Manams

Journal of System Management (JSM)
Online ISSN: 2538-1571, Print ISSN: 2322-2301
Doi: 10.30495/JSM.2022.1967274.1686

9(1), 2023, pp. 53-66

Received: 07/09/2022
Accepted: 16/11/2022

RESEARCH ARTICLE Open Access

An Integrated Approach for Evaluation Applications of Building
Information Modeling based on Rough Number

Alireza Aminrad !, Mohammad Mirhosseini ?*, Mohammad Ehsanifar 3, Ehsanullah Zeighami*

Abstract

Recently, Building Information Modeling (BIM) has emerged as a new technology in the construction
industry, which is gradually gaining popularity among stakeholders. Despite the importance of BIM, the
literature review shows a gap in the evaluation of BIM applications in Iran. Therefore, the aim of the current
research is to evaluate the applications of BIM in construction projects. Since the evaluation of the most
appropriate option is a multi-criteria decision-making problem. Therefore, decision makers use preferences
that are uncertain in evaluating options. Rough's theory, which is efficient in such conditions, is used. First,
by using the concept of Rough's theory to transform the preferences of experts and the combined method
of Analysis Hierarchy Process (AHP) and VIKOR, is used for evaluation. The results show that the
proposed decision method is effective improved objectivity in BIM application evaluation under subjective
condition.

Keywords: Building Information Modeling (BIM), Construction Projects, Analysis Hierarchy Process
(AHP), VIKOR, Rough Set Theory

Introduction

One of the primary responsibilities of a
project management team in the construction
industry is completing the project in terms of
time, budget, and quality stated in the contract
documents (Wang et al., 2004). Over time, the
construction process becomes more complex,
so controlling all aspects of the project requires
an overview of its life cycle. Although the
basic principles of success in achieving this
goal are having an efficient and organized
system of managing, monitoring, executing,
collecting, and distributing project information
among the different sections of the project,
AutoCAD software designs have cast a

shadow on this process (Bani Hashemi et al.,
2011). Such shortcomings, especially in
developing countries such as Iran, where low
productivity, high levels of waste, high
recurrent costs, and significant and chronic
delays in the completion of building projects
are  constantly intensifying  problems
(Ghoddousi et al., 2015).The typical project
management method used in most construction
companies in Iran is a document-based
approach, according to which the task of
obtaining data from various departments
involved in the construction phase is assigned
to individuals. As a result, a wide range of
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construction data is routinely collected with a
discrete nature regardless of their overall
outcomes in the efficient management of the
construction process. In recent years, Building
Information Modeling (BIM) has emerged as a
comprehensive concept of processes and tools
that integrate and organize all data and
information required by projects. It supports
new workflows and integrates them more
accurately through existing simulation and
analysis tools used by consultants and
contractors (Eastman et al., 2011). Since most
processes in BIM are automated and human
resource participation is minimal, it is claimed
that through the use of BIM, the effectiveness
of monitoring, control, and management in the
life cycle of building projects is increased
significantly (Golparvar-Fard., 2015).
However, despite the approved benefits of
using BIM in building projects and the trend
observed in its global application, its
implementation rate is much lower than its
current potential in Iran, especially in the
construction phase (Hosseini et al.,2016). The
root cause of this may be the lack of relevant
studies and research in the literature on the
application of BIM in the construction phase
of building projects in Iran and its contribution
to project management Key Performance
Indicators (KPIs). There is an evident lack of
studies to identify potential application areas
of BIM and its relationship to KPIs in the
construction  industry. Against  this
background, evaluating decision criteria for
those building dimensions of BIM and their
relative importance concerning KPIs such as
time, cost, and quality can be important for
project implementers and policymakers.
However, appropriate decision-making criteria
based on BIM and KPIs should include the
tradeoff and situational and complex
evaluation of the various processes that require
simultaneous evaluation and prioritization of
all options. The VIKOR method was
developed by Opericovic (1988) and
Opericovic and Tzeng (2002) as a multi-
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criteria optimization method for complex
systems. Here the compromise solution is the
closest justified solution to the ideal solution,
where the word compromise refers to a mutual
agreement, and finally, the prioritization of
options is presented. However, VIKOR is not
a standalone method because it cannot
calculate the criteria weights. Accordingly, it
is better first to calculate the criteria weights
using the Analytical Hierarchy Process (AHP),
which is one of the most well-known and
widely used multi-criteria decision-making
methods, and then feed it as input to the
VIKOR method. L. Saati proposed AHP in
1988. It has been applied in various studies
such as risk identification and assessment (Lyu
et al., 2020), sustainability assessment (Bani
Hashemi et al., 2019), identify and analyze of
the dimensions of innovation capability
(Bahrami et al., 2022), identification and
prioritization of measures to reduce the failure
of safety policies (shahsavari gogeri et al.,
2022), designing a native model for
assessment of the effectiveness of advertising
(Shamsadini et al., 2019), identify dynamic
capabilities of knowledge management and
knowledge management process capabilities
(Dehghani, 2016), identifying and ranking
technology-telecommunications context of
information security management system in e-
government (Javid & Yaghoubi, 2016), and
key performance indicators (Ugwu & Haupt,
2007). However, the inability of the hybrid
method to minimize the subjectivity and the
inherent uncertainty in quantifying an expert’s
judgment in the form of an exact number
makes it necessary to combine its method with
more advanced methods. Therefore, using the
rough technique within the AHP and VIKOR
structures seems to be a promising approach to
meet this challenge (Sabet Motlagh, 2018). A
review of the literature shows that no research
has examined the capabilities of BIM in the
construction phase of building projects in Iran,
and the link with KPIs through a robust
approach has not been established. The various
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capabilities of BIM in performance
development and productivity have been
explicitly acknowledged and confirmed in
major construction-related studies (Azhar,
2011; Sun et al.,, 2015). Hence, there is a
growing tendency to adopt and implement
BIM globally throughout the construction
industry. This trend encompasses a wide range
of countries in the Middle East that have
sought to improve BIM implementation in
their building projects (Hosseini et al., 2015).
Although evidence-based documents prove
that Iran lags in adopting the BIM method in
construction projects, no research has provided
an overview of the potential application of
BIM in the country. Current studies in the
Middle East, such as the Building Smart
Survey (2011), are biased toward the Persian
Gulf countries and have not covered all Middle
Eastern countries (e.g., Iran, Israel, and
Turkey) (Wang et al.,, 2004). Other BIM-
related studies in developing countries have
focused on countries other than Iran, such as
Malaysia, Sri Lanka (Rogers et al, 2011), and
India (Kumar and Mukherjee, 2009).
Determinants of applications and actions
related to BIM are formed through the context
of the industry and, thus, should be considered
within the natural context of a country or
company (Aranda-Mena et al., 2008; Poirier et
al., 2015). Also, the findings of studies from
other countries cannot be used directly in the
Iranian context and structure. In addition,
published and available studies on BIM in
Iran, such as the study by Kiani et al. (2015),
focus solely on applying BIM to project
scheduling and planning. We can also refer to
the study by Khanzadi et al. (2018) that only
assesses BIM from a managerial point of view
to provide insight into the application of BIM
in building projects in Iran; hence, the status of
BIM in Iran remains unknown (Wang et al.,
2004). This research seeks to address these
issues. The first goal is to discover KPIs in the
construction field within the Iranian context.
Then, the potential dimensions of BIM
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application in the construction phase of
building projects are identified from the
perspective of Iranian experts and specialists.
Finally, the prioritization of BIM applications
by applying the concept of rough set theory in
a hybrid approach is proposed.

2. Literature Review

The current trend of economic growth in
Iran has led to increased demand for
construction projects, praising the efforts made
for the proper management of these projects.
As aresult, project managers in Iran still fail to
accept and understand the concept of
productivity and success in  project
management (Ghoddousi et al., 2015). In
2016, Iran’s GDP was estimated at $412.2
billion, making it the second-largest economy
in the Middle East and North Africa after Saudi
Arabia. Of this amount, the construction
market in Iran accounted for a significant
figure of $154 billion (Ghoddousi et al., 2015;
Khanzadi et al., 2018) and is expected to
increase to $196 billion by 2020. The lifting of
recent sanctions and the consequent injection
of foreign direct investment will help
accelerate  Iran’s plans to  develop
infrastructure. The size of the country’s
construction projects has doubled, and many
mega projects have been announced to develop
dams, tunnels, and industrial assets. In
principle, construction project managers in the
global and local context are expected to
present projects in the form of managerial
goals. However, the low productivity and
fragmentation of the Iranian construction
industry require a severe paradigm shift in
terms of construction KPIs considering
emerging methods and technologies. Previous
studies have identified key indicators for

integration ~ with  construction  project
management practices to address this type of
challenge. The literature shows that

knowledge of these indicators plays a more
critical role in integrating them with project

Alireza Aminrad



Journal of System Management (JSM)

management operations than social and
cultural stimuli (Zhang et al., 2014)

In this regard, by reviewing the primary
studies, it was found that time, cost, and
quality are the main pillars of performance
indicators in construction (Chan & Chan,
2004). As mentioned before, BIM, due to its
superior ability to coordinate and organize the
process of construction projects, can play an
essential and vital role by benefiting from
construction KPIs (Wang et al, 2004;
Khanzadi et al., 2018). Therefore, in line with
the aims of this research, the applications of
BIM according to the KPIs of construction
projects  were  explored through a
comprehensive review of the literature
focusing on the construction phase of the life
cycle of construction projects. This resulted in
a list of 15 dimensions that are presented in the
Table 1.

Table 1
Dimensions of Building Information
Modeling (BIM) in the construction phase
(Khanzadi et al., 2019)
Applications of Building Information
Modeling (BIM)
Safety
Preparation
Project Coordination
Ability to Build
Recognizing Conflict and Conflict
Project Supply Chain
Site layout planning
Project Schedule and Construction Sequence
Estimation and Cost Estimation
Construction Supervision
Integration of Subcontractor and Supplier Data
Flexible Project Changes
Optimization of Project Logistics

Automated Compatibility and Compliance
Checks
Reduction of Rework

BIM involves the collection, use, and digital
presentation of all building information for
different phases of the project life cycle in the
form of a repository or data source. It also
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provides a comprehensive concept as an
umbrella for processes and tools that provides
all the data needed by projects by combining
the information needed in specific phases and
stages of the building life cycle (scheduling,
analysis, cost assessment, and the like)
(Khanzadi et al., 2018).

BIM, however, is more than just a data
container for a building model. It is a specific
model of object-oriented building construction
and design to help advance the exchange and
interaction of data digitally. The main
advantage of using BIM in the design and
construction phase of a project is its ability to
model and test the ability to build a design
within the model before entering the project
site. Also, as a management paradigm, it can
be implemented through information and
communication technology chains, including
editing and design tools such as Revit,
ArchiCAD, Microstation, and Navisworks
(Bani Hashemi et al., 2011).

Implementing BIM helps to avoid errors and
improve the productivity, timing, safety, cost,
and quality of construction projects. It is a fast
and effective process by which information
about a project can be updated at any stage and
through any unit or department (such as an
engineering unit) (Hosseini et al., 2015).
Accordingly, due to the efficiency of BIM in
adopting and publishing model changes,
editing objects, and reloading updated links,
the entire project model will be updated based
on changes in one aspect of the project. It is
claimed that BIM can overcome the problems
caused by the discrete structure of the industry
while increasing performance within the
industry and assists in the radical restructuring
of the construction industry as a catalyst for
change from two-dimensional to three-
dimensional modeling and a new change in
four-dimensional form (in combination with
the project scheduling factor), five-
dimensional (in conjunction with the project
cost factor), and six-dimensional (in
conjunction with the facility management

Alireza Aminrad



Journal of System Management (JSM)

factor), using the smart data analysis
techniques to achieve the best BIM
performance using as/built plans.

The value of BIM in developing countries is
not fully recognized as a dynamic research
area, and there are few studies in this field.
Research conducted by Building Smart (2016)
in several Middle Eastern countries showed
that despite the interest and optimism in BIM,
the construction industry is still in the early
stages of adoption (Wang et al., 2004).
According to Building Smart (2012), the
findings generally indicate an optimistic and
knowledgeable market but inexperienced in
BIM. Therefore, the literature review findings
confirm and reaffirm the discussions related to
the need for exploratory research on BIM in
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Iran (Wang et al., 2004; Aboushady &
Elbarkouky., 2015). Thus, the present study
attempts to apply the BIM concept in line with
the KPIs of construction projects in Iran and to
discover the KPIs of the construction industry
by applying the rough sets theory in the Iranian
text. Then, the potential dimensions of BIM
application in the construction phase of
construction projects are identified from the
perspective of Iranian experts and specialists.
Finally, we examine the links between KPIs in
the field of construction and BIM competency
criteria and their relative importance by
applying the concept of rough sets theory using
a hybrid approach. The general algorithm of
the research structure is presented in Fig. 1:

Step 1: Study based on the subject literature

e

|
!
|
i -
|
|

15 applications of BIM

Key Performance Indicators (KPIs)

@

Step 1: Identify the key indicators

Step 2: Screening the criteria identified by the Delphi method

@

Step 2: Identifying building information
modeling applications

Step 3: Applying the rough set theory concept to investigate the applications of
building information modeling in terms of key performance factors of
construction projects in Iran

theory concept in AHP

Prioritize building information modeling applications by applying the rough set theory concept in
a hybrid approach

|
|
|
|
|
Determining the relative importance of key performance indicators by applying the rough set |
|
|
|
|
|
|

Fig. (1). Research Execution Algorithm

3. Research Methodology
The primary goal of this study is to apply the
rough set theory concept to investigate the
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applications of BIM in line with the KPIs of
construction projects in Iran. A hybrid research
method will be used to achieve this goal
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because this method is one of the most
practical research methods in management,
which is obtained by combining qualitative
and quantitative methods. In the first step, the
present study identified the key performance
indicators and applications of building
information modeling by examining the
research literature and experts’ opinions. Then,
after identifying the KPIs and applications of
BIM, a hierarchical structure was formed. In
the next step, using the Delphi method, the
KPIs and applications of BIM were evaluated.
After confirming the research criteria, a
Pairwise Comparison Matrix (PCM) of criteria
was formed. The CPM of experts was
transformed into interval numbers using the
rough set theory concept; then, the weight of
the criteria was obtained using the rough AHP.
After determining the weight of the criteria,
the decision matrix of the problem was
formed, the decision matrix data was
converted into interval numbers using the
rough set theory concept, and then the BIM
applications were evaluated and ranked using
the VIKOR-Rough method. Accordingly,
before presenting the research results, the
necessary concepts and relationships required
about the rough set theory and the rough
decision-making methods used in this research
are presented to help better understand the
presented results.

3.1. Qualitative Stage

This stage covered the customization of the
key criteria of construction project
management and the initial list of BIM
performance dimensions in the construction
stage (taken from the subject literature) within
the text and structure of Iran. The key
performance criteria in the field of
construction are highly text-oriented and
should be adopted according to the text and
related structure. In addition, the technical
benefits of BIM should be examined from the
perspective of local and technological
competencies. Therefore, the Delphi method
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was chosen for this purpose, which is an
organized procedure to achieve consensus and
agreement among an expert panel through
frequent discussions in the form of interviews
or questionnaires. In general, the number of
relevant meetings varies from two to seven and
the number of participants varies from three to
fifteen people. With the launch of each round
of the meeting, the answers are analyzed and
based on the evaluation, interviews or semi-
structured questionnaires are prepared and sent
to the experts of the next meeting. The
repetitive nature of this method provides
feedback from the panel and new information
from different perspectives. This opportunity
allows them to review their ideas in the
previous meeting and revise and modify them
based on new suggestions.

3.2. Quantitative Stage

This stage includes quantifying the level of
importance of key performance indicators in
the field of construction through the AHP
method and the benefits of BIM in the
construction phase of construction projects. In
general, measuring building information
modeling capabilities includes two parts: 1)
determining the relative importance of the
evaluation index; 2) Ranking decision-making
options. Since we are usually faced with
insufficient and incomplete information in the
real world, therefore, due to the lack of proper
and complete information and data in the real
world, we must use methods that have the
ability to work in such environments. One of
the concepts used in such environments is
rough theory, which can work well in the
absence of sufficient and complete
information. In this regard, the present study
proposes an integrated approach by
introducing rough numbers to the AHP-
VIKOR technique in order to eliminate
ambiguity in the decision-making process. In
the first step, to calculate the relative
importance of the evaluation indices, rough
numbers are combined with AHP and the
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results are obtained. Then the research presents
a rough VIKOR to measure decision-making
options. By combining rough AHP and rough
VIKOR, both the relative importance of
evaluation indicators and the ranking of
decision options are determined without any
auxiliary information. Therefore, the proposed
method can effectively reflect the real
perception of decision-makers and strengthen
the objectivity of the design concept
evaluation (Sabet Motlagh., 2018)

In the following, before presenting the
results of the research, the necessary concepts
and relationships about the Raff set theory and
the Raff decision-making methods used in this
research have been presented in order to help
in a better understanding of the presented
results.

3.2.1. Rough Set Theory

Introduced by Pawlak in 1982, rough sets
are valuable mathematical tools in ambiguous
and uncertain conditions. Rough is an artificial

intelligence  approach  that  constitutes
cognitive  science, machine learning,
knowledge acquisition, decision analysis,
knowledge discovery, decision support

systems, inferential reasoning, and pattern
recognition. Zhai, Xu, and Zhong (2008)
proposed the rough numbers some 26 years
after the theory’s introduction. A rough
number usually constitutes the lower and
upper bounds and the rough border distance,
which depends only on the original data.
Therefore, there is no need for auxiliary
information, and the method can easily
understand the concepts considered by experts
and improve decision-making objectivity
(Pawlak, 1982). Suppose U is a reference set
consisting of all members; Y is an arbitrary
member of the set U; and R is a set of 7 classes
(R ={Gy,..., Gi}) that covers all members of U.
If these classes are sequentially the same as
Gi<G2<...<Gy, then 1<q<t, Vy € U,G,. The
lower approximation (Apr (Gg))), the upper

approximation (Apr (Gq)) and the boundary
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region (Bnd (Gq)) of the G, class are defined
as follows:

Apr (Go) =U{(YeU|R(Y) < G,)} (1)
Apr(Gq) = U{(YeU|R(Y) = G, )} )
Bnd(Go)=U{(YeU|R(Y) # G,)} = 3)

{(reU|R(Y) > G,)} U{(YeU|R(Y) -
G, can then be represented by a rough number

RN(Gy) at its corresponding lower and upper
bounds (Egs. (1) to (3)).

Lim (Go=,ZRO)|Yedpr G )
Lim (Go=,-LRW)IYe Apr(Gy )
RN (G)= [Lim (Gq), Lim (Gq)] (6)

where M. and My are the values of members
(Gq) Apr and (Gq) Apr, respectively. It is
clear that the lower and upper bounds
determine the mean value of the elements
concerning the high and low approximations,
respectively, and their difference is defined
by the rough boundary distance (Pawlak,
1987).

IRBnd (Gg)= Lim (Gq) — (7

Lim (Gq)
The rough boundary distance expresses the
ambiguity of Gq, so that the larger the
number, the greater the ambiguity, while the
smaller the number, the more accurate it is.
Therefore, mental information can be
expressed in rough numbers. Since the
generated rough numbers are similar to
spaced numbers, the computational rules of
interval numbers can also be used in rough
numbers.

3.2.2. Rough Analytic Hierarchy Process
(AHP)

Analytic Hierarchy Process (AHP) is one of
the most well-known and widely used multi-
criteria decision-making methods to measure
the degree of consistency of preferences and
consider tangible and intangible criteria. In
this study, the rough AHP has been used due
to the subjectivity and ambiguity of the
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experts’ judgments. The rough AHP steps are
as follows (Zhou et al., 2015):

e Step 1: Identify the purpose, criteria,
and research options and form a
hierarchical structure.

e Step 2: Prepare a pairwise comparison
questionnaire and collect expert
opinions.

e Step 3: Use the rough sets theory
concept to convert expert preferences
to interval numbers and form a
pairwise comparison matrix (PCM)
such as Eq. (8):

[ [11] [xky,x%]

[Xé‘pxgl] [1!1]

[lem' x{]n
[me' xZn (8)

Ly, 6] [1.1)
In this equation, x; ij 18 the lower limit and xg
is the upper limit of the interval numbers.
Before calculating the interval numbers, the
incompatibility rate of the pairwise
comparison questionnaires should be
calculated, and if their incompatibility rate
was acceptable (< 0.1), the interval numbers
should be calculated.
Step 4: Calculate the weight of each of the
research criteria using Egs. (9) and (10):

\/HJ L X \/HJ 1 U )

/ max(w{) (10)
In Eq (7), w, is the normalized form, which

ultimately achieves the weight of the research
criteria (Zhou et al., 2015).

3.2.3. Rough VIKOR method

VIKOR’s method was developed by Opricovic
(1988) and Opricovic & Tzeng (2002) for
multi-criteria ~ optimization of complex
systems. Here the compromise solution is the
closest justified solution to the ideal answer,
where the word compromise refers to a mutual
agreement (Opricovic & Tzeng, 2004). The
assumptions and steps of the proposed method
are as follows (Chu et al., 2007):
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Hypothesis:

e There are k decision-makers who have
equally important opinions in the final
decision (k =1, 2, ..., k).

e There are m options (i = 1, 2, ..., m).

e There are n criteria/factors for decision
making (j = 1, 2, ..., n).

Step 1: Form the decision distance matrix
obtained from the rough set theory.

D= (11
[flLlf flli ] [fle; fllé ] [fll;n' fll‘:n )
[fZLlf_lei ] [fZLZI leé ] ) UZLm' le{n

l[frfl"fnul ] [fer' fnUZ ] . '[fanl frgn

Step 2: Identify the best f;* value and the worst
value f;~ in each criterion of the matrix D. For
a positive criterion (with a profit nature), the
most significant number indicates the best
value, and the smallest number represents the
worst value:

fi = Max;fy, fi; = Min; f; (12)
For a negative criterion (with a cost nature),
the opposite is true:

fi = Min;fls, f7 = Max; f} (13)
In general, the best and worst values are
obtained as follows.

fi (14
{(Maxlfu |]€B)0T (Mlnlfu |]EC)} )
fi (15

= {(Min;f|jeB)or (Max;f}|jeC)} )
where B is a set of positive criteria and C is a
set of negative criteria.
Step 3: Calculate the values of [s;
[RF,RY].

S
=\ Ly
fij JS)
+]zec:w<f__f

Ji 1
Z]EBWJ (f f]>+

151
Z]EC j (f f]>

,s{] and

L __
S =

(17)
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( (=N, (18)
wj <f’— — f;’) |jeB

£ f,).
kW(f =57 ) Vee

f; fl]> (19)
(f] fz] |jeB

fij — f,) .
L <f] f] ljeC
where w;

i 1s the lower limit and WjU is the
upper limit of the standard weight.
Step 4: Calculate the values [QF, Q)]

L _ —
Ry = max; = «

L (St=5 (20)
Qr=v <m> +(1
Rl —R*
(=)
(21)

1
RY —R*
Nr—r

S* = Min;St, S~ = Max;S/, R* = Min;R},
R* = Max;RY, and Q is a cumulative index.

Qo = (5—fU ‘5*>
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Also, v represents the weight of the maximum
criteria and is v = 0.5, usually ve [0,1].

Step 5: Rank the options based on S, R, and
Q.

4. Case Study and Experimental Findings

In the present study, we attempt to study the
applications of BIM in line with the KPIs of
construction projects in Iran by applying the
rough set theory concept. For this purpose, all
the steps presented in Fig. (1) were
implemented in the study. The study’s
statistical population was the specialists and
experts of companies operating in BIM
applications in Iran. Ten companies were
selected as the research sample to complete the
pairwise comparison questionnaire and
VIKOR questionnaire among the participating
companies. As shown in Fig. (1), the first step
in this study is to identify KPIs and BIM
applications using the research literature and
expert opinion. Then, after identifying the
KPIs and BIM applications, a hierarchical
structure is formed, and in the next step, the
KPIs and BIM applications are evaluated using
the Delphi method. Figure 2 shows the
hierarchical structure of KPIs and BIM
applications.

Application of BIM-based on construction project KPIs in the construction phase in Iran

Improved buildability

Combining
subcontractor
and supplier
data

Construction Assigning
supervision ¢
estimates

cost Prebuilding

Project

Identifying scheduling
conflicts and )
construction

sequence

Project
coordination

Site layout
planning

Fig. (2). Hierarchical structure of research

After confirming the research criteria, the
criteria pairwise comparison matrix (PCM) is
formed, and the experts’ CPM is converted

An Integrated Approach for Evaluation Applications

into interval numbers using the rough set

theory concept. Then, the weight of the criteria

is obtained using AHP. The experts’ CPM
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results and the final weight are presented in
Tables 2 and 3.
Table 2
Cumulative expert opinion results in the pairwise comparison matrices
Cl1 C2 C3 Cc4 Cs
Cl [1,1] [1.286,3.173] [1.62,3.488] [1.979, 3.26] [2.346, 4.93]
C2 [0.315,0.777]  [1,1] [3.015,4.421] [1.295,3.131] [T, 4]
C3 [0.287, 0.617] [0.226,0.332] [1,1] [1.242,2.174] [Y.AYVeE,V)]
C4 [+,FTc,000] [+,F)4c,vag] [+,81c0,A00] D] [Y,A0c0,1V4]
C5 [+,YTer,£Y7] [+,FYEc,T04] [, Y\Ye,Yog] [+, )VTce,ToN] D]
Table 3
Results of calculating the criteria weights
Rough weight Crisp weight Normal weight rank
Cl [+,00A0)] .779 . 365 )
2 [+,€:002,V)0] . 560 .262 Y
C3 [+, Y6, €1)] .338 158 Y
C4 [+,YYoc,£01] 318 . 149 ¢
C5 [+.)+Ver, V4] . 142 . 067 °

After calculating the research criteria
weights, the next step is to form a problem
decision matrix. To form the interval decision
matrix, expert opinions on each of the options

in each of the criteria were collected using the
VIKOR questionnaire, the results of which are
presented in Table 4.

Table 4
The interval decision matrix obtained from the rough set theory
Cl C2 C3 C4 C5
Al [Y,)0.Y,AV0] [11] [0,£)YcT,114] [£,7Yc£,4A] [),YY£Y,140]
A2 [T,1Y1,94] [0,+0:0,4YA] [T.ATY,2¢] [Y, )Y, 4] AT, Y]
A3 [V,1YeY,8A] [£,47cY, 01] [YeY] [£,YAc£,4Y] [V,IVeA, 47
A4 [AA] [Y, YV, ¥A] [34] [V, €)Y, 904] [V.AVeY,49]
A5 [YeY] [11] [£.A)£,39] [TeF] [Y,0)eY,04]
A6 [F, )T 4] [V VY, 1] [, FIVeY,Vav] [AA] [17]
A7 [0,£)¢0,409] [£,7Yc£,3A] [6,£7¢0,3V] [1,Y€7,47] [0,£7:,4Y]
A8 [¥,9AcE,AY] [£,1¢€,14] [11] [o°] [VeV]
A9 [T [V.Y€V,47] [VeV] [F, )T 4] [Y,+4:Y,01]

We evaluate research options by creating a
problem decision table using the VIKOR-
Rough equations. After forming the decision
matrix, the first step in the VIKOR-Rough
method is determining the positive ideal and
negative ideal values in each of the decision
matrix criteria. Accordingly, if the criterion
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has a positive aspect, the positive ideal is equal
to the largest upper limit, and the negative
ideal is equal to the smallest lower limit of
each column of the criterion of the decision
matrix, and vice versa for the negative criteria.
In the present study, all criteria have a positive
aspect. Table 5 shows the obtained results.
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Table 5
Positive and negative ideals
Cl1 C2 C3 C4 C5
£* [/\‘/\] [V,‘\'h‘/,‘\'l] [‘\“\] [/\‘/\] [/\,"W‘/\,‘\T’]
f- [YeY] [,V Y] [\,Y"l\/‘\,ﬁ“'l\/] [Y,)eY, 0] [\,\H‘c\,\ﬁ“]

The next step is to use the equations (16-19) to
calculate the indicators of usefulness and
regret. Once these indicators are specified, the
leading VIKOR indicator, i.e., the Q- indicator

for each option, is calculated. For this purpose,
equations (20) and (21) have been used. The
results of these calculations are given in Table
6.

Table 6
Indicators obtained from the VIKOR-Rough method
S S Crisp R R Crisp Q Q Crisp 45

Al [, 8. YO,YVY] ), Fen [+,£YVer,av0] LYY [+.¥YAc,4.V] NEEP v
A2 [,OVVA, XYV +4.¢ [+.YYAC,£41] LYYE [+,+ YT, FAY] YYA ¢
A3 [, 190), 7] +,VYT [+,YEYc0, VY] Y. [+, TF, T oAl Ve Y
Ad [+,00£c+,40A]  +,VT) [+,¥FYc,1Y0] VA [+))0cr,E7YV] LYV °
A5 [Y,)+Y),4Y0] V,00¢ [+,00A0] LYV [+,£€)¢+,374] Yo q
A6 [,+00.Y,0Ye] ),0%. [+,EEAce,ATY] BETR [+,YoVer,ART] Y A
A7 [+,00£),VE]  +,ATE [+ %, £7Y] SN [+, £, TAC] YVE ¥
A8 [+,Y190),83Y] ),F. [+,Y37:,1Y] CEAY [+, Vo, 1] N 1
A9 [+,07Y), o]+, V14 [+ VA%, YY) YT [+, o0, YVY] Y )

According to the VIKOR conditions, option
A9 has the lowest Q-value. On the other hand,
in order for the top-ranked option to be
identified, the following relation should be

checked: relation Q(A3) — Q(A9) = = =

0.17 — 0.154 < 0.125 is not established, so
options A3 and A9 are selected as the top
options. Therefore, both project coordination
options (A3) and project time planning and
construction sequence (A9) are selected as the
best option. Then, in the order of conflict
detection and collision (A7), integration of
sub-contractor and supplier data (A2), safety
(AS5), cost estimation and estimation (AS), site
layout planning (A1), pre-construction (A6)
and construction supervision (A5) are other
ranking options by VIKOR method. The
overall findings of the importance of
evaluation indicators, according to the relative
importance of each key performance indicator
compared to others, show that quality
improvement has received the highest level of
attention among all indicators. The descending
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order of other classes according to the level of
importance is as follows: reduction of
construction cost, sustainable construction,
improvement of construction capability and
delivery of the building in terms of time
efficiency. This result is confirmed with a
weight of 0.365 for the quality improvement
class, which is much higher and more
important than other indicators that are
evaluated according to BIM technology and
the construction stage of the project life cycle.
It has been confirmed that BIM has a
significant capacity and potential to improve
the construction quality management process
by changing the way project participants
interact with each other and maintaining
information in an integrated database.

The next important indicator is the reduction
of construction costs. The reduction of
construction cost is mainly known as a key
asset in the financial turnover of the
construction industry and it seems that the
importance of this indicator is more in the
context of Iran because the Iranian
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construction industry has a low profitability
rate and high failure rate due to Irregularity of
customer payments. This problem is
aggravated due to the recent recession and
national economic crisis, which is caused by
the widespread recession resulting from
international sanctions. It is obvious that the
first relevant application of BIM for this
indicator is the estimation and cost estimation,
which can be done through the driving force of
the powerful five-dimensional modeling of
building information, meters and automatic
estimation. Five-dimensional modeling of
building information projects the exact form of
output values of the required quantities using a
specialized measurement tool and strong
solutions to maintain homogeneity of cost
data. The next key performance indicator that
helps to improve the usability of BIM in the
construction industry is the sustainable
construction key indicator. BIM promotes the
key performance indicators of sustainable
construction at the design stage, especially
where advanced techniques such as energy
efficient development can be developed and
incorporated. The technological aspect of BIM
helps the team involved in each project to
observe and examine what will be built in a
simulated environment and to identify possible
problems in the construction design and
operation in advance. The process-oriented
aspect of BIM enables and encourages the
close cooperation of different involved groups
and makes the flow of information between
them simple and possible. The key indicator of
the next performance, namely "buildability", is
defined as "the plan of efforts that can be used
in the construction phase and allows the
contractors to carry out the activities easily and
smoothly". Based on this definition, the
designer must have an understanding of
construction, but due to the lack of
communication and coordination in the local
context, the designer usually lacks this feature.
In the end, the building delivery index has a
lower degree of importance than others in

An Integrated Approach for Evaluation Applications

9(1), 2023

Page 64 of 66

terms of time efficiency. It is obvious that BIM
four-dimensional simulation technique; The
integration of project scheduling and planning
with the 3D model reduces the construction
project delivery time through the automatic
identification of delays and collaborative space
between the contractor and subcontractors.
This technique visualizes and visualizes the
structure of the work breakdown of the
construction process in the planning and
scheduling of all components of the 3D model.

5. Analysis of Experimental Findings

As mentioned earlier, the present study aims
to apply the rough set theory concept to
investigate the applications of building
information modeling in line with key
performance indicators of construction
projects in Iran and as a basis for filling the
knowledge gap (i.e., lack of studies in
application-based BIM to guide and control
the KPIs in the construction cycle of the
project life cycle in Iran) is presented. This
rescarch was the first research of its kind,
based on the literature related to the KPIs and
dimensions of BIM in the construction
industry. Using the initial Delphi method, the
relevant areas were determined per the
conditions of Iran, and after reviewing and
screening the criteria, the hierarchical structure
of the research was determined. In the next
step, by applying the rough set theory concept
in multi-criteria decision-making methods, the
applications of BIM in terms of KPIs of
construction projects in Iran were explored.
The findings of this study showed interesting
results that reflect the understanding of
designers and construction executives in Iran
concerning the benefits of BIM for
performance indicators of construction
projects. That is, they assigned the leading
roles to the building delivery indices, taking
into account time efficiency and building
capability, and the relative roles to the
construction ~ cost  reduction,  quality
improvement, and sustainable construction
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indices, which contrasted with the conditions
of the construction industry in Iran (i.e., due to
low profitability and high failure rates,
construction companies adopt new methods
and change their traditional approaches such as
drawing, modeling, and industrial design to
benefit from the wunproven return on
investment, which prioritizes the value of
money over the principles of quality and
sustainability. In addition, by prioritizing BIM
applications based on KPlIs, it was inferred that
conflict  detection  with  construction
monitoring and monitoring are components of
BIM applications to increase quality, and four-
dimensional modeling of building information
(project  scheduling and  construction
sequence) and construction monitoring have
beneficial effects on construction KPIs in Iran.
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