m
512 byte to 4KB, normally not
extended
Up to 1KB=s

Unlimited
Unlimited

$0.1 to $1, UHF label tags in

large quantities are cheap

Internal batteries
Continous after activated by
readers

400-960 MHz, 2.45-5.8 GHz

Upto100 m
Extendable and can vary
greatly Extendable
Up to 16 KB=s
Over 6 years
Up to 10Years

$20 to $60

Internal batteries
Continuous

400-960 MHz, 2.45-5.8
GHz
Over 100 m
Extendable and can vary
greatly
Up to 128 KB=s
Up to 10 years
Same as lifetime

$30 to $100

RFID is a successfulvireless norcontact devicethat mostcommonlyused Radio

Figure 3.3. Compression of Different Tag Types

nf or mat

frequency identification technologies are used in various applications, including

aviation, constiction, facility management, health, retailing, and security, due to its

capacity to recognize and track items (Valero et al., 2015).

Radio frequency identification (RFID) has included in the construction industry since

the 1990s. It can be implementedalh main stages of the lifecycle of a structure:

planning and design, construction and commission, operation and maintenance.

Monitoring and tracking the components of a production chain is a process that is

usually done using RFID technologies (Valetak, 2015). In robots construction,
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the RFID device integration into the manufacturing process enables data to be

accessible for the following tasks (Yagi et al, 2005).
3.1.3.Internet of Things and Internet of System (loT/lIoS)

The term fAl nt erimvented by Kevil Ashtongrsaopreseatation at
Procter & Gamble (P&G) in 1999 (Ashton, 2009; BIM engineering U.S., 2018).
Internet of Things or the Internet of Services (IoT and I0S) is another key concept in
Industry 4.0 that provides the impetus for tfevelopment of virtual networks to
support smart factory environments. Internet of Things creates value. Oesterreich in
2016 state that from the technical perspective, 10T is the combination of sensors
(RFID), cloud applications, ERP (Enterprise Resourt@nring) integration, and
business intelligence technology. Martac et al. in 2016 defined Internet of Things
(IoT) as a network of physical objects which incorporating with electronics, software,
and sensors that enable users to acquire precise-intitiata through data exchange
services between producers, users, and another connected device. In other words, the
loT allows things and objects to interact with each other through sensors and also
cooperate with their nei ghiboommanggoald s mar t
(Hermann et al, 2016). In 2013, Kagermann claimed that the integration of the Internet
of Things (IoT) and the Internet of Services (loS) in the manufacturing process had
originated the fourth industrial revolution. As stated in Mckinsey&@any report,

using loT technologies on construction sites, mines, oil and gas extraction sites result
in optimizing operations, monitoring the health of machinery, improving health and
safety issues. Therefore, the implementation of 10T technologies &sitesrcan save

$160 billion to $930 billion annually (Manyika et al., 2015). Regardless of all benefits,

the construction industry did not adopt this technology.

Some examples of IoT implementation in the construction industry is the integrated
sensors ophysical objects such as vehicles, robotics, and building components which
are capable of connecting to the internet. Machineries (cranes, dozers, loaders) which

equipped with sensors will transfer performance data via the internet to engineer to be
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andyzed. According to received data, engineers can predict the upcoming failures in

vehicles and fix them beforehand (Oesterreich & Teuteberg, 2016).

In order to ease data collection in construction projects, several eetigey
techniques were used. Thedrnet of Things (IoT) with the presence of RFID tags, is
one of the core systems as the central technology that promotes -shaioly
management, security management, facility management, and activity tracking
(Zhong et al., 2017)

3.1.4.Modularization / Prefabricated Construction

Modularization and prefabricated construction is not a new method in the construction

i ndustry. This concept has been used through
mostly known as a cheap and paprality method. Contrary tdé past, now this is a

vital component of improving productivity in the construction industry. It is also

counted as an approach to making construction lean (Bertelsen, 2005). Indeed, the

advent of contemporary manufacturing methods, sustainability goadsBuilding

Information Modeling (BIM) rejuvenate old methods of construction in new format

(McGraw Hill Construction, 2011).

In a construction project, inaccurate data collection, inadequate communication, and
risk-aversion are widespread due to papased manual activities on the construction
site. These problems are more highlighted in the traditional prefabricated construction
method. In order to get through these problems and gain full advantage of
prefabricated construction method, several cutithge technologies have been used

to simplify supply chain management, safety management, facility management, and
activity monitoring. For instance, Buil ding
management of physical and functional digital presentattan be beneficial. Along

with BIM, the Internet of Things (loT) and Radio Frequency ldentification (RFID)
have been used to promote data collection and analysis in construction projects (Zhong
et al., 2017b).
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Technically, in literature, modularizatioils known as prefabricated construction.
Modularization or prefabricated construction is the practice of fabricating components
of a structure in a factory and transporting the sesmplete or complete components

to the construction site. Finally, assemptefabricated components to the structure.
(Oesterreich & Teuteberg, 2016; Tam et al, 2007; J. Hong et al, 2016)

In construction companies, prefabrication has already been commonly embraced as it
provides excellent advantages in improving quality andiysafhile lowering waste

and expenses (J. Hong et al., 2016). Many studies have been done on the advantage of
modularization in the construction industry. Li et al. in 2014 stated that modularization
provides controlled circumstances for poor weather, tyuaksurance, simplifies
project schedule, and decreases material waste compared to standard construction
technologies. Likewise, Hong et al. believed that in addition to reducing waste, noise,
dust, cost, and labor demand modularization also promoteuthigyqcontrol process

and ensuring workerds health and safety
3.1.5.Additive Manufacturing

Additive Manufacturing is a rapid prototype technology that can be count as modern
technology for Modularization. This fielld still in its infancy. According to Lipson

and Kurman book, rapid prototype technologies (e.g., 3D printing) could completely
revolutionize production methods (Shakor et al, 2019). This technology has been
developed since the mitP90s to enable the amated manufacturing of complex
architectural components through robotized deposition without using molds (Bos et
al, 2016; Oesterreich & Teuteberg, 2016).

The foremost benefit of rapid prototype technologies is, constructing components
based on their dital model (e.g., the CAD data) (Vaezi & Chua, 2011). The 3D
printers directly received components specifications from the digital modgrantd

it layer by layemntil the elementsare formed, without extra labor cost. Lloret et al.

in 2015 stated thatsing 3D printing could decrease the total cost of concrete in

construction projects by 860% merely by eliminating the need for the framework.
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The number of companies exploring 3D printing technology has increased
dramatically, and a turning point ocoedrin 2012. Researchers find out that using

guastexponential development method is more beneficiary than linear development.
3.1.6.Product Life Cycle Management (PLM)

Product Lifecycle Management (PLM) is a wieilown and weHestablished concept

which is conglered as a crucial component for a digital value chain. Product Lifecycle
Management (PLM) is a concept that flawlessly integrates all the data generated
during every phase of a company's product
conception to its with@wal, with the aim of simplifying product development and

enhancing innovation in the supply chain (Sudarsan et al, 2005; Oesterreich &
Teuteberg, 2016).

In 2008, Min et al. define PLM as an innovative management approach, which is

created by companies aondganizations in order to remain competitive and agile in

the market. Sudarsan et al. in 2005, defined
the effective management and use of corpor at
management systemisd¢éitd as o6l nf ormation | ifecycle mana

devel oped asyéePreodMaogleimeat . 6

The construction industry is exceptionally fragmented sector. It has a very complex
business process and involved from countless stockholders such B§ clie
architectures, engineers, and contractor which are engaged in different phases of a
project from different geographical locations. Hence, there is an obvious need for
effective data sharing and exchange system. Product lifecycle management can fill
this gap for the sector. It can be useful for managing all data that had been produced
through the lifecycle of the project and make it accessible to all stakeholders (Min et
al., 2008; Motamedi & Hammad, 2017).

The BIM approach led insights from PLM applicais to the product and process of
the construction industry (Min et al., 2008). According to Ford et al. publication in

2013, ABI'M is the construction industrydés re
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(PLM)o (Ford et al, 2 0 h8on PLMMappticatiorss nal d i e s
many BIM-based system structures have been elaborated to gather data, manage them,

and make it accessible to all participants until the retirement of the project
3.1.7.Human-Computer Interaction (HCI)

In the 1980s, Humagomputer Inteaction (HCI) emerged with the emergence of
personal computing technology. Since computers were no longersiaech and

costly instruments which constructed solely for specialized environments
professionals, it became increasingly essential to make hoamputer interaction,

which was also simple and effective for less seasoned users. HCI is a multidisciplinary
area that consists of Human factor engineering, computer science, and cognitive
science (Interaction Design Foundation, 2018). Hw@amputer Inteaction (HCI)

related researches are mostly focusing on how to increase the use of Information and
Communication Technologies (ICT) in the construction industry (Oesterreich &
Teuteberg, 2016). For example, several studies have been done on developing
frameworks to simplify ICT implementation in construction supply chain
management. Besides, some investigations are started on how to interact with robots

to gain a successful solution on construction sites (Shi et al.,.2016)
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3.2.Cluster 2, Simulation and Modeling

Simulation and modeling as a critical element for the implementation of Industry 4.0
are discussed in this part. Gbruction projects inherent is exclusive and complicated;
mostly dependent on external variables such as supply variations, unpredictable
weather conditions, and worker performance. Therefore, Implementation of second
category technologies such as simwlatiools and models can be helpful to more
effective managing of construction process and enhancing the design of project. Most
research in this area proposed a variety of frameworks for project management in
general, resource planning, or project planniMigreover, many studies propose a
wide variety of simulation models and tools. (Oesterreich & Teuteberg, 2016).

This category is comprised ®firtual reality, Augmented Reality, Mixed Realuty,
Building Inforamtion Modeling, an8imulation Tools/Models, @lding Information
Modeling, and Augmented Reality/Virtual Reality/Mixed Reality. These technologies

will be covered in detail the coming paragraphs
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3.2.1.Simulation Tools / Simulation Models

According to AbouRizk et al. study that had been done in 2011 ptieept of using
simulation in the construction process was proposed by Teicholz in 1963 in his thesis
at Stanford University done. Almost ten years later, Halpin (1973), suggested and
implemented the first comprehensive simulation strategy as a tool fagng the

construction process and activities (AbouRizk et al, 2011).

I n 1993, Ol oufa defined simulation as AT
model and experimenting the model to understand the conduct of the system or to
evaluate multiple apprahes (Within boundaries enforced by a set of criteria) for the
operation of the system. o6 Furthermore, Al
a science that model a construction prod

result on the computer

In contrast to mathematical methods, the simulation does not provide an optimum
alternative for a system. It can be used in the assessment of a set of predefined options.
Almost every issue can be studied using the simulation strategy. Each simulation run

bemmes an observable and controllable system experiment (AbouRizk et al., 2011)

For simulating construction projects process, the disend@t method has been
introduced as the most comprehensive method, because it represents the behavior of
most of the costruction projects process correctly and also it is more comfortable to

I mpl ement. The simulationb6s behavior is
state i s a set of variables that are req.l
stage in time. Change of State variables in time called event times at designated points.

The values of the state variables in a diseestent simulation do not differ between

event times. (Oloufa, 1993; AbouRizk et al., 2011).

3.2.2.Building Information Building (BIM)

The most pervasive and wdihown concept of Industry 4.0 is Building Information

Modeling (BIM). Under Industry 4.0 concept, Kagermann et al. (2013) are presenting
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the idea of both the digital value chain and crom$ipany cooperation as the e

end engineering throughout the entire value chain and horizontal integration through
value networks. Therefore, BIM can be regarded as one of the core techniques to
complement Industry 4.0's primary concept. Since 2012, the amount of BIM
publications hasncreased continuously. lis expectedthat this process will be
constant in the following years, becaus&ny countries begin to prioritize the benefits
offered by BIM. For example, the German government has recently spoken out of its
intention to compeBIM to plan and implement large infrastructure projects since
2020 (Oesterreich & Teuteberg, 2016).

According to Autodesk definition, BIM is an integrated method that significantly
increases the knowledge of projects and enables predictable resultsisithisy

allows all stakeholders to remain coordinated, enhance accuracy, decrease waste, and
make informed choices sooner in the process, helping to guarantee the success of the
project (Autodesk, 2019). BIM represents a facility's physical and furattieatures
digitally. A BIM is a shared knowledge resource for data that provides a credible
foundation for choices during its |#eycle; from early conception to demolition
(NIBS, 2013). Indeed, the BIM gives all the project partners the chance toramope
effectively throughout the entire life cycle by offering appropriate data like cost
estimation, planned project, material inventory and technical data on construction

components such as geometry and spatial relations (Popov et gl, 2010
3.2.3.Augmented/Virtual/Mixed Reality (AR/VR/MR)

Virtual Reality (VR) and Augmented Reality (AR) are considering as simulation tools
and models. Rheingold (1991) defines virtual reality as an experience in which a
person i s 00Sur r-ganarated thredimgnsimal depictiop thate r
enables the user to travel around and view from various perspectives in the virtual

worl d and capture and reshape it. 060

Masood and Egger in 2019 were introduced Augmented Reality (AR) as a critical

component for implementation of Indus#.0 concept in the industry. Since it enables
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participants of projects to access digital information and overlap it with the physical
world. The annual growth pace of the AR market is anticipated to be 74% between
2018 and 2025. Also, the compound vabfienarket reach to $76 billion in 2025.

Augmented reality is a technology that overlays a comméaerated image with a
user 6 s viwald (Weblster eteah 1996). In the AEC industry, by use of
specialized hardware and software, it superimposedi@ital information (such as
Building Information Modeling data) flawlessly into the rearld, In order to
provide advantages for architects, engineers, client, and workers in projects. This
flourish technology offers significant benefits to the corwdtom industry; therefore,
numerous researches had been done, and various applications and frameworks have
been suggestedAR can affect the projects in at least three levels of visualization,
information recovery, and collaboration (Dong & Kamat, 20B3) simulating and
visualizing, AR enables the viewer to communicate with real and virtual objects and
track the construction progress by comparing the projecfdaased and abuilt

status (Shin & Dunston, 2008)Park et al. (2013) developed a framekvarhich
integrates Augmented Reality (AR) with Building Information Modeling (BIM) to
spot construction defects and provide necessary conditions fdimneatollaboration

and monitoring ossite (Wagner et al, 2017; Oesterreich & Teuteberg, 2016;
Golparva-Fard et al. 2009) established -@ifnensional AR model has been created

to automate project progress tracking, information gathering, handling, and interaction
in the project's construction stage. Wang et al. (2007) proposed to use an AR

application forheavy construction equipment operator training.

Virtual Reality (VR) is an artificial environment that is generated by computer
technology and software. This technology enables users to immerse in a 3D world and
have interaction with it. By stimulating m® senses, such as vision, hearing, touch,
and even smell into this artificial environment, it can create moreraabexperiences

for users. The accessibility of content and inexpensive computing power are some of
the critical limitations for implementi@n of VR (Bardi, 2019). Virtual Reality for the

construction industry considered as the next step for 3D modeling because it consists
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of a detailed virtual model of the project. The main difference of 3D modeling with
Virtual reality is that it places éhuser directly inside the virtual environment and
enable them to walk inside the project (Sharifi, 2018). Although these fields are still
in the process of formation, there are some developments and frameworks
suggestions, for example, a rBke virtualenvironment is developed to prepare space

for safety education and training (Sacks et al, 2013). Another example is its advantage
in the classroom for teaching. The students can be in touch with the virtual model to
witness construction projects sequenicedetail and observe the methodologies that

have been applied (Sampaio & Matrtins, 2014).

The last development in reality technologies is Mixed Reality. Mixed Reality (MR)

not just overlays the virtual world information with the physical world, it alsbesis

virtual objects (holographic data from a 3D model) to the real world. Dunston et al.

(2017) claimed that Mixed Reality (MR) applications could be beneficial for the

efficient communication of prefabrication models, site assembly, planning, and

mainterance operations execution. Some companies proposed a few numbers of

Mixed Reality (MR) applications, for example, Trimble and Microsoft unveiled the

Tri mbleés Hard Hat as an MR application for
equipped with MicrosofHoloLens, which is an MR product and includes particular

components and custom holographic technology processing unit. Integration of

Hololens and 3D models enable participants to go over the screen and enter a part

virtual and part physical world. In othevords, it enables participants to communicate

with 3D holograms merged into the physical world. Using more senses like hand

movement, eye movement, and voice commands offer participants the chance to

discover the 3D model to boost communication, coopmeraand client relationships

(Lor ek, 2018) . Anot her Mi xed Reality (MR) a
which is suggested for esite assistance by showing 3D visual overlaps in the sight

field of the user, these hamlets are activating hdmedsindruction manuals and

remote support in hazardous situations (Leskinen, 2017). MR applications may prove
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promising for effective communication of designs for prefabrication, site installation,

and the planning and execution of maintenance operations
3.3.Cluster 3, Digitization and Visualization

This category discusses the necessity of digitization technologies in the construction
industry. Implementation of the fourth industrial revolution creates a massive amount
of digital data that is impossible to be hamdlby traditional method. Thus,
technologies and concepts such as CenatiMobile Computing, Big Datand Social
Media are demonstrated as some of few approactestablish aligital environment

and value chain and describe the tendency toward widedpusa ofICTs In the
coming paragraphs Big Data, Cloud Computing, and Mobile Computing will be
described

3.3.1.Big Data

Big data is an area that addresses methods of analyzing, systematically extracting
information from, or otherwise dealing with data sets #nattoo big or complicated

to be handled by traditional data processing application software.

As technology evolves, the world is flooded by the produced data. According to
Digital Universe Study (2012), just 0.5% of 2.8 trillion GB produced data of world
was used for analysis (Gantz & Reinsel, 2012). The explosion of data creates
significant opportunities for scientist to identify valuable perspectives because
approachability of data can improve the existing conditions in different arenas by
reinforcing satistical and algorithmic methods. Big Data applications implementation

in projects would be beneficial for resource and waste management, clash detection
and resolution, facility management, energy management, etc. (Bilal et al., 2016).

Same as other indtries, the construction industry is faced with a data eruption, too.
Especially with the advent of Industry 4.0 concepts and their implementation in
projects, the industry is pushed to adopt Big Data. Big Data applications can assist

obtain data from alldata generating systems such as BIM models, computers,
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embedded sensors such as RFID tags, equipment, and staffs then distribute it among
all participants (McMalcolm, 2015). Likewise, analysis of weather, traffic, and
business activities historical bigtdacan create a construction risk pattern and have a

positive impact on construction phase performance (Burger, 2015).

Three V is the three characteristics that define Big Data; construction data has these

attributes

1. Volume: a vast amount of design dapdanning data, contracts data, and
others.

2. Variety: heterogeneous format of data (text, audio, video, graphs) in
construction can be observed from software formats such as DWG, DGN,
RVT

3. Velocity: the active nature of the construction industry and variouscs of

data enables the stream of data (Bilal et al., 2016)
3.3.2.Cloud Computing

Cloud computing igiinternet computing paradigm, providing access to a shared pool
of customized resources (Bughin et al, 2010). The whole concept of Cloud Computing
is to outsaircing data storage and calculation to a tipagty data center. Thus, several
users can access the cloud service without purchasing individual licenses (Bilal et al.,

2016). Three service models are offered by cloud computing:

1. Infrastructureasa-service(laaS): In laaS, the users have access to computing
resources (storage, servers, and networking) and companies use individual
applications and platforms within the laaS. It provides flexible, tight control,
automated, and scalable environment.

2. Platformas-a-service (PaaS): In PaaS, users are able to create, handle, and
deliver applications in a cloud environment. In addition to data storage and
computational resources, users would be the beneficiary aefomstructed
tools because they can create, custerrand test their own apps.
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3. Softwareasa-Service (SaaS): SaaS is a computer cloud offering model that
provides users access to clduased software from a vendor. Users do not
install apps on local machines. The apps instead lie on théassul or an
APl-accessed remote cloud network. Users can store, evaluate, and cooperate
on projects through the implementation. Applications are available from nearly
anywhere in the globe via almost any device connectethdolnternet.
(Barabas, 2019). o0

In the constuction industry, cloud computing is commonly used as it promotes the
integration of tasks in BIM ased applications. For i n
participantdés interaction wi t-aseB BIM, Das
framework. Rawai et al. (2013n order to develop a framework for green and
sustainable buildings, investigated cloud computing technology and the main ideas of
sustainable project management. Hong et al. (2012) by use of Zigbee sensors proposed

a system which applied cloud computifog projects energy management. Wong et

al. (2014), through a literature review, emphasized legal problems related te cloud
based BIM models. Such as ownership of design, safety and legitimacy of data
exchanging, liability, and accountability. Kumar antieBg (2010) proposed the
implementation of cloud computing technology for SMEs design and construction
companies. Using clodbased alternatives, allows all project members have access to
data from any communication device via internet, for example thradigssharing
collaboration platform, in order to observe, manage, collaborate, and distribute
projectbased documents in retine (Oesterreich & Teuteberg, 2016)

3.3.3.Mobile Computing

High data congestion is a prominent feature of the construction industich its

success depends on the availability of precise andimealdata (Saidi et al, 2017).

The produced data needs to be processed, stored, and distributed among stakeholders
to keep them up to date and also enable them for effective decision r{taémgt al,

2012).
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Despite the significance of data storage and processing, modern approaches to
managing data at a construction site are lalt@nsive and manual intervention.
Delays in obtaining, processing, and accessing data, as well as inconasstent
inaccurate access to data, are the main issues connected with manual entry of data
(Son et al., 2012). Due to data that is inaccessible, incorrect, or simply obsolete,
construction projects can face substantial delays, overruns in costs, or rewdrk (Sa

et al., 2017).

All these reasons put pressure on the construction industry to digitalize data supply
and flow of it. Saidi et al. (2012) claim that taking advantage of Mobile Computing
and Handheld Computers provide the stakeholders with precisblagtiad reatime

data where required. The 2015 Construction Technology Report states that 97.6
percent of construction professionals surveyed are using smartphones, and 69.4

percent use a tablet for job purpose (Welsh, 2015).

Son et al. (2012) highlighteseveral opportunities for Mobile Computing for the

construction industry;

1 Mobile Computing captures and transmit data flawlessly and eliminate the
possible errors aroused from manual methods.
Create a noteworthy influence to process improvement

1 Due to fawless data storage and distribution, Mobile Computing eliminate
redundant costs

1 Mobile Computing can boost productivity by reducing supporting function

time)
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CHAPTER 4

METHODOLOGY

In order to answer the study questions raised in the introduction chaptdyined
research was designed and accomplished one by one (Figure 4.1). Research questions

are:

1 Question 1: Which technologies in the construction industry are presently
linked to the Industry 4.0 concept?

1 Question 2: In the construction industry, whathis present state of the art of
Industry 4.0 related technologies?

1 Question 3: How is the awareness rate of Turkish construction industry about
industry 4.0 related technologies?

1 Question 4: How is the utilization rate of industry 4.0 related technolagies
today's construction industry? Which technologies have been adopted? Also,
if it is not utilized now, what they think about its utilization time?

1 Question 5: What is the benefit and impact rate of Industry 4.0 technologies in

the determined areas (timad cosftsaving, decision making, etc.)?

RQs 1st Step > 2nd Step > 3rd Step >
i | Turkish construction
E Definiton of Industry State'of the act .
ocus 40Term industry awareness
Method Systematic Litreture reveiw > Close-ended auestionnarie >

Figure 4.1. Research Design
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In order to answer Q1, the first step was to search on different databases such as

Google Scholar, ScienceDirect, and

Googl e

Aconstructi on i apparentttmat thi®topic did roegaio eneugh

attention between academicians and researchers, still. From 1390 of publications, just

50 of it was relevant to our topic, and most of these 50 publications are not journal or

conference papers. The main aintlus systematic literature review and qualitative

evaluation of content was to extract a definition for Industry 4.0 term and moreover

propose technology and concept list of it. As presented in Table 4.1, Oesterreich and

Teuteberg, in 2016 presented a Ist Industry 4.0 associated concepts and

technologies in the construction industry

Table4.1. List of Industry4.0 Associated Technologies in the construction Industry

Chuster Key technologies and concepts in the context of Industry 4.0
Cyber-Physical systems
Embedded systems/RFID
Internet of Things/Internet of Services
Automation
Smart Factory

Modularisation/Prefabrication
Additive Manufacturing
Product-Lifecycle-Management (PLM)

Robotics
Human-Computer Interaction (HCI)

Simulation and
modelling

Simulation tools/Simulation models
Building Information Modelling
Augmented Reality (AR)/Virtual Reality (VR)/Mixed Reality (MR)

Digitisation and
virtualisation

Cloud Computing
Big Data

Mobile Computing
Digitisation

Social Media

In order to answer Q2, the 2nd lidure review must be carried out on the basis of the

technology and concept list provided by the 1st literature review. Therefore, our aim
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at this stage is to explore the state of the art of all technologies regarded as essential
technologies for the impteentation of Industry 4.0. For searching on databases,
mostly the combination of technologieso6
For exampl e, Aconstr-Beysionali n8yst ems,andr
industry and Radio Frequency Identfit i on, 0 ficonstruction i nd

Real ity. o

Based on the data gathered in the 1st and 2nd literature review, etk
questionnaire was designed to provide the essential information for answering

research questions 3 to 5.

The achievementf@ project depends on the communication and interaction between
project members so that this research is based on the perspectives of experts in the
construction industry. A quantitative research approach was taken to achieve the study
objectives, whichnclude determining the awareness and readiness of construction
project participants in Turkey about Industry 4.0 technologies and concepts. This
method was used because it could be efficiently studied the link between facts and
correlated them with curremtr previous research by a Npnobabilistic sampling
method is used. By designing a claseled questionnaire, which aimed construction
experts, a data collection tool is produced. The designed questions were taken from
the first and second literature rew, which conducting by revision of various articles,
websites, journals, and reports connected to Industry 4.0, Digitization, Construction
4.0, Information and Communication Technologies, and the construction industry in
Turkey. As presented in Figurel4the provided list of technologies is summarized to

simplify the questionnaire for respondents
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» Cyber Physical Systems (CPS)
» Radio Frequency Identification (RFID)

Smart * Internet of Things (IoT)
Congt'lt'llcth * Prefabricated Construction/Additive manufacturing
e

* Product Lifecycle Management (PLM)
* Human-Computer Interaction (e.g, mteraction with

robots)
Simulation * Simulation Tools/Simulation Models
and * Building Information Modeling (BIM)
Modeling » Augmented/Virtual/Mixed Reality (AR/VR/MR)
Digitisation . C!oud Computing
and * Big Data
Virtualisation

* Mobile Computing

Figure 4.2. List of Technologies That Are Examined in the Questionnaire

The questionnaire is designed in four parts. In the first part the personal information

of respondents will be questioning, such as their organization typgarty market

range (national and international), company size (micro, small, medium, and large),
Experience range, and level of expertise in construcgtaied technologies. These

pieces of information enable usndentcoompar e

point of view with the designer companiesd r

The second part is covering the respondent's awareness of construction technologies

by calculating the mean of rates. I n the th
examining by asking #ir idea about technologies utilization rate in the current

construction industry and asking their perspective of view about the required time for

the implication of Industry 4.0 technologies in the future. The last part is about to scale

the determined Imeefits of technologies from 1 to 5, and finally find out which

technology is more beneficiary for the Turkish construction industry.

Nearlyseventf i ve questionnaires were scattered am

participants; a total of 56 were reted, which shows the response rate was 74%,
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which is sufficient for our studylhereforein this studythe awareness and readiness
of Turkish construction industry towards Industry 4.0 associated technologies and

concepts has been assessed. Then a hesiegsc roadmap has been propsed.
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CHAPTER 5

RESULTS AND DISSCUSSON

In this chapter, the results extracted from the questionnaire will be presented, and the
findings will be discussed. To be able to analyze the outputs of the questionnaire in

more depth, tb background information of the respondents was questioned. For
example, their organization type was exal
according to it and compare the differ
stakeholders. In the second tpdhey are going to evaluate their awareness of the
concepts and technologies of Industry 4.0 in the construction industry. In the third

part, respondents were asked to rate the use of Industry 4.0 technologies and also
comment on the required timeframer fimplementing these technologies in the

industry. In the fourth section, profitability and impact ratings of these technologies

to the construction industry were examined.

As will be discussed further in this chapter, our respondents are consist ofedesig
contractor, academician, and consulting engineers. Diversity of respondents enables
this study to perform a partial comparison of their standpoint about Industry 4.0
technologies in the construction industry. Moreover, to see the difference of opinion

o f companies operating in the ANational
Mar ket , 0 a small. compari son was made
51.Respondent sd Background I nformati on

As mentioned in the methodology chapter, the first part of the questionnaire examined

responda&kmgtrouunlda i nformation. I n this part
mar ket range, the companyds size, t he
respondent 6s | evel of expertise in techr

respondents are from desigpmpanies, 30% of them belong to contractor companies,
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16% are academicians and R&D researchers, and finally consultant company

proportion is 13%.

Academician/
Researcher
16%

Contractor
30%

Designer
41%

Figure 5.1. Respondet@s Company Type

Figure 5.2 showshiat 47% of participants are work in the national and international
market, 43% is work in the national market, and 9% state that the available choices
are not applicable for them. Most probably, these five people are academicians. Future

in this chapter thse two group of respondents will be compared
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National Market
43%

National &
International
Market
48%

Figure5.2. Respondeids Market Range

Figure 5.3 demonstrates the third question answer, which asks the respondents’
experience range in the construction industry. Whereas accessing to highly
experienced engineers was hard, alrd@8t of our participants have more than ten
years of experience in the construction industry. The gathered data shows that almost
43% of participants have 0 to 5 years of experience, 21% have 10 to 15 years, 18%
have 5 to 10 years, and the same propo(ti8&o) is valid for people who have more

than 15 yearsd experience
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>15 years,
18%

0-5 years,
43%

Figure 5.3. Responderiis Experience Range

According to publications companies with more than 250 employees consider as large
companies, 5@50 employees considered as medsined, 1650 employee
considered as smadized, and wh less than 10 employees it will be categorized as
micro-sized companies. In our questionnaire approximately 46% of respondents work
in large companies, which has more than 250 employees. 18% work in rededn
companies, according to published papemmmanies with 5250 employees
considered as mediusized companies. 18% works in srrgilte companies, small

sized companies have-BD employees. 9% works in miegized companies, which

has less than ten employees. And 9% of participants answeredpfiotlale (NA)

choice (See Figure 5.4)
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Figure 5.4. Respondeis Company Size

The last question in the background information section gathered data about
participantso | ev e l-relaed teehmojoges. Morstean hatiof c o n st
the participants, almost 55%, categorized themselves in the méalrehrgroup. In

follow of that, the higHevel group with 23%, the lowevel group with 13%, the very

high-level with 5%, and the very lovevel groupwith 4% ranked from second to fifth,
respectively

Very High Very low
5% : 4%

Medium
55%

Figure 5.5. Respondeidtievel of expertise in constructierelated technologies
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Tabl e 5.

1, t he

IS presented

Table5.1. Summary of RespondedBackground Information

summary

of

participants?®o

Summary of Background Information
Category of participents Percentage Frequency Total

Consultent 13% 7
Contractor 31% 17
Designer 40% 23
Academician/Researcher 16% 9 56
National (Domestic Market) 44% 24
National and International Market 48% 27

Not applicable 9% 5 56
Micro 9% 5

Small 18% 10
Medium 18% 10

Large 45% 26

Not Applicable 9% 5 56
0-5 vears 44% 24

5-10 years 18% 10

10-15 years 20% 12

>15 years 18% 10 56
Very low 4% 2

Low 13% 7
Medum 55% 31

High 24% 13

Very High 5% 3 56
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5.2. Awareness
5.2.1.AwarenessTowards Industry 4.0 Technologies

As discussed in the methodology chapter, for developing a modernized construction
industry, three categories of Industry 4.0 related techndogied to be implemented.
These categories are the smart factory, simulation tools, and digitization tools which
breakdown into respective technologies and asked respondents to clarify their
awareness about these technologies. The participant's respensesanted in Table

5.2. In the coming paragraphs, data obtained from other aspects of these technologies

will be examined.

Table5.2. RespondenésAwareness about IndustdyO Related Technologies

Yes Partial No

Percentage Frequency Percentage Frequency Percentage Frequency Total

Cyber-Physical Systems 21% 12 27% 15 52% 29 56
Radio-Frequency Identification 18% 10 29% 16 54% 30 36
Internet of Things 36% 20 27% 15 38% 21 36
_'::::_::::g e ST 20 34% 19 30% 17 %6
Product Life-cycle Management 21% 12 43% 24 36% 20 36
Human-Computer Interaction 29% 16 38% 21 34% 19 36
Silation Tools/Smulation Models 54% 30 29% 16 18% 10 36
Bulding Information Bulding 77% 43 16% 9 7% 4 36
Augmented Virtual Mixed Reality 39% 22 30% 17 30% 17 36
Cloud Computing 38% 21 21% 12 41% 23 36
Big Data 29% 16 27% 15 45% 25 36
Mobile Computing 45% 25 29% 16 27% 15 36
Mean 37% 29% 34%

As slhown in table 5.2, stunningly, on average, 37% of respondents claim to be aware
of these technologies, 29% have imperfect information, and 34% have no information.

In comparing with the South Africa <cons
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construction indstry professionals are more mindful of Industry 4.0 technologies and

concepts (Osunsanmi, Aigbavboa, & Oke, 2018).

The Turkish Construction industry have shown that with a noticeable difference, with
77% of awareness rate, BIM is the most vkelbwn techology of the Fourth
Industrial Revolution. In follow of that, Simulation tools/models, Mobile Computing,
and Augmented Reality with 54%, 45%, and 39% took the second, third, and fourth
place. These findings are in correspondence with other studies wprelsest BIM

as a pillar technology for transforming the construction industry manufacturing
environment. Also, the frequency analysis of the publications confirms that BIM has

been taken into consideration by scholars and actors in the constructionyindustr

To be able to rank the most known technology to the least known one, an approximate
awareness mean was calculated. Then the mean of 3 was set as a border, any
technology with average higher than 3 will be consider as known technology and with
an averag less than 3 shows that there is lack of awareness in these areas. The result
has been shown in Figure 5.6. In order

As the majority of technologies and concepts obtained low means, the little knowledge
of construction industry participants in IndustryO 4technologies, which are
considered as modern and digital intensive technologies, can be seen. The low amount
of R&D investment in the construction industry has resulted in a low level of

awareness and the benefits provided by Industry 4.0 technologies.
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Building Information Building
Simulation Tools/Simulation Models
Mobile Computing
Augmented/Virtual’Mixed Reality

Prefabricated Construction/Addittve
Manufacturing

Internet of Things

Cloud Computing
Human-Computer Interaction
Product Life-cycle Management
Big Data

Cyber-Physical Systems

Radio-Frequency Identification
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Figure 5.6. Awareness of Respondents about IndudtéyTechnologies

As presented in Figure 5.6, Building information modeling, simulation tools,
simulation models, mobile computing, Augmented/Virtual/Mixed Reality and
prefabricatd construction have gained the highest awareness mean among all

technologies and concepts, which shows that most technologies from simulation

cluster are known in the

consciousness level cde linked to the defined advantage of implementing these

technologies elsewhere in the world.

I ndustry.

I n

On the other hand, radio frequency identification, cyieysical systems, big data,

product life cycle management, humasmputer interaction, cloud computirgnd

Internet of Things are in the second half of the list indicating low awareness of
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respondent towards these technologies. While most of these technologies, including

cyberphysical systems, Internet of Things, and radio frequency identificationeare th

main backbones for digitizing the manufacturing environment and the construction

value chain.

522Various Stockhol

der s o6

Awareness

Towar ds

The differences in the level of awareness among design companies, contractors,

consulting orgaizations, and academicians/researchers are presented in Table 5.3 and

Figure 5.7.

Table5.3. Stockholder8Awareness Rate about Industry Technologies

Industry 4.0 Technologies Designer Contractor Consultant Academician
Cyber-Physical systems 2.61 2.56 4.07 2.83
Radio Frequency Identification 2.35 2.38 3.64 2.83
Internet of Things 3.20 2.91 3.64 3.83
Prefabricated Construction/Additive Manufacturing 3.33 2.38 3.64 3.33
Product Life-cycle Management 2.93 2.47 3.43 3.17
Human-Computer Interaction 3.07 291 3.64 3.83
Simulation Tools & Models 3.59 3.35 3.64 3.83
Building Information Building 3.91 3.00 4.29 3.83
Augmented & Virtual Reality 3.00 2.82 3.43 4.00
Cloud Computing 3.39 291 4.07 3.50
Big Data 2.87 2,74 3.86 3.67
Mobile Computing 3.39 3.18 4,07 3.67
Awarness Average 3.14 2.80 3.79 3.53

Designers with an average of 3.14 ranked as tin@ &hware group among all others.

As depicted in Table 5.3 and Figure 5.7, Building Information Modeling and

Simulation Models and Tools are w&lown technologies in the design companies,

which represents that simulation and modeling cluster of techiesl@ge gained

attention. Building Information Modeling consider as a simulation tool, whiteis
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most frequent word in publications and most implemented technology in the

construction industry.

Simulation Tools and Simulation Models, Mobile Computingjl@ng Information
Modeling, Internet of Things, @ Humaomputer Interaction, and
Augmented/Virtual/Mixed Reality are the most familiar technologies for the
contractors. These findings are in accordance with Berger publication in 2016, which
represents Mdle Computing as a technology that already took place on the
construction site due to its accessibility. Also, as explained in the previous paragraphs,
the technologies that already had been adopted in other countries and Turkey, such as
BIM, took place inthe first place of awareness ranking. As it is evident in Table 5.3,

contractors with an average of 2.8 are the least aware group.

In general, the average level of awareness of consultants is higher than the other three
groups, with an average of 3.8. Wonder once again BIM achieved the highest level

of awareness, but the high average of CyRigysical Systems, Cloud Computing, Big

Data, Radio Frequency Identification, Internet of Things, and Hu@wnputer
Interaction was impressive. All of these teclugies have been neglected as critical
technologies for digitization in the construction industry, but they received attention
among consultants. This level of awareness can be due to the consultant's knowledge
towards the significance of data transferd aanalysis and the importance of

communication and cooperation between parties.

The last group of respondents belongs to academicians and R&D engineers. With an
average of 3.53, they were the second aware group of this study. According to the
number of pblications about Augmented/Virtual/Mixed Reality, Internet of Things,
HumanComputer Interaction, and Simulation Tools, this level of awareness was
expected from the academicians and researchers. In order to increase the awareness of
the practical partaf he i ndustry, academicianso6 atte
technologies of industry 4.0, such as CyBéaysical Systems and Radio Frequency

Identification tags. As discussed in the literature reviews, it is vital to adopt Industry
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4.0 technologiesithe construction industry and prepare a roadmap for companies in
order to gain competitiveness in the global market and maintain its profit margins. In
developing countries such as Turkey, the construction industry has a significant
contribution to GDP iad economic growth of the country; it is critical to raise the
awareness and propose frameworks for its implementation into the construction value

chain.

Figure 5.7. Stockholder8 Awareness Rate about Industry) Technologies

5231l nternational and National Mar ket Pl ayer
Industry 4.0 Technologies

Engineering NewsRecord publishes a list of top 250 contractofstlee world
annually. This magazine reported that from 2016 to 2017, a 3.1% boost occurred in
contracting revenues (from $468.12 billion to $482.40 billion). This rise comes after

three straight years of revenue declines among the Top 250.
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