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construction activities and projects are becoming much more
challenging to manage. Getting involved with different stakeholders is a difficult task to
which Information and Communication Technology (ICT) has been addressed as a solution.
In parallel, Building Information Modeling (BIM) has already taken the first steps towards
this big revolution and secured a place in the sector. Upon inspiration from modality of
BIM, it has been adopted for use in other sub-branches of construction industry such as
infrastructure domain. Since BIM has proven beneficial in the case of buildings, infrastruc-
ture projects might gain similar advantages through proper implementation. This study
proposes a new description for the purpose of BIM adoption for infrastructure projects,

namely Infrastructure Building Information Modeling (I-BIM). The main objective of

conducting this research is to identify and prove the lack of using BIM for infrastructure
projects. In this context, a questionnaire survey was designed and distributed among 187
participants. These respondents were mostly located in the United States of America and
Turkey. Authors point to the preponderance and impediment components that constrain
[-BIM utilization and discuss five main categories to cluster the selected 26 variables as

either benefit of or barrier to I-BIM.

(© 2022 Sharif University of Technology. All rights reserved.

1. Introduction

Architecture, Engineering, and Construction (AEC)
represents one of the largest industries in the world
[1]. Construction projects are particularly made by
a municipal agency as a public property or privately
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by a property owner. Construction is a process of
building any structure that may result in its remodeling
or completion. All construction projects involve strong
financial parties and manpower to make the project
done. The labors risk their lives using dangerous
materials, construction equipment, and gears and work
in different conditions. Minor neglect may result in
too dangerous and costly circumstances. There are
multiple types of construction projects and they can
be divided into four main categories:

1. Residential Building;

2. Commercial and Organizational Building;
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3. Specialized Construction;

4. Heavy Construction and Infrastructure.

Oxford dictionary defines infrastructure as basic
physical and organizational structures and facilities
needed for the operation of a society or enterprise.
Therefore, infrastructure assets can be broken down
into 5 main domains, as illustrated in Figure 1 [2].

To deliver any construction project including
infrastructure, there should be a financial benefit as an
advance incentive. However, profit taking is not guar-
anteed for a project. There are three main objectives
in completing a project successfully including time,
budget, and compliance with requirements, but the
main barrier to overcoming these objectives is project
environment. Project management is an effective ap-
proach to anticipating the probability of project success
and effective time and cost control is the key to any
construction projects. To achieve the aforementioned
parameter and to resolve the management informa-
tion issue, establish a strong link among different
related parties, and accomplish progressive practices,
Information and Communication Technologies (ICT)
have been developed and utilized in the construction
industry [3].

In 1997, a researcher claims that the Information
Technology and Construction (ITC) is a synonym for
ICT [4]. Furthermore, ITC has been considered as
domain of study in information technology and defined
as a collective reference to the integration of computing
technology and information processing [5]. The original
belief behind this philosophy is to prove that ITC is
not a standalone technology; on the other hand, a
wide range of technical approaches remain to resolve
different types of issues. Therefore, any type of artifact

Environmental

Recreational
Facilities

Transportation

Figure 1. Infrastructure assets domains.

that has the ability to store or retrieve and transmits
or receives data electronically can be defined as ICT.

Adwan and Al-Soufi [6] identified 21 sets of ICT
technologies, including Web-based, BIM-based tech-
nologies, computer-based training and learning. vir-
tnal reality, knowledge and information management,
wireless and mobile technology. information systems,
decision-based, tracking technologies, optical recogni-
tion, simulation analysis, etc. These ICT technologies
have been compared based on different construction
tasks and among all technologies, BIM-based has been
identified as one of the most frequent technologies
among more than 30 other ICT technologies. Thus,
amongst different sorts of ICTs, Building Information
Modeling (BIM) provides a model-based cooperative
approach that allows teams to manage projects in a
better condition [7]. According to ISO 29481-1, BIM
provides a digital technology for describing and display-
ing information of a built object (including buildings,
bridges road process plants, etc.) to facilitate design,
construction, and operation processes to form a reliable
basis for decision-making process of any construction
works [8].  Also, Azhar [9] introduced BIM as a
process to stimulate the planning, design, construction,
and operation of any facility by a computer-generated
model that could be used for different construction
stages such as design, modeling, energy analysis. clash
detection, project scheduling, health and safety, and
cost estimate and Bill Of Quantity (BOQ) plans. There
are several divisions of BIM technology and these suh-
sets are commonly described as dimensions including
3D modeling, 4th dimension as project scheduling,
5th dimension as cost estimating, 6th dimension as
sustainability and green energy, and 7th dimension as
facility management.

The main aim of conducting this research is
to identify and prove the lack of BIM utilization
for infrastructure projects. In order to justify this
issue, a questionnaire survey is selected as a major
data collection tool. In this context, respondents of
the conducted questionnaire are selected from USA
and Turkey/North Cyprus considering that these two
countries represent good cases of being an advanced
country (USA) and developing country (Turkey/North
Cyprus). This guestionnaire seeks to determine and
prioritize the concerns of professionals for not adopt-
ing BIM utilization for infrastructure projects within
the context of 5 main categories, namely Managerial
(M) concerns, Contractual Relations (CR), Public
Authority (PA), and Financial (F) and Educational (E)
reasons. For this purpose, 26 variables are obtained
subject to a critical review of the existing body of
knowledge and these are correlated with the afore-
mentioned 5 categories and diverted as questions for
professionals’ review. Performed analysis and obtained
results are critically discussed. Necessary reliability
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Exploration of Sources

Selection of two countries as a case study. United States of America has been selected as an advance country and Tureky as a third world
country in order to explore potentional differences on BIM utilization for infrastructure projects.

Identify & prove existing lack of BIM
utilization for infrastructure projects

Comprehensive analysis & discussion among
selected countries for all variables

Define five individual categories including managerial, Financial,
Education, Contractual Relations & Public Authority

Probability analysis of all categories and
appraise reliability ratio

data mining among selected countries
regarding to 26 selected variables

Organtzationar chart and wace -Bim
utilization between USA & Turkey by

multiple analysis and figires

V4

Lack of expert I-BIM operators in infrastructure industry and
financial doubts for enterprises in order to do investment in this
sector

Client, contractor, consultant team and governments, as an
assembly can share benefit of collaboration, representation, process
& lifecycle to create an innovative and efficient project environment

Figure 2. Proposed approach flow chart to define BIM for infrastructure projects.

analysis, data mining of all variables, and necessary
charts for compared countries are presented in the next
sections of the paper.

As depicted in Figure 2, this research is composed
of 5 sequential processes. Research process begins
by selecting two different countries that are in dif-
ferent leagues in terms of adoption of latest trends,
technology, and processes in construction. Therefore,
the United States of America represents an advanced
country in terms of existing construction practices,
while Turkey is selected as a developing country for
the same purpose. Determination and evaluation of
the difficulties associated with minor or no use of
BIM adoption in infrastructure projects in these two
countries, observation of similarities/dissimilarities,
and analysis of the reasons for the difficulties pave
the way for proposing an action plan to mitigate
these difficulties, if elimination is not an option. In
this way, authors strongly believe that theoretical
proof and findings create a necessary motive for in-
dustry professionals to adopt BIM for infrastructure
projects.

2. Building Information Modeling (BIM)

Over the last decade, BIM has continued to be omne
of the most important technological improvements in
the structure design and construction industry. AEC

industries have received much attraction through this
significant technology. This technology roadmap can
be drawn dating back to the 1960s by computing
applications and the need for solid modeling programs
to achieve a more proper design [10]. BIM is estab-
lishment through the development of the ArchiCAD
and Revit software plays an important role in BIM
utilization in the construction industry. This technol-
ogy was introduced to determine the potential problem
of construction project to analyze and simulate any
influences. To achieve this goal, BIM presents the
building process of a construction project virtually at
the preliminary stage and before even construction
tasks get started. Generally, BIM is more than just
a simple application of 2D and 3D technigues. It is
more descriptive as a system which helps companies
organize the right people with accurate information
together, efficiently and effectively.  Therefore, as
a highlight, BIM is a combination of information,
technology, people, and processes.

By the mid-1990s and through the reduction
of demand for and other obstacles to construction
projects faced by the construction industry, BIM has
been introduced as a solution to overcome these ob-
stacles. A variety of direct and indirect benefits of
BIM are undeniable, and construction phases including
prefabricated buildings are to adopt BIM in a new
framework [11]. In the past two decades, the AEC
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industry owes its reinvention to BIM. As mentioned
earlier, the main concept of BIM is 3D modeling;
however, over time, it has been expanded and improved
to 4D programming connected to the construction
process. Later on, it is developed even more through
53D modeling integrated with cost data. According
to Jung and Joo [12] and Biancardo et al. [13], the
effectiveness and benefits of implementing the BIM
may reduce construction time duration and costs and
in some cases, decrease the delivery time of projects
by 7%, eliminate unbudgeted changes in projects by
40%, and make the process of cost estimation faster by
80%. Furthermore, different phases of any construction
projects including demolition, maintenance, design,
and construction information are merged into a solid
and single higher-level phase and all participants follow
improvements in costs reduction, monitoring risks, and
waste management, as well as carbon emissions and
efficient performance.

BIM contains rich structured data that are
represented by an easily visualized 3D object database.
Moreover, it can be functional so that building costs,
schedules, sustainability, and performance can be
analyzed [14]. This technology was initially applied
only to the construction phase of building projects;
however, nowadays, it is known as a tool that can
contribute to most of construction projects including
airports, stadinms, or even bridges at operation or
maintenance phase and, more generally, to most of
well-known infrastructure domains to advance and
expand it; this is sometimes referred to as Civil
Information Modeling (CIM) [15].

Basically, CIM is a term commonly used to refer
to the application of BIM to civil infrastructure like
tunnels and bridges, but there are other terms like
construction information modeling, civil information
management, or civil integrated management used by
various institutions to define CIM. This wvariety of
CIM definitions may lead any users to errors when
working on a project with other members who work
for different companies; this issue makes collaboration
difficult. Furthermore, upon moving from paper-based
workflow to a computer-aided workflow, there are other
terms in infrastructure domains such as Bridge Infor-
mation Modeling (BrIM) causing greater complexity
in gathering all infrastructure projects such as bridges,
roads, railways, tunnels, airports, harbors, and other
infrastructure domains within a single framework. To
resolve this issue, the authors of this paper suggest
using a new description for the purpose of BIM adop-
tion for infrastructure projects, namely Infrastructure
Building Information Modeling (I-BIM).

2.1. BIM implementation
2.1.1. North America
According to Wong et al. [16], the North America

region is leading the construction industry in BIM
implementation and development. McGraw Hill Con-
struction [17] found that the rate of BIM adoption was
only 17% in the North American industry by the end of
2007 and later on, in 2012, it was increased to 71% by
project team professionals who provided data including
satisfaction of more than %60 of BIM users on compa-
nies’ turnover through investments in BIM. This proves
that BIM is playing a key role in the development of
construction industry. This increment proves the fact
that this region is on top of BIM ladder on a global
scale. The improvement of BIM went back to 2003
when the General Services Administration established
a new 3D and 4D BIM based program to contribute as
an accelerator of Public Buildings Service Office and
because of a large number of buildings for this public
sector across the United States, this program has had
its own role in BIM adoption. Consequently, this fact
demonstrates the importance of major governments
and client leadership for the construction industry. In
the United States, there are two significant publication
reports by the National Institute of Standards and
Technology which quantified the cost subsequences of
insufficient interoperability in the capital facility sector
of the U.S. construction industry.

2.1.2. Turkey

One of the leading industries in Turkey is construction
and its success in the long term can be ensured
through increased awareness on green building, energy
efficiency, and sustainability [18]. Since the year
2007, the legislations and law about energy efficiency
have been implemented in the Turkish construction
industry by the energy efficiency law number 5627
and regulation of energy performance of building.
Therefore, many contractors realize that BIM ap-
plication promotes collaboration of different working
parties, computation of material qualities, visualization
of project to stakeholders, positive impact on green
design in terms of daylight analysis and energy saving,
LEED documentation. and reduction of the carbon
emission of projects. It can also be applied for different
purposes such as lifecycle asset management, condition
monitoring, and sustainability [19].

2.2. BIM benefits

The approach to designing, constructing, and main-
taining any building has been modified through the
introduction of BIM technologies to the construction
industry. According to Eastman et al. [20], owners
appear to have a better grasp of a sequence of con-
struction activities of the base of their project in their
anticipated duration. An innovative framework was
proposed by Schade et al. [21] based on a decision-
making system that is used based on the design
performance at the design phase stage. This method
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was developed in order to inform decision-makers by
making the best choice regarding the life cycle perfor-
mance of a building. This BIM-based model includes
a variety of information such as building geometry,
materials, structure, functional, and installation which
lead the project to reduce time and cost for the analysis
of energy performance [22].

Contractors use BIM to support several con-
struction management tasks [23,24].
Farnsworth et al. [25] investigated the notion of BIM
as being part of commercial construction processes
in recent years. Scholars have found that the ad-
vantages of using BIM include variables such as bet-
ter communication systems among different involved
parties, provide more accurate scheduling, improve
coordination of project teams, enhance visualization
and accurate clash detection, provide a cost estimation
in a short time, and increase in the accuracy of quantity
takeoffs. Weygant [26] concluded that both clients and
contractors had the benefits of 4D and 5D modeling
of BIM by increasing the awareness of coordinating,
estimating, and scheduling of any project aspects.

Management of existing facilities for any project
can be considered as another advantage of BIM, which
should be achieved by modeling any structure and
fully linking it to the computer-generated model. In
this manner, all operational errors and energy con-
sumption can be monitored by selected team members
for management purpose [27]. Likewise, other poten-
tial benefits of BIM implementation include increased
productivity through cost and time saving, enhanced
information sharing, improved gquality management,
supported decision-making, and high sustainability.
Similarly, through a quantity survey done in Australia,
researchers found that the time saving factor was the
most significant perceived benefit of using BIM and
they determined the benefits associated with BIM
implementation data through questionnaire survey and
the highest-ranking benefits to reduce conflicts, im-
prove visunalization, and enhance productivity.

Upon increasing BIM software interoperability
among team members, more than 65% of the overall an-
nual costs paid by clients, operators, and building users
have been saved. Also, different parties like software
vendors have more benefits from their investment in
BIM [28 30]. Furthermore, BIM is capable of making
multiple parties, and team members in a project are
guaranteed additional benefits such as 3D visualization,
tull understanding of project requirements, time saving,
reduction of time duration for construction activities,
and reduction of design problems [31-33]. Even so, to
gain these benefits in any projects, there are various
factors that play significant roles in the success of BIM
implementation of any projects. These factors are
collaboration among different team members, expert
team members, legal contractual issues of projects that

Furthermore,

involve BIM usage, project budget and Project Type
(PT), and geographical location. It is noteworthy that
if any of these components are not handled properly in
a BIM project, they certainly turn into barriers to BIM
adoption of any projects [34 39].

2.3. BIM barriers

BIM implementation requires development of a na-
tional strategy and standardization of the BIM process.
To this end, a related organization needs to provide
proper guidance and set out national priorities for the
whole industry. Moreover, there is a need for classifying
all types of work in the construction industry accord-
ingly. However, there is no clear general consensus
on BIM implementation and usage. Over the previous
decade, although some guidelines were developed, there
is still no formal standard to organize industry practice.
Despite the existence of some standards applicable to
the AEC industry, development of new standards for
BIM implementation is a must.

The inconsistency between data and the data
compatibility for exchange and sharing are the most
noticeable data-related problems [40]. Further, the in-
clination of information sharing among project parties
is considered a critical factor and this issue illustrates
the fact that BIM needs the capability to transmit
embedded information in a graphical model. Conse-
quently, lack of information sharing could be considered
a BIM implementation barrier.

BIM as a new technology with all the provided
significant benefits for the AEC industry requires funds
to be implemented. The main common costs of BIM
adoption involve education and training costs as well
as initial and development costs of this innovative
technology.  Generally, the implementation cost is
recognized as an obstacle to BIM. According to Ganah
and John [41], large companies with most resources
are mainly in charge of BIM implementation in the
industry. Two of the critical requirements of BIM
implementation include data storage and specific re-
lated software, and these two factors can raise the costs
significantly for any firms. Depending on the IT facility
of companies, the costs of purchasing new software
are considered as a challenge for smaller companies
and this could easily force investors to reconsider BIM
options more carefully due to nature of the project and
its requirements.

Generally, education and training costs can be
quite influential. For instance, education is ensuring
that a firm has either the right personnel by retraining
existing ones or hiring new staff in order to integrate
BIM into its operational phase and again, by retraining
the majority of existing staff to support the behavioral
and organizational changes required to fully adopt BIM
technology within a business model. The fundamental
of BIM evolution is training and education which can
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be considered as the best solution to improving the
BIM learning procedure. Lack of adequately trained
BIM professionals hinders BIM implementation and
use in the AEC industry. Similarly, lack of skills
remains to be another barrier to implementation of
BIM in the future. This condition is going to get worse
by the persistent shortage of capable BIM professionals
over the following decade [42].

The issues including process problems, liability,
and trust are categorized as an organizational problem
on the way of BIM implementation [43]. Senior man-
agers of any firm are usually quite unwilling about new
technology and its processes while the management
system needs more support in order to adopt BIM
implementation quicker. A bottom-up approach is
considered more efficient in dealing with resistance to
change [44]. Moreover, lack of knowledge about the
differences between conventional construction methods
and use of BIM by some managers is identified among
the other obstacles to BIM implementation.

Legislation aspect of BIM development is one of
the concerns held by scholars and governments. Data
ownership is subject to risk in terms of the legal aspects
of BIM because if clients pay for the design phase
of construction projects, they have the right to claim
ownership of the documentation. Likewise, there would
be a significant chance for conflict to occur among
other stakeholders rather than owners and architects
in case they are involved in the project. Additionally,
it is extremely important to determine who will access
data and be responsible for any inaccuracies in the

Responsibility for inaccuracies

&

Appropriate insurance policy

.

Incomplete national standard
Awareness level of industry
Lack of government regulation

Initial cost of software

Cost of implementation process
Cost of training & education
Company’s tum-over

Cost of development
Stakeholder involvement

Contractual

project, and this point of view could bring about a
considerable risk.  Although stakeholders prefer to
have the confidentiality of data and documents in the
BIM model, a range of legal issues that have been
identified in connection with the administration aspect
of projects exist.

Table 1 provides a comprehensive assessment of
critical variables of BIM implementation including CR,
E, F, M, and PA. A detailed assessment of each
category is added to explain their sub-factors like
availability of expert personnel (E1) or responsibility
for inaccuracies (CR3). Correspondingly, these vari-
ables are correlated with each other and the associated
relations are to be shown in more detail after presenting
data mining.

3. Research methodology

To demonstrate how the industry professionals can
efficiently adopt BIM for infrastructure projects, a
comprehensive review of the existing body of knowl-
edge from many different sources (academic journals,
dissertation and conference databases. web, e-books,
etc.) is performed. Through this critical review, the
benefits of and barriers to BIM implementation are
identified in terms of 26 variables, where these vari-
ables are later assessed and rated by the professionals
through conducted questionnaires. As illustrated in
Figure 3, these variables are correlated and clustered
under 5 different headings as suggested by the au-
thors.

Collaboration of different companies’
staff for same project
Supportive contract form

Availability of expert personnel
Education awareness of academia
Information sharing in BIM

Client requirement

Coordination among project parties
Project size and complexity

Project life cycle cost

Project social cost

Project scheduling &time management
Project Quality

Environmental impact assessment
Project geographic location
Leadership & management support

Figure 3. [-BIM variables.
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Table 1. Summary of I-BIM benefits and barriers.

2809

Primary factor

Sub-factor

Sources

Summary and assessment

CR1: Collaboration of different companies
stafl for the same project

Contractual

Relations (CR)

CR2: Supportive contract form for [-BIM
CR3: Responsibility for inaccuracies
CR4: Appropriate insurance policy for project

(9] [36] [38]
[46] [47]
[48] [49]
[56] [57]
59]

Currently, there are different
software tools available and this
variation causes problems to the
user. This issue can lead any
enterprise to conflicts with other
involved parties. Therefore, a
supportive management plan
with an international software
package can help overcome this

barrier.

Education (I£)

1: Availability of expert personnel
E2: Education awareness of academia
E3: Information sharing in I-BIM

[29] [38]

[a4] [55]

[56] [57]
60]

Regarding the project’s nature, it
is difficult to find expert users
who handle all aspects of project
and due to variation of software
tools, sharing information is
sometimes difficult between
users. T'hese issues can be
resolved by educate conversant
engineers.

Financial (F)

F1: Initial cost of software

I'2: Cost of implementation process
F3: Cost of training and education
F4: Company’s turn over

F5: Cost of development

I'6: Stakeholder involvement

(9] [28] [38]
[39] [41]
[50] [51]
[54] [56]
58]

Adoption of BIM promises returns
for any construction business but
due to high down payment, it
could be a burden for small and
medinm sized enterprises. Part of
industry professional believed
that in the long term, there will
be a huge capital outlay for any
enterprise by reducing design
errors and increasing
productivity.

M1:
M2:
M3:
M4:

Managerial (M)

M5:
M6:
MT:
MS:
M9:

Client requirement
Coordination among parties
Project size and complexity
Project life cycle cost
Project social cost

Project scheduling and time management
Project quality
Environmental impact assessment of project
Project geographic location

M10: Leadership and management support

Construction management of any
project always involves
knowledge areas such as risk,
time, cost, quality, procurement,
etc. BIM is a great asset to
distinguish these pieces of
knowledge from one another and
introduce features such as clash
detection in early stages of
planning for better coordination
and collaboration among staffs,
saving time in scheduling (4D) and
wealth in cost estimation (5D),
etc. Moreover, there will be a
potential for quantification of
social cost through the BIM
platform.

Public Authority (PA)

PAT1: Incomplete national standard
PA2: Awareness level of the industry
PA3: Lack of government regulation

(9] [27] [38]
[46] [48]
[51] [53]

There has been a lack of
guidelines so far in standardizing
the process of adopting BIM for
infrastructure projects. Lack of
legislation is making stakeholders
concerned about the ownership
of data or models within the
digital assets. Therefore, there is
a need for clearer standards.
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Table 2. I-BIM implementation components.

Indicators Variables Mean score Ranking
CR1 Collaboration of different companies staff for the same project 7.109 9
CR2 Supportive contract form for I-BIM 6.161 13
CR3 Responsibility for inaccuracies 7.483 3
CR4 Appropriate insurance policy for project 6.005 16

El Availability of expert personnel 4.360 21
E2 Education awareness of academia 5.050 19
E3 Information sharing in I-BIM 7.441 5
F1 Initial cost of software 4.015 22
"2 Cost of implementation process 3.997 23
F3 Cost of training and education 3.879 24
F4 Company’s turn over 5.387 18
I°5 Cost of development 4.891 20
] Stakeholder involvement 6.452 12
M1 Client requirement 6.942 10
M2 Coordination among parties T.110 8
M3 Project size and complexity 7.129 7
M4 Project life cycle cost T7.932 1
M5 Project social cost T.473 1
M6 Project scheduling and time management T.862 2
MT Project quality 7.341 6
M& Environmental impact assessment of project 6.144 14
M9 Project geographic location 6.006 15
M10 Leadership and management support 6.509 11
PA1 Incomplete national standard 3.489 26
PA2 Awareness level of the industry 5.488 17
PA3 Lack of government regulation 3.817 25

Subsequent to identification and classification of
the 26 variables, it is quite important to obtain opinions
and feedbacks of the professionals as well as the benefits
of their experiences of BIM adoption. This is the
reason why a guestionnaire survey is selected as an
instrument for collecting data in this respect. After
about 4 months of efforts, 187 experts working in USA
and Turkey are reached. For participants with whom
the authors have personal communication, question-
naires are conducted face-to-face in an interview-based
environment. The rest of the respondents are reached
through newsletters, professional organizations, and
academic networks and they have participated through
online tools.

Our research team considered two main principles
to detect and screen an invalid questionnaire: first, if
some answers are missing; second, if answers are of the
same score pattern from the beginning to the end. In
this respect, 12 invalid questionnaires are detected and
participation of 175 respondents is considered through
analysis. On the other hand, it is worth highlighting

in this stage that 44% of the respondents are from
USA where the remaining are from Turkey and North
Cyprus.

The questionnaire comprises two main parts. In
the first part, general information of the participants
concerning the type of firm they work for. their
affiliation, their level of proficiency in BIM, work
experience, and knowhow in using BIM software is
investigated through 15 guestions. In the second part,
the 26 variables identified from literature review are
diverted to participants under 5 different headings
for their classification of those variables either as a
barrier or benefit, and participants have prioritized
these variables so that a relative important index of
the variables can he obtained. Table 2 shows the final
ranking of variables upon respondents’ opinions.

4. Results and discussion

4.1. Respondent profiles
This questionnaire survey had 175 complete responses.
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Figure 4. Respondent’s profile charts.

CONSTRUCTION LINE OF BUSINESS

7777777777

\
\
\
N-
\
\
\
\§
\
N
N

VAL SIS

77777777
7777777777
77
7777777777
77777

N X
N N
11 PT12 PT13 PT14

o -
PT1 PT2 PT3 PT4 PT5 PT6 PT7 PTE PT9 PT10

k]

Figure 5. Respondent’s project types.

Figure 4 categorizes all the respondents in terms of
their occupation and expertise level in the construction
industry and in this case, an attempt is made to
conduct a survey of the infrastructure experts in firms.
Of note, 77 out of 175 participants were located in the
United States of America being equivalent to 44% of
the entire survey. The remaining number of partici-
pants who helped conduct this scientific research were
located in Turkey and Republic of Northern Cyprus.

4.2. BIM project profiles

Respondents were asked to select PT in their firm by
using BIM in order to make a construction line of
business for the following research. As is shown in
Figure 5, all 175 participants of the survey were in-
volved in 683 projects, as shown by PT1 to PT14 indi-
cators. These indicators are represented by commercial
(PT1), residential (PT2), educational (PT3), industrial
(PT4), airport (PT5), transportation (PT6), public
and government (PT7), sports & entertainment (PT8),
water supply & resources (PT9), bridges (PT10), power
generation & transmission (PT11), tunneling (PT12),
pipeline infrastructure (PT13), and none (PT14). Ac-
cording to Figure 5, there are many residential and
commercial projects that utilize BIM. The current
usage of heavy construction and infrastructure based
on BIM is growing fast all around the world, but it
still needs raising concerns in the industry. On the
other hand, there is another way to categorize selected
respondents in terms of the values of firm projects, as
illustrated in Figure 6. According to the survey data
elicited, most of the involved firms fall in the range

45.00
40.00
35.00
30,00
25.00
20.00
15.00
10.00

5.00

0.00

Figure 6. Operated project’s value by respondents.
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Figure 7. BIM software used by firms.

of more than $50 million (42%), followed by $30-$50
million (31%). Therefore, these results show that I-
BIM is more applicable to large invested projects.

4.3. Adoption of BIM for different dimensions
During the previous decade, several BIM analysis and
authoring tools were employed to design and monitor
different aspects of the construction industry. Due to
survey results, as illustrated in Figure 7. AutoDesk
programs such as Revit and Navisworks are widely
used in the selected country. Afterward, Graphisoft
ArchiCAD by 14% and Tekla by 7% are the most
common BIM tools used in industry. Also, around two-
thirds of the architecture firms are using AutoDesk and
Tekla is a popular tool among the engineering firms
according to the respondents.
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To investigate BIM adoption more, respondents
were asked about using the BIM dimension (task) for
their firm projects. According to Figure 8, visualization
(3D) and scheduling (4D) were the most important
BIM dimensions used in projects. Likewise, cost
estimation is one of the most critical tasks to finalize
any project phases on time and on budget. It is a
raising concern that the 5th dimension of BIM needs
much attention and there is a high potential impact
that can be investigated by researchers; for instance,
the social cost effect in today’s construction activities
can be evaluated using BIM as a quantification tool.

4.4. Contractual Relations (CR)
The agreement among all the involved firms during
the construction of any structure is one of the most
important parameters of any successful project. With
the introduction of BIM to construction industry, the
accuracy level of any construction activities increased.
In this section, authors selected four parameters for
I-BIM utilization for evaluation. According to respon-
dents’ opinions, the collaboration of different compa-
nies’ staff for the same project and responsibility for
inaccuracies in project tasks are the most important
beneficial aspects of I-BIM. Currently, contractors and
architecture firms are applying it to their projects. In
these cases, each person involved in a project has access
to online cloud system to create, modify, and monitor
any tasks, depending on their roles. This system clearly
reduces any inaccuracies and makes the quality and
control management of the project at a higher level.
In contrast to the first two parameters, supportive
contract forms for [-BIM and appropriate insurance
policy for projects are considered as underdeveloped
parameters, not as barrier nor benefit, which need a
deeper understanding by related parties. For instance,
in the United States of America, there are some ad-
vantageous insurance policies that motivate customers
to use those technologies. In the construction industry,
there are different types of insurance. Considering that
technology is finding its own way to the industry, lack
of a beneficial insurance policy for the firms that are
using I-BIM in their projects can be felt because, as
mentioned earlier, use of I-BIM achieves much revenue

for everyone including the public by saving a notable
amount of tax payment to the government. Even as a
solution, there could be a clause in contract agreements
between the clients (or, the consultant firm on behalf of
clients) and contractors, showing that the responsible
firm is using I-BIM in the project and by using it,
there would be exemptions for contractors and sub-
contractors due to its advantages.

As a matter of fact, BIM easily helps segment
CR of the construction industry by making a more
proper collaboration among involved companies in the
same project. Moreover, it facilitates investigating any
inaccuracies at any stage of any project and simply
realizes the responsible role who leads the task to
error. Thus, in this manner, any aspect of a project
could be easily managed. Of note, uncertainty in these
matters in third-world countries should be considered
because, as stated in CR2 and CR4 analogy given in
Figure 9(b) and (d), around 40% of the respondents
are not sure how these two variables could help their
firms. However, hopefully, in the near future, there is
an appropriate insurance policy for the projects that
are using BIM and I-BIM by the legislation experts all
around the world.

4.5. Education (E)
The relation between education and [-BIM is ir-
refutable because any new fechnology needs to be
taught by experts and learnt by an apprentice to
be more applicable. According to the respondents’
opinions, lack of expert personnel around the world
canses high costs of training and education. This is
easily one of the strongest barriers to BIM utilization
in any sector including infrastructure. As a solution of
E1 variable, industry and government as an assembly
need to put much effort into bringing I-BIM to reality
by changing university curriculums and organizing
workshops to promote the awareness of all related
parties in addition to those already in Figure 10(b),
because this is the future of construction industry.

Afterward, it is noticeable to discuss background
education of academia about I-BIM as another barrier.
Due to respondents’ comments, there are not enough
must-take courses at universities which precisely focus
on different aspects of BIM. Most of the interested
apprentices need to attend high-cost workshops to learn
a new program or to get familiar with the concepts of
this technology. However, if the mentioned assembly
gathers and works properly to overcome E1 variable,
both academia and engineers are going to be more
familiar with I-BIM. Therefore, given availability of
expert personnel, all related costs including workshops
are reduced because of a highly insensitive contest
among parties.

Information sharing in [-BIM is the third pa-
rameter, which has been asked. This factor is easily
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Figure 9. Contractual relation variables for I-BIM utilization.

one of the biggest advantages of [-BIM according to
a high ratio of the respondents for considering it as
a positive influence on I-BIM. Nowadays, programs
including BIM 360, Tekla, BIMsight, Autodesk Revit
and Navisworks, BIMobject, and BIMx are helping
most of the firms around the world to organize their
construction activities in a proper way. Generally,
information sharing is done by some of these programs
through the cloud-base web service which provides
team members access to data to improve decision-

making and avoid expensive delays. Therefore, it is
noticeable to consider E3 as the only pure benefit
of education category of I-BIM by considering the
mentioned supportive facts.

4.6. Financial (F)

One of the most important investments in a successful
I-BIM implementation is training and it has been the
greatest barrier to I-BIM adoption, as in Figure 11(c).
According to the study results, respondents recognized
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F3 as a critical problem and firms attempt to provide
much training for their staff in order to resolve this
concern. Also, initial cost of I-BIM software, Figure
11(a), has been ranked as the second financial barrier
to [-BIM adoption. Indirectly, this parameter indicates
the number of I-BIM users in the industry because
one of the main reasons behind any expansive product
can be the lack of customers, which led to the high
costs of production to cover the expenses of product
manufacturing and make a reasonable profit for the
company. Besides these two barriers, it is noticeable to
consider the cost of development, Figure 12(b), as an-
other obstacle that has been categorized as a software
upgrade and hardware maintenance. According to the
literature review, American companies have spent less
than 2% of their net revenues on hardware, hardware
maintenance, software, software upgrades, or training.
Relatively, hardware and software costs funded the
most to overall expenses, whereas expenses associated

with hardware maintenance and software upgrades are
less than 0.5 of the overall net revenue of the firms.
The survey was an attempt to investigate tangible
costs associated with utilization of I-BIM, software
and training, companies’ turnover, and stakeholders’
involvement. Somehow, these costs are the ones that
are easier to quantify and compare to other factors.
Despite the fact that these factors and costs are
undeniable, still, lots of organizations and govern-
ments are uncertain about I-BIM utilization for their
projects. Due to the respondents’ opinions in this
survey, any companies involved with large projects get
benefits from I-BIM adoption and through changes.
the turnover of companies will increase extensively,
as stated earlier in Figure 12(a). For third-world
countries, there are still doubts about F4 factors due to
economic conditions of those countries. Furthermore,
public and private sectors as major stakeholders, F6
variable, could play a key role in the success of I-BIM by
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Figure 11. Financial related variables for I-BIM utilization (Part 1).

promoting and providing support for implementation,
research, and development in the future. It is a matter
of fact that in advanced countries, stakeholder involve-
ments are more possible than third-world countries.
This fact can be proved as in Figure 12(¢) and most of
the American consider F6 factor as a benefit; however,
in Turkey, more than 50% of respondents were not
sure how this variable could affect the progress and
improvement of their companies.

4.7. Managerial (M)

From the managerial aspect of I-BIM utilization,
ten variables have been selected. According to the
respondents’ opinions, BIM adoption for infrastruc-
ture projects has a positive impact on factors such
as client requirements, coordination among project
parties, project size and complexity, project quality
management, project scheduling, time management,
project life cycle cost, and leadership and management
supports, as illustrated in Figures 13 and 14. It is

notable to imply the relation between M1 and M2 with
CR1, E3, and F6 variables discussed in more detail for
all the related factors of each case study in the variable
assembly section. Basically, it is shown that these two
managerial factors have a strong link to collaboration
between all related parties and information sharing in
I-BIM platform. This relation can cause less conflicts,
proper coordination, and finest environments in any
project in order to fulfill all necessary requirements of
a project asked by the client. Moreover, these relations
will lead to most accurate financing of a project which
has a direct relation with M4 and M6 factors, because
it can avoid any possible cost and time overrun of
a project which has effect on any potential conflicts
among parties including financial aspects.

One of the factors that requires much attention
in today’s world is the social cost. Gilchrist and
Allouche [45] proposed it as the project contractual cost
comprising direct, indirect and social costs. However,
in order to measure social cost for specific purposes, it
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has been grouped based on the area of impacts such
as economic activity, pollution, traffic, and ecologi-
cal/social /health. Based on the survey results, there
is a strong belief about the role of I-BIM in facilitating
the quantification of social cost in a more accurate
way, being justified enough for scholars to recognize
the full potential of [-BIM in future research work, even
though this subject requires greater attention from all
researchers around the world. Also, given the variables
M4 and M6 considered for BIM adoption, there is a
similar opportunity for I-BIM utilization, since more
than 90% of respondents made it clear that these two
factors were the benefits, as indicated earlier in Figures
14(a) and (c).

One of the other important preliminarily aspects
of any project is Environmental Impact Assessment
(EIA) reports. The main purpose of using EIA is to
safeguard the environment to make sure that when
deciding whether or not to approve a project that
may have critical impacts on the environment, the

government would do so with full knowledge of the
all possible significant effects. In this respect, I-BIM
utilization can and will have a positive impact on ETA
as identified to be a benefit by questionnaire responses
in Figure 15(c).

4.8. Public Authority (PA)

PA, or governments to be specific, plays a key role
in the success of any nation towards developments.
In this research, three factors with critical impact on
the success of I-BIM utilization exist. Every piece of
information that a project owner may need about a
facility throughout its life can be made available using
[-BIM as an information warehouse so as to produce an
electronic version of any piece of documents. The main
drawback of this module lies in the construction indus-
try because it does not yet have the open standards and
infrastructure to mine that information and collect it
in order to organize it in the most sufficient way and
distribute it with all involved firms and companies. In
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Figure 13. Managerial related variables for [-BIM utilization (Part 1).

May 2015, the latest edition of National BIM Standards
of United States was published that contained nine-
teen reference standards, terms and definitions, nine
information exchange standards, and eight practice
guidelines to support users in their implementation of
open BIM standard-based deliverables based on the
national BIM standards approved by the U.S., which
exhibits incomplete national standards as stated for
PA1 variables in Figure 16(a).

In spite of the mentioned barriers, the awareness
level of the construction industry is growing with some
help from the academia and youth generation who are
joining the course. This fact can be supported by
the relation between PA2 and E2 variables since both
industry and academia need to have a clear under-
standing of all the five categories of I-BIM utilization.
Moreover, this critical parameter is certainly playing
an important role in merging conventional construction
methods with I-BIM. Through the completion of this
merge, the construction industry will lead a new era
whose owners, planners, realtors, appraisers, mortgage

bankers, designers, engineers, estimators, specifiers,
facility managers, safety engineers, occupational health
providers, environmentalists, contractors, lawyers, con-
tract officers, subcontractors, fabricators, code officials,
operators, risk managers, renovators, first responders,
and demolition contractors all can benefit by having
access to I-BIM.

4.9. Variables assembly

The relation of all the discussed variables under each
category is irrefutable. In order to prove these rela-
tions, the correlation matrix for each country is pre-
sented and Figures 17 and 18 show this correlation for
Turkey and United States of America, respectively. As
stated before, under the Contractual Relation category,
CR1 and CR3 are considered as advantageous factors.
Based on the presented matrix, these two factors have
a relevant relation with each other, E3 and most of
the managerial factors. Independency of CR1 variable
from financial and public authorities variables should
be considered. Education, as the second category, has
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Figure 14. Managerial related variables for [-BIM utilization (Part 2).

three independent variables. The relation between E1
and E2 proves the bond between education of fresh
engineers and lack of expert personnel. This fact can
possibly help the construction industry compensate
the deficiency of educated staff for any construction
projects including infrastructure. On the other hand,
E1 factor has a strong connection to the financial and
public authorities variables. This relation proves the
role of governments for hoth advanced and third-world
countries in order to increase awareness of the entire
industry and provide enough facilities to cover lack
of regulation and standards. Therefore, this factor

can lead any government to provide financial resources
to support utilization of I-BIM on related projects
to avoid any potential time and cost overrun for any
type of infrastructure projects. It is significant to
mention the independency of E3 from financial vari-
ables; conversely, it has a strong link to all managerial
variables including M2, M3. and M7 for both case study
countries.

According to our previous discussion, there is an
interconnection among all financial variables, except
E4 and E6. This contradiction is a key factor in
proving the important role of stakeholders, especially
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in developing countries. Therefore, to gain an ad-
vantage of I-BIM to increase the potential turnover
of the involved companies, stakeholders’ involvement
is unavoidable.  The next category is managerial
variables with 10 significant factors, all related to
the nature of construction, time, cost, guality, and
labor collaboration. EIA of any project with a proper
leadership and management through all team parties
including government can lead any project to success
and it can be defined for I-BIM utilization based on the
correlations among M8, M9, and M10 with all other
23 variables, especially with CR2, E3, F6, M3, and
PA2. Tt is noteworthy that M1 to M7 variables are
independent of financial and PA variables. This fact
proves that through the utilization of I-BIM for the
infrastructure, any project can be delivered in time
with the most adequate budget and parties without
interference of government or, more specifically, project
clients. It is interesting to mention the solid link
among all PA factors to financial variables. This

irrefutable fact demonstrates the path on the way of
I-BIM in order to untie knot of this issue, Therefore,
all infrastructure project be able to gain enongh benefit
out of I-BIM.

5. Conclusions

Recently, inventive construction approaches received
interests. Building Information Modeling (BIM) is
among the commonly accepted ways of achieving inte-
gration at different stages of the construction projects
and its benefits enhanced the schedule and planning
stage alongside coordination and operation. In order to
increase the quality of the project and save more time
and cost, Infrastructure Building Information Modeling
(I-BIM) is the best solution, but its implementation is
subject to its own challenges and it is a risky path due
to multiple factors including lack of expert personnel,
insufficient budget, inadequate national standards, and
regulation issues. The major objective of this study was
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to identify and prove the existing lack of using BIM for
infrastructure projects in the selected countries in order
to mitigate the existing barriers to I-BIM adoption by
identifying its obstacles and privilege. Based on the
findings of data mining, factors including incomplete
national standards, lack of government regulation,
initial cost of software, availability of expert personnel,
and cost of training and education are the most
considerable barriers to 1-BIM utilization. However,
such factors as information sharing, staff collaboration,
responsibility for inaccuracies, client requirement, cost
and time control, quality management, and social costs
were considered as the most important privileges of I-
BIM, which could make clients, contractors, consultant
teams, and governments an assembly and they could
share benefits of collaboration, representation, process,
and lifecycle to create an innovative and efficient
project environment.

It can be concluded that there are numerous
factors, as found in the literature, which contribute
to BIM implementation for infrastructure projects in
different categories. Authors attempted to categorize

all the related factors in the most accurate way in order
to prove the importance of using I-BIM. This study
helped compare the relation among all the investigated
factors because they were more likely to be interrelated
to one another. For future research, a new model can be
developed in order to demonstrate the effect of I-BIM
on the socially related costs of infrastructure projects
in order to mitigate or reduce it. Moreover, as another
research topic, there is a potential to develop a program
to finally quantify the social costs based on the BIM or
I-BIM depending on the nature of projects. Also, the
relation between I-BIM variables in these manuscripts
can be investigated as a standalone topic to discover
the true relation among all the related variables of I-
BIM utilization.
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Figure 18. Correlation matrix of I-BIM variables for United States of America.
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