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Due to the shortcomings of the traditional construction project management system, there is a feeling among those involved in
this industry that new tools and approaches should be used to facilitate simple and complex operations. On the contrary, there is
no integrated database for all construction sectors, and of course the relationship between these sectors is a major problem for any
construction project. The technology and tool that overcomes many of these shortcomings is BIM technology. This paper seeks to
identify all the challenges that hinder the successful implementation of BIM and determine important challenges based on Z-
DEMATEL-ISM Hybrid approaches. The DEMATEL method is used to obtain the weight of the challenges and the most
influencing and influenced challenges. The ISM approach is then employed to design a hierarchical network of challenges and tries
to determine the level and impact of each challenge in the planned structure. For closeness to the real-world, Z-number (an
ordered pair of fuzzy numbers, where the first component controls on a fuzzy variable, and the second component is a measure of
reliability for the fuzzy component) is also used to consider the expert’s mental uncertainties in the final results. This research tries
to examine the literature related to the subject and consider the sources and opinions of many professors and university experts
based on the filled questionnaires. The findings of this paper show that “misunderstanding the BIM technology” is recognized as
the most important challenge with the most weight. At the same time, “lack of governmental support” is the most influencing
challenge, and “lack of interaction and teamwork” is the influenced challenge.

accomplished by BIM. BIM technology can accommodate
a powerful safeguard for cost control. It also reduces the

The construction project manager is in charge of project
management planning, cost management, time manage-
ment, quality management, contract administration, safety
management, risk management, and cooperation between
all stakeholders on the project with owner, designers, and
engineers [1]. Project management is the process of co-
ordinating the different parts of the project to achieve the
main goals of the project and the stakeholders’ expecta-
tions [2]. The construction industry requires the inte-
gration of many construction activities along with
redesigning many of their organizational functions and
processes, teamwork, and flexibility, and it also requires a
high degree of coordination, all of which can be

risk of order and contract performance and also performs
exact management. It is, furthermore, known as the most
common approach for designing, constructing, and con-
trolling the maintenance of buildings. Building Informa-
tion Modeling (BIM) can be well-defined as a reliable,
digital, and three-dimensional, virtual representation of
the project to be built for use in design decision-making,
construction scheduling and planning, cost estimation,
and maintenance of construction projects. According to
the BIM Handbook, BIM is a computer-aided modeling
technology for the resolution of managing the information
of a construction project, with special concentration on
production, communication, and analysis of building
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information models [3]. The most common wrong as-
sumption is that BIM has a single model or database which
is not even close to the real applications of BIM. Although
BIM reduces mundane jobs associated with data pro-
cessing, it can never replace humans since the input data
are always added to the model by a human user [4]. BIM
adoption is a significant subject to a review which has
gained growing attention around the globe, particularly in
the developed countries over the past years [5]. According
to survey results released by Davis Langdon, an AECOM
Company, the full size of the global construction market
had reached 4.4 trillion dollars by 2010. The Chinese
construction market has surpassed $ 800 billion, showing a
growth rate of 10% in the period from 2010 to 2011. In the
United States, about half of the construction agencies have
been using building information modeling (BIM) or BIM-
related tools leading to a 25% rise in usage over the past
two years. BIM technology will eventually lead to building
information technology towards a higher level [6]. Al-
though the UK is forceful to be a front-runner in BIM with
its worldwide influential program, the Scandinavian
countries have had BIM rules in place for almost a decade.
France, Germany, and Spain have quickly growing pro-
grams. China, Hong Kong, and Singapore had their rules
in place before the UK, along with Dubai [7]. Figure 1 gives
an overview of global BIM adoption.

In the context of the global adoption of BIM, there are
many published papers that have studied one particular
country as a case study. Chan et al. present critical success
factors for BIM in Hong Kong [9]. If the project team
members do not really believe in the importance of BIM and
its advantages on a construction project, the outcomes will
not be acceptable [10]. (1) IT capacity, (2) technology
management, (3) attitude and behavior, (4) role-taking, (5)
trust, (6) communication, (7) leadership, and (8) learning
and experience are mentioned as eight concepts influencing
the development of BIM in a paper [11]. Another survey
which has mentioned the importance of member interaction
states that the challenges of using BIM on construction
projects can be grouped as four challenges: (1) technological
challenges which are general conflicts and issues regarding
data sharing and BIM software problems, (2) operational
challenges which are about project team members, (3) op-
erations’ legal challenges which refer to the lack of standards
and legal definition of BIM professional responsibilities, (4)
economic challenges, which sometimes hinder the con-
struction firms from upgrading their current systems to a
BIM system [12]. According to the importance of the issues
discussed in the introduction, the following contributions
will be considered:

(1) Identifying challenges of BIM implementation based
on past studies and expert opinions and categorizing
them.

(2) Practical use of Z-number to get closer to the real
world. Because the opinions of the experts are ac-
companied by uncertainty, this uncertainty is pre-
sented in Z-number. Finally, the Z-number results
are compared with the fuzzy results.
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(3) Weighing the challenges and identifying the rela-
tionship between them, the influencing and influ-
enced challenges are obtained using Z-DEMATEL.

(4) Identifying the hierarchical network model among
the challenges of the Z-Number-ISM approach.

In this paper, a review of the literature on BIM and its
history, definitions, and necessity for implementation is
presented in Section 2. As mentioned, since the opinions of
experts are associated with uncertainty, fuzzy Z-number is
used to bring these opinions closer to reality. The DEMATEL
method is used to calculate the weight of challenges and the
influence of challenges; then, the ISM method is used to
design a hierarchical network of challenges. All of these
methods are explained in Section 3. It is attempted to find
the challenges of implementing BIM using questionnaires,
interviewing the experts, and sifting these challenges. Af-
terward, the relationships between these challenges are
identified, and the weight of challenges, influencing and
influenced challenges by DEMETEL, and a hierarchical
network of challenges regarding ISM methods for a case
study (Iran) are explained in Section 4. Additional expla-
nations are provided in Section 5. Conclusion and future
recommendations are mentioned in Section 6.

2. Literature Review

In 2006, Brucker et al. discuss BIM as a popular technology
for the construction industry. BIM technology covers many
aspects, such as BIM modeling, application, and manage-
ment. BIM application started in the USA when United States
Army Corps of Engineers (USACE) formulated a 15 year
BIM Roadmap [13]. Then, in 2008, Eastman et al.’s work
“Building Information Modeling (BIM) is both a technology
and a process emerging” mentioned digital representation
and information exchange that eases access to all relevant
data is the base of BIM. Eastman et al. express BIM as a “verb
to describe tools, processes, and technologies that are fa-
cilitated by digital machine-readable documentation about a
building, its performance, its planning, its construction, and
later its operation” [3]. A new concept has emerged as BIM
levels this year. It has different noticeable levels of BIM which
have different tasks to do. It is a 3D model-based source of
information that BIM has at different levels. Bew and
Richards identified four levels of BIM using a maturity matrix
from Level 0 to Level 3. Although the concept of each of these
maturity levels is slightly different, they demonstrate the
same expectations with different functionalities [14]. In the
same year, Yan and Demian work on benefits and barriers of
BIM comprehensively. Their paper collects questionnaire
data from a survey of about 70 individuals’ industries that use
BIM and determines benefits and barriers of it [15]. Building
Information Modeling (BIM) is becoming revolutionary in
the AEC industry. Taylor et al. outline a few methods of
integrating BIM into the construction management curric-
ulum. Also, other courses in the curriculum, which are
prerequisites to BIM and deliver fundamental skills on digital
visualization, CAD drafting, and 3D modeling, are briefly
introduced by the authors [16]. In 2009, Succar presents the
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FIGURE 1: Overview of global BIM adoption [8].

aforementioned methods in addition to the technical defi-
nition of BIM. To manage the vital building design and
project data throughout the building’s lifecycle, BIM includes
a set of interacting disciplines that creates a methodology to
manage the essential building design and project data in
digital format throughout the building’s lifecycle [17]. Sab-
ongi and Arch tried to identify the existence and prevalence
of undergraduate courses in building information modeling
(BIM) and its obstacles. A survey was made determining
whether BIM should be offered as stand-alone courses or as a
part of other courses, and the disadvantages of offering BIM
in the curriculum. According to the results, the current
requirements for graduation and the inability for additional
elective courses proved to be the most important reasons
[18]. Sharag-Eldin and Nawari focused on the experiences
gained from introducing BIM to the comprehensive design
studio at different institutions and for the senior architectural
students at KSU, and BIM was implemented as the primary
design tool to develop architectural, structural, and MEP
design [19]. Claiming that BIM’s method in education and
industry are not fully in place, Clevenger et al. present
Colorado State University’s (CSU) Construction Manage-
ment Department’s approach, to promote BIM-enabled
learning. Through ongoing investigation and pilot imple-
mentation, they seek to understand and accommodate the
impendent transformational shift in construction manage-
ment education and curriculum development, using the BIM,
for better learning [20]. Sacks and Barak stated that Building
Information Modeling (BIM) skills are a significant part of
improving the use of technology. Civil engineers will not
meet the required capabilities of the construction industry if

they are not familiar with BIM. It is stated that BIM should be
taught in its own right and not as an extension to computer-
aided drawing [21]. It is explained by Wong et al. that ed-
ucators around the world are enabling students to apply BIM
in their future careers by trying to teach BIM in various
methods. To incorporate BIM in the construction manage-
ment, these approaches are considered along with the help of
the Department of Building and Real Estate (BRE) of the
Hong Kong Polytechnic University (PolyU) [22]. In a
comprehensive paper, Azhar presents current trends, ben-
efits, possible risks, and future challenges of BIM for the
architecture, engineering, and construction (AEC) industry
[23]. Joannides et al. analyzed the implementation of BIM
and assessed training progression of BIM in architecture and
construction academic programs. In addition, through a
survey sent to architecture and construction schools in the
U.S, the implementation of BIM into accredited programs in
the aforementioned schools was investigated. The survey
results illustrate that, in most architecture and construction
schools, having an interest or an already implemented BIM
into the curriculum is evident [24]. Sacks and Pikas compile a
framework for BIM education that lays out the necessary
topics and the levels of achievement required at each stage of
programs. Industry’s requirements for graduate engineers
were elicited through surveys, workshops, analyses of job
advertisements, and in-depth interviews [25]. Ho, Tserng,
and Jan had carried out study on “Enhancing Knowledge
Sharing Management Using BIM Technology in Construc-
tion” and proposed a knowledge-sharing management
method that facilitates convenient updating and transfer of
information and keeping information in a digital format



using BIM technology. In research, Bryde et al. gather data
from 35 construction projects. These projects used BIM
technology. A set of project success criteria is used appraising
each individual project to meet a criterion, and consequently,
the most prominent benefits of the cost reduction and
control through the project life cycle are presented [26]. To
muster all of BIM’s benefits, Lindblad presents an extensive
list of BIM benefits, including the efficiency of handling
projects or building-related information, construction pro-
cesses, productivity increase, economic and environmental
benefits including cost reductions, improved product quality,
improved time management, data exchange, improved client
communications, faster analyses, less data input and transfer
errors, enablement of collaborations within and across in-
dustries, and improved building performance [27]. Fox point
out a multitude of real-life instances through a case study,
where the application of BIM has been misconducted, cul-
minating in counterproductive results. They assert that many
implications of implementing BIM have causal interrela-
tionships that are often overlooked [28]. In the following
years, some research studies have been carried out on BIM
applications. Zhou presents that the application of BIM
technology has provided diverse implications for each phase
of the whole construction life cycle. In 2009, Wisconsin
became the first state requiring the application of BIM on
new large-scale public construction projects built within the
state [29]. Fox tried to illustrate critical, realistic descriptions
and explain their advantages compared to BIM hype de-
scriptions [28]. The research carried out by Nawari et al.
explores BIM tools in creating structural analytical models
and their usage to perform structural analysis. Learning
basics of structural analysis, promoting group thinking,
improving digital modeling, and enhancing professional
qualities to fulfill today’s demands, as well as tomorrow’s
integrated practice environments are the main objectives of
the proposed BIM approach [30]. Liu and Liu’s research
shows that, in 2010, Ohio enacted a BIM agreement, and
Japan’s Ministry of Land, Infrastructure, and Transport
announced the implementation of BIM technology. Europe
as well as South Korea have also had a number of government
agencies promoting the development of BIM applications [6].
According to the research carried out by Nawari and Alsaffar,
students in the Middle East and Africa are behind in gaining
new advancements such as BIM, and there should be an
education program for future architects and engineers in
these areas about these developments. This research aims to
address challenges over the implementation of BIM into
academic organizations’ curricula and provide a general
framework for introducing BIM knowledge to Kuwait-based
students [31]. To explain BIM applications, Lee et al. [32]
present that the revolution of BIM technology has influenced
the traditional civil construction workflow and processes.
Among traditional and innovative thinking, BIM has brought
the essence of enhanced quality and efficiency into civil and
architecture industries. In addition to the engineering ap-
plications throughout the complete lifecycle of the building,
BIM technology offers additional benefits such as help to the
production of high-quality animation and simulation of
construction development, as well as providing the visualized
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communication platform for different sectors to understand
the project portfolio in an effective way. Abanda et al’s
research explains using BIM on the traditional construction
industry. Considering that the off-site manufacturing is
factory-based, the benefits of applying BIM on off-site
manufacturing have been presented compared to traditional
construction [33]. Another research has focused on the
development of a BIM generative framework (G-BIM) using
Cloud technologies and identifying effectiveness factors on
successful collaborations [34]. Abd Jamil and Fathi con-
centrate on three areas where BIM could be effectively
employed: BIM functionality, BIM legal issues, and contract
procurement issues and then study the impact of applying
BIM methods on them [35]. Related to this subject, Marefat
et al. develop a BIM approach for construction safety and its
benefits based on a questionnaire survey distributed among
200 companies that are active in construction project
management [36]. Abd Jamil and Fathi tried to investigate an
extension of BIM usage, impacting the legal and contractual
implications of the existing construction contracts, for
aligning relevant development domains [35]. Boton and
Forgues had carried out research on “Practices and Processes
in BIM Projects: An Exploratory Case Study” and illustrated
certain discrepancies and gaps that might emerge in the
actual application of BIM in practice as opposed to the to-be
plan, based on a real implementation case study in con-
struction. Almuntaser et al. applied an approach aiming for
creating a framework to adopt BIM in the AEC industry. In
this approach, various stages, benefits, and challenges of BIM
implementation in a pilot project were documented, and
then, a BIM maturity evaluation of the pilot project was
conducted [37]. According to the research carried out by
Sabet and Chong, oft-site manufacturing (OSM) and BIM are
introduced as revolutionary approaches in the construction
industry. Considering the benefits and limitations of these
approaches, the capabilities of OSM and BIM techniques
have been reviewed [38]. Vilutiene et al. had carried out
research on “Advanced BIM Applications in the Construc-
tion Industry” and studied current and advanced develop-
ments of BIM that were not yet fully incorporated in
construction industry due to risks and challenges brought on
by its application. They also conducted a critical analysis of
BIM pillars in practice and scrutinized the relationship be-
tween Off-Site Manufacturing (OSM) and BIM and their
concurrent application for improving the productivity of a
manufacturing enterprise. They, additionally, cite possible
impediments which these methods pose for improvements,
in the event of being fallaciously applied [39]. Sackey et al.
tried to illustrate the roles of knowledge and requisite skills in
better response to creation, dealing with everlasting orga-
nizational transformation and construction challenges [40].
By conducting questionnaire surveys and subsequent in-
terviews with BIM practitioners, Blay et al. attempted to
reduce challenges and increase the benefits of managing
changes in BIM projects. The results showed that the most
significant opportunities to increase benefits and reduce
challenges were mainly socially driven [41]. Oyewole and
Dada assessed the training gaps between the expected
knowledge of BIM practice among construction professionals
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through questionnaires in Nigeria. This study revealed that, in
order to confirm the efficiency in construction projects,
training gaps for BIM application must be met [42]. Various
research studies have been performed relating to BIM adoption
in construction projects which have found many benefits over
traditional construction practices [5]. For example, Ghan-
nadpoor et al. analyze the BIM influence on construction
project management, by engaging the FANP-VIKOR decision-
making method [43]. Rezahoseini et al. analyze the effects of
rework and its related factors on the construction projects and
introduce the necessity for implementing the TQM system and
a model through BIM tool [44]. In the newest research studies
on the BIM subject, there are surveys on BIM levels’ subject.
Level 0 efficiently means no teamwork. Only 2D CAD drafting
is utilized, mostly for production information. Paper-based,
electronic prints, or a combination of the two are used for
output and distribution. The majority of the industry is already
well ahead of this approach by now. Level 1 naturally comprises
a mixture of 3D CAD for conceptual works, and 2D for
drafting of legal approval documentation and Production
Information. CAD standards are managed by BS 1192:2007
and the electronic communication of date is often managed by
the contractor. Level 2 BIM needs “an information exchange
process which is specific to that project and coordinated be-
tween various systems and project participants.” Level 3 has not
yet been fully pellucid; however, the vision for this is outlined in
the UK Government’s Level 3 Strategic Plan. For example, Blay
et al. present BIM level 2 project change management and its
benefits and challenges by a questionnaire survey and inter-
viewing BIM experts [41]. Like all new technologies, the
implementation of BIM also has challenges. According to the
literature related to BIM subject, research gaps are as follows:

(i) There are many surveyed papers on BIM, but there
is no paper that works on gathering them and
identifying the most important challenges of BIM
implementation.

(ii) Relationships between challenges as well as the
influencing and influenced challenges of BIM
implementation have not been recognized. This
study strives to identify these objects.

(iii) A hierarchical network of the challenges has not
been delineated. This study tries to design such a
network and show the position of each challenge
from an influencing point of view.

3. Methodology

3.1. Research Framework. The framework of this research is
presented in the first part of the methodology, which
consists of 4 parts. As shown in Figure 2, step (1) describes
how to identify and sift the challenges of implementation of
the BIM; step (2) describes how to define the fuzzy Z-
number spectrum; step (3) describes the steps of DEMA-
TEL and evaluates the final weights and the amount of
influences; at step (4), the analysis of ISM is performed and
the final hierarchical model is obtained. Due to the ca-
pability of the DEMTEL method in calculating the impacts
of the challenges of implementing BIM along with ranking

these challenges in terms of their weights, the DEMATEL
method was used in this study. The challenges also have
interdependent relationships and cannot be considered
independent; therefore, other weighting methods are not
suitable to be used. At the end of the DEMATEL method, a
zero matrix is obtained together with a matrix indicating
whether there are any interactions between the challenges
or not. Using this matrix and the ISM method, it will be
possible to achieve a specific grading for the most effective
challenges. The DEMATEL-ISM combination is also an
efficient combination for finding the most important
challenges, since, in addition to the same output and input
the DEMATEL and ISM methods, it satisfies the research
objectives as well.

3.2. Step (1): Challenge Identification. Given the importance
of implementing BIM and challenges that we face while
implementing it, in this section, using past studies and
expert opinions, we identified the existing challenges and
categorized these challenges, which are described in Table 1.
There are 3 steps as follows:

(1) Identify challenges of implementation of BIM
(2) Categorize the challenges into four categories

(3) Filtering these challenges based on expert opinion
and geographical area

49 initial challenges of implementation of BIM were
found and categorized into four areas. These four areas are
technology, economics, operational, and law. Relative
challenges and their references are mentioned in Table 1.

At first, a questionnaire was provided to collect the BIM
expert’s opinions. These experts include 6 university
professors, 5 Ph.D. and masters students who research on
BIM subject, and 9 experts who have experience in the field
of BIM. These people rated the impact of each challenge on
the implementation of BIM from 1 to 5. The averages of
these scores were calculated for each challenge; then, the
average of averages was obtained. Each average value that is
greater than the average of averages will be selected. Finally,
the final 15 challenges were achieved. Table 2 shows the
selected challenges. In the next steps, these challenges will
be used to find important, influencing, and influenced
challenges.

3.3. Step (2): Z-Number. Awareness of the status of the
challenges of implementing BIM is done by paired com-
parison questionnaire and expert opinion polls in this field.
Since the opinions of experts are associated with uncertainty,
fuzzy numbers are used to obtain the correct results.
Depending on the nature of the membership function, a
fuzzy number can be classified in different ways, such as a
triangular fuzzy number (TFN) and trapezoidal fuzzy
number. Triangular fuzzy numbers (TFNs) are applied
frequently. It is well known that the matrix formulation of a
mathematical formula gives an extra facility to solve the
problem. Triangular fuzzy matrices (TFMs) are introduced
to present uncertainty of experts’ opinions in many
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TaBLE 1: Challenges found through BIM implementation.
Category Challenge Reference
The lack of object library of making a good use of standard [45, 46]
Lack of a unite source for effective use of BIM technology (by-laws and native BIM standards) [47]
Lack of research on native technology [46, 48]
Lack of interaction and teamwork among project team members [49]
Absence of infrastructure and BIM-based electronic data exchange infrastructure (such as [50]
Internet speed)
Misunderstanding of BIM technology (lack of recognition of BIM benefits) [48, 51, 52]
Technology Not suited for the change of the mode of thinking [46, 53]
Psychological resistance to new technology (resistance to changeability) [54-56]
Having a negative attitude towards sharing data sources [23, 57]
Incomplete BIM design software models [51, 58]
There are no technical countermeasure plans for BIM software errors to validate [59, 60]
Inconsistency with traditional 2D and 3D data and increased design workload [60]
Lack of scalability of BIM performance [60]
Lack of interaction between professionals [49, 60]
Costs and time of staff training [15]
Cost of hardware upgrades required [60]
High cost of BIM software, license, and associated applications [53]
Economic Cost of hiring experts [48, 53]
The increasing of design costs [60]
The economic benefits of using BIM technology is not obvious [60]
Lack of client demand [59, 61]
Recurring need for additional and associated resources [62]
There is no sufficient external motivation [60]
Lack of top management commitment [48, 59]
Lack of learning resources of BIM technology [48]
Lack of experts [63, 64]
Sanctions some of the key advantages and disadvantages of BIM [46]
Unable to use all people involved in the work of BIM software [57]
Inadequate workforce experience, knowledge, and skills [45, 47]
Industry’s resistance to change from traditional working practices [53, 54]
Lack of practical experience and academic exchanges of BIM project (46, 50]
There is no issued BIM standards and guidelines by policy sector and [65]
industry competent authorities
Operation Lack of systematic BIM training courses [60]
The project participants are not accustomed to collaborative work mode [60]
The increasing of workload of the designers [60]
It is difficult to version and safety management of the BIM model [66]
The risks of reorganization of BIM-based business processes [53]
Lack of clear goal of the adoption of BIM technology within the organization [60]
There is no long-term BIM applications program within the organization [58, 67]
Low level of involvement of BIM users in green projects [51]
Lack of initiative and hesitance on future investments [64, 68]
Difficulty in assessing environmental parameters of building properties [69, 70]
Nonuniformity of sustainability evaluation criteria and measures [51, 69]
Nonimplementation of open source principles for software development [71]
Lack of government support and relevant organizations to standardize and (54, 72]
localize the technology of BIM ’
Legitimate Lack of regulations and legal measures to protect the intellectual property of the BIM model [46, 48, 73]
Failure to mature the mechanism for resolving BIM projects [60]
The lack of model text of BIM standard contract [46, 48, 76]

The lack of insurance provisions applying to BIM [60]

mathematical formulations in different science and tech-
nology. After TFN and TFM, Z-number can be presented
which considers the probability of TEN [75].

Z-number is made of three components with the
structure (X, A, B). Clearly, to find unreliability, most of the
data and decision-making problems are associated with Z-

information, though they are not treated as such for the sake
of hard calculations [76]. Kang et al. [77] suggest a model for
converting Z-numbers to conventional fuzzy sets to simplify
the computations and subsequently develop the wide ap-
plications of Z-numbers. According to [78], for a pair of Z-
number (A, B), if X is a random variable with a specific
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TaBLE 2: Examined challenges of BIM implementation.

Category  Code Challenge
T1 Lack of a single source for effective use of BIM technology (by laws and native BIM standards)
T2 Lack of interaction and teamwork among project team members
Technolo T3 Absence of infrastructure and BIM-based electronic data exchange infrastructure (such as internet speed)
& T4 Misunderstanding of BIM technology (lack of recognition of BIM benefits)
T5 Psychological resistance to new technology (resistance to changeability)
T6 Having a negative attitude towards sharing data sources
01 Costs and time of staff training

Economic 02
03

Cost of hardware upgrades required

Cost of hiring experts

El
Operation  E2

Sanctions some of the key advantages and disadvantages of BIM
Inability to use all people involved in the work of BIM software

E3 Inadequate workforce experience, knowledge, and skills

L1 Lack of upstream organization’s support and relevant organizations to standardize and localize the technology of BIM

Legitimate =~ L2

Lack of regulations and legal measures to protect the intellectual property of the BIM model

L3 Failure to mature the mechanism for resolving BIM projects

distribution, then X is A which indicates a fuzzy event in R
with the probability in equation (1):

p= jRuA (W) py (w)d,, (1)

where p, is the probability distribution of X. As a limit, the
structure (X, A, B) will be expressed on X as shown in
equation (2): [78]:

Prob (X is A)is B. (2)

Using equation (1), Prob(Xis A)is B, which would be
replaced with p = j rba (W) p, (u)d,, as shown in equation (3):

p= JRyA(u)px(u)du is B. (3)

Regarding probability rules, the complement of Z is Z'.
As an example, the complement of Z-number (A, B) is
(A',1- B) or events in R, except for 7,1 - B.

The concept of Z*-number which is closely relevant to
the concept of Z-numbers is basically an ordered pair of
(A,R) in which A plays the same role that it does in Z-
numbers and R is the probability distribution of a random
number [78]. Furthermore, a Z*-number could be defined as
apair (pu, py) in which A plays the role of the membership
function of A and p, indicates the probability distribution of
X. Actually, the difference between Z-number and
Z*-number is the fact that, in Z-numbers, p, (probability
distribution) is unknown; however, the probability value of
A is recognized [78]. The relations between the Z"-number
and Z-number are elucidated in equation (4) as follows [79]:

Z(A,B)=Z" (A uy - pxisB). (4)

According to the fuzzy model which is presented by
Kang et al. [77], for a specific Z-number with the pair of
Z=(AB),B= {(x, by (x)|xe[0, 1]} denotes the fuzzy reli-
ability value of and y= (x) indicates the membership func-
tion. Meanwhile, the crisp centroid (center of gravity) value
of B will be computed as equation (5) as follows:

oo j xp (x)d,
Juz(x)d,
If B ~ TrFS[a, b, c], then the centroid defuzzification of this

setis (a+b+c)/3.If A~ TrFS[d,e, f], the fuzzy Z-number
will be finally concluded as shown in equation (6): [77]

(5)

A’ =[Vad, vae vafl=[d,e, f']. (6)

In Table 3, Z-number corresponding possibilities are
available.

As shown in Figure 3, in such cases, the Z-number can
possibly be defined as a simple fuzzy set (a<1).

For example (VL, U) refers to very Low and unlikely:

[0,0.25,0.5] x 0.45 =[0,0.11,0.22]. (7)

Table 4 shows the final fuzzy Z-number corresponding
possibilities and linguistic variables in fuzzy formation. Due
to the fact that Z-number is closer to the opinions of experts,
Z-number is applied. In the table below, corresponding Z-
number applied set is obtained from the fuzzy state.

3.4. Step (3) and Step (4): Integrated DEMATEL-ISM Method.
After finding the challenges and categorizing and filtering
them, DEMATEL and ISM approaches are applied to find
the most important challenges: influencing challenges and
influenced challenges. The influencing challenges are the
challenges that once decided upon, addressed or prioritized
over other factors, and have the highest effect on other
factors. Adversely, the influenced challenges are the ones
that would be affected or changed the most, as a result of
other factor’s changing. In other words, they are more
tractable. Subsequently, DEMATEL and ISM approaches are
described in the following.

Various steps in the integrated DEMATEL-ISM approach
are given below, where 3 preliminary steps from the
DEMATEL method are used to calculate the overall inter-
actions among various challenges and identify the most critical
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TABLE 3: Z-number corresponding possibilities.

Linguistic variable =~ Corresponding possibilities o Va

Unlikely [0.1, 0.2, 0.3] 0.2 0.45
Fairly impossible [0.3, 0.4, 0.5] 0.3 0.63
Weak [0.4, 0.5, 0.6] 05 071
Maybe [0.5, 0.6, 0.7] 0.6 0.77
Likely [0.7, 0.8, 0.9] 0.8  0.89
Most likely [0.8, 0.9, 1] 0.9 0.95
Certainly [1, 1, 1] 1 1

X

FiGure 3: Compression between fuzzy and fuzzy Z-number
environment.

challenges. Then, the ISM method is integrated by following
parts to determine the hierarchical structure of the challenges.

3.4.1. Part I: Establish the Initial Direct Influence Matrix Z.
The challenges of BIM implementation are denoted as
C ={C1,C2,...,Cn}. Assume that the scales 0, 1, 2, 3, and 4
represent the range from “no influence” to “very high in-
fluence” [80]. n Experts are asked to propose the influences
among these challenges based on pairwise challenge com-
parisons in terms of influencing degree and directions. The
decision maker assesses the alternatives upon the given
challenge. In this step of the proposed model, the rela-
tionship among the challenge is determined by using the
modified fuzzy DEMATEL method. The modified fuzzy Z-
number DEMATEL method is initially built to create the
average direct relation of fuzzy matrix Z, where Z is (n x n)
matrix and n represents the number of challenges. The direct
relation matrices are all obtained by holding a pairwise
comparison among the challenges themselves in which Z; i
indicates the average degree to which challenge C; influences
challenge C;; therefore, the relationship among the chal-
lenges could be held within a matrix.

In this method, the effects of the challenges on each other
are expressed in terms of linguistic expressions. A triangular
fuzzy number can be denoted by (I,m, u). Z Matrix is given
in equation (8), where F = (F;;;, F;; .., F;;,) and Z = +/aF =
\/a(Fij,l’Fij,m>Fij,u) = (Zij,bzij,m’zij,u):

Ci[TO0 Zy, ... Z,]
Gz, o ...7Z,

Z= (8)
CilZy Z,y ... Z,

Z matrix is transformed into normalized one via some
steps. This is done so as to compare the linguistic expressions
given by the decision maker. The normalized direct-relation
fuzzy matrix denoted by X is given by equations (9)-(11)
(see [80]):

X,

| 0

- > >

B Ziji Zijm Zipu
roor ’

m u

(9)
R= (Zij,l’ Zij,m’ Zij’ ”)’
1<isn

n
rs:max<ZZij,51SiSn>, Vs =1, m,u, (10)
=

(X, X o Xy, ]
X, Xy ... Xy,

<
I

(11)

Xy X -

- “Anl

bt

nn -

3.4.2. Part 2: Establish the Comprehensive Influence Matrix
T. The initial normalized direct-relation fuzzy matrix can be
separated into separate submatrices, ie., (X, X,,,X,).
Therefore, the total-relation fuzzy matrix T can be acquired
by calculating as shown in equation (12):

T=X(I-X)" (12)

Therefore, T matrix could be represented as shown in
equation (13):

[t fo - £,

Ty Ty ... by,

~
Il
Py
-
W
N

LT,y T oo F

nn =

where £;; = (t;;5, 1, ti;u) is the overall influence rating of
the decision maker for each challenge 7 against challenge ;.
The most critical challenges can be identified on the basis of
T matrix. The sum of rows and sum of columns of the
submatrices T}, T,,, and T, denoted by the fuzzy numbers
D, and R;, respectively, can be obtained through equations
(14)-(17) (see [81]). For any challenge x; (i = 1,2, ..., n), the
influencing degree D; represents the comprehensive influ-
ence of the challenge x; on the other f challenge. The
influenced degree R, represents the comprehensive influence
from other challenges on challenge x;. The centrality,
D; + R;, reflects the importance of challenge x; in the entire
risk system, where challenges with higher centrality are more
important. The causality, D; — R;, reflects the pure influences
of challenge x; on other challenges. Challenges with positive
causality are causal challenges, while challenges with
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TaBLE 4: Fuzzy Z-number corresponding possibilities.

Linguistic variable Abbreviation Corresponding fuzzy applied set Corresponding Z-number applied set
No effect-unlikely (NO, U) [0, 0, 0.25] [0, 0, 0.11]
No effect-fairly impossible (NO, FI) [0, 0, 0.25] [0, 0, 0.16]
No effect-weak (NO, W) [0, 0, 0.25] [0, 0, 0.18]
No effect-maybe (NO, M) [0, 0, 0.25] [0, 0, 0.19]
No effect-likely (NO, L) [0, 0, 0.25] [0, 0, 0.22]
No effect-most likely (NO, ML) [0, 0, 0.25] [0, 0, 0.24]
No effect-certainly (NO, C) [0, 0, 0.25] [0, 0, 0.25]
Very low-unlikely (VL, U) [0, 0.25, 0.5] [0, 0.11, 0.22]
Very low-fairly impossible (VL, FI) [0, 0.25, 0.5] [0, 0.16, 0.32]
Very low-weak (VL, W) [0, 0.25, 0.5] [0, 0.18, 0.35]
Very low-maybe (VL, M) [0, 0.25, 0.5] [0, 0.19, 0.39]
Very low-likely (VL, L) [0, 0.25, 0.5] [0, 0.22, 0.45]
Very low-most likely (VL, ML) [0, 0.25, 0.5] [0, 0.24, 0.47]
Very low-certainly (VL, C) [0, 0.25, 0.5] [0, 0.25, 0.5]
Low-unlikely (L, U) [0.25, 0.5, 0.75] [0.11, 0.22, 0.34]
Low-fairly impossible (L, FI) [0.25, 0.5, 0.75] [0.16, 0.32, 0.47]
Low-weak (L, W) [0.25, 0.5, 0.75] [0.18, 0.35, 0.53]
Low-maybe (L, M) [0.25, 0.5, 0.75] [0.19, 0.39, 0.58]
Low-likely (L, L) [0.25, 0.5, 0.75] [0.22, 0.45, 0.67]
Low-most likely (L, ML) [0.25, 0.5, 0.75] [0.24, 0.47, 0.71]
Low-certainly (L, C) [0.25, 0.5, 0.75] [0.25, 0.5, 0.75]
High-unlikely (H, U) [0.5, 0.75, 1] [0.22, 0.34, 0.45]
High-fairly impossible (H, FI) [0.5, 0.75, 1] [0.32, 0.47, 0.63]
High-weak (H, W) [0.5, 0.75, 1] [0.35, 0.53, 0.71]
High-maybe (H, M) [0.5, 0.75, 1] [0.39, 0.58, 0.77]
High-likely (H, L) [0.5, 0.75, 1] [0.45, 0.67, 0.89]
High-most likely (H, ML) [0.5, 0.75, 1] [0.47, 0.71, 0.95]
High-certainly (H, C) [0.5, 0.75, 1] [0.5, 0.75, 1]
Very high-unlikely (VH, U) [0.75, 1, 1] [0.34, 0.45, 0.45]
Very high-fairly impossible (VH, FI) [0.75, 1, 1] [0.47, 0.63, 0.63]
Very high-weak (VH, W) [0.75, 1, 1] [0.53, 0.71, 0.71]
Very high-maybe (VH, M) [0.75, 1, 1] [0.58, 0.77, 0.77]
Very high-likely (VH, L) [0.75, 1, 1] [0.67, 0.89, 0.89]
Very high-most likely (VH, ML) [0.75, 1, 1] [0.71, 0.95, 0.95]
Very high-certainly (VH, C) [0.75, 1, 1] [0.75, 1, 1]
negative causality are effect challenges. These parameters can 1, - -
be calculated b ti - i ) = (ti it 2 X i+ u)

y equations (14)-(17), respectively. A causal g4 \'ij i j

diagram can then be obtained and D;+R; and D, - R;

1

represent the datasets composed by D; + R; (i = 1,2,...,n)
and D; - R;(i = 1,2,...,n), respectively:

n

Di=) 1, i=L2...n, (14)
j=1

_ n

R=)t, i=L2...n (15)
=1

D,+R, i=12,...,n, (16)

D;,-R, i=12,...,n (17)

3.4.3. Part 3: Establish Overall Defuzzy Influence Matrix H
[82]. The distance of T matrix is used as its Defuzzy value.
After this defuzzification, the H matrix is obtained. Equation
(18) is usable for defuzzification of D, and R, too [83]:

The weight of each challenge is calculated as shown in
equation (19): [81]

_ _ 2 _ _ 2
w, = i/(Df‘ef + Rf‘ef) +<D§‘ef + Rf‘ef> L)

The weight of any challenge can be normalized as shown
in equation (20):

W;

wi = —zn : w'. (20)
1— 1

3.4.4. Part 4: Establish Reachability Matrix K and Determine
the Relationship Diagram among Challenges [84]. Each el-
ement h;; of matrix H provides network of information as to
how the challenge x; affects challenge x; (i, j = 1,2,...,n). In
order to isolate the relation structure of the challenges, setting a
threshold value to filter out minor effects denoted by elements of
matrix H is necessary. The goal of filtering is to highlight major
challenges in BIM in order to avoid over-simplification. Given a
threshold A, reachability matrix K(K = [k; j]) can be derived
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using equations (21) and (22), where k; j = 1 means challenge x;
can directly affect challenge X; (i, j,=1,2,...,n); thus, the
cause-effect relations among challenges can be determined:

3\ 2iXhij (21)

>
nxn

1, ifh;2AG,j=1,2...,n),
f{ 2] ) (22)

0, ifh;<A(i,j=12....n).

Besides, there are two major principles for the deter-
mination of the threshold A:

Node degree of each challenge should be moderate

Challenges with a larger node degree should be in-
cluded in the critical challenges identified by Step 2 of
DEMATEL analysis

Node degree of each challenge, symbolled as f;(i =
1,2,...,n) in this study, can be calculated by equation (23).
By conducting several tests, the most appropriate value of A
to be used for acquiring a suitable relationship can be
obtained:

fi=Yky i=L2..,n (23)

i#j

3.4.5. Part 5: Determine the Level of Each Challenge.
Before a challenge x;(i = 1,2,...,n) can be classified to a
certain level, the corresponding reachable set R; and ante-
cedent set S; should be determined, which can be written as
equations (24) and (25):
Ry={xjlx; e X,k;;=1,j=1,2,...,n}, i=12,...,n

(24)

S={xjlx; e X,k =1,j=1,2,...,n}, i=12,...,n

(25)

Subsequently, for each challenge x; (i = 1,2,...,n), the
following equation (26) was validated:

R=R NS, i=12...,n (26)

In regards to challenges satisfying equation (26), other
challenges can reach them, but they cannot reach other
challenges. Therefore, they are classified into the challenge
set of the bottom level. Next, delete the corresponding row
and column from the matrix K and repeat the above pro-
cesses. When all challenges are allocated, the initial diagram
can be obtained combining the relations among various
challenges determined by Step 4.

3.4.6. Part 6: Establish the Hierarchical Network Model.
After checking for incompatibilities, removing indirect
links, and replacing the network nodes with challenge de-
scriptions, the final diagram, referred to as the hierarchical
network model in this paper, can be obtained.

11

3.4.7. Part 7: Analysis of MICMAC. The MICMAC (Cross-
Impact Matrix Multiplication Applied to the Classification
analysis) principle is based on the multiplication properties
of matrices [85]. The main objective is to analyze the
identified challenges with the help of MICMAC analysis. In
this research study, the challenges are categorized into four
sectors. The challenges under sector I have weak driving and
dependence power, hence are known as autonomous
challenges. These autonomous challenges are not linked to
the overall system. The challenges under sector II have high
dependence power but low driving power, hence are con-
sidered as dependent challenges. In sector III, barriers have
high dependence and driving power, so these challenges are
considered as linkage challenges. Challenges that have high
driving power but low dependence power come under sector
IV and are called independent challenges [86].

(i) Autonomous challenges have weak driving and
dependence power. These challenges have few links
with the overall system because of their weak
linkage with the other challenges or due to their few
influences on the entire system.

(ii) Dependent challenges with very weak driving power
and strong dependence are influenced by the in-
dependent challenges.

(iii) Linkage challenges have strong driving as well as
dependence power.

(iv) Independent challenges have strong driving power
and weak dependence power.

4. Data and Results

The following tables and results of the methodology are
derived according to the questionnaires that have been
designed and filled in Iran. The sample size was consisting of
20 individuals, since we tried to only reach out to domain
experts in this field.

4.1. Challenge Identification Results. By procedures men-
tioned in Section 3, 49 challenges were gathered, cate-
gorized, and filtered based on experts’ opinions. The
following challenges are selected Table 2 (this table has
been obtained based on the results of the questionnaire in
Appendix A).

4.2. Fuzzy Z-Number DEMATEL Results. Fuzzy Z-number
DEMATEL results are submitted as follows.

A questionnaire was provided to catch experts’ opinions
to find out about the challenges of implementing BIM. This
questionnaire compares the influencing of challenges on
each other. One sample of the questionnaire is shown in
Table 5 (the relevant questionnaires from which this table
was derived could be found in Appendix B).

According to Step 1 of the methodology, the initial direct
influence matrix Z and the normalized matrix X are shown
in Tables 6 and 7. According to Step 2 and equations (12) and
(13), the comprehensive influence matrix T is shown in
Table 8.
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TaBLE 5: Sample of questionnaire.

T1 T2 T3 T4 T5 T6 01 02 03 El E2 E3 L1 L2 L2
T1 * NO-C H-W NO-FI VL-U VL-M NO-C NO-FI NO-M L-ML NO-M L-M H-ML VH-C NO-L
T2 L-FI * L-W L-FI H-U VL-M L-ML VL-FI L-M NO-U VL-C VL-ML NO-L NO-W L-C
T3 L-ML L-U * VL-M L-ML H-U VL-FI L-M VL-W NO-ML NO-C NO-U L-M L-W NO-L
T4 L-U VH-C L-ML * L-ML H-W VL-U L-C H-L H-ML VL-FI L-M VH-C H-W NO-L
T5 NO-C H-L VL-M L-U * H-FI VL-C L-M L-M L-U NO-C VL-ML L-M H-W NO-L
T6 L-FI H-L VL-M H-C VL-U * VL-C VL-FI VL-W L-ML NO-C NO-U VL-W VL-U NO-L
O1 VL-C VL-W L-ML H-C VL-U VL-M * VL-FI VL-M L-U NO-M H-C VL-W VL-U NO-L
02 NO-C L-U VL-M VL-M L-ML NO-L NO-C * NO-M NO-ML NO-L NO-U L-M L-W  NO-L
03 NO-M L-U L-ML VH-W L-ML VL-M NO-C L-U * NO-C VL-ML L-M L-M  VL-U NO-L
El L-ML H-L VL-M VL-M VL-U VL-M VL-L L-FI H-L * NO-M VL-ML L-M L-W NO-L
E2 VL-C L-U NO-C VL-M VL-U VL-M L-ML L-L NO-M L-ML * VL-ML L-M VL-U NO-L
E3 L-ML L-U NO-C VH-W NO-W NO-L NO-C VL-FI NO-M NO-ML VL-ML ® VL-W VL-U NO-L
L1 H-ML L-U VL-M H-C VL-U VL-M VL-W VH-L VL-M NO-W NO-ML NO-U * L-W NO-L
L2 L-ML VH-C NO-C VH-W VL-U VL-M VH-C VH-L NO-M VL-M NO-ML NO-U NO-L * NO-L
L3 VL-C VH-C NO-C L-FI NO-W NO-FI L-ML L-ML NO-M NO-L NO-ML NO-U NO-L NO-W *

According to Step 2 and equations (14)-(17), Table 9
shows the importance, relationships, and weights of each
challenges resulted from fuzzy Z-number DEMATEL
approach.

Table 10 shows that defuzzied influencing, influenced,
centrality, causality degrees, and weight are obtained based
on equation (18).

_ Figure 4 shows the centrality (D;+R ;) and the causality
(D; = R)).

As shown in Figure 4, L1,L2, andL3 are the most in-
fluential challenges, respectively. T2, T3, and T6 are the most
influenced challenges respectively, too. The challenges above
the horizontal axis with positive causality are casual chal-
lenges. Their pure influence on other challenges is higher
than the influenced degree. On the contrary, challenges
below the horizontal axis are influenced challenges. L1 is
presented as the most influential challenge and T2 is the
most influenced challenge. Challenges on the right part of
Figure 4 have higher centrality, and they are more important
than challenges on the left part. In this study, all challenges
have high centrality and are important, although some of
them are more important and more critical to control for
preventing risk than others. T4,T2,T5,03,L2, andL1 are
the most important ones. Matrix H is shown in Table 11.

Table 12 presents reachability matrix K.

Figure 5 shows the initial diagram which is derived using
nodes and arcs.

According Figures 4 and 5 and Tables 9 and 10, L1 (lack
of upstream organization support and to standardize and
localize the technology of BIM), L2 (lack of regulations and
legal measures to protect the intellectual property of the BIM
model), L3 (failure to mature the mechanism for resolving
BIM projects), O3 (cost of hiring experts), O2 (cost of
hardware upgrades required), E3 (inadequate workforce
experience, knowledge, and skills), O1 (costs and time of
staff training), T1 (lack of a single source for effective use of
BIM technology (by-laws and native BIM standards)), and
El (sanctions against some of the key advantages and dis-
advantages of BIM) are causal challenges which influence
other challenges.

T5 (psychological resistance to new technology), T4
(misunderstanding of BIM technology), E2 (unable to use all
people involved in the work of BIM software), T6 (having a
negative attitude towards sharing data sources), T2 (lack of
interaction and teamwork among project team members),
and T3 (absence of infrastructure and BIM-based electronic
data exchange infrastructure) are challenges caused.

4.3. ISM Results. As mentioned before, the hierarchical
network of challenges can be designed by the ISM approach.
Table 13 shows the reachable (R;), antecedent (S;) sets and
their joint set (R;NS;).

The hierarchical network model among the challenges is
shown in Figure 6.

As shown in Figure 6, there are 4 levels for this model.
The influence is decreasing from the bottom to top. The
fourth level is the most influential and the first level is the
most influenced challenges. In this approach, the goal is to
find influencing and influenced challenges according to
reachability matrix K Based on Table 13 and Figure 6, level 1
challenges are more influenced ones and level 4 are more
influencing challenges. As it is clear, L1,12,13, 03,02, E3,
01, TL, and E1 are level 1 and level 2 challenges.

Given what is mentioned above, lack of upstream
organizations’ support to standardize and localize the
technology of BIM and lack of regulations and legal
measures to protect the intellectual property of the BIM
model are influencing other challenges. This result clearly
demonstrates the importance of upstream organizations’
support and appropriate rules ratified by them. New
technologies pertaining to any industry need upstream
organizations’ full attention to embark, grow, and survive.
Lack of a single source, misunderstanding of the BIM
technology, inadequate workforce experience, cost of
hardware, cost of hiring experts, and failure to mature the
mechanism are other influencing challenges. The next
influencing challenge, as expected, is cost, but another
important and influencing context is understanding the
new technology and training people accordingly. Lack of
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TasLE 9: Calculating table of D; - R;, D; + R;, D;, R;, and @

2

Challenge D; R; D; +R; D; - R, w,

Tl [0.57,1.46,4.34] [0.53,1.4,4.36] [1.1,2.85,8.7] [0.04,0.06, —0.02] [0.07,0.07,0.07]
T2 [0.42,1.25,4.1] [0.72,1.89,5.04] [1.14,3.14,9.14] [-0.3,-0.64,-0.95] [0.08,0.08,0.07]
T3 [0.25,0.88,3.29] [0.4,1.24,4.12] [0.65,2.12,7.42] [~0.15,~0.36,~0.83] [0.04,0.05,0.06]
T4 [0.69,1.69,4.74] [0.76,1.86,5.16] [1.45,3.55,9.9] [~0.07,-0.18,~0.43] [0.09,0.09,0.08]
T5 [0.57,1.48,4.47] [0.63,1.6,4.6] [1.2,3.09,9.06] [~0.07,-0.12,~0.13] [0.08,0.07,0.07]
T6 [0.38,1.18,3.88] [0.59,1.53,4.47] [0.97,2.7,8.35] [~0.2,-0.35,—0.59] [0.06,0.07,0.07]
El [0.49,1.37,4.21] [0.45,1.32,4.27] [0.94,2.7,8.48] [0.05,0.05,-0.07] [0.06,0.06,0.07]
E2 [0.27,0.97,3.45] [0.39,1.22,3.92] [0.67,2.19,7.37] [~0.12,~0.25,~0.47] [0.04,0.05,0.06]
E3 [0,1.02,3.61] [0,0.96,3.43] [0,1.99,7.03] [0.01,0.06,0.18] [0,0.05,0.06]
o1 [0.39,1.19,3.98] [0.41,1.14,3.77] [0.8,2.33,7.75] [~0.02,0.04,0.21] [0.05,0.06,0.06]
02 [0.51,1.42,4.39] [0.54,1.37,4.2] [1.05,2.79,8.58] [-0.03,0.05,0.19] [0.07,0.07,0.07]
03 [0.63,1.61,4.72] [0.55,1.45,4.47] [1.18,3.06,9.19] [0.08,0.15,0.25] [0.08,0.07,0.07]
L1 [0.83,1.93,5.17] [0.48,1.24,3.89] [1.31,3.17,9.06] [0.35,0.69,1.28] [0.09,0.08,0.07]
L2 [0.82,1.83,4.76] [0.5,1.3,4.01] [1.31,3.13,8.77] [0.32,0.53,0.74] [0.09,0.08,0.07]
L3 [0.54,1.41,4.31] [0.44,1.13,3.69] [0.98,2.54,7.99] [0.1,0.28,0.62] [0.06,0.06,0.06]

TasLE 10: Calculating table of D&, REf, (D, + R,)*!, (D, - R)*', and wd'.

Challenge Def RYef (D, + R (D, - R)** Influence wdef
T1 1.92 1.96 3.88 0.04 Influencing 0.069026
T2 2.39 1.75 4.14 —-0.63 Influenced 0.075556
T3 1.75 1.32 3.08 -0.43 Influenced 0.05122
T4 2.41 2.20 4.61 -0.21 Influenced 0.085458
T5 2.11 2.00 411 -0.11 Influenced 0.0743
T6 2.03 1.65 3.68 -0.37 Influenced 0.06516
El 1.84 1.86 3.70 0.02 Influencing 0.064211
E2 1.69 1.42 3.11 -0.27 Influenced 0.051971
E3 1.41 1.49 2.90 0.08 Influencing 0.047607
01 1.62 1.69 3.30 0.07 Influencing 0.056186
02 1.87 1.93 3.80 0.07 Influencing 0.067257
o3 1.98 2.14 412 0.16 Influencing 0.073932
L1 1.71 2.46 4.17 0.75 Influencing 0.078702
L2 1.78 2.31 4.09 0.53 Influencing 0.077194
L3 1.60 1.91 3.51 0.32 Influencing 0.06222
1
0.8 :
OL1
0.6 -
. oL2
0.4 . . . o
. . . . . . ®L3
.2 - .
g0 ‘ © oy . ®03
Z ®E3 eOl _®
R0 w90l %
© El
oT5 -
-0.2 . . ‘®T4"
®E2
- ; @Te
04 oT3
~0.6 REPE R R EEEEE SEERREE C oT2
-0.8
Centrality

FIGURE 4: The causal diagram among various challenges.
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TaBLE 11: The overall defuzzy influence matrix H.

T1 T2 T3 T4 T5 T6 El E2 E3 O1 02 03 L1 L2 L3

T1 0.10 0.16 0.11 0.17 0.15 0.13 0.13 0.11 0.1 0.11 0.12 0.15 0.14 0.15 0.11
T2 0.13 0.1 0.15 0.16 0.14 0.11 0.12 0.1 0.09 0.089 0111 0143 0106 0105 0.113
T3 0.095 0.124 0.060 0.127 0.108 0.099 0.083 0.085 0.067 0.067 0.096 0.01 0.071 0.073 0.061
T4 0148 0189 0139 0130 0168 0.167 0150 0127 0122 0133 0151 0.146 0.148 0.147 0.127
T5 0113 0172 0115 0171 0104 0164 0135 0.134 0120 0.127 0123 0.142 0129 0135 0.108
Te6 0111 0151 0115 0.168 0.133 0.084 0.112 0.097 0.076 0.095 0.118 0111 0.096 0.097 0.083
El 0120 0162 0114 0178 0143 0153 0.087 0.095 0.083 0.093 0133 0.153 0109 0112 0.118
E2  0.086 0122 0118 0.115 0.110 0.098 0.082 0.062 0.063 0.082 0110 0.095 0.100 0.092 0.073
E3  0.082 0134 0.098 0143 0130 0118 0.099 0.092 0.056 0.079 0.088 0.114 0.079 0.085 0.09
o1 0129 0161 0109 0121 0116 0126 0.116 0.103 0.090 0.068 0.094 0.107 0.118 0.119 0.1
02 0152 0164 0101 0154 0158 0.143 0.124 0113 0.088 0.127 0.091 0133 0131 0138 0.1
03 0152 0176 0123 0.188 0.168 0.152 0136 0.109 0.116 0.137 0162 0106 0129 0.143 0.14
L1 0.183 0197 0166 0.214 0173 0171 0157 0175 0126 0136 0168 0.176 0.104 0.165 0.14
L2 0.181 0196 0154 0198 0161 0160 0169 0163 0113 0141 0154 0159 0.118 0.100 0.13
L3 0.14 0.17 0.1 0.17 0.14 0.14 0.13 0.11 0.1 0.12 0.12 0.14 0.13 0.11 0.08

TaBLE 12: Reachability matrix K.

T1 T2 T3 T4 T5 T6 El E2 E3 01 02 03 L1 L2 L3
T1 1 1 0 1 1 1 1 0 0 0 1 1 1 1 0
T2 1 1 0 1 1 0 0 0 0 0 0 1 0 0 0
T3 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0
T4 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1
T5 0 1 0 1 1 1 1 1 0 1 0 1 1 1 0
T6 0 1 0 1 1 1 0 0 0 0 0 0 0 0 0
E1l 0 1 0 1 1 1 1 0 0 0 1 1 0 0 0
E2 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
E3 0 1 0 1 1 0 0 0 1 0 0 0 0 0 0
o1 1 1 0 0 0 1 0 0 0 1 0 0 0 0 0
02 1 1 0 1 1 1 1 0 0 1 1 1 1 1 0
03 1 1 0 1 1 1 1 0 0 1 1 1 1 1 1
L1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
L2 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1
L3 1 1 0 1 1 1 1 0 0 0 0 1 1 0 1

FiGure 5: The initial diagram among various challenges.
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TaBLE 13: Reachable, antecedent sets, and their joint set.
Challenge R; S; R,NS; Level
T1 T1, T2, T4, T5, Te, E1, O2, O3, L1, L2 T1,T2,T4,01,02,03,L1,L12,L3, Tl T1, T2, T4, O2, O3, L1, L2 3
T1, T2, T4, TS5, T6, El1, E3, O1, O2,
T2 T1, T2, T4, T5, O3 03, L1, L2, L3 T1, T2, T4, T5, O3 1
T3 T3, T4 T3, T4, L1, L2 T3, T4 1
T4 T1, T2, T3, T4, T5, T6, E1, E2, O1, 02, O3, T1,T2,T3,T4,T5,T6,E1, E3,02,03, TI, T2, T3, T4, T5,Té, E1, 02, O3, 3
L1, L2, L3 L1, L2, L3 L1, L2, L3
T5 T2, T4, T5, T6, E1, E2, O1, O3, L1, L2, L3 T1, T2, T4, T5, 1]:62’ Fil?; E3,02,03,11, T2, T4, T5, Te, E1, O3, L1, L2 2
Ts T2, T4, TS, T6 T1,T4,T5, T6,E1i§)l,02, 03,L1,L2, T4, T5, T6 1
El T2, T4, T5, Te, E1, O2, O3 T1, T4, T5, E1, O2, O3, L1, L2, L3 T4, T5, 02, O3, E1 1
E2 E2 T4, T5, E2, L1, L2 E2 1
E3 T2, T4, T5, E3 E3, L1 E3 3
o1 T1, T2, T6, O1 T4, T5, O1, 02, O3, L1, L2, L3 01 2
02 T1, T2, T4, TS5, T6, E1, O1, O2, O3, L1, L2 T1, T4, E1, O2, O3, L1, L2 T1, T4, E1, O2, O3, L1, L2 3
03 T1, T2, T4, T5, Té6, ELI—?: 01, 02,03, L1, L2, T1, T2, T4, T5, E1, 02, 03, L1, 12, L3 T1, T2, T4, T5, Fil:; 02,03, L1, L2, 3
T1, T2, T3, T4, T5, T6, E1, E2, E3, O1, O2,
L1 03, L1, 12, L3 T1, T4, T5, 02, O3, L1, L3 T1, T4, T5, O2, O3, L1, L3 4
12 LI T3 T 15 76 BLEL OL 0% 0%y 14,75, 02, 03, L1, L2 T1, T4, T5, 02, 03, L2 1
L3 T1, T2, T4, T5, Te, E1, O3, L1, L3 T4, 03, L1, L2, L3 T4, O3, L1, L3 3
T T L T T |
i @ @ Fourth level i
"""""""""""""""""""""""""""" 1 oo
1 1 k=
@ @© ® ORI E
T::::::::::::::::::::::::::::::::::::::::' =
A B
i @ Second level E
_________________________________________ \
] |
elelolole
FIGURE 6: The hierarchical network model among the challenges.
interaction and teamwork, absence of BIM infrastructure, 14 N N
. . . . 1 I3
having a negative attitude, sanctions, and reluctance to use ° Ts5 ®
all people involved are among influenced challenges. It 12 S Te @
means that teamwork and workforce quality are influ- 2 10 e d IS
enced, and if upper levels do not function well, it would kg P ®
affect the quality of work and the attitude of people = 8 01 fo020 L2 Ll
. [ P Py Py Py
involved. § o > b . < < <
= . . .
These results to some extent affirm fuzzy Z-number = ° T3 Py
DEMATEL results and emphasize the importance of these é 4 IR ] AR
challenges. The driving and dependence power diagram con- 5 1:‘3
structed on the basis of MICMAC analysis is shown in Figure 7. ‘
As shown in the MICMAC table, in this case, 0
0 2 4 6 8 10 12 14 16

E3, T3, and E2 are autonomous challenges and O1 has weak
driving and dependence power. Dependent challenges are
T2 and T6. They have very weak driving power and strong
dependence. El is between dependence and linkage chal-
lenges. Linkage challenges have strong driving and also
strong dependence. T1,T5,03, and T4 are introduced as
linkage challenges. L2, 02, andL3 belong to independent
challenges. These challenges have less dependence and
stronger driving.

Influencing degree

FiGUure 7: MICMAC analysis.

5. Discussion

In the previous section, following the methods used, the
results were also presented. This section intends to analyze
the results and provide new information for these analyses.
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B Operation = Economic
B Technology B Legitimate
F1GURE 8: Portion of each category.
D) ~0.63 Influenced
3 _0.43 Influenced
T6 037 Influenced
3 0.08 Influencing
01 0.07 Influencing
02 0.07 Influencing
L1 0.75 Influencing
0.6
0.5
0.4
0.3
2
£ 02
o0
g
B0
g Technology Economic
S 0 e . L. . .
= Operation Legitimate
I TP S ,
-0.2
-0.3
-0.4
FIGURE 9: General state of each category.
The total weight of each category is shown using a pie ~ successful implementation of building information
chart in Figure 8. Clearly, technology challenges carryalot ~ modeling.

of weight (42%), with legitimate (22%), operational (20%),
and economic (16%) challenges in the next categories. In
this case, it is clear that countries must first pay more
attention to the technology category challenges, prepare
the appropriate infrastructures, and train experts to ex-
ploit them. Upstream organization or government co-
operation and support also plays an imperative role in the

Table 10 shows that the most influenced challenges are
technological challenges, and the most Influential challenges
are of all three categories: economic, operational, and legal.
For this reason, the following diagram is given to show the
general status of each category.

As it is clear in Figure 9, generally speaking, the tech-
nological and economic categories are more likely to be
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TABLE 15: Questionnaire (2).
L3 L2 L1 E3 E2 El 03 02 01 T6 T5 T4 T3 T2 T1
NO-L VH-C H-ML L-M NO-M L-ML NO-M NO-FI NO-C VL-M VL-U NO-FI H-W NO-C * Tl
L-C NO-W NO-L \I\I/ILL VL-C NO-U L-M VL-FI L-ML VL-M H-U L-FI LW # L-FI T2
NO-L LW LM NO-U NO-C I;IAOL VL-W L-M VL-FI H-U LML VLM # L-U L-ML T3
NO-L H-W VH-C L-M VL-FI H-ML H-L L-C VL-U H-W LML * L-ML VH-C L-U T4
NO-L H-W L-M ;]/ILL NO-C LU LM LM VL-C H-FI * L-U VL-M H-L NO-C T5
NO-L VL-U VL-W NO-U NO-C L-ML VL-W VL-FI VL-C # VL-U H-C VL-M H-L LF T6
NO-L VL-U VL-W H-C NO-M L-U VL-M VL-FI * VL-M VL-U H-C L-ML VL-W VLC Ol
NO-L L-W L-M NO-U NO-L I;IAOL NO-M * NO-C NO-L L-ML VL-M VL-M L-U NO-C 02
NO-L VLU LM LM \I\’/[LL NO-C * L-U NO-C VL-M L-ML VH-W L-ML LU NO-M O3
NO-L LW LM \l\f/ILL NO-M # H-L L-FI VL-L VL-M VLU VL-M VL-M H-L L-ML El
NO-L VLU L-M \I\Z/ILL * L-ML NO-M L-L L-ML VL-M VLU VL-M NO-C L-U VLC E2
NO-L VL-U VL-W * X/ILL I;I/[OL NO-M VL-FI NO-C NO-L NO-W VH-W NO-C L-U L-ML E3
NO-L L-W * NO-U I:/IOL NO-W VL-M VH-L VL-W VL-M VL-U H-C VL-M L-U H-ML LI
NO-L * NO-L NO-U IIIVIOL VL-M NO-M VH-L VH-C VL-M VL-U VH-W NO-C VH-C L-ML L2
* NO-W NO-L NO-U I;L[OL NO-L NO-M L-ML L-ML NO-FI NO-W L-FI NO-C VH-C VL-C L3
Expert 1
VL- VL-
NO-L - NO-FL - VLL NO-FI NO-M NO-M NO-C NO-FI NO-FI VL-W VLL VLL * Tl
VL-U NO-FI NO-W X/ILL VL-L VL-C L-FI X/{LL L-U VL-M H-U H-ML L-C s L-FI T2
NO-L NO-M NO-W NO-M NO-U NO-C VL-M VL-FI VL-C VL-U L-L L-ML * H-W LU T3
NO- VL- VH-
H-M L-FI NO-U o L VLC VLW - L-U ML LW * L-ML VLL LU T4
H-M H-U NO-W XdLL NO-U VL-C VL-U L-C VL-FI \Ii/IHL * L-ML L-U L-C NO-W T5
NO-L H-U VLL NO-FI LL NO-C VL-W VL-U XdLL * VL-C VH-W H-ML H-W VL-U Té6
L-U L-FI NO-M H-L L-L  VL-C VL-FI VL-U # \1</1HL VL-C H-ML L-ML L-C L-U 01
NO-L NO-M L-M NO-W NO-U NO-FI VL-M * VL-L VL-C H-U VL-W VL-L L-C NO-W 02
VL-U %OL NO-C L-W NO-U NO-U * L-C NO-C L-M VL-C L-ML VLL VLL NO-W 03
NO-L NO-U VLL L-W NO-U * VL-M VL-U VL-C H-W VL-C VLW VLL H-W LM EI
NO-L L-FI NO-M \I\’/[LL * VL-C VL-M L-C VL-U H-W VH-M L-ML NO-C H-W H-C E2
VH-C H-U VLL * L-L VL-C H-C \1\//ILL H-M H-W H-L H-U LML HU LC E3
H-M  NO-L # H-L NO-U NO-C VL-U VH-FI LU H-W H-FI H-ML NO-U H-M L-C L1
NO-L * NO-U I;I/[OL NO-U H-ML NO-M VH-FI VH-M NO-L H-U VH-W I;IAOL H-W VH-L 12
NO- NO-
* NO-w /" NO-C NO-U VL-C NO-M LC LU HW LML HU - HML LL I3
Expert 2

VH- VH-

ML VH-FI H-C H-ML LM H-FI HL NO-U LC LM M VHIL NO-U LC * T1
VH-U NO-M NO-W H-ML \1,\/111 L-C H-U X/ILL H-ML VL-C H-W H-M H-L s VL-U T2

VL- VL- VL-

NO-M NO-L NO-C VL-W H-FI VL-U VL-W LM ML H-C L-U ML * VH-W o T3
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TaBLE 15: Continued.

L3 L2 L1 E3 E2 El 03 02 01 T6 T5 T4 T3 T2 T1
H-L VH-FI VH-U L-W H-ML VH-M VH-U H-L H-ML VH-U VH-L * L-W VH-C H-U T4
L-M H-FI H-C H-ML LM VH-M H-C HL HML H-C * VH-L LW H-L \I\I/ILL T5
VH- VL-
VLM  L-C LW VLW . HF VLW VHC o * VH-C H-M HL VHU LM Té6
H-L VLU VLW VH-M HC HU VLW X/{LL «  VHU VHW HM \1\,/1LL H-L LM Ol
VL-M VLU VLW VLW \;/IHL VL-U NO-M * NO-U H-C H-W XALL VH-C L-C NO-FI 02
VL- VL- VL-
NO-M NO-M NO-W L-W NO-W NO-C * L-M ML L-M LU ML ML L-C  NO-FI 03
VH-C VH-FI H-C H-ML H-ML * H-M H-L H-ML H-C \li/?L X/[LL HL HL LM El
H-L H-FI H-C LW * H-ML NO-M L-M L-C H-C K/IHL H-M NO-U VH-W H-FI E2
VH- VL- VL-
H-U H-FI LW * M VEM OH-ML 0 H-MLOVH-U VH-C VH-L - H-L H-M E3
VH-FI VH-FI * VH-M VH-L VH-M VH-U VH-C VH-FI VH-U \ll\/II_i VH-L VH-C VH-W \li/ll_i L1
VH-C * VH-U VH-M \IIWHL VH-M VH-U VH-C VH-FI VH-U VH-L VH-L VH-C \ﬁi \I’\?L L2
* H-FI HC H-ML H-U VH-M HL LM LC VHU HW VHL NO-U VH-C H-U L3
Expert 3
VL-  NO-
L-U L-C H-U H-C ML M HF VLM HC VLW H-C VHL LU HF * T1
L-W L-C VLW H-L \1\//ILL VL-L VL-C VL-FI LM VLW HF HC VLW * L-ML T2
VL-U XALL L-U VL-C VH-W VL-FI VL-L LW VLU LML LU L-C * X/[LL H-U T3
VL-FI H-W L-U H-C H-ML VL-M VL-FI NO-U NO-FI \I\/ALL H-L s L-C \1\7/1LL H-W T4
VL- VL- VL-
VL-C i HU LW HML VH-M NO-C NO-U NO-FI VH-U * ML W H-L T5
VL-C VL-FI LU H-C \1\//ILL I:/[OL NO-C NO-U VL-U * VL-M H-C H-L LW HML T6
L-C \I\’/[LL L-U H-M LU VLM NO-C NO-U * HC LU HC VLW LW HML O1
VL- VL- VL-
VL-W VLL HU VLC - HM NOC * VL-U VLU L-U ML H-L ML LML 02
VH-C LC VLW HW LU L-C * VL-M H-C L-ML H-M VH-L VLW H-F VLM O3
VL-M VL-C L-U NO-M NO-C # H-FI L-W H-C VH-U VLM X/ILL VL-W \D//[LL L-ML El
L-U L-C VLW LW * H-M \I\’/[LL NO-U VL-U L-ML H-C X/{LL VL-W L-W H-ML E2

L-ML H-W VLW * H-ML VL-M VL-C NO-W NO-FI VH-U H-M H-C VL-W H-FI L-ML E3
VL-M L-C * L-wWw H-ML L-C H-FI L-W L-M H-C L-U H-C H-L H-FI L-ML L1
NO- VH-

L-U * VL-W VL-C L-U L-C ML NO-w H-C H-C VL-M L-C H-L  H-FI ML L2
* VL-FI L-U H-W L-U \I(/ILL NO-FI NO-L L-M  H-C L-U H-C L-ML H-FI H-L L3
Expert 4
VH-U VH-W VH-W VH-FI VH-C L-U NO-FI VL-M VL-M L-W L-C  VH-L \I\Z/ILI: H-L * T1
H-FI L-U L-L H-ML NO-U NO-W VL-FI L-U L-M \I\/;ILI: H-C H-W H-FI * H-ML T2
NO-U NO-W I;\I/[(i_ H-ML L-W VL-U VL-L VL-L \I\I/ILI: VL-U H-ML H-W * VH-C VL-U T3
H-ML VH-M VH-C H-U H-L L-w H-M L-FI VH-L VH-M NO-U * L-U VH- H-W T4

ML
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TasLE 15: Continued.
L3 L2 L1 E3 E2 El 03 02 o1 T6 T5 T4 T3 T2 T1
L-U H-C H-U VH-FI L-W H-M VH-FI H-L H-M VH-M * VH-L ;\,/ILI: H-L NO-W T5
VH-U L-U L-L H-C H-FI \I\//ILI: VL-C VL-FI H-M * VH-W VH-L \I(/ILI: H-L VL-U Té6
H-U L-U L-L H-ML H-ML NO-W VL-U VL-W * VH-M VH-W VH-L L-U X/ﬁ: VL-U O1
NO-U VL-M VL-FI L-M H-L VL-C VL-U * VL-M VL-FI VL-M H-U H-FI LW NO-W 02
VL-C NO-W I;Iv[c]): VL-L VL-W NO-W * NO-W VL-U VL-C L-C H-M \I<4LI: L-W NO-W 03
VL- NO- VL-
L-U H-C H-U NO-FI NO-U * NO-FI VL-M ML ML VL-M VL-U ML H-L H-ML El
VH- VL- VL-
VH-U VH-U ML L-M * H-M VL-C ML L-M H-FI H-ML H-U ML H-L H-L E2
H-ML H-C H-U * VH-C VH-M L-U VL-U LM VH-M VH-W H-C H-FI \I/\v/ﬁ_ L-L E3
H-ML VH-L * VH-FI VH-C H-M H-M VH-L H-M H-F L-C VH-L XE: H-L VH-M L1
NO- VH-

H-ML * ML VH-FI VH-C H-M H-M VH-L H-M H-F L-C VH-L ML H-L VH-M L2
* L-U H-U H-ML VH-C H-M L-U L-ML H-M H-FI L-C VH-L \I\I/ILIj L-w L-L L3
Expert 5
L-M VH-U VH-M H-FI H-C L-C NO-FI VH-L L-M H-C H-C L-M VL-L L-ML * T1
VH-U L-ML L-W H-ML VL-C NO-FI VL-L H-C H-W VLU H-M L-C L-W * VH-L T2
l\N/[?_ NO-L NO-U H-W L-U VL-FI VL-U VLL VL-C VLFI H-U H-ML * VH-U LW T3
H-M VH-M VH-C H-U H-L L-C H-M L-L \Ii/ll_i- VH-U VH-W * H-C VH-U H-M T4
L-M H-M H-C VH-L L-U H-FI VH-W H-C H-W VH-U * VH-U VL-L H-L NO-W T5
E{CI?_ VL-FI VL-M NO-L NO-C L-C NO-FI VL-L VL-C * VL-L H-C VL-L H-L L-W Té6
H-M L-ML L-W H-C H-U NO-FI VL-M VL-L * VH-U VH-W VH-U L-W VH-U VL-C Ol
VL-W VL-FI H-C VL-M VL-C H-FI NO-H * VL-C \l\/;ILI: L-C VL-W H-C VLU LW 02
VH-U L-ML VL-M H-C L-U L-C * L-L H-W L-M H-C VH-U VL-L H-L VL-C O3
L-M H-M H-C NO-L NO-C * NO-FI VL-L VL-C VH-U VL-L VL-W VL-L H-L H-M El
VH-U X/[I_i_ VH-W L-C * H-FI VL-M VL-L L-M H-C H-U H-ML VL-L H-L H-M E2
H-M H-M  H-C * VH-U VH-W LM VLL L-M ;\]/[Llj H-C L-M L-w L-ML H-M E3
H-M XAHL + VHL VH-U H-FI H-M VHL HW HC LC VHU VH-C HL VHL LI
VH-U * VH-W VH-L VH-U VH-FI VH-W VH-L VH-U VH-M \Ii/ll_i- VH-U VH-C VH-U VH-L L2
* H-M H-C VL-M L-U H-FI H-M VL-L VL-C L-M H-ML VH-U NO-L VH-U H-M L3
Expert 6

VH- VH- VL-
VH-U ML ML VH-M H-L H-U ML H-w VH-C L-ML L-U L-M L-W L-C * T1
H-L L-ML VH-C VH-W I;I\/IOL_ NO-U L-M \I\//[LI: VL-C VL-M VH-FI L-W L-U * L-ML T2
NO-M II\I/I?: NO-U H-L L-C VL-U VL-FI }\]/ILI: VL-M VL-C L-U H-C * VL-M H-FI T3
VL-U VL-W H-M H-FI L-U L-C H-W L-U VH-M \I(/IHL_ VH-C * L-FI VH-M H-L T4
VL-U L-ML H-M VL-W L-M H-U \;/[HL_ H-W H-C VH-C * VH-M VL-L H-U NO-L T5
NO- VL- VH-
NO-M ML NO-U VL-W H-L VL-U VL-FI ML H-C * ML VH-M VL-L H-U VLW Té6
H-L H-M H-M VL-W H-L NO-U VLW VL- * VH-L H-M VH-M L-M VH-M VL-W Ol

ML
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TaBLE 15: Continued.

L3 L2 L1 E3 E2 El 03 02 01 T6 T5 T4 T3 T2 T1
VH-U YWHL H-M H-M VH-C VLU ;;LL * VL-FI VL-C LU H-C H-M L-C NO-L 02
NO- VL- VH- VH-
VL-U v NO-U VLW VL-C NO-U s L-U ML ML ML H-C H-M LC NO-L O3
NO- VL- NO-
LML H-M HM NO-C o * NO-U - VLW VHF o VLM HM VHL HU El
VH- VL- VL-
VH-U . VHU LC * HU ML L-M NO-C H-M VL-M VLL H-U H-ML E2
VH- VL- VH-
H-L H-M H-M * VH-C o L-M ML LM HML - VHM LW HW LML E3
VH- VH- VH-
H-L ML * M VHC HU HW H-C L-ML HM HC H-M LC VH-M LIl
VH- VH-
H-L * NO-U . VH-C HU HW H-C H-ML L-U VH-M VH-U H-FI VH-M L2
VH-  VH-
* LML ML H-L VH-C HW VLU LF HML LU H-C LF VLM L-FI L3
Expert 7
VH- VL-
ML VL-C H-ML LML LC LM NO-W NOFl NO-C LM VLF - LW NOU * Tl
VL-C H-U VLW VLL L-C L-FI X/ILL L-U VL-M H-U H-ML L-C L-U * L-U T2
L-M VL-C L-ML VL-L VL-L I;TAOL VL-W L-M VL-FI H-U LML VLM * L-U L-ML T3

H-W VL-C VL-W VL-L H-W H-ML H-L L-C VL-U H-W L-ML * L-ML VH-C L-U T4

H-W VH-M L-ML NO-C H-W L-U L-M L-M VL-C H-FI * L-U VL-M H-L NO-C T5

H-W H-L H-U L-ML H-U L-ML VL-W VL-FI VL-C * VL-U H-C VL-M H-L L-FI Teé

H-W H-FI H-ML NO-U H-M L-U VL-M VL-FI * VL-M VL-U H-C L-ML VL-W VL-C O1
NO- NO-

NO-L HU VHW o° HW - NOM =+ NO-C NOL LML VLM VLM LU NO-C O2
NO-L VLU LM LM X/{LL NO-C L-U NO-C VL-M L-ML VH-W L-ML L-U NO-M O3
NO-L LW LM X/{LL NO-M H-L LFl VLL VL-M VLU VL-M VL-M HL LML El
NO-L VL-U L-M \I\’/ILL * L-ML NO-M L-L LML LU LF NOM HL LL VLC E2
NO-L VL-U VLW & \I\I/ILL I;I/[OL NO-M VL-FI NO-C NO-L NO-M L-M NO-W NO-U L-ML E3
NO-L L-W * NO-U vaﬁ NO-W VL-M VH-L VL-W VL-U I;\Iﬁ NO-C L-W NO-U H-ML LI
NO-L *  NO-L NO-U II\I/IOL VL-M NO-M VH-L VH-C VL-M VL-U VH-W NO-C VH-C L-ML L2
* NO-W NO-L NO-U I;I\/IOL NO-L NO-M L-ML L-ML NO-FI NO-W L-FI NO-C VH-C VL-C L3
Expert 8
NO-FI NO-W \l\//ILL VL-L VL-L NO-FI NO-M NO-M NO-C NO-FI NO-FI VL-W VLL LL Tl
NO-M NO-W NO-M NO-U VL-L VL-C L-FI XALL L-U VL-M H-U H-ML L-C +  VH-L T2
L-FI  NO-U I;IAOL L-L NO-U NO-C VL-M VLFI VL-C VLU LL LML * H-W LW T3
H-U NO-W X/{LL NO-U L-L VL-C VLW X/{LL L-U XAHL L-W * L-ML VL-L H-M T4
H-U  VL-L NO-FI LL NO-U VLC VLU L-C VLFI XAHL * L-U VL-M H-L NO-W T5
L-FI  NO-M H-L LL LL NO-C VLW VLU \D/;[LL * VL-C H-C VL-M HL LW T6
NO-M VL-FI NO-C NO-L L-L VL-C VL-FI VLU = \;4HL VL-C H-C L-ML VLW H-L Ol

VL-M VH-L VL-W VL-M NO-U NO-FI VL-M * VL-L VL-C H-U VL-M VL-M L-U H-ML O2
NO-M VH-L VH-C VL-M NO-U NO-U * L-C NO-C L-M VL-C VH-W L-ML L-U H-ML O3
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TaBLE 15: Continued.
L3 L2 L1 E3 E2 El 03 02 01 T6 T5 T4 T3 T2 Tl
NO-L NO-U VL-L L-W NO-U * VL-M VL-U VL-C H-W VL-C VL-M VL-M H-L L-ML El
NO-L L-FI NO-M \I\]/[LI: % VL-C L-M NO-U NO-C I;\I/[(i- VH-M L-ML NO-C H-W H-M E2
VH-C H-U VL-L * L-L VL-C VH-C L-M VL-FI H-ML H-L H-U L-ML H-U H-M E3
H-M NO-L * H-L NO-U NO-C L-M \I\Z/ILI: NO-C L-U H-FI H-ML NO-U H-M VH-L LI
NO- NO-

NO-L * NO-U ML NO-U H-ML VL-W NO-U NO-C L-ML H-U VH-W ML H-W VH-L L2
* NO-W II\IAOL NO-C NO-U VL-C VLW H-C NO-M LU LML HU I;]AOL H-ML HM L3
Expert 9

VH- VL- VH-
ML VH-FI H-C ML H-W VH-C L-ML L-U L-M L-M ML VH-L NO-U L-C ® T1
VH-U VL-U H-C L-M \I\I/ILI: VL-C VL-M VH-FI L-W VL-C H-W H-M H-L * VL-U T2
VL- VL- VL-
NO-M L-ML VL-M VL-FI ML VL-M VL-C L-U H-C H-C L-U ML * VH-W ML T3
H-L L-ML VH-W L-ML L-U VH-M VH-U H-L H-ML VH-U VH-L * L-W VH-C H-U T4
L-M VL-U VL-M VL-M H-L VH-M H-C H-L H-ML H-C * VH-L L-W H-L }\[/IL]: T5
VL-M VL-U VL-M NO-C L-U H-FI VL-W VH-C \I\/;ILI: * VH-C H-M H-L VH-U L-M Té6
H-L NO-W VH-W NO-C LU HU VLW \l\f/ILL * VH-U VH-W H-M \&LL HL LM O1
VL-M VL-U H-C VL-M L-U VL-U NO-M * NO-L NO-C VL-W H-FI VL-U L-C NO-FI 02
NO-M VL-U VH-W NO-C VH-C NO-C * L-M VH-FI VH-U L-W H-ML VH-M L-C NO-FI O3
VH-C VH-FI H-C H-ML H-ML * H-M H-L H-FI H-C H-ML L-M VH-M H-L L-M El
H-L H-FI H-C L-W * H-ML NO-M L-M L-C L-W  VL-W \Ii/[}i_ H-FI VH-W H-FI E2
VH- VL-
H-U H-FI L-W * ML VH-M H-ML ML VL-U VL-W VH-M H-C H-U H-L H-M E3
VH-FI VH-FI * VH-M VH-L VH-M VH-U VH-C VL-U VL-W VL-W ng VL-U VH-W Xﬁ: L1
VH- VH- VH-
VH-C * VH-U VH-M ML VH-M VH-U VH-C VH-FI VH-U VH-L VH-L VH-C ML ML L2
* H-FI H-C H-ML H-U VH-M H-L L-M L-C VH-U H-W VH-L NO-U VH-C H-U L3
Expert 10
VL- NO-
VL-U L-C H-U H-C ML ML H-FI VL-M H-C VL-W H-C VH-L L-U H-FI * T1
&Ii_ L-C H-C H-ML L-M VH-M H-C VL-FI L-M VL-W H-FI H-C VLW * L-ML T2
VL- VH- VL-
NO-M ML L-W VL-W ML H-FI VL-W LW VLU L-ML L-U L-C * ML H-U T3
VL-U H-W VL-W VH-M H-C H-U VL-W NO-U NO-FI ;\]/ILI: H-L * L-C \I\/;[LI: H-W T4
VL- VL- VL-
VL-U ML H-U L-W H-ML VH-M NO-C NO-U NO-FI VH-U * ML L-W ML H-L T5
NO-M VL-FI L-U H-C ;\//ILI: I;I\/[Ci NO-C NO-U VL-U * VL-M H-C H-L L-W H-ML Te6
H-L \I\//ILI: L-U H-M L-U VL-M NO-C NO-U * H-C L-U H-C VL-W L-W H-ML O1
VL- VL- VL-
VH-U VL-L H-U VL-C ML H-M NO-C * VL-U VL-U L-U ML H-L ML L-ML 0O2
VL-U L-C VL-W H-W L-U L-C * VL-M H-C L-ML H-M VH-L VL-W H-FI VL-M O3
L-ML VL-C L-U NO-M NO-C * H-FI L-W H-C VH-U VL-M \I\Z/ILI: VL-W \I\CILI: L-ML E1
VHU LC VLW LW s HM \I\’/[LL NO-U VLU LML HC \I\I/ILL VLW LW HML E2
H-L H-W VL-W * H-ML VL-M VL-C NO-W NO-FI VH-U H-M H-C VL-W H-FI L-ML E3
H-L L-C * L-W H-ML L-C H-FI L-W L-M H-C L-U H-C H-L H-FI L-ML L1
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TaBLE 15: Continued.

L3 L2 L1 E3 E2 El 03 02 o1 T6 T5 T4 T3 T2 T1
NO- VH-

H-L * VL-W VL-C L-U L-C ML NO-w H-C H-C VL-M L-C H-L  H-FI ML L2
* VL-FI L-U H-W L-U X/ILI: NO-FI NO-L L-M H-C L-U H-C L-ML H-FI H-L L3
Expert 11
VH-U VH-W VH-W VH-FI VH-C L-U NO-FI VL-M VL-M L-W L-C  VH-L \I\]/ILL_ H-L * T1
L-W H-ML L-L H-ML NO-U NO-W VL-FI L-U L-M ;\//ILL H-C H-W H-FI * H-ML T2

NO- VL-
L-W H-ML ML H-ML L-W VL-U VL-L VL-L ML VL-U H-ML H-W * VH-C VL-U T3
VL- VH-
ML L-ML VH-C H-U H-L L-w H-M L-FI VH-L VH-M NO-U * L-U ML H-W T4
H-FI VL-M H-U VH-FI L-W H-M VH-FI H-L H-M VH-M * VH-L \I\I/IL]: H-L NO-W T5
VL- VL- VL-
ML L-ML  L-L H-C  H-FI ML VL-C VL-FI H-M * VH-W VH-L ML H-L VL-U Té6
L-W H-ML L-L H-ML H-ML NO-W VL-U VL-W * VH-M VH-W VH-L L-U X/II_IL_ VL-U O1
H-FI L-ML VL-FI L-M H-L VL-C VL-U s VL-M VL-FI L-U \1\/4le— H-L LW NO-W 02
H-FI L-ML I;IVIOL VL-L VL-W NO-W * NO-wW VL-U VL-C H-M VH-L VL-W LW NO-W O3
VL- NO- VL-
L-U H-C H-U NO-FI NO-U * NO-FI VL-M ML ML VL-M ML VL-W H-L H-ML El
VH- VL- VL-
VH-U VH-U ML L-M * H-M  VL-C ML L-M  H-FI H-C ML VL-W  H-L H-L E2
H-ML H-C H-U * VH-C VH-M LU VLU LM VH-M H-M H-C VLW \;/[}i_ L-L E3
H-ML VH-L * VH-FI VH-C H-M H-M VH-L H-M H-FI LU H-C H-L H-L VH-M 11
H-ML * I;Ivﬁ— VH-FI VH-C H-M H-M VH-L H-M H-FI VL-M L-C H-L H-L VH-M L2
* L-U H-U H-ML VH-C H-M LU L-ML H-M H-FI L-C  VH-L \l\//ILL_ L-wW L-L L3
Expert 12

L-M VH-U VH-M H-FI H-C L-C NO-FI VH-L L-M H-C H-C L-M VL-L L-ML * T1
VH-U L-ML L-W H-ML VL-C NO-FI VL-L H-C H-W VLU H-M L-C L-W * VH-L T2

I\NA(L)' NO-L NO-U HW LU VLF VLU VLL VLC VLF HU HML * VHU LW T3
HM VHM VHC HU HL LC HM LL \If/[HL VHU VHW % HC VHU HM T4
LM HM HC VHL LU HF VHW HC HW VHU s LF VHM HL NOW T5
I\N/ICL)' VLFI VLM NO-L NO-C LC NOF VLL VLC % VLL VLL HU NOL LW Té
HM LML LW HC HU NOF VLM VLL % VHU VHW VLL HU VLW HL Ol
VL-W VLF H-C VLM VLC HF NOF * VLC \I\Z/ILL LC LM VHM VLW HML 02
VHU LML VLM HC LU LC % LL HW LM HC HM LC NOL HML 03
LM HM HC NOL NO-C % NOFI VLL VLC VHU VLL HM LC NOL LML El
VH-U X/{HL VHW LC % HF VLM VLL LM HC HU HM VHL HU HM E2
HM HM HC * VHU VHW LM VLL LM X/[LL HC VLL HU HML HM E3
H-M \I</[HL + VHL VHU HF HM VHL HW HC LC LW HW LML VHL LI
VHU % VHW VHL VHU VHEF VHW VHL VHU VHM \1/\411 VH-U VH-C VHU VHL L2
* VH-U VH-W VH-W VHFl VH-C LU NOFl VLM VLM LW LC VHL X/ILL HM L3

Expert 13
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TaBLE 15: Continued.
L3 L2 L1 E3 E2 El 03 02 01 T6 T5 T4 T3 T2 T1
VH- VH- VL-
VH-U ML ML VH-M H-L H-U ML H-W VH-C L-ML L-U L-M L-W L-C * T1
H-L L-ML LW H-ML VL-C NO-FI L-M ;\]/ILI: VL-C VL-M VH-FI L-W L-U * L-ML T2
NO-M NO-L NO-U H-W L-U VL-FI VL-FI }\//ILL VL-M VL-C L-U H-C * VL-M H-FI T3
VL-U VH-M VH-C H-U H-L L-C H-W L-U VH-M \I]\/IHL VH-C * L-FI VH-M H-L T4
VL-U H-M H-C VH-L L-U H-FI \li/IHL H-W H-C VH-C * VH-M VL-L H-U NO-L T5
NO-M VL-FI VL-M NO-L NO-C L-C VL-FI X/ILI: H-C * \;/IPII: VH-M VL-L H-U VL-W Té6
H-L L-ML L-W H-C H-U NO-FI VL-W X/ILI: * VH-L H-M VH-M L-M VH-M VL-W Ol
VH-U VL-FI H-C VL-M VL-C H-FI X/ILI: * VL-FI VL-C L-U H-C H-M L-C NO-L 02
VL- VH- VH-
VL-U L-ML VL-M H-C L-U L-C * L-U ML ML ML H-C H-M L-C NO-L O3
NO- VL- NO-
L-ML H-M H-M NO-C ML * NO-U ML VL-W VH-FI ML VL-M H-M VH-L H-U E1
VH- VL- VL-
VH-U ML VH-U L-C * H-U ML ML L-M NO-C H-M VL-M VL-L H-U H-ML E2
VH- VL- VH-
H-L H-M H-M * VH-C ML L-M ML L-M H-ML ML VH-M LW H-W L-ML E3
VH- VH- VH-
H-L ML * ML VH-C H-U H-W ML H-C L-ML H-M H-C H-M L-C VH-M L1
H-L * NO-U \;/[HL VH-C H-U H-W \li/IHL H-C H-ML L-U VH-M VH-U H-FI VH-M L2
VH- VH-
* L-ML ML ML H-L VH-C H-W VLU L-FI H-ML L-U H-C L-FI VL-M L-FI L3
Expert 14
NO-L VH-C H-ML L-M NO-M L-ML NO-M NO-FI NO-C VL-M VL-U NO-FI H-W NO-C * T1
L-C NO-W NO-L }\]/[LL VL-C NO-U L-M VL-FI L-ML VL-M H-U L-FI L-W * L-FI T2
NO-L L-W L-M NO-U NO-C I;\I/IOL VL-W L-M VL-FI H-U L-ML VL-M * L-U L-ML T3
NO-L H-wW VH-C L-M VLFI H-ML H-L L-C VL-U H-W L-ML * L-ML VH-C L-U T4
NO-L H-W L-M }\]/[LI: NO-C L-U L-M L-M VL-C H-FI * L-U VL-M H-L NO-C T5
NO-L VL-U VL-W NO-U NO-C L-ML VL-W VL-FI VL-C * VL-U H-C VL-M H-L L-FI Té
NO-L VL-U VL-W H-C NO-M L-U VL-M VL-FI * VL-M VL-U H-C L-ML VL-W VL-C Ol
NO-L L-W L-M NO-U NO-L I;IAOL NO-M * NO-C NO-L L-ML VL-M VL-M L-U NO-C 02
NO-L VL-U L-M L-M \I\Z/ILL NO-C * L-U NO-C VL-M L-ML VH-W L-ML L-U NO-M 03
NO-L L-W L-M ;\IALI: NO-M * H-L L-FI VL-L VL-M VL-U VL-M VL-M H-L L-ML E1
NO-L VL-U L-M \I\/;ILI: * L-ML NO-M L-L L-ML VL-M VL-U VL-M NO-C L-U VL-C E2
NO-L VL-U VLW * X/[LL I;]AOL NO-M VL-FI NO-C NO-L NO-W VH-W NO-C LU L-ML E3
NO-L L-W * NO-U va[(i_ NO-W VL-M VH-L VL-W VL-M VL-U H-C VL-M L-U H-ML LI
NO-L * NO-L NO-U I:ﬁ VL-M NO-M VH-L VH-C VL-M VL-U VH-W NO-C VH-C L-ML L2
* NO-W NO-L NO-U II\I/[(i NO-L NO-M L-ML L-ML NO-FI NO-W L-FI NO-C VH-C VL-C L3
Expert 15
VL- VL-
NO-L ML NO-FI ML VL-L NO-FI NO-M NO-M NO-C NO-FI NO-FI VL-W VL-L VL-L * T1
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TaBLE 15: Continued.

L3 L2 L1 E3 E2 El 03 02 01 T6 T5 T4 T3 T2 T1
VL-U NO-FI NO-W XALL VL-L VL-C L-FI ;;LL L-U VL-M HU HML L-C * L-FI T2
NO-L NO-M NO-W NO-M NO-U NO-C VL-M VL-FI VL-C VLU LL LML * H-W LU T3
NO- VL- VH-
H-M  LF NO-U ‘o0 LL VLC VLW o LU o LW * L-ML VLL LU T4
H-M  H-U NO-W ;\,/[LL NO-U VL-C VL-U L-C VLF X/IHL % L-ML LU LC NOW T5
NO-L H-U VLL NO-FI LL NO-C VLW VLU \I\I/ILL * VL-C VH-W H-ML H-W VLU Té6
L-U L-FI NO-M H-L LL VLC VLFI VLU = \&HL VL-C H-ML L-ML L-C LU Ol
NO-L NO-M LM NO-W NO-U NO-FI VLM =& VL-L VL-C HU VLW VLL LC NOW 02
VL-U I;I/IOL NO-C L-W NO-U NO-U = L-C NO-C L-M VLC LML VLL VLL NO-W O3
NO-L NO-U VLL LW NO-U % VLM VLU VL-C H-W VLC VLW VLL HW LM El
NO-L LFI NO-M \I(/[LL * VL-C VLM LC VLU HW VHM LML NO-C HW HC E2
VH-C H-U VLL * L-L VL-C H-C ;\]/[LL HM HW HL HU LML HU LC E3
H-M NO-L = H-L NO-U NO-C VL-U VH-FI LU HW H-F HML NO-U HM LC Ll
NO-L x  NO-U 1;1/[0L NO-U H-ML NO-M VH-FI VH-M NO-L H-U VH-W IwaL H-W VH-L L2
NO- NO-
# NO-w o NO-C NO-U VL-C NO-M LC LU HW LML HU . HML LL L3
Expert 16
VH- VH-
ML VH-FI H-C HML LM HF HL NOU LC LM . VHL NOU LC « TI
VH-U NO-M NO-W H-ML \;AHL L-C H-U \I\//[LL H-ML VL-C H-W HM H-L * VLU T2
VL- VL- VL-
NO-M NO-L NO-C VLW HF VLU VLW LM - HC LU «  VH-W o T3
H-L VH-FI VH-U LW H-ML VH-M VH-U H-L H-ML VH-U VH-L * L-W VH-C H-U T4
L-M HFI H-C HML LM VHM HC HL HML HC * VH-L LW H-L \I\[/ILL T5
VH- VL-
VLM L-C LW VLW . HF VLW VHC - + VH-C HM HL VHU LM T6
H-L VLU VLW VH-M H-C H-U VLW X/{LL *  VH-U VH-W H-M \I\I/ILL H-L LM Ol
VL-M VL-U VLW VLW \Ii/[Pi VL-U NO-M * NO-U H-C HW XALL VH-C L-C NO-FI 02
VL- VL-  VL-
NO-M NO-M NO-W LW NOW NOC = LM - LM LU - 7 LC NOF 03
VH-C VH-FI H-C HML HML = H-M H-L H-ML HC \;/[HL \l\//ILL HL HL LM EI
H-L H-FI H-C LW + H-ML NO-M LM LC H-C X/IHL H-M NO-U VH-W H-F E2
VH- VL- VL-
H-U H-FI LW * M VEPM O HML o H-ML VH-U VH-C VH-L - HL HM E3
VH-FI VH-FI % VH-M VH-L VH-M VH-U VH-C VH-FI VH-U \;E VH-L VH-C VH-W \;ﬁ L1
VH- VH-  VH-
VH-C *# VH-U VH-M . VHM VHU VH-C VHF VHU VHL VHL VHC .=~ . L2
- HF HC HML HU VHM HL LM LC VHU HW VHL NO-U VHC HU 13
Expert 17
VL-  NO-
L-U L-C H-U H-C H-FI VL-M H-C VL-W H-C VH-L LU H-F Tl
ML ML
L-W L-C VL-W H-L \I\//ILL VL-L VL-C VLFI L-M VLW H-FI H-C VLW L-ML T2
viu Y LU VI VHW VLE VLL LW VLU LML LU LC s+ 'Y HU T3

ML ML




Advances in Civil Engineering 31

TaBLE 15: Continued.

L3 L2 L1 E3 E2 El 03 02 01 T6 T5 T4 T3 T2 T1
VL-FI H-W LU H-C H-ML VL-M VL-FI NO-U NO-FI \1\]/1LL H-L s L-C XALL H-W T4
VL- VL- VL-
VL-C v HU LW HML VH-M NO-C NO-U NO-FI VH-U * N A H-L T5
VL-C VL-FI LU H-C \I\Z/ILL I;I/[OL NO-C NO-U VL-U * VL-M H-C H-L LW HML T6
L-C ;\/ALL L-U H-M LU VLM NO-C NO-U * H-C LU H-C VLW LW H-ML O1
VL- VL- VL-
VL-W VL-L H-U VLC ML H-M NO-C * VL-U VLU LU ML H-L ML L-ML O2
VH-C LC VLW H-W LU L-C # VL-M H-C L-ML H-M VH-L VL-W H-F VLM O3
VL-M VL-C LU NO-M NO-C * H-FI LW H-C VH-U VL-M X/ILL VL-W \I\]/[LL L-ML El
L-U L-C VLW LW * H-M \1\]/ILL NO-U VL-U L-ML H-C X/{LL VL-W L-W H-ML E2

L-ML H-W VLW * H-ML VL-M VL-C NO-W NO-FI VH-U H-M H-C VL-W H-FI L-ML E3
VL-M L-C * L-wWw H-ML L-C H-FI LW L-M H-C L-U H-C H-L H-FI L-ML L1

L-U * VL-W VL-C L-U L-C I;I/E NO-W H-C H-C VLM L-C H-L H-FI Iﬁ L2
* HM HC VLM LU HF HM VLL VLC LM H-ML VH-U NO-L VH-U HM 13
Expert 18
VH-U VH-W VH-W VH-FI VH-C LU NO-FI VL-M VL-M LW LC VH-L \I\I/ILL H-L * T1
H-FI L-U L-L H-ML NO-U NO-W VL-FI L-U LM }\;LL H-C H-W H-FI * H-ML T2

NO- VL-
NO-U NO-w " H-ML LW VLU VLL VLL -~ VLU HML HW * VH-C VL-U T3
H-ML VH-M VH-C H-U HL LW HM LF VHL VH-M NO-U * L-U X/ﬁ H-W T4
L-U H-C H-U VH-FI LW H-M VHFI HL HM VHM * VH-L X/{LL H-L NO-W T5
VL- VL-
VH-U L-U L-L H-C HF - VLC VLFI HM * VH-W VHL - H-L VL-U Té6
H-U L-U L-L  H-ML H-ML NO-W VL-U VLW * VH-M VH-W VH-L L-U Xﬁ VL-U O1
NO-U VL-M VL-FI L-M HL VLC VLU * VL-M VL-FI VL-M H-U H-FI LW NO-W 02
VL-C NO-W I;IVIOL VL-L VL-W NO-W # NO-W VL-U VL-C L-C H-M \I\I/ILL L-W  NO-W 03
L-U H-C H-U NO-FI NO-U * NO-FI VL-M VH-U VL-M ;&LL VL-W X/{LL L-ML H-ML EIl
VH- VL- VL-
VH-U VH-U L-M * H-M VL-C = LML HC i VLW LW HML HL E2

H-ML H-C H-U * VH-C VH-M L-U VL-U VH-U H-M H-C VL-W H-FI L-ML L-L E3
H-ML VH-L * VH-FI VH-C H-M H-M VH-L H-C L-U H-C H-L H-FI L-ML VH-M L1

H-ML * I;\I/g: VH-FI VH-C H-M H-M VH-L H-M H-FI L-C VH-L Y\/ﬁ_ H-L VH-M L2
* L-U H-U H-ML VH-C H-M LU L-ML H-M H-FI L-C VH-L }\//[LL_ L-W L-L L3
Expert 19

L-M VH-U VH-M H-FI H-C L-C NO-FI VH-L L-M H-C H-C L-M VL-L L-ML * T1
VH-U L-ML L-W H-ML VL-C NO-FI VL-L H-C H-W VLU H-M L-C L-W * VH-L T2

EI?_ NO-L NO-U H-W L-U VL-FI VL-U VLL VL-C VLFI H-U H-ML * VH-U L-W T3
H-M VH-M VH-C H-U H-L L-C H-M L-L \I:/Il_i VH-U VH-W * H-C VH-U H-M T4

L-M H-M H-C VH-L L-U H-FI VH-W H-C H-W VH-U * VH-U VL-L H-L NO-W T5
I\N/E- VL-FI VL-M NO-L NO-C L-C NO-FI VL-L VL-C * VL-L H-C VL-L H-L L-W Te
H-M L-ML L-W H-C H-U NO-FI VL-M VL-L * VH-U VH-W VH-U L-W VH-U VL-C Ol
VL-W VL-FI H-C VL-M VL-C H-FI NO-FI * VL-C VL-L H-C VLL H-L VLU LW 02
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TaBLE 15: Continued.
L3 L2 L1 E3 E2 El 03 02 o1 T6 T5 T4 T3 T2 T1
VH-U L-ML VL-M H-C L-U L-C * L-L H-W VH-W VH-U L-W \I\I/ILIj H-L VL-C O3
L-M H-M H-C NO-L NO-C * NO-FI VL-L VL-C L-C VL-W H-C L-w H-L H-M El
VH-U \I(/II_{ VH-W L-C * H-FI VL-M VL-L L-M H-C VH-U VL-L LW H-L H-M E2
H-M H-M H-C * VH-U VH-W L-M VL-L H-U H-W \;/Il_i_ H-C L-ML H-M H-C E3
H-M \I:/IHL- * VH-L VH-U H-FI H-M VH-L H-U H-W \;/[}II: H-C H-ML L-U VH-M L1
VH-U * VH-W VH-L VH-U VH-FI VH-W VH-L VH-U H-C L-M L-w L-ML VH-U VH-L L2
* H-M H-C VL-M L-U H-FI H-M VL-L VL-C L-M H-ML VH-U NO-L VH-U H-M L3
Expert 20

influenced and the operational and legal categories are
predominantly influential levels. This means that there
should be more control over operational and legal challenges
so that controlling them could have a positive impact on the
challenges of the other two categories.

In the two diagrams above, it is clear that the challenges
regarding the law are the most influential, while the weight
of the technological challenges is greater than the others. Itis
concluded that we must first pay close attention to effective
legitimate challenges so that these challenges can have a
positive impact on technology challenges, which have sig-
nificant weight.

6. Conclusion and Future Recommendations

This paper proposes the following three steps for imple-
menting BIM in developing countries:

(1) Providing basic infrastructure such as hardware,
software, and training

(2) Implementing the technology, locally and appro-
priately for each country

(3) Establishing a legal system to support proper and
effective implementation

The reason why we emphasize on developing countries
so much is because the conditions in regards to lack of
infrastructures for implementing BIM would be similar to
the case study given in this paper. In most developing
countries, much similar to the results of our case study
showed for Iran, the need for proper education remains the
main challenge for implementation of BIM, whereas in the
well-developed countries, this might not be considered as a
serious challenge in the first place. On the contrary, however,
the most developing countries struggle to keep track, and it
might take longer to fully adhere new systems. Despite the
emergence of BIM in many developing countries, there are
still some misunderstandings regarding this technology, and
the conceptual transfer has not been fully executed. As it is
clear, the first step to implement any new technology is to
comprehensively define various facets of its implementation,
which is also vital to the subsequent steps. The second
challenge is the lack of upstream organizations’ (or in some
cases governmental) supports. The next major challenge,

which is the absence of appropriate legislation, may also lead
to failure, loss of time, and financial resources, which can
also be considered a subset of the third step mentioned
above. Another aspect of this assertion could be the extent of
the impact. Lack of upstream organizations’ support is
clearly the most influential of all challenges, the complete
relationships of which with all of the challenges are outlined
in the graph. This challenge was also addressed as the most
important challenge, showing that the extent of organiza-
tional support for implementing this technology in the
country affects all other aspects considerably. According to
the scatter chart and other calculations, teamwork and
interacting with people involved in the project is the most
influenced challenge. The reason behind this susceptibility is
the fact that any unconventional and unprofessional be-
haviors have the potential to affect one’s morale and per-
formance, as well as their willingness to work in a team and
interact with colleagues. The same could be said for inter-
face-related issues. As a result, this challenge can be related
to all the mentioned steps. On the contrary, the first step is to
train and provide the infrastructure that can influence the
tendency for teamwork. The second step, the proper
implementation of technology, can have a significant impact
on the extent to which people involved in the project interact
and are perceived. Finally, there was clearly a lack of support
and well-established laws and regulations to pressure in-
dividuals into doing interactive work. The sanctions im-
posed on the purchase and use of key BIM features is also a
hindering factor for some developing countries. This chal-
lenge also affects the staff's motivation, basic misunder-
standings of the technology, and costs. Finally, according to
the studies reviewed and the existing gaps, identifying the
countries that have experienced successful BIM imple-
mentation, reviewing their adopted strategies for imple-
menting this technology correctly, prioritizing them, and
determining their effectiveness in implementation would be
useful for future research.

Appendix

A. Questionnaire (1)

The Questionnaire (1) is described in Table 14
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B. Questionnaire (2)

The Questionnaire (2) is described in Table 15.

Data Availability

The data used to support the findings of this study are in-
cluded within the article in the Appendix section.
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