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In order to manage a project with integrity, a cohesive communication 
between its various sections is required. Basic tools, including analysis 
of risk and stockholders, provision of necessary resources on time and 
managing their availability, focusing on the approved budget, and 
satisfactory quality of projects, are required to successfully implement 
projects based on project management standards such as PMBOK. In 
recent years, Building Information Modeling (BIM) as a novel method 
has presented new aspects of engineering and architecture and has 
become a widely accepted platform for planning and executing 
construction projects. This paper as a wide field study attempts to 
analyze the impact of this modeling method on the success of 
construction project implementation in terms of various aspects of 
PMBOK. Moreover, it seeks to identify and recognize the most 
significant aspects of BIM application in project management and in 
terms of each area of knowledge proposed by PMBOK. A hybrid Fuzzy 
ANP-VIKOR is also designed due to its inherent excellence to take into 
account the multiplicity of criteria, the relations between criteria and the 
difficulty of measurement, huge number of qualitative criteria, and 
mental judgments.  Based on the results, all of PMBOK aspects equally 
benefit from the BIM application. In addition, it is shown that 3D BIM 
capacities, including clash detection and plan correction, are superior 
to 6D BIM and 7D BIM capacities. 

  © 2019 IUST Publication, IJIEPR. Vol. 30, No. 1, All Rights Reserved 
 

1. Introduction1 
The increasing acceptance of project 
management as a career implies that the 
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application of proper knowledge, processes, 
abilities, tools, and techniques can have a 
considerable impact on projects success and, also, 
reduce problems that may arise in a project. The 
project management standard (PMBOK) and its 
body of knowledge are widely accepted by the 
public as a proper tool, and it is more of a guide 
than a special methodology [1]. Project 
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management standards only specify the required 
framework to achieve project goals; however, 
they do not suggest a way for implementation; 
thus, some tools and techniques that lead us to the 
desired goals in a project are required. The 
construction industry has been continuously 
criticized worldwide for its unwillingness to 
employ and implement new technologies, its 
slow pace of increasing productivity, and also its 
disqualification in project management [2]. 
Flawed building plans, disintegration among 
project team members throughout the project, 
long and flawed processes of construction 
projects design and execution, unnecessary time 
consumption in reworking of tasks, unwillingness 
of the design team to implement changes, cost 
estimations based on imprecise and outdated 
price lists, and the lack of a comprehensive and 
understandable image of the project for the 
employer are just some of the problems that 
construction companies are involved with on a 
daily basis. The main reason for the emergence of 
such problems in construction projects is the lack 
of a functioning data collection system 
customized to meet the needs of the construction 
industry. Such a system besides data collection 
and classification can be easily employed by the 
main agents involved in the project, which at last 
enhance communications and, thus, make a 
considerable contribution to the project 
management [3]. Studies show that Building 
Information Modeling (BIM) contains such 
capacities, and its widespread employment in the 
construction industry across the country can 
eliminate many problems; in addition, it plays a 
significant role in increasing productivity in 
project management in the industry [4]. BIM 
takes place before the execution of a project; in 
each stage, the required information is added to it 
by various teams and individuals. This 
information is used during the design and 
construction [stages]; and is, also, useable to the 
users after the project delivery and during the 
utilization phase. The formation of a useful 
database, cooperation and harmony among 
various project agents involved in the making of 
the model, organization of all production plans, a 
decrease in design/planning errors, diagnosis of 
mistakes in design/plan, possibility of adding cost 
and timing information to the model, and 
assisting in facility management during the 
utilization phase are merely some of the many 
capacities of such models [5]. BIM and other 
methods of designing and presenting construction 

projects are compared. The distinctive aspect lies 
in their framework; information is the solution as 
suggested by the method (BIM), which can be 
summarized in the form of adding various data to 
the building model (including the timing, 
equipment, material, cost, etc.). Such data can be 
analyzed and be available to the people who 
benefit from them, when required [6]. 
This article first introduces the knowledge areas 
of project management proposed by PMBOK 
guideline and by taking into account the existing 
dependencies and relationship among them. 
Then, the philosophy of integrating BIM with its 
various dimensions and its main capabilities 
during the life cycle are discussed. Therefore, in 
the first step, the key capabilities of building 
information modeling during the life cycle of the 
project through a huge survey and interviews are 
identified. Then, in the second step, by the 
approach of FANP-FVIKOR, the key capabilities 
and features of BIM that contribute to the 
successful implementation of the construction 
projects are found. Finally, we will show that 
BIM philosophy is an appropriate tool for 
implementing knowledge management areas 
during the life cycle of the projects. Moreover, 
considering the existing challenges and costs 
associated with the implementation of building 
information modeling and its important 
capabilities, authors are led to believe that greater 
attention should be allocated to choosing the 
areas where BIM capabilities are more 
significant. 
 

2. Theoretical Foundations and 
Review of Literature 

In this section, first, the management of 
construction projects and related areas of 
knowledge are discussed. In the second part, the 
building information modeling is introduced. 
Finally, the articles related to the building 
information modeling and knowledge areas are 
investigated and addressed; then, the research gap 
in this area is expressed. 
 
2-1. Construction project management 
The U.S. Census Bureau News (2013) estimated 
back then that the construction industry would 
spend more than $874 billion in 2013.  
These projects are in the range from small 
residential or retail projects to mega 
multifunction projects. Needless to say, with any 
scale of a construction project, there is a 
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necessity for managing it. The management of 
construction projects requires knowledge of 
modern management as well as an understanding 
of all construction processes. Along with the 
change in technology, organizational 
arrangement or procedures and new features and 
methods [7]. Construction project management is 
a series of activities for determining how, when, 
and by whom the work needs to be performed. 
Similar to the Project Management Body of 
Knowledge (PMBOK) definitions, the 
construction project manager handles project 
management planning, cost management, time 
management, quality management, contract 
administration, safety management and risk 
management. The project manager is also in 
charge of all stakeholders on the project 
including the owner, designers, engineers, 
professional crew, and administrative staff. 

Generally, construction project management 
shares common and overall characteristics of 
general projects; therefore, the rules and methods 
required for general project management can be 
applied to this type of projects [8]. A project is 
considered successful when it is completed 
within the determined time and budget; it has a 
quality that fits the expected scope, and the 
employer is satisfied with the execution process. 
Thus, time management, cost management, 
quality management, and scope management can 
be considered as the primary knowledge of 
project management; knowledge fields of 
resources, communications, risks, procurements, 
and stakeholders are secondary and contribute to 
the primary fields. Finally, all such knowledge 
needs to be coordinated and integrated to 
guarantee project success. Figure 1 shows how 
such knowledge fields are correlated. 

 

 
Fig. 1. Correlation of the Fields of Knowledge 

 
Project management standard and its fields of 
knowledge are rather used as a guide instead of 
being an independent methodology. In other 
words, this standard recommends the necessary 
frameworks to ensure the success of a project. 
Therefore, one can employ different 
methodologies, tools, and techniques (such as 
Agile or Waterfall methodologies) to create a 
project management framework that leads to 
project goals [1]. Likewise, the present study 
introduces BIM as a constructive tool for 
integrated project management, and the influence 
of such management on project management 
body of knowledge of project management 
standard and its fields of knowledge are rather 
used as a guide rather than an independent 
methodology. In other words, this standard  

 
suggests necessary frameworks to achieve project 
success, yet does not necessarily lead to it. 
Therefore, one can employ different 
methodologies, tools, and techniques (such as 
Agile or Waterfall methodologies) to create a 
project management framework that leads to 
project goals [1]. Likewise, the present study 
introduces BIM as a constructive tool for 
integrated project management and the influence 
of such management on project management 
fields of knowledge. 
 
2-2. Building information modeling (BIM) 
Although there was no such thing as “Building 
Information Modeling” back then, the history of 
what is presently called BIM dates back to 1970. 
It can be said that, in 1980, this method was 
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known as “Building Production Modeling” in the 
United States of America and as “Product 
Information Modeling” (PIM) in Europe. In the 
1990s, the two merged into one as Building 
Information Modeling (BIM) [9]. In the late 
1990s, Joungsoo and Gibson presented the 
concept of BIM as Computer Integrated 
Construction (CIC). They defined CIC as “the 
integration of corporate strategy, management, 
computer systems, and information technology 
throughout the project’s entire life cycle and 
across different business functions” [10]. 
According to Eastman, BIM is the virtual 
presentation of building/construction process, 
aimed at easing data transmission within the 
framework of virtual data [11]. The BIM model 
is the result of a parametric, intelligent and 
object-based virtual presentation, and it 
encompasses a large amount of building 
information [12]. In other words, BIM is able to 
assemble all of the information needed during the 
project life cycle such as spatial relations, 
geographical position information, quantity and 
characteristic of building parts, cost estimation, 
list of materials, and the project timing. In the 
literature, BIM technology provides an 
opportunity to make an exact and virtual model 
for digital construction [14]. Based on the report 
by McGraw Hill Construction, Building 
Information Modeling is the process of making 
and utilizing virtual models for designing, 
construction, and implementation of projects [6]. 
BIM is digital, parametric, smart, and object-
based and is full of data display; nevertheless, 
based on the users’ needs, any view can be 
extracted and analyzed from this model [15]. 
National BIM Standard recognizes BIM as the 
virtual presentation of the functional features and 
physical facilities of the project from A to Z [16]. 
By using BIM, the project information database 
for the participation of the stakeholders is 
manageable more easily during the construction 
life cycle [17]. 

 
Fig. 2. Using of BIM during the project life-

cycle 
Building SMART is another term that defines 
Building Information Modeling as a digital model 
of the construct, in which all the project 
information is stored. A model can be 3D, 4D, or 
ND (including any kind of needed information 
during the project life-cycle). Purposes of BIM 
include the enhancement of the cooperation of 
stakeholders, reduction of the time for 
documentation, and production of the estimated 
results from the project” [18]. Figure 2 displays 
some of the uses of BIM during the project life-
cycle from planning to demolition. 
 
2-3. A review of the previous studies on 
PMBOK & BIM fields 
There are some discussions on the benefits that 
result from using BIM in the projects. The paper 
analyzes the degree to which BIM is used in 
construction projects. The data of 35 construction 
projects that employed BIM are examined and 
reviewed in this paper. According to the reports 
of these projects, benefits such as saving time, 
reducing costs, and controlling through the 
project life-cycle are identified [19]. In 2014, 
Agers and others examined the benefits, risks, 
and challenges of BIM. They explained the 
benefits, probable risks, and future challenges of 
the construction industry. Initially, the BIM 
concept is introduced with its benefits and 
applications (computer programs) in the 
construction industry. Then, based on three 
surveys, the role of BIM in the construction 
industry and universities is discussed. Afterward, 
the case study of Hilton Aquarium in Atlanta is 
exemplified, demonstrating reductions in costs 
and time by using Building Information 
Modeling. Finally, the risks and future challenges 
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of BIM for the construction industry are 
examined [20]. In 2014, Fazli and others assessed 
the effectiveness of BIM in project management. 
For a long time, the construction industry in Iran 
has been criticized for its lack of efficiency. It has 
been claimed that 80 percent of the data in the 
process of construction are similar for all of the 
projects; therefore, there are many opportunities 
for improvement, and the presence of project 
management is essential for the successful 
delivery of construction projects. The purpose of 
examining them (the construction projects in 
Iran) is to analyze the ways that BIM can be used 
as an efficient tool by project managers to 
simulate the project situation in order to avoid 
reworking and waste of time and money. It was 
concluded that, generally, project managers had 
almost no awareness of BIM, resulting in 
difficulty understanding their plans. The study 
demonstrated that BIM could contribute to the 
successful management of the projects. 
Compared to the traditional projects, BIM was 
presented as a more reliable basis for decision-
making [21]. Jupp focused on environmental 
planning and management in 4D Building 
Information Modeling, considering the way that 
4D potentials are used for environmental 
planning and management by using. The 4D 
modeling technologies and analysis besides a 
structured work cycle were presented as the basis 
for shaping an efficient environmental 
management and planning framework. The study 
introduces five technical prerequisites for 
environmentally friendly construction planning. 
The five prerequisites include planning and 
simulation, modeling environmental equipment, 
construction site modeling, modeling and 
envisioning the environmental significance, and 
the ability to comply with regulations. This study 
also identifies the prerequisites for developing 
cooperation and supervision of environmental 
management systems before selecting the 
direction for the further studies [22]. Having 
analyzed the process combination framework for 
the planning stage of residential buildings, 
Murguia and others claimed that BIM contributed 
to the enhancement of communication and vision 
during the design process. In addition, this can 
pave the way for the continuation of 
improvement. The goal of this study is to 
coordinate BIM, PMBOK (including 
communications and management of 
stakeholders), and LPDS and to develop a 
process combination framework for enhancing 
vision and communication during the design 

stage. In addition, the study is applied to the case 
study of designing a residential building in Lima 
[23].  
Based on the construction of an urban project, 
Lou, Xu, Wang analyzed the construction 
characteristics and construction quality control 
difficulties of the project. Then, by integrating 
BIM technology with AR technology in the 
concrete application of the construction stage, the 
project construction quality is enhanced using 
prior-control, process-control, and post-control 
[24]. By utilizing the BIM model and BIM5D 
software in the construction schedule 
management, ahead of schedule can be aware of 
the next-step schedule of the required resource 
requirements, equipment demand, and capital 
requirements. Moreover, in the actual 
construction process, timely monitoring of the 
completion progress of the percentage of the 
plan, the use of the amount of aggregated funds, 
etc. can form a set of complete construction 
schedule management modes that are used to 
observe the construction quality and safety 
issues, record defects on the spot, and integrate 
data with the associated model [25]. Xu analyzed 
the current situation of the development of the 
construction industry and, also, investigated the 
application of BIM and the modeling flow of 
BIM 5D. Moreover, he focused on the issue of 
the integrated application of BIM5D in the 
construction stage by taking the central grand 
project as the carrier, including the visualization 
of the end, the paper review and collision 
detection, 5D construction simulation, etc. and, 
then, measured their effect on the application of 
BIM [26]. Sigalov, König focused on the 
estimation of the similarity in construction 
schedules using feature-based methods and 
similarity measure definitions. Another emphasis 
is given to the preparation of schedules for the 
recognition of process patterns, including 
decomposition of schedules into smaller parts, 
referred to as sub schedules, and normalization of 
features. The core of this concept is demonstrated 
by two different case studies [27]. Murguia et al. 
developed a process-integration framework to 
improve visualization and communication in the 
design phase, considering BIM, Project 
Management Book of Knowledge areas, and the 
learning loops of the Lean Project Delivery 
System (LPDS). A residential building in Lima 
has been considered a case study here. Direct 
observation during the design phase helps one 
understand the process alignment [23]. 
Considering the previous studies, we find that the 
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previous researches have not focused on the 
influence of BIM on the project management 
body of knowledge. Further, more importantly, 
the significance of the aforementioned capacities 
with regard to the project management body of 
knowledge has not been considered, too. 
Therefore, this study aims to, first, identify the 
primary capacities of BIM and, then, prioritize 
them with FANP-FVIKOR decision-making 
hybrid approach (while considering the fields of 

project management). Specifying these capacities 
needs greater attention to the successful 
execution and delivery of a commercial center 
construction. 
 

3. Methodology 
he executive steps for writing this article are 
shown in Figure 3. 

 
Fig. 3. Proposed methodology of this field study 
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on the shared model, on which the data-bank of 
the building is also based. All of the modeling 
software products also benefit from the idea of 
parametric design in building information 
modeling. According to this construction idea, 
instead of using planning and designing tools 
(such as lines and dots), buildings are designed 
by building objects that have static or dynamic 
parameters.  Parametric data are those that 
differentiate a certain member (object) from other 
similar members [13]. The design and 
construction of a building is a team activity. To 
achieve this, there is a need for invention of a 
‘shared language’ between the different sections 
of a project. Such a shared language is the 
standard model through which various 
construction groups can easily cooperate and 
exchange information. One of the most 
significant standards is IFC (for planning, 
designing, construction, and management of a 
building). The IFC standard has been designed 
and developed by the Building Smart institute; 
nowadays, it is used in many of related software 
tools and, to some extent, has contributed to the 
formation of the shared language among various 
tools. However, this language is still incomplete 
and has yet a long way to go to become a 
complete language that can communicate 
generated concepts and information in software 
to another [9]. 
 
3-1-2. Various dimensional of building 
information modeling 
BIM is the digital evolutionary form of the 
traditional 2D model to 3D, 4D (determination of 
a time plan), and 5D (cost estimation) models. It 
uses a shared database throughout the 
construction life cycle. The characteristics of 
parametric modeling and the capacities of 
intersectional cooperation facilitate this 
evolutionary process. The aspects of BIM follow 
the order below: 
3D Model: The mathematical presentation at any 
3D level such as width, length, and height of an 
object. In other words, 3D BIM includes plan, 
spatial relations, and geographical and geometric 
information. For example, the width, length, and 
height of the building sections should be 
considered [15]. 
4D Model: The addition of a fourth dimension, 
that is, the time plan-to any 3D BIM model. The 
4D establishes a communication line between 3D 
elements and the project delivery timeline and, 
thus, provides the possibility of simulating the 

virtual process of project construction in a 4D 
environment to the users [29]. 
5D Model: A fifth dimension is the addition of 
the cost estimation data to the 3D model. Any 5D 
model, for instance, connects the costs data to the 
list of amounts and materials (QTO) derived from 
the 3D model [15]. 
The items considered in this data model are: 

1. The simultaneous estimation of costs 
based on the designed mental model 
before the execution phase. 

2. The capacity to separate the costs of each 
section and a more precise and complete 
estimation of the demanded items 

3. Value engineering based on the results  
4. Overcoming issues before they occur 
5. Estimation of the major costs 
6. Achievement of a database for use in 

similar cases 
6D Model: When the construction project is 
ready to be delivered, the 6D model is given to 
the owners for the purpose of managing the 
facilities. The model includes information such as 
the details and data of products, maintenance and 
utilization methods, photos, warranty data, 
communication links to online sources of 
production, contracts, construction information, 
etc. The model assists the managers of the 
building in its maintenance and utilization 
throughout the lifetime of the construct [30]. 
7D Model: The seventh dimension of BIM 
involves maintenance and repair of the building 
facilities during the utilization time. 
 
3-1-3. The capacities of building information 
modeling during the project life-cycle 
BIM has some specific features that can 
effectively be used in project management. These 
features, which are increasingly developed, can 
be summarized as follows [31]: 
Clash Detection: One of the common problems 
of different disciplines’ plans for a construction 
project is the geometrical design inconsistency. 
This issue occurs when there is an overlap 
between the plans of different disciplines. By 
using BIM, it is possible to bring the plans 
together and detect the clashes. Modifying the 
aesthetic problems is another possibility of this 
visual checking. 
Constructability: By using BIM, it is possible for 
teammates in a project to review and handle 
constructability issues and (if needed) promote 
issues into RFIs. In addition, visual information 
can be provided from a vantage point to show the 
problems. This visual information accompanying 
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markup allows further investigation for finding 
solutions, thus mitigating the risks. 
Analysis: Helping the project managers, 
designers, and engineers in doing more analyses 
and enabling better decision-making is another 
aspect of BIM. By linking the building 
information models to appropriate tools, it is 
possible to analyze the energy consumption of a 
construction project and, then, find better 
solutions such as changing materials and 
orientation, mass and space, etc. Moreover, light, 
mechanical, and acoustic analyses are also 
available to be performed by BIM. 
Time & Cost Estimation (4D & 5D): Time and 
cost estimation are other features of BIM that 
enable project managers to visualize the 
construction project at any point in time and have 
a clear understanding of project phases. Time and 
cost estimation, which are generally called 4D 
and 5D, can be properly utilized in the first stages 
of a project and facilitate the decision-making 
process with minimum cost and required time. 
Furthermore, BIM has the capability to simulate 
various alternatives for a construction project 
and, hence, help project managers and executives 
to reliably predict the consequences of their 
decisions. 
Integration: The project team can deal and 
interact with a unified model when a composite 
model is built from an amalgam of various 
disciplines’ models. By considering this 
capability and through different phases of the 
construction project, BIM can coordinate the 
design, analysis, and construction activities on a 
project and, therefore, produce the integrity of 
projects. 
Quantity Take-off: Quantity takeoffs in a BIM 
model can be very helpful for the project teams 
and managers to analyze their decision and have 
a clear and reliable insight into various 
alternatives in the design phase or even 
throughout the project lifecycle. Since there is a 
possibility of integration between the BIM model 
and a database containing cost estimation, an 
accurate estimation can be obtained faster. 
Moreover, these takeoff items can be used easily 
in the procurement procedure. 
Element Based Models: Since the BIM models 
are generally composed of objects (not 
geometries such as line, surface, etc.), the whole 
model can be divided into a specific number of 
smaller objects. This breakdown makes it 
possible to have a defined and clear scope of 
projects. The distinction between the elements 

will result in a better management design, 
estimation, and construction. 
Collaboration and Team Building: 
Collaboration and team building is another key 
factor in BIM success regarding construction 
projects. All efforts made by various specialties 
on a project are unified and applied to one model. 
This results in direct correspondence and team 
building. All disciplines have to work on a 
unified model as a team and have an effective 
collaboration during a project using the BIM 
concept. 
Communication: The nature of a unified model 
to input, modify, and analyze the data in BIM 
models will improve communication and 
collaboration between all parties involved on the 
construction project including project managers, 
architects, engineers, and contractors. These 
unique building models facilitate communication 
throughout the project and lessen the disputes 
between different parties.  
The application of BIM adds many capacities to 
the various sections of the design, engineering, 
and management of the building; however, new 
challenges may emerge by using any new 
methods. Regardless of its challenges that have 
been a subject of study for the researches since 
the appearance of BIM, BIM’s various 
advantages and uses have led to facilitating the 
operation process in the construction industry. 
The mentioned applications appear in various 
phases from the early studies and concept design 
to the phases of design and execution and, lastly, 
utilization and demolition phases. In many cases, 
the advantages of BIM cannot be assigned to a 
certain stage; thus, we believe that BIM 
advantages can have synchronic uses in various 
phases. The following items form a list of 
advantages and uses of BIM extracted from 
papers, interviews, and comments of experts. 
(Table 1) 
 

Tab. 1. List of capacities and uses of BIM 
throughout the project life-cycle 

Usage Description Row 
Automatic correction of plans and programs in case 
of changes in design 1 

High precision in the estimation of time and costs and 
controlling the project 2 

3D design and providing a better understanding of the 
ensuing building 3 

Contribution to tenders resulting from a more precise 
estimation 4 

Resolving the existing errors and conflicts in plans 
before the construction phase, thus preventing rework 
and waste of time and money 

5 
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Increasing safety during construction through precise 
determination of stages 6 

Formation of an extensive and shared data bank 
among stakeholders in line with thhhe facilitation of 
access and a better understanding of project goals by 
them 

7 

Optimal design of building through the participation 
of all stakeholders in the design process and 
integrated design 

8 

Precise analysis of energy and stability in line with 
stable design 9 

Efficient analysis of[construction] site and building 
interactions through BIM & GIS 10 

Contribution to the employer’s decision-making 
during the project feasibility stage 11 

Contribution to organized demolition of the building 
at the end of its lifetime 12 

Reducing legal disputes in construction as a result of 
the high level of interaction with stakeholders and 
clarity and documentation of the project processes 

13 

Providing a comprehensive model and information of 
the building in order to facilitate smart management 
of facilities 

14 

Exact estimation of the work amount in a short period 
of time by means of virtual simulation of the building 
model 

15 

Increasing precision in pre-construction and 
development of industrialization in complex projects 16 

Knowledge management through automatic data 
recording on the model 17 

Facilitation of construction management and stable 
management of changes in the plans and clarity in the 
procedures of different work groups 

18 

 
In this stage, after making the above list of BIM 
capacities and capabilities, by using statistical 
decision-making, we will try to select primary 
capacities. Through a poll, experts are asked to 
assign a score ranging from 1 (least significance) 
to 10 (most significance) to BIM capacities and 
capabilities regarding the Commercial Center 
project. Then, the average of scores assigned by 
the experts for each item is calculated, and the 
capacities and capabilities that have an average 
score above 5 will be selected as primary. Table 2 
is the result of this process and is extracted from 
the above list. 

 

Tab. 2. List of selection capacities and uses of BIM throughout the project life-cycle 
Usage Description Code Row 

Automatic correction of plans and programs in case of changes 
in design (Parametric capability of the 3D model) B1 1 

High precision in the estimation of time and costs and 
controlling the project (Accurate quantity surveying and 

estimating) 
B2 2 

Resolving the existing errors and conflicts in plans before the 
construction phase, thus preventing rework and waste of time 

and money (Clash detection) 
B3 3 

Formation of an extensive and shared data bank among 
stakeholders in line with facilitation of access and a better 

understanding of project goals by them (Archiving) 
B4 4 

Optimal design of building through the participation of all 
stakeholders in the design process and integrated design 

(Integrated design and development of collaboration) 
B5 5 

Precise analysis of energy and stability in line with stable 
design (Sustainable design) B6 6 

Providing a comprehensive model and information of the 
building in order to facilitate smart management of facilities 

(Operation\maintenance and repair management) 
B7 7 

Exact estimation of the work amount in a short period of time 
by means of virtual simulation of the building model 

(Simulating the construction process) 
B8 8 

Increasing precision in pre-construction and development of 
industrialization in complex projects (fabricating capability) B9 9 

 
3-2. Step (2): BIM key capacities ranking by 
using by FANP-FVIKOR approach 
In this stage, considering that each of the areas of 
knowledge is affecting each other and that we are 
involved in the preparation of questionnaires with 
uncertainty, then, first, with the FANP approach, 
the importance of each one is determined. In this 
part, knowledge areas are at focus; then, the  

 
FVIKOR approach to ranking each of the BIM 
capabilities is used. 
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3-2-1. Using the FANP approach to obtaining 
importance of knowledge areas 
 

 
Fig. 4. Network Research Chart 

 
The network diagram of the present research is 
shown in Figure 4 that aims to gain the weight of 
the criteria (the weight of the project 
management knowledge). As a next step input, 
the options (BIM capabilities) are classified 
through the fuzzy VIKOR approach 
In order to achieve the research goal, paired 
comparison questionnaires were designed and 
distributed among the experts. According to the 
fuzzy approach in this research, the verbal 
expressions and fuzzy numbers contained in 
Table 3 were used. 
 

Tab. 3. Fuzzy spectrum and corresponding 
verbal phrase 

Fuzzy number  verbal expressions Code 
(1.1.1)  equal preference 1 
(1.3.5)  low preference 2 
(3.5.7)  High preference 3 
(5,7,9)  Pretty much 4 
(7,9,9)  Pretty much 5 

 
In this section, according to Fig. 1, paired 
comparison tables are performed and, according 
to the modified method of Toomi et al. (2009), 
the weight of the components is obtained and 
prioritized. In this study, for the purpose of 
calculating the compatibility, the Googoos and 
Boucher method has been used. The description 
is presented below. 
 
Method of studying the compatibility of 
Googoos and Boucher: 
Guogos and Boucher (1998) [32] suggested that, 
for the compatibility check, two matrices (mid-
number and fuzzy numbers) of each fuzzy matrix 
need to be derived; then, the compatibility of 
each matrix is calculated based on the Saati 
method. The steps in calculating the 

compatibility rate for the fuzzy matrixes of the 
pairwise comparisons are presented as follows: 
Step 1: First, divide the fuzzy triangle matrix into 
two matrices. The first matrix of middle numbers 
consists of triangular judgments, and the second 
matrix contains the geometric mean of the upper 
and lower bounds of triangular numbers.  
 
ܣ = ඥܽ௨. ܽ௨ 
 
Step 2: Calculate the weight vector of each 
matrix using the Saati method below (Eq. (1) & 
Eq. (2)) 
 
ݓ = ଵ


∑ ೕ

∑ ೕ
సభ


ୀଵ 									ܹℎ݁݁ݎ						ݓ =

 (1)              [ݓ]

ݓ
 = ଵ


∑ ඥೕೠ .ೕೠ

∑ ඥೕೠ .ೕೠ
సభ


ୀଵ 									ܹℎ݁݁ݎ						ݓ =

ݓൣ
൧              (2) 

 
Step 3: Calculate the largest special value for 
each matrix using the following relationships: 
(Eq (3) & Eq (4)) 
 

௫ߣ
 =ଵ


∑ ∑ ܽ(

௪ೕ


௪
)

ୀଵ

ୀଵ            (3) 

௫ߣ
 =ଵ


∑ ∑ ඥܽ௨. ܽ௨(

௪ೕ


௪
)

ୀଵ

ୀଵ           (4) 

 
Step 4: Calculate the compatibility index using 
the following: (Eq. (5) & Eq. (6)) 
 
ܫܥ = (ఒೌೣ

 ି)
(ିଵ)

            (5) 

ܫܥ = (ఒೌೣ
 ି)
(ିଵ)

            (6) 

 
Step 5: To calculate the consistency rate (CR), 
divide the CI by the random variable (RI). If the 
resulting value is less than 0.1, then the matrix is 
compatible and usable. Saaty [33] made 100 
matrices with random numbers to obtain the 
values of random indices (RI) and calculated the 
incompatibility values and their mean values. 
However, since the numerical values of fuzzy 
comparisons are not always integer, even in this 
case, the geometric average converts them into 
non-integer numbers; even if the (9.1) scale is 
used, the RI table cannot be used. Consequently, 
Gogus and Boucher produced a randomized 
index table (RI) with 400 randomly generated 
matrices for fuzzy pairwise matrices. (Table 4) 

 

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 

B1 B2 B3 B4 B5 B6 B7 B8 B9 

Goal: BIM key capabilities Ranking 

ܹே	
෩ܹ  
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Tab. 4. Random Indicators (RI) 
Matrix Size ܴܫ ܴܫ 

1 0 0 
2 0 0 
3 0.4890 0.1796 
4 0.7937 0.2627 
5 1.0720 0.3597 
6 1.1996 0.3818 
7 1.2874 0.4090 
8 1.3410 0.4164 
9 1.3793 0.4348 
10 1.4095 0.4455 
11 1.4181 0.4536 
12 1.4462 0.4776 
13 1.4555 0.4691 
14 1.4913 0.4804 
15 1.49861 0.4880 

 
To generate random matrices, first, the middle 
value of a fuzzy triangular number was generated 
randomly in the interval form. Then, the lower 
limit of each triangular number at the interval 
[the average produced amount, ଵ

ଽ
] and its upper 

limit at the interval [ଵ
ଽ
, the average produced 

amount] generated randomly and, finally, by 
dividing the randomized matrix into two matrices 
of the midpoint and geometric mean, the random 
index is obtained. It is noteworthy that the 
amount of incompatibility in ܴܫ column is more 
than that in ܴܫ. This difference is due to the fact 
that the range of random [ଵ

ଽ
, 9]	numbers 

generated is for the midpoint. However, the range 
of upper and lower bounds based on the average 
number produced is more limited. Therefore, 
there is less probability for inconsistency in them. 
By the calculation of the inconsistency rate for 

two matrices, they are compared with the 
threshold of 0.1: (Eq. (7) & Eq. (8)) 
 
ܴܥ = ூ

ோூ
             (7) 

ܴܥ = ூ

ோூ
             (8) 

 
If both of these indices are less than 0.1, then the 
fuzzy matrix is consistent. If both were more than 
0.1, the decision-maker would be forced to 
reconsider the priorities. If one of them was only 
more than 0.1, the decision-maker should 
reconsider the middle value of fuzzy judgment. 
Steps to gain the weight of the components by 
analyzing the fuzzy network: 
Based on super matrices, the stages of computing 
the weight of the components are as follows: 
Stage One: To summarize expert opinions, 
geometric meanings are taken from paired 
comparisons. 
Stage two: special vector calculation: To 
calculate the special vector of each of the paired 
comparison tables, the logarithmic least squares 
method is used according to Equation (9): 
 

௦ݓ =
(∏ ೖೕ

ೞ
ೕసభ )భ ൗ

∑ (∏ ೕ


ೕసభ )
సభ

భ ൗ
,݉,݈}߳ݏ							,	  (9)          {ݑ

 
While: 
ݓ = ൫ݓ , ݓ , ݇						௨൯ݓ = 1, 2, … , ݊ 
The following tables show the geometric 
meanings of expert opinions. In the final column 
of these tables, a special vector is shown. (Tables 
5 & 6) 

 
Tab. 5. The average pair comparison compared to the key capabilities of BIM influencing the 

implementation of knowledge management areas of the project 
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Tab. 6. Average comparison with respect to Integration 
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The rest of the questionnaires are in the Appendix (questionnaire related to the ANP network) 
 
Third Stage: Generation of special vector 
matrices (ݓ):  These matrices include special 
vectors that are derived from the second-order 
pairwise comparisons. 
In general, these matrices can be divided into two 
categories: 
1. Matrices that contain special vectors that 
represent inter-surface relationships (vertical). If 
there is no inter-surface relationship between the 
two components, then the value in the matrix is 
(0,0,0) at the intersection of the two components.  
2. Matrices that contain special vectors that 
represent horizontal relations (in-surface). These 
matrices are square and the main diameter is 
(1,1,1). If there is no inter-surface relationship 
between the two components, then, at the 
intersection of the two components, the matrix 
has a value (0,0,0).  

Note that if one or more trays in the original 
diameter won’t become (1.1.1) in the special 
vector matrix, this is because of the column 
normalization. In normalization, all the fuzzy 
numbers of that column are divided by the sum of 
the mean values of the fuzzy numbers of that 
column. Tables 7 & 8 show the special vector 
matrices. 
 

Tab. 7. Special vector level 2 matrix versus 
level 1 

Integration (0.117,0.159,0.186) 
Scope (0.07,0.077,0.094) 
Time (0.083,0.105,0.127) 
Cost (0.092,0.113,0.127) 
Quality (0.087,0.109,0.127) 
Resource (0.074,0.081,0.097) 
Communication (0.078,0.083,0.094) 
Risk (0.07,0.08,0.099) 
Procurement (0.074,0.08,0.094) 
Stakeholder (0.091,0.115,0.13) 
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Tab. 8. Special vector level 2 matrix versus level 2 
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Fourth Step: Calculate the final level of weights. 
To calculate the final weight of the components 
of each level, we must multiply the product of the 
special vector matrix of the internal relations in 
the special vector of the same level in the final 
weight of the higher level. (Eq 10) 
 

ݓ
∗ = ݓ × (ିଵ)ݓ ିଵݓ×

∗          (10) 
 

If there was no matrix in a level, then a matrix 
should be replaced. In other words, you should 
use the following formula: 
 
ݓ
∗ = ܫ × (ିଵ)ݓ ିଵݓ×

∗          (11) 
 
Table 9 represents the final weights. 

 
Tab. 9. The final weights matrix of criteria 

relative to the ranking of key BIM capabilities 
with an impact on the implementation of the 

project knowledge management 
Defuzzify 
Weight 

Final Fuzzy weight  Criteria  

0.117 (0.088,0.118,0.145) Integration 
0.09 (0.072,0.088,0.113) Scope 
0.103 (0.078,0.102,0.13) Time 
0.11 (0.085,0.11,0.137) Cost 
0.104 (0.081,0.103,0.128) Quality 
0.098 (0.077,0.097,0.124) Resource 
0.095 (0.076,0.094,0.117) Communication 
0.086 (0.069,0.085,0.109) Risk 
0.09 (0.073,0.089,0.113) Procurement 
0.113 (0.086,0.113,0.139) Stakeholder 

 

3-2-2. The FVIKOR approach to ranking key 
BIM capabilities 
The fuzzy VIKOR suggested by Opricovic [23] is 
explained here. As briefly mentioned already, it 
focuses on ranking alternatives and determines 
compromise solutions for a problem with 
conflicting criteria. While the fuzzy VIKOR is 
introduced here only, the VIKOR is the same 
with the fuzzy VIKOR except for using the crispy 
numbers instead of Triangular Fuzzy Numbers 
(TFNs). 
Verbal expressions have been used to evaluate 
the options in this research. The verbal 
expressions and corresponding fuzzy numbers are 
shown in Table 10. 
 

Tab. 10. Fuzzy numbers and verbal 
expressions 

Fuzzy numbers verbal expressions 
(1,1,3) very weak 
(1,3,5) weak 
(3,5,7) moderate 
(5,7,9) okay 
(7,9,11) Very good 

 
The evaluation of options based on the criteria 
according to the fuzzy numbers and the phrases 
in the table above is shown in Table (2). The 
numbers in Table 11 are the average fuzzy 
opinions of the experts. 
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Tab. 11. Fuzzy numbers and verbal expressions 
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Step 1. Construct the fuzzy performance matrix 
and weight vector: 
 

෩ܦ = 
ሚ݂ଵଵ ⋯ ሚ݂ଵ
⋮ ⋱ ⋮
ሚ݂ଵ ⋯ ሚ݂

 

 

 
෩ܹ = ଵݓ] , ,ଶݓ … , ∑   &   [ݓ ݓ = 1

ୀଵ  
where ܣ denotes the alternative ݅, ݅ = 1,…  ܥ ;݉,
represents the criterion (or attribute) ݆, ݆ =
1,… , ݊; ሚ݂ indicates the fuzzy performance 
rating of alternative ܣ (district in this study) with 
respect to criterion ܥ (indicator in this study); ݓ  
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indicates the fuzzy weight for each criterion. 
Here, ሚ݂ = (݈ ,݉ ,  .) is defined as a TFNݎ
Step 2. Determine the ideal ݂

ା = (݈ା, ݉
ା,  (ାݎ

and the nadir ݂
ି = (݈ି, ݉

ି,  ି) values of allݎ
criteria function according to the benefit or cost 
functions. The set of criteria representing benefits 
(good effects) is denoted by ܫ , and a set 
ܫ 	represents costs. (Eq. (12) & Eq. (13)) 
 
ሚ݂ା = max ሚ݂ ,									 ሚ݂ି = max ሚ݂ ݅		ݎ݂										 ∈
ܫ      (12) 

ሚ݂ା = max ሚ݂ ,									 ሚ݂ି = max ሚ݂ ݅		ݎ݂										 ∈
ܫ      (13) 
Step 3. Compute the normalized fuzzy difference 
ሚ݀: (Eq. (14) & Eq. (15)) 
 
ሚ݀ =

ሚ
శ⊖ሚೕ

శି

ష ݅			ݎ݂					 ∈ ܫ   (14) 

 
ሚ݀ =

ሚೕ⊖ሚ
శ


షି

శ ݅			ݎ݂					 ∈ ܫ   (15) 

 
Table 12 shows the normalized values of the 
evaluation matrix. 

 
Tab. 12. Normalized Decision Table 
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Step 4. Compute the values ሚܵ = ( ܵ

 , ܵ
 , ܵ

) and 
෨ܴ = ( ܴ

 , ܴ
 , ܴ

)  by the relations: (Eq. (16) & 
Eq. (17)) 
 
ሚܵ = ∑ ݓ 	⨂	 ሚ݀

ୀଵ    (17) 
 
෨ܴ = maxݓ 	⨂	 ሚ݀   (18) 
 
Step 5. Compute the values ෨ܳ = (ܳ , ܳ , ܳ) 
by the relation: (Eq. (19)) 
 
෨ܳ = ߴ

ௌሚೕ⊝	ௌሚశ

ௌషೝିௌశ
	⊕ (1 − (ߴ

ோ෨ೕ⊝	ோ෨శ

ோషೝିோశ
	 (19) 

 
where ሚܵା = min ሚܵ , ܵି = max ܵ

 , ෨ܴା =
min ෨ܴ	and ܴି = ݔܽ݉ ܴ

 . Additionally, ߴ is 
introduced as a weight for the strategy of 
“the majority of criteria” ሚܵ , whereas 1 −  is the ߴ
weight of the individual regret ෨ܴ. 
The weighting parameter, ߴ, is the maximum 
utility of a group whose value can be between 0 
and 1, which is considered in this research as 0.5. 
Step 6. Defuzzify ሚܵ , ෨ܴ, and ෨ܳ using Eq. 
Table 13 shows the fuzzy and Defuzzify values 
of S, R, and Q. 
 

 
Tab. 13. Fuzzy and Defuzzified values of S, R, and Q  

S Sg R Rg Q Qg 

B1 (-0.235,0.188,0.803) 0.236 (0.009,0.05,0.099) 0.052 (-0.737,0,0.74) 0.001 

B2 (-0.15,0.32,0.932) 0.356 (0.03,0.081,0.137) 0.082 (-0.626,0.166,0.93) 0.159 

B3 (-0.243,0.202,0.811) 0.243 (0.017,0.064,0.127) 0.068 (-0.709,0.055,0.847) 0.062 

B4 (-0.124,0.343,0.964) 0.381 (0.03,0.081,0.128) 0.08 (-0.616,0.175,0.91) 0.161 
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B5 (-0.198,0.233,0.848) 0.279 (0.017,0.065,0.115) 0.065 (-0.692,0.072,0.815) 0.067 

B6 (0.041,0.519,1.034) 0.529 (0.028,0.087,0.145) 0.087 (-0.559,0.265,1) 0.243 

B7 (-0.071,0.391,0.965) 0.419 (0.015,0.07,0.139) 0.073 (-0.651,0.153,0.951) 0.151 

B8 (-0.144,0.326,0.976) 0.371 (0.021,0.07,0.128) 0.073 (-0.655,0.129,0.916) 0.13 

B9 (-0.121,0.349,0.979) 0.389 (0.013,0.063,0.128) 0.067 (-0.677,0.11,0.917) 0.115 

 
Step 7. Rank the alternatives and sort the crisp 
values in decreasing order. The results are three 
ranking lists {ܣ}ௌ, {ܣ}ோ , and {ܣ}ொ according to 
crisp(S), crisp(R), and crisp(Q), respectively. 
 
Step 8. Propose a compromise solution, 
alternative ܣ(ଵ), which is the best-ranked solution 
by measure Q if the following two conditions are 
satisfied: (Table 14) 
 
Tab. 14. Rating options based on R, S, and Q 

 R S Q 
B1 1 1 1 
B2 8 4 7 
B3 4 2 2 
B4 7 6 8 
B5 2 3 3 
B6 9 9 9 
B7 6 8 6 
B8 5 5 5 
B9 3 7 4 

 
In this step, decision is made according to R, S, 
and Q values of the options that are sorted in 
descending order (Table 14). In order to make a 
decision, the following two conditions are 
considered: 
C1. “Acceptable advantage”: ߴ݀ܣ ≥  ܳܦ

where ߴ݀ܣ = ൣொ൫(మ)൯ିொ൫(భ)൯൧
[ொ൫()൯ିொ൫(భ)൯]

 is the advantage 

rate of alternative ܣ(ଵ)	ranked first compared 
with the alternative with the second position ܣ(ଶ) 
in {ܣ}ொ 	and the threshold ܳܦ = ଵ

(ିଵ)
 

C2. “Acceptable stability in decision-making”: 
Alternative ܣ(ଵ) must also be the best ranked by 
ܵ or ܴ. 
If one of the conditions is not satisfied, then a set 
of compromise solutions is proposed that consists 
of the following: 
CS1. Alternatives ܣ(ଵ) and ܣ(ଵ) if only condition 
 is not satisfied, or 2ܥ
 

 
CS2. Alternatives ܣ(ଵ),	ܣ(ଶ), … ,	ܣ(ெ) if 
condition 1ܥ is not satisfied; ܣ(ெ) is determined 

by the relation ൣொ൫(ಾ)൯ିொ൫(భ)൯൧
[ொ൫()൯ିொ൫(భ)൯]

<  for ܳܦ

maximum ܯ. The positions of these alternatives 
are in proximity. 
According to the above, the final options are 
determined according to the third mode: 
 

Tab. 15. Final ranking of options 
Ranking Alternative 

1 B1: (Parametric capability of the 3D 
model) 

2 B3: (Clash detection) 

3 B5: (Integrated design and 
development of collaboration) 

4 B9: (fabricating capability) 

5 B8: (Simulating the construction 
process) 

6 B7: (Operation\maintenance and repair 
management) 

7 B2: (Accurate quantity surveying and 
estimating) 

8 B4: (Archiving) 
9 B6: (Sustainable design)   
 
Therefore, Options 1, 3, and 5 are among the best 
BIM capabilities that can cover most of the 
knowledge management areas of the project. 
Option 1 means 3D design and parametric design 
that makes it a great prospect of the project, 
which needs to be built, and the results of the 
changes made in the project can be seen so fast 
that help us with making quick decisions. Option 
3 means eliminating the errors and interactions in 
the maps before the phase of construction and 
avoiding duplication and cost and time wasting, 
meaning that it should focus more on the 
planning phase. To avoid problems in the 
construction phase, which is exactly the same as 
the BIM philosophy. Option 5, due to increased 
collaboration and teamwork, is an important 
factor in the success of the project that affects 
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almost all areas of knowledge. With regard to the 
BIM philosophy that all project components work 
on a 3D model, they can easily express their ideas 
in a coherent phase before they enter the 
construction phase to prevent replenishment. We 
see that the last option is Option 6 for sustainable 
design and optimal energy consumption. It is 
obvious that less attention and less investment is 
paid to this issue in developed and in developing 
countries. Given the importance of energy and 
sustainability in daily life, this ability can be 
further addressed in the future. 
 

4. Conclusion 
Considering the findings, two good conclusions 
can be drawn. Regarding the influences, uses, and 
advantages of BIM on the project management 
body of knowledge PMBOK, it can be observed 
that the influence is all inclusive and almost equal 
for all of the fields of knowledge. BIM can 
contribute to the integrity of the project as well as 
its time and cost management. It also influences 
the fields of stakeholders and communications. It 
directly affects the project goals (Time-Cost-
Quality) and some of the project management 
fields such as resources and risks. Therefore, the 
application of BIM and the existence of platform 
for working with this concept can contribute to 
the project management in various 
directions/aspects and help achieve the goals. 
From the second point of view, we have the 
ranking and scoring based on the influence on 
project management. Here, the differences are 
clear and meaningful, and it can be said that 
based on the characteristics of Iranian 
construction community, B3 and B1 benefits 
(related to resolving conflicts and plan error and 
automatic correction in drawing plans form the 
point of view of the Iranian engineering and 
construction community) have the highest effect 
on construction project management. Moreover, 
stable designing, optimization of energy 
consumption, smart-making of the buildings are 
the least honored uses of BIM from the view of 
these experts. Of note, these results were 
obtained from the current traditional systems of 
construction in Iran. Issues related to plans, 
constant changes, and numerous corrections 
guide projects in fulfilling the primary goals; 
thus, the BIM experts see it as a solution to these 
problems, which is exactly what has been 
observed in the projects that have moved in the 
direction of using BIM. To put it differently, 
since BIM is new and young in Iran, its use in the 
present situation is 3D BIM at the functional and 

expected level, which houses the best advantages 
of BIM in management of construction projects. 
6D and 7D BIMs related to the stability, energy, 
and facilities of the buildings are insignificantly 
regarded. Because of time and cost aspects, 4D 
and 5D BIMs are also included in this obscurity. 
Clearly, with the passage of time and widespread 
employment of BIM in construction projects and 
the resolving of the issues that are very bold at 
this time, the aspects that are less regarded will 
be met more warmly. In the future, the weight of 
BIM advantages will move contrary to the 
presented results and towards more balance. 
Several extensions may be directed in this field of 
interest. The qualitative analysis and problem 
structuring of the paper could be developed by 
considering cognitive mapping approaches. To 
extend the applicability of the proposed model, 
combining the structuring with DEMATEL can 
be another worthwhile direction for researchers to 
estimate the severity of the impact and 
effectiveness of each criterion. Moreover, the 
existing dependency among BIM capabilities can 
be also left for future research in the developed 
methodology. 
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