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ABSTRACT

There is a need for more research into prioritizing project risks based on a sound technique due to the
complicated and disorganized character of this stage. The project risk management process typically
begins with the identification of critical hazards. This study presents a Grey Fuzzy Decision-Making Trial
and Evaluation Laboratory (FGDEMATEL) approach to prioritize potential causes of project risks within
Multi-Criteria Decision-Making (MCDM). This framework organizes the numerous risks using the Risk
Breakdown Structure (RBS) of the Project Management Institute (PMI). The risk information used in this
analysis comes mostly from the views and choices of project experts. Grey theory, which takes language
phrases for preference collections and translates them into numerical intervals, is responsible for
controlling uncertainty and variance in experts' preferences. As each expert has unique skills and
experiences, it evaluates the significance of their opinions using a fuzzy number system that incorporates
three dimensions. In the end, the FGDEMATEL approach devised a method to rank various project risks.

Keywords-grey system theory; DEMATEL; project risk management; fuzzy set theory

I.  INTRODUCTION

Project risk considers the possibility that something may go
wrong and hinder progress toward the project's goals. The risk
of a project is the product of two variables: the likelihood that
an event will take place and the severity of its potential
consequences [1-4]. The total effect of all separate risks in a
project is referred to as the aggregate project risk. Risk
management is an essential procedure that must be carried out
to complete projects successfully and on schedule. A detailed
process of systematically determining particular risk sources at
a consistent degree of specificity can be accomplished using
risk categories as a framework. A Risk Breakdown Structure
(RBS) is a document that provides a list of several categories
and subcategories within which a typical project may
experience risks [5-6]. A risk manager uses it to better manage
risks and familiarize himself with elements common to a
typical project [7-8]. Figure 1 shows a graphic description of
the RBS that appears regularly in the PMI PMBOK Guide.

Many tools and techniques have emerged to help project
managers predict and control structural risks during the life of a
project. In [9], the possibility of using fuzzy DEMATEL, based
on the PMBOK standard, was explored to rate the project risks
from most to least significant. In [10], a risk assessment

method for construction projects was presented, based on
MCDM methodologies such as Grey TOPSIS and COPRAS-G.
The ELECTRE method was used in [11] to classify the risks
incurred throughout the tunneling process for the Tehran metro
project. In [12], the Analytic Network Process (ANP) was
presented to manage the interrelationships that exist between
risk-related components in multinational construction projects.
The ANP method's ranking was used as an input to a decision
support tool and depended on it through the bidding phase. In
[13], the significance of risk rating in megaprojects was
investigated using fuzzy compromise software methods, such
as TOPSIS, VIKOR, and LINMAP, and three MADM
algorithms, to analyze data in a fuzzy setting. In addition, a
new fuzzy VIKOR approach was proposed to help managers
better deal with the risks associated with large projects. In [14],
high risks in Iran's onshore gas refinery plants were prioritized
using fuzzy TOPSIS and fuzzy LINMAP algorithms, with
fuzzy LINMAP being more effective. In [15], a formal method
was developed for qualitative risk assessment based on a
hierarchical risk breakdown structure. An applicable fuzzy
MCDM was presented in [16] as a means to identify and
simultaneously prioritize project hazards within an EPC
project. In [17], a fuzzy MCDM method was used to perform
an in-depth risk assessment for a building project in a
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metropolitan area. Consistent Fuzzy Preference Relations
(CFPR) were used to quantify the relative influence of 20
specified risk variables on the success of the project.
Additionally, an approach known as Fuzzy Multiple Attributes
Direct Rating (FMADR) was used to evaluate the possibility of
the occurrence of various risk factors. In [18], the most
significant risk factors in a building project were arranged in a
hierarchical structure, using a modified logical MCDM with
fuzzy logic to choose an efficient risk factor.

This study combined fuzzy logic with the Grey theory. In
most cases, the risks associated with a project depend on each
other, and there is the possibility of some degree of interaction
between them. As a result, the DEMATEL approach was used
to investigate the complex interconnections between the
various risk categories. Another reason for adopting the Grey
system theory is that it makes it easier to assess human
opinions. This study proposes the Fuzzy Grey DEMATEL
(FGDEMATEL) approach to help risk managers in the Iraqi
construction industry prioritize various types of project risks.

[Goal] Risk Assessment

Planning Stage (PS)

Design Stage (DS)

Tendering Stage (TS)

Construction Stage (CS)

-Modermn scientific technique
-Formulation of the project's
objectives

-Project management system
-Project execution engineers

- Developing Effective Plans

- Reviewing the calculation costs
-Company progress

- Design Revise

- Design time

- Laterequests

- Matching design

- Poor coordination

- Contractual violations
- Lack of a clear timeline
- Differences in quantity.

- Black listed contractors
- Lack of complete
information

- Patronage and
collusion

- Prequalification stages
- Fake information

- Design plans

- Many modifications to design
-Insufficient financial
specialization

- Failure of equipment

- Differences and changes in
materials

- Religious events and sudden
holidays

-Modem planning method drawings, specification

- Change orders

- Inflation

- Inability to implement the
project within a specific
timetable.

Fig. 1. Risk Breakdown Structure (RBS)

II. RESEARCH METHODOLOGY

The steps of the proposed method are summarized as:

e Identify structural risks that occurred in specific finished
construction projects across all stages of their lifecycle by
assessing periodic updates on projects from 2019-2022, in
addition to consulting with industry experts.

e Distribute a questionnaire on risks occurring at each stage
with a five-point linguistic rating scale to identify the
influence of each risk on the others.

e Determine the fuzzy weights of the expert's importance
based on his self-evaluation of his level of expertise in
terms of his knowledge and experience.

e Apply the FGDEMATEL method to these risks.
II. RISK RATING

A. Establishing an Expert Group

This team consists of specialists and experts with specific
expertise and experience in project management to identify the
primary kinds of project risks, considering the RBS, as
described in the fourth edition of the PMBOK Guide.

B. Determine the Fuzzy Weights of Experts

_ Each expert p has a fuzzy established weight of importance
Wp (experts' relative significance weight) based on his self-
evaluation of his level of expertise in terms of knowledge and
experience. A 5-point scale questionnaire, shown in Table I,
was used to determine the relative significance weights (Wp) of
the experts using a self-assessing method [16], based on their
previous experience and understanding of working on projects.

TABLE L. EXPERTS' RELATIVE SIGNIFICANCE WEIGHT
(WP) [16]
Lingual variables Fuzzy number

Very Small (VS) (0,0.1,0.3)

Small (L) (0.1,0.3,0.5)

Moderate (M) (0.3,0.5,0.7)

Large (L) (0.5,0.7,0.9)
Very Large (VL) (0.7,0.9, 1)

C. Representation of Grey Numbers

The evaluation criteria were established, and a Grey
linguistic scale was constructed to represent more accurately
the uncertainties of human assessments. The use of a 5-point
scale for the questionnaire allows for calculating both the
linguistic scale and the related Grey values. To measure the
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interrelations between risks using a S-point linguistic
classification system that reflects the influence of any risk on
the others, a questionnaire was distributed to the experts, in
addition to a matrix containing linguistic scores. In place of
linguistic information, a Grey-scale linguistic representation
employs Grey values to change the effect scores of lingual data
in the initial relation matrix to produce a matrix with Grey
numbers. The influence scores of linguistic information in the
initial relation matrix are replaced by the Grey values, as shown
in Table I [16, 19].

TABLE IL. REPRESENTATION OF GRAY NUMBERS AND

LINGUISTIC SCORES [16, 19]

lingual expression Impact score Grey number
No influence 0 [0, 0]
lower influence 1 [0,0.25]
Moderate influence 2 [0.25, 0.5]
large influence 3 [0.5,0.75]
Very large influence 4 [0.75,1]

D. Convert Gray Numbers to Crisp Values

Using (1)-(5) a matrix with crisp values was created. Grey
aggregation methods are required to arrive at a clear number.
This study employed a modified version of the de-fuzzification
approach known as Conversion of Fuzzy data into Crisp Scores
(CFCS) to eliminate fuzziness [20-21]. The Grey number for an
expert p, who will assess the effect that a risk i has on a risk j,

is denoted by the sign X 3 The higher and lesser Grey values
of the Grey number ®X P are identified by the notations ®X_5.

and ®X7, as: ®X}, = [®XF,, ®X7]. The modified CFCS
method consists of three stages:

e Normalization:

p GG i) ) M)
_l] mm
XP — min, X_p
XP= & ’ )/ max 2)
min
Amf‘,’f—maijS. - minj&?; 3)

e The total normalized crisp value is calculated by:

gp L)
ij

“
e Determine crisp value:
Zi=min X[ + Y] AR 5)

E. Determine the Aggregated Opinion of the Experts

Equation (6) is used to acquire the aggregated opinion of
the n experts to evaluate the influence that risk i has on risk j.
This is because each expert possesses his own unique fuzzy
importance weight. &;; is the aggregated fuzzy value of the
influence that risk i has on risk j, and Wp is the fuzzy important
weight that expert p assigns to the influence. The calculation of

(6) needs the implementation of the basic laws of fuzzy
functioning in the ending. Equation (7) is used to obtain an
explicit evaluation of &; , which is depicted by

d;j(ay ,a3,0a3), and Zf’j describes the crisp value of risk i on
risk j measured by expert p.

n iy ZP.
ay =y ©
J Zp:lle
— +az +
a; = g ™

F. Applying the DEMATEL Approach
The method's steps are outlined in [22-23].

e The direct relationship matrix has to be created. A pairwise
analysis of criteria performed by an expert team generates
the A(nxn) matrix, where each entry in the matrix ay
reflects the influence value of factor i on factor j. The
influence of i on j is reflected in how a change in one
criterion (factor) i can affect another factor j.

e Normalization of the direct-relation matrix using:

X=kxA ®)

1 .
k = W, 1 <i<n (9)

e The following equation should provide the whole relation
matrix, where [ is the identity matrix,

T=(U-X) -1 (10)

e The system produces a causal diagram. When applied to
matrix T, the following equations determine the sum of
rows (D) and the sum of columns (R). A factor's D value is
the extent to which it affects other variables. The value of
the factor's R indicates the effect it has on other variables
[24].

T=[ty] Lj=12,..n (11)
R=[ZL, tij lxn=[t;],, (12)
D=[Zi tij] | =[tilixn (13)

e On the horizontal axis, D+R denotes the weight given to
each criterion. D-R stands for relation in mathematics. The
condition belongs to the group of causes if and only if
(D-R) > 0. If (D-R) is less than zero, then the parameter
belongs to the effect group. The success or failure of the
entire system depends on the actions of the cause factors. In
addition, more focus needs to be given to cause group
criteria. Factors in the effect group are unsuitable and likely
to be easily influenced by others, making them a significant
success element [25].

IV. APPLICATION

The proposed method was applied in an Iraqgi construction
project in Baghdad at the Shanashil residential complex during
the project's implementation stages, holder of Investment
Permit No. 79A of 2019. The project's location is south of
Daura, on the new Daura-Youssafiyah highway, which is 17
km away from the two-floor bridge within the city of Jawhara,
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Baghdad. It contains 777 residential horizontal units and is
divided into 5 residential areas ranging from 160 to 480 m. The
four basic stages were adopted, namely Planning, Tender,
Design, and Construction phases, during which the
construction risks were assessed and diagnosed by seven
specialists and experts. The following steps were applied:

e C(Classifying major risks to the project: PMBOK, fourth
edition RBS, as shown in Figure 1.

e Assembled the professional team of experts: The seven
members of the team had extensive experience in managing
construction projects for Iraqi enterprises that operate on a
project basis, and they were asked to fill out the surveys.
Table IIT shows the experts' relative importance weights.

e Establish causal connections: The experts were asked to fill
out questionnaires that used the five-point linguistic rating
system to investigate the correlation between risks. This
scale shows how one risk affects another. Table IV shows
the thoughts of the sixth expert.

TABLE III. RELATED SIGNIFICANCE WEIGHT OF EXPERT
WP
Lingual variables Fuzzy number
Expert 1,2,3 Small (L)
Expert 4 large (H)
Experts 5,7 Moderate (M)
Expert 6 Very large (VH)
Expert 1,2,3 Small (L)
TABLE IV. SIXTH PROFESSIONAL'S ASSESSMENTS OF
RELATED RISKS
Phase Planning | Tendering | Design | Construction
Planning 0 3 2 3
Tendering 2 0 2 2
Design 3 2 0 3
Construction 3 2 3 0

e The language data are switched out for a Grey-scale
version. Grey numbers were substituted for the influence
scores of language data in the initial relation matrix Table
IV, and (1)-(5) were used to obtain the crisp values. Tables
V and VI are shown below. Since each expert has his own
unique fuzzy importance weight, (6) can be applied with n
=7, as in Table VII, to get an averaged view of how the
experts feel about the impact of risk 7 on risk j.

TABLE V. GRAY EQUIVALENTS OF THE 6TH EXPERT'S
OPINIONS OF THE INTERRELATIONSHIP BETWEEN RISKS
Phase Planning | Tendering Design | Construction
Planning [0, 0] [0.50.75] | [0.25,0.5] [0.5,0.75]
Tendering [0.25,0.5] [0, 0] [0.25,0.5] [0.25, 0. 5]
Design [0.5,0.75] | [0.25,0.5] [0, 0] [0.5,0.75]
Construction | [0.5,0.75] | [0.25,05] | [0.5,0.75] [0, 0]
TABLE VL THE 6TH EXPERT'S CRISP ASSESSMENTS OF
THE RISKS' INTERDEPENDENCE
Phase Planning | Tendering Design Construction
Planning 0 0.6875 0.3750 0.6875
Tendering 04167 0 0.4167 04167
Design 0.6875 0.3750 0 0.6875
Construction 0.6875 0.3750 0.6875 0

TABLE VII. THE MEAN FUZZY WEIGHTS OF ALL EXPERTS'
OPINIONS IN A MATRIX
Phase Planning | Tendering Design Construction
Planning 0 0.6959 0.6625 0.9063
Tendering 0.7958 0 0.7405 0.7764
Design 0.5492 0.5572 0 0.8465
Construction 0.7586 0.5136 0.8718 0

e Compile a cause-and-effect diagram: For the purposes of
DEMATEL, Table VII was used as the direct relation
matrix. Tables VIII and IX display the computed total
relation matrix alongside the values for D+R and D-R.

TABLE VIII. TOTAL RELATION MATRIX
Phase Planning | Tendering Design | Construction
Planning 3.3653 3.1148 3.8861 4.1787
Tendering 3.6807 2.9447 3.9599 4.2161
Design 3.1864 2.7664 3.2520 3.7337
Construction 3.4504 2.9406 3.7569 3.7145
TABLE IX. VALUES OF D+R AND D-R
Phase D-R rank D-R D+R rank D+R
Planning 3 -1.9165 4 26.5679
Tendering 4 -1.9806 2 28.2277
Design 2 0.8621 3 27.7934
Construction 1 3.0350 1 29.7054

Figure 2 shows the acquired causal diagram after mapping
the dataset of (D+R, D-R), which displays the ranking and
relation between stages as shown above.

4
3 construction -
2 %
. Design
1 o
0
126 .4 28 29 30
Planning Tendering
2 e o
. D+R

Fig. 2. The causal diagram.

V. FINDINGS AND DISCUSSION

Planning and Tendering risks are classified as part of the
effect group in both the causal diagram shown in Figure 2, and
the total relation matrices shown in Tables VIII and IX. This is
because the D-R scores for these risks are negative and they
tend to be easily influenced by other risks. On the contrary,
risks associated with Design and Construction are classified as
part of the cause group. This is because both categories have
positive scores on the D-R value scale, indicating that they are
significant risks that have the potential to affect the overall
success of the project. Construction, Planning, Tendering, and
Design risk values were also examined in the D+R ranking.
Construction ranks first in terms of relative importance
compared to other hazards. It is necessary to focus on both the
D+R and D-R rankings to arrive at a DEMATEL ranking that
makes sense. First, the D-R ranking and risks that are part of
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the cause group are considered. Specifically their D-R values
must be positive. Next, the D+R ranking is examined. In this
instance, the Construction and Design risks are members of the
cause group and rank first and second in importance. However,
in the D4R ranking, they are in ranks 1 and 3, respectively. As
a cause group is of the utmost significance, and the disparity
between the risk values associated with Construction and
Design poses a significant challenge. The risks associated with
Construction come at the top, followed by the Design concerns.
The D-R ranking does not help with the third and fourth
positions, because both are effectively in the same group with
negative D-R values, and the difference between their
respective values within this group is insignificant. Therefore,
the Tendering risk is the third important risk category, while
the Planning risk is the fourth, according to the D+R ranking.
The following is the final order in risk classification:
1. Construction risks, 2. Design risks, 3. Tendering risks, and
4. Planning risks.

VI. CONCLUSION

This study provides useful insights, especially for risk
managers. Construction and Design risks, which fall under the
umbrella of cause group risks, are extremely important to
consider. According to the findings, the technology used in the
project should be seen as one of the main sources of risk and
should be carefully chosen to reduce the effects of Construction
risks. It is also shown that Design risks are substantial and can
bring about many drawbacks for effective project
accomplishment, such as a lack of a clear timeline and poor
coordination, even though these components are outside the
purview of the authorization of a project manager but cause a
wide scope of issues, and administrators should be attentive to
lessen their adverse effects. Due to the numerous complexities
of modern projects, companies must be able to prioritize
project risks to complete more productive projects.

This study established FGDEMATEL to account for the
language ambiguity and uncertainty inherent in human
judgment, as well as the interrelationships between the various
project risk categories based on the RBS of the PMBOK Guide.
Based on the results, managers in Iraqi project-based
construction companies need to pay more attention to the
Construction risk category than they already do. This is
monitored from the Design and Tendering risk categories, as
well as the Planning risk category. To obtain more precise and
unique results that would be more relevant for specific project
types, a future study should be carried out in other industry
sectors, such as industrial, IT, and research. The proposed
framework allows the user to examine the project at various
stages, identify uncertainties, and assess risks associated with
specific parties. It also allows the user to add an unlimited
number of unpredictable risks to the project and see how they
affect time or cost. To explore the most significant stages and
provide information on the highest-order risks, this study
investigated structural risk assessment while investigating
uncertainties and ambiguities utilizing fuzzy logic, combining
it with the Grey system and DEMATEL methodology.

The results of this study demonstrate that the proposed
framework can be used to predict most risk factors and that,
with careful planning, the project can also determine the effect

of a risk factor on time and cost. There is still a great problem
with risks in construction projects. Knowing the cause-and-
effect groups allows us to clearly indicate how controlling one
factor in one phase can affect another factor in another phase.
This, in turn, helps reduce delay or cost by speculating and
knowing the predetermined relationships through the
DEMATEL approach, which is how the proposed framework
can assess risks and create interrelationships between them.

ACKNOWLEDGMENT

This article would not have been possible without the help
of the people and engineers who participated, the experts who
reviewed the potential risks at each level, and the faculty and
staff of the University of Baghdad's Civil Engineering
Department.

REFERENCES

[1] M. Askari and H. R. Shokrizade, "An Integrated Method for Ranking of
Risk in BOT Projects," Procedia - Social and Behavioral Sciences, vol.
109, pp. 1390-1394, Jan. 2014, https://doi.org/10.1016/j.sbspro.
2013.12.642.

[2] R. M. Wideman, Project and Program Risk Management: A Guide to
Managing Project Risks and Opportunities. Drexel Hill, PA, USA:
Project Management Institute, 1992.

[3] B. Carter, T. Hancock, J.-M. Morin, and N. Robins, Introducing
Riskman: The European Project Risk Management Methodology.
Oxford, UK: Blackwell Pub, 1994.

[4] R.J. Chapman, "The effectiveness of working group risk identification
and assessment techniques," International Journal of Project
Management, vol. 16, no. 6, pp. 333-343, Dec. 1998, https://doi.org/10.
1016/S0263-7863(98)00015-5.

[5] A Guide to the Project Management Body of Knowledge (PMBOK
guide), Fifth edition. Newtown Square, PA, USA: Project Management
Institute, 2013.

[6] A. A. Alfahad and A. M. Burhan, "BIM-Supporting System by
Integrating Risk Management and Value Management," Engineering,
Technology & Applied Science Research, vol. 13, no. 6, pp. 12130-
12137, Dec. 2023, https://doi.org/10.48084/etasr.6427.

[7] S.H.N. Alani and A. M. R. Mahjoob, "Corruption Risk Analysis at the
Project Planning Stage in the Iragi Construction Sector using the Bowtie
Methodology," Engineering, Technology & Applied Science Research,
vol. 11, no. 3, pp. 7223-7227, Jun. 2021, https://doi.org/10.48084/
etasr.4060.

[8] A. Alameri, A. S. A. M. Alhammadi, A. H. Memon, I. A. Rahman, and
N. A. N. Nasaruddin, "Assessing the Risk Level of the Challenges Faced
In Construction Projects," Engineering, Technology & Applied Science
Research, vol. 11, no. 3, pp. 7152-7157, Jun. 2021, https://doi.org/10.
48084 /etasr.4020.

[91 S. M. A. K. Firouzabadi and A. V. Nikjoo, "Ranking Of Project Risks
Based on the PMBOK Standard by Fuzzy Dematel," in Proceedings of
the 10th International Conference on Manufacturing Research ICMR
2012, 2012.

[10] E. K. Zavadskas, Z. Turskis, and J. Tamosaitiene, "Risk assessment of
construction projects,” Journal of Civil Engineering and Management,
vol. 16, no. 1, pp. 33-46, Jan. 2010, https://doi.org/10.3846/
jeem.2010.03.

[11] A. Yazdani-Chamzini, S. H. Yakhchali, and M. Mahmoodian, "Risk
ranking of tunnel construction projects by using the ELECTRE
technique under a fuzzy environment," International Journal of
Management Science and Engineering Management, vol. 8, no. 1, pp. 1—-

14, Feb. 2013, https://doi.org/10.1080/17509653.2013.783185.

[12] A.S. Bu-Qammaz, I. Dikmen, and M. T. Birgonul, "Risk assessment of
international construction projects using the analytic network process,"
Canadian Journal of Civil Engineering, vol. 36, no. 7, pp. 1170-1181,
Jul. 2009, https://doi.org/10.1139/L09-061.

www.etasr.com

Jalhoom & Mahjoob: An MCDM Approach for Evaluating Construction-Related Risks using a ...



Engineering, Technology & Applied Science Research Vol. 14, No. 2, 2024, 13572-13577 13577

[13] S. Ebrahimnejad, S. M. Mousavi, R. Tavakkoli-Moghaddam, and M.
Heydar, "Risk ranking in mega projects by fuzzy compromise approach:
A comparative analysis," Journal of Intelligent & Fuzzy Systems, vol.
26, no. 2, pp. 949-959, Jan. 2014, https://doi.org/10.3233/IFS-130785.

[14] S. Ebrahimnejad, S. M. Mousavi, and S. M. H. Mojtahedi, "A fuzzy
decision-making model for risk ranking with an application to an
onshore gas refinery," International Journal of Business Continuity and
Risk Management, vol. 1, no. 1, pp. 38-66, Jan. 2009, https://doi.org/
10.1504/1JBCRM.2009.02895.

[15] N. V. Thuyet, S. O. Ogunlana, and P. K. Dey, Risk management in oil
and gas construction projects in Vietnam. Routledge, 2019.

[16] S. Q. Wang, M. F. Dulaimi, and M. Y. Aguria, "Risk management
framework for construction projects in developing countries,"
Construction Management and Economics, vol. 22, no. 3, pp. 237-252,
Mar. 2004, https://doi.org/10.1080/0144619032000124689.

[17] J. H. M. Tah and V. Carr, "A proposal for construction project risk
assessment using fuzzy logic," Construction Management and
Economics, vol. 18, no. 4, pp. 491-500, Jun. 2000, https://doi.org/
10.1080/01446190050024905.

[18] R. Tavakkoli-Moghaddam, S. M. Mousavi, and H. Hashemi, "A fuzzy
comprehensive approach for risk identification and prioritization
simultaneously in EPC projects,” in Risk management in environment,
production and economy, vol. 12, Rijeka, Croatia: InTech, 2011, pp.
123-46.

[19] B. Oztaysi, "A decision model for information technology selection
using AHP integrated TOPSIS-Grey: The case of content management
systems," Knowledge-Based Systems, vol. 70, pp. 44-54, Nov. 2014,
https://doi.org/10.1016/j.knosys.2014.02.010.

[20] Y. Dou, Q. Zhu, and J. Sarkis, "Evaluating green supplier development
programs with a grey-analytical network process-based methodology,"
European Journal of Operational Research, vol. 233, no. 2, pp. 420—
431, Mar. 2014, https://doi.org/10.1016/j.ejor.2013.03.004.

[21] A. Gabus and E. Fontela, "World problems, an invitation to further
thought within the framework of DEMATEL," Battelle Geneva
Research Center, 1972.

[22] A. Gabus and E. Fontela, "Perceptions of the world problematique:
Communication procedure, communicating with those bearing collective
responsibility," Battelle Geneva Research Center, 1973.

[23] W. W. Wu and Y. T. Lee, "Developing global managers’ competencies
using the fuzzy DEMATEL method," Expert Systems with Applications,
vol. 32, no. 2, pp. 499-507, Feb. 2007, https://doi.org/10.1016/
j-eswa.2005.12.005.

[24] D. Julong, "Introduction to Grey System Theory," The Journal of Grey
System, vol. 1, pp. 1-24, 1989.

[25] S. Opricovic and G.-H. Tzeng, "Defuzzification within a multicriteria
decision model," International Journal of Uncertainty, Fuzziness and
Knowledge-Based Systems, vol. 11, no. 05, pp. 635-652, Oct. 2003,
https://doi.org/10.1142/S0218488503002387.

www.etasr.com Jalhoom & Mahjoob: An MCDM Approach for Evaluating Construction-Related Risks using a ...



