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ABSTRACT ARTICLE INFO

The risk management process is a systematic and logical process that should include identifi-
cation, analysis, measurement, and dealing with risk-taking into account the facilities, condi-
tions, and context of the organization. T'oday, work-related accidents, as one of the important
factors in losing efficient manpower and Waste of capital and time, are considered a threat to
the development and progress of any country. Therefore, failure to pay attention and assess
the safety risk in the construction industry will cause irreparable problems and impose high
costs on the project. Work-related accidents are not entirely accidental, so the most effective
measures can be taken to control and reduce them while anticipating. Appropriate hi-tech in
the analysis of hazards in industries i1s an important step in determining effective measures to
reduce accidents. This study aims to use the most appropriate techniques available to identify
hazards and assess the risk i order to improve safety, reduce accidents and costs and save
time. In this research, to identify, evaluate and rank the safety risks of construction projects
with fuzzy approach and TOPSIS method, which we have dealt with according to the impor-
tance of each risk, appropriate strategies and response programs should be applied according
to them. The main finding of this research is that Excavation is the most important risky
work in construction projects that needs more attention to reduce total risks.
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1. Introduction

Knowledge and learning are the most important
resources for achieving commercial and competitive
advantage in today's modern world [1]. Technologi-
cal evolutions and globalization of nations are the
main issues forcing organizations to estimate the risk
of huge financial burdens and need planning [2], [3],
[4]. Organizations that can effectively use risk man-
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agement of projects will become leading and success-
ful organizations [5], [6]. In general, human beings
deal with different risks throughout their lives. In oth-
er words, any action performed or any decision made
can be associated with risks [7], [8]. This is mainly
due to our nability to guarantee the achievement of
our desired result [9], [10]. Therefore, there is also
danger wherever there is a risk since these dangers
threaten the favorable results [11]. Risk is variously

http://doi.org/10.24867/1JIEM-2022-1-297

This is an open access article distributed under the CC BY-NC-ND 4.0 terms and conditions



Chen et al.

defined n different areas such as safety, economy,
and management, some of which include [12], [13]:

*  Uncertainty about an accident

*  Being in the vicinity of the danger or misfor-
tune

e The dispersion around the mean values

e Uncertainty about damage

International organization for standardization in
risk management standard defines risk as "the effect
of uncertainty on organizational goals," emphasizing
that risk could be positive, negative, or a deviation
from the expected [14]. Moreover, the risk is often
observed in the form of an event or change in the
situation or indication of a result [15]. Since risk 1s
an nevitable and manageable loss, any organization
needs a specific approach to reduce the risk of the
potential loss arising from a certain activity [16]. The
risk management process 1s a logical and systematic
process that should include 1dentifying, analyzing, as-
sessing, and dealing with risk while considering the
organization's background, conditions, and facilities
[14], [17]. Having a List of risks existing in a certain
type of project enables project managers to review
the potential risks and assess the special conditions
governing the ongoing project to determine which
risks can greatly endanger their projects and how to
deal with them [9]. In order to succeed, organiza-
tions must use risk management principles, one of
the most important dimensions of which 1s human
resources [18], [19]. Generally, people working in a
system are those who give its structure a soul. There-
fore, special attention should be paid to this organiza-
tional resource in risk management [20]. Overall, any
1ssue or organizational failure 1s ultimately rooted in
the workforce of that organization. Lack of successful
human resource management results in many threats
to the organization, such as losing experts and trans-
fer of technical knowledge [21]. This has doubled
the need for risk management of human resources
in the modern world. Human resource risk cannot
be overlooked today due to its close relationship with
value creation in companies and organizations. Re-
search of the Institute of Human Capital reveals that
risk related to human resources is the most impor-
tant threat to businesses. Meanwhile, the organiza-
tional preparedness profile for business risks shows
the extremely unprepared status of organizations
regarding dealing with human resource-related risks.
These results are congruent with the results of inter-
national studies. According to the research of the

economic intelligence unit of the economist group,
poor management of human resources is one of the
most mmportant threats to the long-term success of
global businesses from the perspective of risk manag-
ers [21], [22].

Construction projects have always been one of
the most dangerous industries in terms of the rate
of damage and compensation to manpower owing
to their unique nature [23]. According to statistics,
occupational accidents are the third leading cause of
death in the world and the second leading cause of
mortality in Iran after traffic accidents. In addition,
they are important health, economic and social fac-
tors mn society. Notably, since occupational accidents
are not completely unintentional, the most effective
measures could be taken along with the prediction of
these incidents m order to control and reduce them.
The use of appropriate techniques in the analysis of
industrial hazards 1s a significantly important step in
determining effective measures to reduce accidents.
Over the past few decades, several methods have
been developed for the scientific analysis of haz-
ards, each having different viewpoints, functions, and
performances. Some of the most important causes
of the development of risk analysis methods are the
complexity of situations, difficulty in combining the
mformation, and uncertainty in decisions. To date,
numerous studies have been performed in industries
with various methods to prioritize hazards [24], [25].
‘With this background in mind, safety risks were iden-
tified and assessed 1n construction projects in an ap-
plicable environment using fuzzy data and final rank-
ing with the TOPSIS method.

In the rest of the paper and in section 2, the lit-
erature of the subject 1s reviewed. Section 3 presents
the research method and its details. Section 4 pres-
ents numerical results, and Section 5 summarizes the
research.

2. Research Background

In the field of risk management, Baghishani et al.
assessed risk management in electricity distribution
in North Khorasan province using a three-dimen-
sional method. According to the results, some of the
high-risk activities included elimimating blackouts
from low-pressure networks, branching of subscrib-
ers and intra-city traffic, and collecting claims from
subscribers [25]. Lemos et al. carried out structural
risk management in Lisbon, Portugal. Risks were
considered in social, legal, economic, environmental,
political, and technological dimensions [25]. These
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scholars applied the HAZOP method and fuzzy logic
(FL) to estimate the possibility of risk analysis failure
i a refinery [8], [26]. Wang et al. used the group
tuzzy decision-making approach to assess bridge risks
[26]. Moreover, previous study used the FLL method
to model risk in construction [26]. In the field of oil
mdustry and energy, Jafarnejad et al. identified pos-
sible risks in the excavation of oil well projects, using
the fuzzy approach to assess and rank the risks [27].
Moreover, studies evaluated risk management in the
area of petrochemical feed and product transporta-
tion pipelines [27]. In another study, Wang et al.
studied risks in projects of energy management con-
tract and analyzed the risks of projects, proposed the
use of hierarchical and fuzzy set analysis approach
to assess these risks [26]. Mojtahedi et al. applied a
multi-attribute  group decision-making (MAGDM)
technique to determine and evaluate risks [28].
Furthermore, Yousefi et al. used a multi-objective
decision-making approach to evaluate the risk of em-
bankment dam construction projects. The results
of the preceding studies prioritized domestic risks
of the country in this area [27]. Loo et al. evaluated
the risks of a sustainable supply chain by analyzing
the conditions and reasons for failure in a fuzzy envi-
ronment (case study: Saba Battery). They prioritized
risks in the sustamable chains of the battery industry,
considering that the possible risk factors included the
possibility, severity, and ability to identify as fuzzy
variables, and then prioritized them based on ter-
departmental teams and by using the proposed meth-
od. To this end, fuzzy risk priority numbers were de-
fined as fuzzy weighted geometric mean risk factors
and calculated with the help of sets of alpha-cut levels
and a linear programming model [27]. Zeng et al.
considered fuzzy decision-making for analysis of the
risk of construction projects, including human fac-
tors, location factors, materials, and equipment [29].
In the field of safety risks, Khakpour applied a fuzzy
inference system to assess safety performance [29].
Furthermore, Tadic reported the danger of surfaces
and objects with sharp edges and the risk of lifting
and carrying loads as the first and second ranks of
occupational safety hazards in the process industry
using a fuzzy model [30]. Wuni et al. considered the
safety risk assessment in the power distribution pro-
cess using the improved ET & BA method and its
ranking with VIKOR and TOPSIS models i a fuzzy
environment. According to these scholars, the two
methods TOPSIS and VIKOR were able to properly
rank risks and yielded relatively similar results [31].
Qaz et al. identified and prioritized risks in oil and
gas projects using the fuzzy TOPSIS method. In oth-

er words, they first identified the risks and then pri-
oritized them through the fuzzy TOPSIS technique.
According to their results, increased construction
costs, incompatibility of the existing organizational
structure with the project structure, and ultimately
failure to achieve technical knowledge were three im-
portant risks that should be eliminated by oil and gas
projects as soon as possible [31].

3. Research Methodology

In this section, the solution approach was ex-
plained in order to solve the issue of ranking safety
risks of construction projects. We first determined
the critera affecting construction projects' risks, then
assessed and ranked the most important safety risks
In construction projects via a fuzzy approach using
the TOPSIS method. In most multi-criteria decision-
making (MCDM) techniques, decision-makers are
required to determine the relative importance among
the selection criteria with the weight of each of them.
In case of a lack of sufficient information, the process
will lead to mappropriate decisions. Meanwhile, the
importance of the criteria (the weight of the criteria
relative to each other) was calculated using the entro-
py method, which is an MCDM method for criteria
weight calculation. In this method, there 1s a need for
an option criterion matrix.

In general, entropy expresses the level ol uncer-
tainty in a continuous probability distribution. The
main idea of this method is that the higher the scatter
in the values of an index, the more important that
index 1s. In the end, the final ranking is carried out by
the TOPSIS method.

The Topsis technique, which 1s a MCDM meth-
od for prioritization based on similarity to the ideal
solution, is a multi-criteria decision-making method,
first introduced by Wong and Eun in 1981 [5] [32].
This technique can be used to rank and compare dif-
ferent options, select the best option, determine the
distances between options, and group them.

One of the advantages of this method 1s that the
criteria or indicators used for comparison can have
different units of measurement and have a negative
and positive nature. In other words, negative and
positive indicators can be used in combination in this
technique.

According to this method, the best option or so-
lution 1s the closest solution to the ideal solution or
option and the farthest from the non-ideal solution.
The ideal solution 1s the solution that has the highest
profit and the lowest cost, while the non-ideal solu-
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tion 1s the solution that has the highest cost and the
lowest profit. In short, the 1deal solution is obtained
from the sum of the maximum values of each crite-
rion, while the non-ideal solution 1s obtamed from
the sum of the lowest values of each criterion.

Therefore, a more appropriate approach can be
taken to evaluate and rank the risks of construction
projects by using Shannon's entropy model in weigh-
ing criteria relative to each other and ranking by the
TOPSIS method. The research stages are presented
below.

3.1. Decision Matrix Formulation

Solving the MADM problem is started by creating
a decision matrix shown i the figure below, where
A={Ai for 1=1,2,3,...,m } shows the option, C = {C;j for
7=1,2,3,....n} shows the set of selection criteria, and
Xy shows the performance of the A1 option when
assessed by Cj criteria. In this matrix, the values of
quantitative criteria performance, which convention-
al methods can calculate, are definitive. However,
the performance values of qualitative criteria are
obtained based on experts' opinions and by using a
Fuzzy method, as shown in Table 1 [32].

Table 1. Decision matrix

3.2. Criteria Prioritization Value Estimation

A triangular fuzzy number can be represented by
three ordered bounds (I, M, N), where I 1s the lower
bound, M 1s the middle bound, and N 1s the upper
bound. The optimization index is a linear convex
composition shown in Figure 1 [26].

In this study, fuzzy numbers were turned nto de-
finiive numbers using the widely used Minkowski-
Steiner formula (x = m + ¥) as shown in Table 2
[32].

Therefore, the weight of criteria relative to each
other was obtained by Shannon's entropy model fol-
lowing the defuzzification of the decision matrix. The
stages of this method are as follows:

3.3. Determining the Criteria's Weight

First step: as mentioned in section 3.1, the first
step includes the formation of the decision matrix
(columns are criteria and rows are options).

Second step: the matrix above 1s normalized, and
each normalized entry 1s called pii. In this regard, nor-
malization includes dividing each column's entry into
the total number of columns.

Criterion/Option G G G
A1 Xn Xn X1n
A, Xa X2 Xon
Am er sz an
>
= S <
o o - e =
S = Z E § a < A
g S = g 3 3 5 2 3
E e = 2 2 2 s iZ
S & 2 N g =t 2 &
2 - g h E 2
0 0.1 0.15 02 0.3 035 0.5 0.65 0.7 0.8 085 09 1

Figure 1. Membership functions for linguistic value [25,39]
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Table 2. Turning triangular fuzzy numbers into definitive numbers

Fuzzy Number

Linguistic Judgment

Definitive Fuzzy Number

(0&01&1) Extremely important 0.975
(0.15 & 0.15 & 0.85) More important 0.85
(0.15 & 0.15 & 0.65) Important 0.65
(02&0.2&0.5) Moderately important 0.5
(0.15 & 0.15 & 0.35) Mildly important 0.35
(0.15 & 0.15 & 0.15) A little important 0.15
(01&0&0) Unimportant 0.025

Third step: each Ej entropy index 1s calculated
as shown below, and k is maintained in the range of
zero-one as a fixed value of Ej.

m
E}-:—kzpinLnPij i=12,..,m (1)
i=1

K 1s calculated as a fixed value, as shown below:

k= 1
" In(m)

@)

The fourth value: in the next stage, we calculate
the dj value (degree of deviation), which shows how
much useful information 1s provided by the related
index (dj) to make a decision. In this respect, the clos-
er the measured values of the index to each other, the
lower the difference between the competing options
in terms of that index.

Therefore, the role of that index should be de-
creased n the decision-making process at the same
amount.

Fifth step: afterward, we calculate the weight (VVj).

If the decision-maker already considers a specific
weighing for the j index, the modified weight (w') will
be as follows:

If the

Aiw;
’ L] ~
W T c— (O)
J n
j=1 2-i“’j

3.4. Final Ranking

As mentioned, the final ranking is carried out by
the TOPSIS method, which 1s a very robust com-
pensatory multi-attribute decision-making technique
for option prioritization through simulation of the
ideal solution. This algorithm has little sensitivity to
the type weighing technique, and its solutions do not
change drastically. The selected option should have
a minimum difference with the 1deal answer and a
maximum difference with the most mefficient solu-
tion m this method. TOPSIS has several advantages
(compared to other prioritization techniques) such as:

e It deals with both qualitative and quantitative
criteria. Its output determines the priority of
options and expresses the priority in quanti-
tative form.

e It considers the conformity and contradiction
of indicators. In addition, it has a simple pro-
cess and can be performed at the proper time.

e Itaccepts primary weight coefficients, and its

results completely comply with experimental

methods.

In essence, the n*m matrix, which has m options
and n criteria, 1s assessed m the TOPSIS method.
This algorithm assumes that each index or criterion
in the decision-making matrix has a uniform incre-
mental or diminishing utility. In other words, the high
values obtained by the criteria in the matrix will have
higher utility if they are of profit type and will have
lower utility if they are of cost type. Another reason
for the superiority of TOPSIS over other techniques
Is 1ts ability to concomitantly use objective and sub-
jective indicators and criteria. Nevertheless, all values
attributed to the criteria should be of the quantitative
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type mn order to perform mathematical calculations

in the model. Therefore, qualitative values should be  ¢- _ (13)
L C

turned into quantitative ones.

It 1s recommended that the TOPSIS method 1s
used when there 1s limited information and a small
number of indicators. The following describes the
stages of TOPSIS:

Stage 1: data matrix formation based on n alterna-
tive and k index.

a1 ar e Qqn
az az; N )

Aij = : . . (6)
Om1 Am2 Amn

Stage 2: data standardization and standard data
formation using the equation below:

a;i
J
ry=—d )
m 2
/ k=1%%;j
"1 T2 Tin
721 T2 Ton
R = . ®)
Tmi Tmz - Tmn
Stage 3: determining the weight of each index

(W3): n this regard, the more significant indicators
had a higher weight.

W1iT11 WyT12 WnT1in
WiT21  Walo; « Wnlon

I/l] = . : . N (9)
Wl Tm1 W2 Tm2 Wnrmn

Stage 4: determining the alternative 1 distance
from the ideal alternative (higher performance of
each index), which 1s shown by (A¥).

A*{max;v;;|j €€ J}, (minyv;jlj € ]') (10)

A ={vi,v3, .., vn }

Stage 5: determining the minimum alternative 1
distance (lowest performance of each index), which
1s shown by A™.

A‘{minivij|maxivij|j E]’} (11)
A™ ={v{, vy, ..,v7 }

Stage 6: determining a distance criterion for the

ideal alternative (*S;) and minimum alternative (SO).

n
Z(Uij —vj)?
=

(12)

Stage 7: determining a coefficient, which is equal
to the minimum alternative distance (Si ) divided by
the total minimum alternative distance (S; ) and the
ideal alternative distance (*S;), which is shown by C;
and 1s calculated using the equation below:

S

Cr=—-__
ST+ S

Stage 8: alternative ranking based on the value of
C;, which fluctuates in 1>C;>0. In this regard, ;=1
shows the highest rank, whereas C;=0 is indicative of
the lowest rank.

4. Implementation of the Proposed
Method

The decision matrix was formed, and the i1den-
tified criteria were obtained through library studies
and based on the opimions of experts in the field of
the electric power industry and selection of construc-
tion projects contractors, as explained below.

Following the identification of risks, the possibil-
ity of occurrence of each risk and its impact on areas
of C;: ime (project termination due to hazards), Cy:
costs imposed by the incident, Cg: quality changes,
C,: level of human resource vulnerability, C;: risk
possibility 1s determined, the level of impacts on the
mentioned five risk areas are prioritized, and impor-
tant risks are determined. These criteria are selected
through the literature [30], [33].

Moreover, In this study, the options include:

e Fire and explosion (A))

¢ Working in adverse weather conditions (Ay)
¢ Destruction (Ay)

e Falling objects (A

e Electrocution (A;)

e Lifts and work at height (Ay)

e Excavation (A;)

e Welding (Ay)

e Scaffolding a Skeleton (Ay)

In this study, A1-A9 options, which act as options
in the TOPSIS method, were obtained from a survey
of construction project experts. These options are
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among the most important ones that most experts
have mentioned.

Decision matrix formulation: in this step, the
functional values of cach option are calculated based
on the criteria. In this regard, the decision-maker 1s
asked to allocate proper scores based on Figure 1,
which shows the fuzzy comparisons of each criterion.
Table 3 presents the decision-makers judgments.

According to Table 1, the exact values of the deci-

Table 3. Decision matrix obtained from DM judgments

sion matrix are shown in Table 4.

Criteria weight determination: the weight of crite-
ria was determined in comparison to each other us-
g the entropy model in MS Excel 2016. The results
are presented in Table 5.

The final weight was obtained based on the pro-
posed weight while considering the fuzzy form's ex-
perts' options. Table 6 shows the results obtained
from Shannon's entropy model.

Criterion/Option  C, G Cs Cy Cs

A (0.85& 0.15& 0.15)  (0.85 & 0.15 & 0.15) (0.15& 0.15& 0.15)  (0.65 & 0.15 & 0.15)  (0.15 & 0.15 & 0.15)
A, (0.85& 0.15and 0.15) (0.5& 0.2 & 0.2) (05&02&0.2) (0.15&0.15& 0.15)  (0.35& 0.15 & 0.15)
As (0.5& 0.2 & 0.2) (0.35& 0.15 & 0.15) (0.65& 0.15& 0.15)  (0.85 & 0.15and 0.15) (0.5 & 0.2 & 0.2)

Ay (015&0.15& 0.15)  (0.15& 0.15& 0.15) (0.15& 0.15& 0.15)  (0.65& 0.15& 0.15) (0.5& 0.2 & 0.2)
As (015&0.15& 0.15)  (0.15& 0.15& 0.15) (0.35& 0.15& 0.15)  (0.85 & 0.15and 0.15) (0.35 & 0.15 & 0.15)
As (0.5&0.2&0.2) (0.35& 0.15& 0.15) (0.5& 0.2 & 0.2) (0.35& 0.15& 0.15)  (0.35 & 0.15 & 0.15)
A (0.65&0.15& 0.15) (1&0.1& 0) (0.85 & 0.15and 0.15) (0.35 & 0.15& 0.15)  (0.85 & 0.15 and 0.15)
Ag (0.65&0.15& 0.15) (0.5&02&02) (0.85&0.15and 0.15) (0.15& 0.15& 0.15)  (0.65 & 0.15 & 0.15)
Ag (0.65&0.15&0.15) (0.5&0.2&0.2) (05&0.2&0.2) (0.85 & 0.15and 0.15) (0.65 & 0.15 & 0.15)
Table 4. Final matrix obtained from DM judgments

Criterion/Option  C, G Cs Cy Cs

A 0.85 0.85 0.15 0.65 0.15

A, 0.85 0.5 0.5 0.15 0.35

As 0.5 0.35 0.65 0.85 0.5

Ay 0.15 0.15 0.15 0.65 0.5

As 0.15 0.15 0.35 0.85 0.35

As 0.5 0.35 0.5 0.35 0.35

A; 0.65 0.975 0.85 0.35 0.85

As 0.65 0.5 0.85 0.15 0.65

Ao 0.65 0.5 0.5 0.85 0.65
Table 5. Linear unscaled matrix

Criterion/Option  C, G Cs Cy Cs

A 0.1717 01717 0.0333 0.1340 0.0345

Ay 0.1717 0.1010 0.1 0.0309 0.0805

As 0.1010 0.0707 0.1444 0.1753 0.1149

Ay 0.0303 0.0303 0.0333 0.1340 0.1149

As 0.0303 0.0303 0.0778 0.1753 0.0805

As 0.1010 0.0707 0.m 0.0722 0.0805

A; 0.1313 0.1970 0.1889 0.0722 0.1954

As 0.1313 0.1010 0.1889 0.0309 0.1494

Aq 0.1313 0.1010 0.1 0.1753 0.1494

International Journal of Industrial Engineering and Management Vol 13 No 1 (2022)



Chen et al.

15

Final ranking with TOPSIS method: i the end,
the final ranking was carried out using the Topsis
method in Excel 2016. The results are presented in
Table 7.

As observed, risk number 7 (excavation) was
ranked first in the final ranking by considering the
applied criteria and the weight obtained by the crite-
ria by entropy method, followed by options 9, 3, 8, 1,
5, 2, 4, and 6, respectively.

5. Conclusion

The nature of construction projects has created
a hard and harsh 1image of itself due to its variables.
In addition, given the simultaneous changing of the
two factors of labor and work environment in such
projects, it 1s one of the most complex and high-risk
mdustries in the field of safety and always has a high
degree of uncertainty. Therefore, failure to consider
and assess salety risks in the construction industry
will cause wrreparable problems and impose high
costs on the project.

The present study aimed to evaluate and rank con-
struction projects' safety risks using linguistic judgments

Table 6. Normalized weight (W) and final weight (w))

with this background in mind. To this end, a decision
matrix was formed by using fuzzy sets and linguistic
Judgments of experts after identifying construction risks
and criterta. Shannon's entropy model determined the
weight of each criterion following the defuzzification of
decision matrix values by the Minkowski-Steiner for-
mula. In the end, the construction projects' safety risks
were ranking applying the TOPSIS method.

In general, uncertainties m construction proj-
ects are the responsibility of the contractor and the
employer (construction companies). Therefore, to
manage 1isk 1n a construction project, employers are
looking for ways to reduce the burden of uncertain-
ties from the employer and transfer some of them
to private builders. Using methods such as partner-
ships in construction, segregated contracts based on
expertise, attracting private capital (such as building a
house at the cost of construction on the employer's
land and sharing in profits) can be a solution to re-
duce risk and uncertainty in construction projects
mmposed on the employer. .

As a discussion on the results, 1t can be noted that
risks and uncertainties that affect contractors include
design and market and depend heavily on the type
of contract with the employer. Therefore, contrac-

o 4551 “ G G G G

Ej 0.4857 0.4337 0.4171 0.3968 0.4037
d 0.5143 0.5663 0.5829 0.6032 0.5963
W 0.1796 0.1978 0.2036 0.2107 0.2083
W,DM 05 0.5 05 0.65 0.65
AW, 0.0898 0.0989 0.1018 0.1370 0.1354
Wj 0.1596 0.1757 0.1809 0.2433 0.2405

Table 7. Final ranking

TOPSIS output solution

Final Rank Option (Risk)
1 7
2 9
3 3
4 8
5 1
6 5
7 2
8 4
9 6

0.85247
0.78718

0.64656
0.54317

0.43298
0.33329
0.28935
0.26031
0.20766
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tors must be careful when concluding a contract and
weigh the cost according to the terms of the contract
and take into account the market turmoil. A contrac-
tor's experience 1n this way can help him to make the
right decision.

According to the present study results, excava-
tion had the highest risk among the risk factors, fol-
lowed by scaffolding a skeleton, destruction, welding,
fire, explosion, electrocution, working in adverse
weather conditions, falling objects, and hifts and work
at height. Comparisons can be performed with this
research and also other new methods like in [33],
[34], which indicate the superiority of the proposed
approach. The results of this study can be used by
managers and those mvolved in this industry to take
appropriate measures to reduce or eliminate the ad-
verse effects of risks. It is suggested that in the contin-
uation of risk management steps, after collecting and
prioritizing risks, appropriate answers and solutions
are 1dentified and evaluated, and selected n the form
of an appropriate model [15], [35], [36].

The main limitation of this study 1s the accessibil-
ity to more experts for gathering higher-quality infor-
mation. Moreover, in order to develop this research,
it 1s suggested that appropriate solutions be identified
and evaluated and selected in the form of an appro-
priate model after risk management steps and follow-
ing collecting and prioritizing risks.
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