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Abstract. Construction projects are associated with a number of uncertainties due to their expanse, complex nature, 
uniqueness, and dynamic states. Risks in construction projects are, indeed, the events or uncertain situations that can have 
negative or positive consequences on the project objectives. Many of the risks inherent in construction projects affect each 
other. For example, the time risk in construction projects can affect the cost risk and vice versa. The intertwined relations 
between risk factors are ignored in the traditional construction risk assessment methods. To fulfill this gap, this paper 
proposes an integrated fuzzy DEMATEL-fuzzy ANP model to evaluate construction projects and their overall risks by 
considering intertwined relations among risk factors. Fuzzy DEMATEL is used to determine the interrelationships and in-
terdependencies among risk factors. The network structure for implementing the fuzzy ANP method is extracted based on 
the results of fuzzy DEMATEL. The fuzzy ANP is applied to assess the relative importance of risk factors and alternatives 
and prioritize construction projects. The proposed integrated model is used to evaluate five construction projects based on 
risk factors in Isfahan, Iran. The results of applying the integrated model reveal that the time, cost and safety risks with the 
weight values of 0.056, 0.038, and 0.034 are the most important factors among construction risks, respectively. The results 
reveal that the proposed model can help managers to evaluate the overall risks of construction projects, and select the best 
project that has the lowest risk.

Keywords: construction projects, risk assessment, interrelations among risk factors, fuzzy DEMATEL, fuzzy analytic net-
work process (ANP).

Introduction 

Risk assessment in construction projects
Construction projects are defined as an unrepeatable 

effort and attempt with a high number of unique features, 
such as long period, complex processes, inappropriate en-
vironment, financial difficulties, capital, and dynamic or-
ganizational structure (Flanagan & Norman, 1993). Such 
organizational and technological complexities bring about 
a lot of risks. The diversity of stakeholders’ interests in con-
struction projects aggravates the variability and complex-
ity of risks. The placement of one’s focus and concentration 
on what should be achieved in a construction project (for 
example, project objectives), the risk management process 
provides a perception of what might put the project ob-
jectives at risk and what needs to be done to ensure suc-
cess (Tah & Carr, 2002). Risk management is an important 

field in the construction industry, which has received the 
attention of researchers, project managers, shareholders, 
and etc. these days (Tamošaitienė, Turskis, & Zavadskas, 
2008; Tamošaitienė, Zavadskas & Turskis, 2013; Iqbal, 
Choudhry, Holschemacher, Ali, & Tamošaitienė, 2015). 
The origin of risks in construction projects is, in fact, the 
uncertainties in these projects. Known risks are those that 
have been identified and analyzed, and there is the poten-
tial for arrangement in providing a response to them; how-
ever, there is no potential for preventive management in 
case of unknown risks and the project team will provide 
a probable plan. Organizations have found that risk is a 
threat to the project success or an opportunity for effective 
and efficient project success. The risks that present a threat 
to a project may be accepted if they are in balance with 
risk-taking results (KarimiAzari, N. Mousavi, S. F. Mousavi, 
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& Hosseini, 2011). Winch (2002) argues that the imple-
mentation of quantitative risk management techniques 
is difficult and complex and, thereby, it requires accurate 
data. Unfortunately, such data are either difficult to obtain 
or are not available in the manufacturing industry. Moreo-
ver, the application of these data for illustrating the uncer-
tainties is difficult. Therefore, it seems necessary to develop 
a risk analysis model for identifying and assessing the risks 
of construction projects that would solve the problem of 
the need for accurate data. The nature of construction pro-
jects involves the imposed uncertainties in which the risk 
analysis process is contingent upon the analysts’ thinking. 
This prevents the use of many risk assessment methods.

There are several methods used in the literature review 
for risk assessment in construction projects. The probabil-
ity and impact matrix is a common method for evaluat-
ing the risk of projects. El-Sayegh and Mansour (2015) 
assessed the risks in freeway construction projects in the 
United Arab Emirates. For this purpose, they used prob-
ability and impact matrices to evaluate the projects based 
on internal and external risk factors. Samantra, Datta, 
and Mahapatra (2017) introduced an integrated risk as-
sessment methodology based on fuzzy theory to assess 
the risks of urban construction projects. The authors em-
barked on identifying and classifying the risks using used 
a hierarchical structure in their research. Then, they de-
fined the risk rate as a function of the possibility and se-
verity of the risk occurrence and, accordingly, assessed the 
risks of metro stations. In other research, Chau Ngoc et al. 
(2017) identified risk models in bridge and road construc-
tion projects in Vietnam, where they identified the risks 
existing in bridge and road construction projects through 
questionnaire and expert opinion. Then, they classified 
the identified risks into four categories of contractor risks, 
project risks, owner risks, and external risks. The authors 
identified the probability and severity of each identified 
risk for small, medium, and large scale in bridge and road 
construction projects. The results of their study may help 
decision-makers be aware of the probability and severity 
of the occurrence of risks and, thereby, develop appropri-
ate strategies for eliminating or reducing the risks effects.

Application multi-attribute decision-making meth-
ods for risk management in construction projects can be 
seen in a large part of the literature review. For instance, 
Zavadskas, Turskis, and Tamošaitienė (2010) evaluated 
the risks of construction projects using TOPSIS-grey and 
COPRAS-G methods. Nieto-Morote and Ruz-Vila (2011) 
used fuzzy theory to assess the risk of construction pro-
jects by means of the fuzzy Analytic Hierarchy Process 
(AHP). In one of the recent studies, Taylan, Bafail, Abdu-
laal, and Kabli (2014) used five risk criteria, namely cost, 
time, safety, quality, and environmental sustainability risks 
for the assessment of construction projects where they 
evaluated 30 projects using fuzzy AHP and fuzzy TOP-
SIS. In another recent study, the tunneling project risks 
were initially identified and, then, they were evaluated 
and prioritized using a fuzzy inference system (Yazdani-
Chamzini, 2014). T. Wang, S. Wang, Zhang, Huang, and Li 

(2016) introduced a risk assessment framework based on 
an adapted AHP risk assessment model for submarine risk 
assessment in China and considered time risks to evalu-
ate the risks emanating from external factors. Valipour, 
Yahaya, Noor, Antuchevičienė, and Tamošaitienė (2017) 
proposed a risk assessment framework based on the inte-
grated SWARA and COPRAS method for the evaluation 
of excavation projects in Shiraz. Islam, Nepal, Skitmore, 
and Attarzadeh (2017) used Bayesian fuzzy networks to 
evaluate construction project risks. In their research, they 
initially investigated risk assessment methods in construc-
tion projects and arrived at the conclusion that the Bayes-
ian fuzzy network can be considered as an effective tool for 
risk assessment. A hybrid MCDM technique based on the 
ANP method in D numbers and an extended multi-attrib-
utive border approximation area comparison (MABAC) 
method in D numbers is proposed for evaluating risk fac-
tors and prioritizing risk response strategies (Chatterjee, 
Zavadskas, Tamošaitienė, Adhikary, & Kar, 2018). Ghase-
mi, Sari, Yousefi, Falsafi, and Tamošaitienė (2018) utilized 
and Bayesian network methodology for project portfolio 
risk identification and analysis by considering project risk 
interactions. According to the aforementioned studies, 
just Ghasemi et al. (2018) considered risk interactions by 
a Bayesian network methodology for project portfolio risk 
assessment. A hybrid model of DEMATEL and ANP as a 
powerful tool for identifying risk interactions and evalu-
ating construction projects is proposed in this paper. In 
the next subsection, applications of DEMATEL and ANP 
models are reviewed in various fields. 

Application of fuzzy DEMATEL-fuzzy ANP models
Various applications of fuzzy DEMATEL-fuzzy ANP 

models can be seen in the literature review. In this line of 
research, Tseng (2011) proposed an evaluation methodol-
ogy based on the fuzzy DEMATEL-fuzzy ANP to evalu-
ate environmental practice in knowledge management ca-
pability (EKMC) criteria to a case’s firm. Ebrahimnejad, 
Mousavi, Tavakkoli-Moghaddam, Hashemi, and Vahdani 
(2012) proposed ANP-VIKOR model for construction 
project selection in a fuzzy environment by considering 
risk factors. Jeng and Tzeng (2012) designed a new clini-
cal decision support system based on the fuzzy DEMATEL 
to examine the new technology acceptance. Büyüköz-
kan and Çifçi (2012) proposed a fuzzy DEMATEL-fuzzy 
ANP-fuzzy TOPSIS for evaluating green suppliers in sup-
ply chain management. Chien, Wu, and Huang (2014) ap-
plied the DEMATEL technique for identifying and assess-
ing critical risk factors for building information modeling 
projects. Zhou, Bai, and Sun (2014) utilized the ANP and 
DEMATEL model both together to obtain an effective safe-
ty assessment for hydropower-construction-projects. Ren 
and Sovacool (2014) utilized the fuzzy DEMATEL meth-
odology to reveal cause-effect relationships among energy 
security criteria and prioritize energy security strategies. 
Tsai et al. (2015) proposed to use fuzzy DEMATEL to de-
termine the environmental performance in printed cir-
cuit board (PCB) industry in Taiwan. Liou, Tamošaitienė,  
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Zavadskas, and  Tzeng (2016) presented new hybrid 
MADM Model based on the DEMATEL, ANP and  CO-
PRAS-G for improving and selecting suppliers in green 
supply chain management.  The authors employed fuzzy 
DEMATEL to assess the direction and level of interaction 
between environmental performance criteria. Uygun and 
Dede (2016) proposed fuzzy DEMATEL-fuzzy ANP- fuzzy 
TOPSIS to measure the performance of alternative compa-
nies based on the criteria of green supply chain manage-
ment. The authors employed the fuzzy DEMATEL-fuzzy 
ANP to determine the weight of green criteria in supply 
chain management. Özdemir and Tüysüz (2017) employed 
fuzzy DEMATEL-fuzzy ANP to determine the relation-
ships between the perspectives and the strategies in a bal-
anced scorecard model and also to prioritize the strategies 
in Turkish universities. Seker and Zavadskas (2017) ap-
plied fuzzy DEMATEL for analyzing occupational risks 
on construction sites. A hybrid model of ANP and an ex-
tended multi-attributive border approximation area com-
parison method in D numbers are developed to assess the 
overall risks in construction projects and prioritize the risk 
response strategies (Chatterjee et al., 2018). 

Previous studies did not consider the interrelation-
ships among risk factors in the process of risk assessment 
of construction projects. In this paper, an integrated model 
of fuzzy DEMATEL and fuzzy ANP is proposed to identify 
the interdependencies of risk factors and the importance 
of risk factors. DEMATEL is a comprehensive method for 

constructing the causal relationships of structural models 
with respect to different complex factors. Furthermore, 
the fuzzy ANP technique helps us to determine the im-
portance of risk factors by considering the interdepend-
encies of risk factors determined by fuzzy DEMATEL.  
Although, application of fuzzy DEMATEL, fuzzy ANP, 
and the hybrid model of DEMATEL-ANP in fuzzy form 
are investigated in various fields, however, applying this 
hybrid model for evaluating and prioritizing construction 
projects by considering intertwined relations among risk 
factors is new. Table 1 briefly reviewed the recent applica-
tion of fuzzy DEMATEL and fuzzy ANP models. The sec-
ond column of this table states the subjects of the related 
study. The third, fourth, and fifth columns show the model 
applied in the study. The last column indicates whether the 
research used fuzzy concepts or not? According to Table 1, 
it can be concluded that the hybrid fuzzy DEMATEL-
fuzzy ANP is applied in various fields. However, there is a 
research gap between current paper and prior studies in its 
application field. This paper addresses the new application 
of the hybrid fuzzy DEMATEL-fuzzy ANP model for con-
struction project selection, which enables us to consider 
intertwined relations among risk factors. In this line of re-
search, Ebrahimnejad et al. (2012) applied only fuzzy ANP 
for construction project selection based on the risk fac-
tors. Furthermore, Ghasemi et al. (2018) considered risk 
interactions by a Bayesian Network method for project 
portfolio risk assessment and other studies neglected risk  

Table 1. Application of DEMATEL-ANP models

Reference Subject DEMATEL ANP Hybrid 
DEMATEL-ANP

Applying 
fuzzy concept

Tseng (2011) Evaluating firm environmental knowledge 
management  

Büyüközkan and Çifçi 
(2012) Supplier selection problem  

Ebrahimnejad et al. 
(2012) Construction project selection  

Jeng and Tzeng (2012) Designing a new clinical decision support system  

Chien et al. (2014) Risk assessment in building information 
modeling projects 

Zhou et al. (2014) Safety assessment in hydropower projects 

Ren and Sovacool 
(2014) Energy security assessment  

Tsai et al. (2015) Evaluating environmental performance in PCB 
industry  

Uygun and Dede 
(2016)

Measuring the performance of green supply 
chain management  

Özdemir and Tüysüz 
(2017) Prioritizing strategies in educational Institutions  

Seker and Zavadskas 
(2017)

Analyzing occupational risks on construction 
sites  

Chatterjee et al. (2018) Risk assessment in construction projects  

This paper Evaluating construction projects based on risk 
factors  
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interactions when assessing construction risks. To sum up, 
to fulfill the research gap in its application point of view, 
this paper utilizes the hybrid fuzzy DEMATEL-fuzzy ANP 
for construction project selection with regard to the risk 
interactions.

The rest of this article is organized as follows. In the 
Section  1, the problem statement is presented. The pro-
posed integrated method of fuzzy DEMATEL-fuzzy ANP 
is presented in full detail in Section 2. The case study, the 
risk factors and their sub-factors and the studied construc-
tion project alternatives are introduced in Section 3. The 
implementation of the proposed methodology for assess-
ing 5 recreational, tourism, and commercial projects in 
the metropolitan city of Isfahan is elaborated in Section 4. 
Discussions and managerial and engineering implications 
are stated in Section 5. Finally, concluding remarks are re-
ported in Conclusion. 

1. Problem statement

Multi-criteria decision-making methods are the most 
widely used tools for solving the construction project 
evaluation problem. In these methods, a number of al-
ternatives are evaluated based on a set of criteria. Since 
construction projects are in a complex and uncertain 
environment, the need to use the risk criteria to evalu-
ate construction projects is recommended (Taylan et al., 
2014). Therefore, multi-criteria decision-making methods 
have been used to evaluate construction projects by taking 
into account risk factors. In fact, many risk factors affect 
each other. For example, cost, time and quality risks af-
fect each other. In other words, the risk associated with 
the cost of a construction project may increase the project 
time. Therefore, time risk is affected by the cost risk. The 
existing methods did not consider the interrelationship 
among risk factors when evaluating construction proj-
ects (Ghasemi et  al., 2018). The aim of this paper is to 
propose an integrated model of fuzzy DEMATEL-fuzzy 
ANP to evaluate construction projects by considering in-
tertwined relations among risk factors. Determining the 
dependencies of risk factors is a difficult task. Fortunately, 
the DEMATEL method is a powerful tool for determining 
the interrelations among risk factors. In other words, this 
technique by considering the interrelationship of criteria 
determines the degree of impact of criteria and their im-
portance (Gabus & Fontela, 1972). The most important 
characteristic of the DEMATEL method is its function to 
create relationships and structure among the factors. This 
technique provides the cause-and-effect relationships in 
an empirical structural model, and also makes it possible 
to identify the interdependencies between the factors and 
make them understandable.

In general, it is very difficult to estimate the opinion 
of experts with precise numbers, especially under uncer-
tain situations, because the outcome of decisions is heavily 
dependent on the imprecise and vague mental judgments. 
Therefore, developing the fuzzy form of DEMATEL is 
highly recommended. The fuzzy DEMATEL technique 

uses fuzzy linguistic variables to facilitate decision making 
under uncertainty (Lin & Wu, 2008). 

Fuzzy DEMATEL is utilized to construct the network 
structure among risk factors. The network structure deter-
mined by fuzzy DEMATEL is employed for implement-
ing fuzzy ANP. The ANP is an extended form of the ana-
lytic hierarchy process (AHP) which was first developed 
by Saaty (1996). AHP only considers the hierarchical rela-
tions among criteria and alternatives, while ANP consid-
ers all interrelationships among criteria and alternatives 
(Büyüközkan & Çifçi, 2012). Furthermore, ANP can ob-
tain the final weights of criteria and alternatives and pri-
oritize them when there are interrelations among risk fac-
tors. 

The questions that will be discussed in this study in-
clude:

1) How are interrelations among risk factors in con-
struction projects?

2) What are the weights of risk factors by implementing 
the integrated fuzzy DEMATEL-fuzzy ANP model?

3) How is the priority of construction projects by ap-
plying the integrated fuzzy DEMATEL-fuzzy ANP 
model?

2. Proposed methodology

An integrated fuzzy DEMATEL-fuzzy ANP model is pro-
posed in this paper for evaluating construction projects 
based on the intertwined relations among risk factors. 
Figure 1 shows the steps for implementing the proposed 
methodology. As this Figure shows, risk factors in con-
struction projects are obtained from the literature review 
and finalized by experts’ opinions in the first step. In the 
second step, after determining the risk factors, a ques-
tionnaire is designed for extracting the interrelationships 
among risk factors. In the third step, the fuzzy DEMATEL 
is applied to the gathered data and the relations and de-
pendencies among risk factors are determined. The fuzzy 
DEMATEL has the following stages:  

 – Stage 1: Compute initial direct-relation fuzzy matrix;
 – Stage 2: Defuzzify the initial direct-relation fuzzy 
matrix;

 – Stage 3: Normalize the defuzzified initial direct-re-
lation matrix;

 – Stage 4: Compute the total relation matrix;
 – Stage 5: Calculate the threshold value and determine 
the relationships among risk factors.

Based on the results of applying fuzzy DEMATEL, the 
network structure of the studied problem is obtained by 
considering the extracted relations among risk factors and 
construction project alternatives in the fourth step. In the 
fifth step, a questionnaire is designed based on the pair-
wise comparisons to obtain the local weights of risk fac-
tors and construction project alternative. In step sixth, 
fuzzy ANP is applied to the data of pairwise comparison 
questionnaire to obtain the final weights of risk factors and 
construction project alternatives. The fuzzy ANP has the 
following stages:
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 – Stage 1: Obtaining the fuzzy pairwise comparison 
matrices;

 – Stage 2: Defuzzification of experts’ opinions and ag-
gregate their opinions;

 – Stage 3: Calculation of local weights;
 – Stage 4: Formation of the supermatrix;
 – Stage 5: Determine the final weights of criteria, sub-
criteria, and alternatives.

Both fuzzy DEMATEL and fuzzy ANP questionnaires 
are presented in Appendix  1. The fuzzy DEMATEL and 
fuzzy ANP and their mathematical formulations are de-
scribed in detail in this section.

2.1. Fuzzy DEMATEL

The procedure of implementing fuzzy DEMATEL is also 
completely based on the procedure in its certain state, 
with the exception that, in this case, fuzzy triangular num-
bers are applied and the relevant defuzzification computa-
tions and operations are performed (Lin & Wu, 2008). The 
fuzzy DEMATEL stages are stated as follows.

Stage 1: Compute initial direct-relation fuzzy matrix
In this research, for the investigation of the interrela-

tions among the factors, experts are requested to make the 
pairwise comparisons between the factors in terms of the 
influence rate of row factor i on the column factor j. There-
fore, the scale used in the certain mode is changed and the 
fuzzy linguistic scale is used in order to consider the exist-
ing ambiguities in the evaluations performed by experts. 
It is noteworthy that this linguistic scale has been stated 
in different studies via varying degrees of “influence” in 
the form of 5 linguistic terms, namely very high, high, low, 

very low, and no influence. The fuzzy triangular numbers 
corresponding to the current linguistic terms are based on 
the research of Wei and Yu (2007). These numbers can be 
observed in Table 2.

Due to the high capability of fuzzy numbers in simulat-
ing the decision-making process in human minds, the con-
vertible linguistic variables into triangular fuzzy numbers 
have been used to convert qualitative responses of experts 
into quantitative values. Hence, the initial direct-relation 
fuzzy matrix )~(Z is formed after conducting the pairwise 
comparisons between criteria in terms of their influence 
in the form of linguistic expressions and their conversion 
into triangular fuzzy numbers.

Stage 2: Defuzzify the initial direct-relation fuzzy matrix
In order to obtain the interrelations between the cri-

teria, the initial direct-relation fuzzy matrix must be de-
fuzzified and converted into the crisp mode. Therefore, in 
this step, the CFCS method introduced by Opricovic and 
Tzeng (2003), which consists of five steps, will be used to 
defuzzify the initial direct-relation fuzzy matrix. Assume 

Figure 1. The proposed model

Table 2. Linguistic terms and corresponding fuzzy triangular 
fuzzy numbers for influence between criteria

Linguistic term Triangular fuzzy number

Very High influence (NO) (0.75, 1.0, 1.0)
High influence (NO) (0.5, 0.75, 1)
Low influence (L) (0.25, 0.5, 0.75)
Very Low influence (VL) (0, 0.25, 0.5)
No influence (NO) (0, 0, 0.25)
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that ( , , )k k k k
ij ij ij ijz l m=  is an element of the triangular initial 

direct-relation fuzzy matrix ( )Z , which is representative 
of the fuzzy evaluation obtained from the kth expert about 
the influence of criterion i on criterion j. The following five 
sub-steps (a, b, c, d, and e) should be performed to de-
fuzzify the initial direct-relation fuzzy matrix (Opricovic 
& Tzeng, 2003; Tseng, 2011): 

a) Calculate the normalized initial direct-relation ma-
trix (matrix X ).

In this step, the following relations are used to normal-
ize the initial direct-relation fuzzy matrix.

max
min( min )k k k

ij ij ijxl l l= − ∆ ; (1)

max
min( min )k k k

ij ij ijxm m l= − ∆ ; (2)

max
min( min )k k k

ij ij ijxr r l= − ∆ , (3)

where max
min max mink k

ij ijr l∆ = − ;

b) Calculate left (ls) and right (rs) normalized values:

(1 )k k k k
ij ij ij ijxls xm xm xl= + − ; (4)

(1 )k k k k
ij ij ij ijxrs xr xr xm= + − ; (5)

c) Calculate total normalized crisp values:

[ (1 ) ] [1 ]k k k k k k k
ij ij ij ij ij ij ijx xls xls xrs xrs xls xrs= − + − + ; (6)

d) Calculate total crisp values:

max
minmink k k

ij ij ijz l x= + ∆ ; (7)

e) Aggregate the crisp values corresponding to the 
opinion of p experts:

1 21 ( )p
ij ij ij ijZ z z z

p
= + + + . (8)

The element of ijZ represents the degree of influence 
that criterion i has on criterion j. Therefore, matrix Z is 
the defuzzified initial direct-relation matrix, which has 
resulted from the defuzzification of the comments made 
by p experts.

Stage 3: Normalize the defuzzified initial direct-relation 
matrix

The defuzzified initial direct-relation matrix Z can be 
converted into the normalized direct-relation matrix (Y) 
by the following formula (Tseng, 2011):

.Y s Z= ; (9)

1 1

1

max
n

iji n j

s
Z

≤ ≤ =

=

∑
. (10)

Stage 4: Compute the total relation matrix
The total-relation matrix T can be calculated through 

the following equation wherein I denotes the identity ma-
trix (Tzeng, Chiang, & Li, 2007; Tseng, 2011):

1( )T Y I Y −= − . (11)

Stage 5: Calculate the threshold value and determine the 
relationships among risk factors

The threshold value should be calculated to determine 
the relationship-map among risk factors. This method can 
overlook the minor relationships between the factors and 
draw the network of dependable relationships. Only the 
relations between the factors are considered whose values 
in matrix T are greater than the threshold value. In other 
words, if the element value of the i-th row and the j-th col-
umn exceeds the threshold value, this means that the i-th 
factor affects the j-th factor. In case, this element value is 
smaller than the threshold value, the i-th factor has a mini-
mal impact on the j-th factor and this partial relationship 
can be ignored. To determine the threshold value, one can 
use the mean value of the elements of the total-relation 
matrix.

2.2. Fuzzy ANP

The analytic network process does not solely consider a 
mere hierarchical structure of the problem, but it mod-
els the problem using a feedback-based system. A feed-
back system can be represented by a network in which 
the nodes indicate components (Saaty, 2005). In the real 
world, many of the decisions contain ambiguous expres-
sions made by humans. Linguistic estimates are suggested 
to be converted into fuzzy numbers in order to integrate 
a decision-makers experiences, beliefs, and ideas. ANP 
method makes use of a pairwise comparison matrix for 
rating and ranking preferences where the input data are 
crisp values. It is noteworthy that this matrix cannot be 
used in cases where the input data are uncertain. Leung 
and Cao (2000) argue that one of the reasons for the low 
accuracy of this method is that the experts are asked to 
assign a precise ratio to the pairwise comparison of phe-
nomena based on his/her personal perception of the phe-
nomena, while one’s perception of a phenomenon is not 
expressible in the form of a crisp value, but a range of the 
values can better represent one’s perception of the impor-
tance of a phenomenon in relation to another phenom-
enon than a crisp value. Therefore, fuzzy ANP can simu-
late the decision-making process in human minds better 
than the conventional ANP. Hence, in the phase of expert 
opinion collection, tangible linguistic terms in the fuzzy 
ANP pairwise comparison questionnaire have been used 
rather than the common crisp ratios in the conventional 
ANP. The fuzzy ANP has the following stages.

Stage 1: Obtaining the fuzzy pairwise comparison matrices
Pairwise comparisons are used in order to determine 

the importance of the criteria with respect to each other. 
To this end, experts’ opinions are gathered in the form 
of the linguistic terms presented in Table 3 and are then 
converted to the corresponding fuzzy numbers. Thus, the 
conduct of the pairwise comparison matrix and the con-
version of linguistic terms into the corresponding fuzzy 
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numbers lead to the generation of the fuzzy pairwise com-
parison matrix.

Stage 2: Defuzzification of experts’ opinions and aggregate 
their opinions

The use of fuzzy ANP promotes the decision-making 
capability in reflecting the expert’s perception of the im-
portance of phenomena. The conversion of the pairwise 
comparison matrix from the fuzzy scale to the crisp scale is 
called the defuzzification of the pairwise comparison fuzzy 
matrix. After obtaining fuzzy pairwise comparison matrix 
by each expert’ opinion, they are aggregated by arithme-
tic mean. Different methods have been proposed for the 
defuzzification of fuzzy pairwise comparison matrices. In 
this study, the aggregated fuzzy pairwise comparison ma-
trices are defuzzified by the mentioned the CFCS method. 

Stage 3: Calculation of local weights
Following the defuzzification of the aggregated pair-

wise comparison fuzzy matrix, the local weights of the 
criteria are obtained from the final defuzzified matrix via 
the following equation (Saaty, 2005). In fact, the weight of 
each criterion or sub-criterion is obtained by dividing the 
geometric mean of a row (row represents the criterion or 
sub-criterion) of the defuzzified pairwise comparison ma-
trix by the sum of the geometric mean of the rows of that 
matrix:

1
1

1
1

1

( )
, , 1,2,...,

)

nn
j ij

i n
nn

j ij
i

a
W i j n

a

=

=
=

Π
= =

Π∑
. (12)

Stage 4: Formation of the supermatrix
To perform the calculations pertaining to fuzzy ANP, 

the supermatrix must first be formed, which needs the uti-
lization of four categories of local weights, as follows:

a) Local weights derived from the fuzzy pairwise com-
parison matrix of the main criteria relative to each 
other in relation to the objective.

b) Local weights derived from the fuzzy pairwise com-
parison matrix of the sub-criteria relative to each 
other in relation to the relevant criterion.

c) Local weights derived from the fuzzy pairwise com-
parison matrix of the sub-criteria of an effective 
main criterion in relation to each of the sub-criteria 

of a related influential criterion. Pairwise compari-
son matrices are constructed based on the mutual 
effects of the main criteria on each other, which is 
the output of the fuzzy DEMATEL method. Accord-
ingly, the corresponding local weights are calculated.

d) Local weights derived from the pairwise comparison 
matrix of the alternatives in relation to each of the 
sub-criteria.

Stage 5: Determine the final weights of criteria, sub-criteria, 
and alternatives

If the extracted supermatrix at the previous stage cov-
ers the whole network, one can calculate the final weights 
of criteria, sub-criteria, and alternatives. To this end, the 
supermatrix should be normalized at first. The element 
pertaining to the i-th row and the j-th column of the nor-
malized supermatrix is obtained from dividing the ele-
ment pertaining to the i-th row and the j-th column of the 
supermatrix by the sum of the j-th elements of the super-
matrix. According to Eqn (13), if we calculate the normal-
ized supermatrix to the power of an adequately large odd 
number, the limited supermatrix will be obtained (Saaty, 
2005):

( )2 1k
nk

Lim W +

→∞
, (13)

where nW  represents the normalized supermatrix and k 
is a desirable and large number, and the ability to bring 
the supermatrix to the power of a value allows the con-
vergence and, consequently, the stability of the weights. 
The numbers of each row of the limited supermatrix con-
verge to a number that indicates the final weight of the 
corresponding row (the final weight of the criterion, sub-
criterion, or alternative).

3. Case study

In this research, the integrated fuzzy DEMATEL-fuzzy 
ANP model is used to evaluate and prioritize five recrea-
tional, tourism, and commercial projects in the metro-
politan city of Isfahan. Here, only the investment projects 
in Isfahan that is under construction or on the verge of 
operation have been considered. These projects are very 
diverse and only the projects with recreational and tour-
ism applications have been included. The projects that 
make up the decision-making alternatives in this study 
include Sepahan Recreational and Commercial Complex 
(A1), Recreational and Commercial Complex of Negin 
Chargagh (A2), Recreational, Tourism, and Commercial 
Complex of Fadak Center (A3), Recreational, Commer-
cial, and Administrative Complex of Anoushirvan (A4), 
and Recreational, Servicing, and Commercial Complex of 
Goldasteh Garden (A5). For the evaluation of these pro-
jects, risk factors are initially identified through the related 
literature review and experts’ opinions in the field of con-
struction. In one of the recent studies, Taylan et al. (2014) 
used five risk criteria, namely cost,  time,  safety, quality, 
and environmental sustainability risks for the assessment 

Table 3. Linguistic terms and corresponding fuzzy triangular 
numbers

Linguistic term
Fuzzy 

triangular 
number

Fuzzy triangular 
reciprocal 
number 

Equally Important (EI) (1, 1, 1) (1, 1, 1)
Weekly Important (WI) (1, 3, 5) (1/5, 1/3, 1)
Strongly Important (SI) (3, 5, 7) (1/7, 1/5, 1/3)
Very Important (VI) (5, 7, 9) (1/9, 1/7, 1/5)
Absolutely Important (AI) (7, 9, 9) (1/9, 1/9, 1/7)
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and selection of construction projects by using fuzzy AHP 
and fuzzy TOPSIS. The authors did not consider any sub-
criteria for each of the major risk criteria. In the present 
paper, these criteria are used to evaluate construction pro-
jects, with the difference that some sub-criteria have been 
considered for each of these criteria. For example, the sub-
criterion “weakness in construction schedule” (C11) and 
the sub-criterion “delay in supply of materials” (C12) have 
been considered in time risk (C1). In addition to the five 
main risk criteria presented by Taylan et al. (2014), human 
resources risk has been considered as another major risk 
factor in this research. In total, the risk criteria and sub-
criteria in the area of construction have been extracted 
from the research conducted by Taylan et al. (2014) and 
Yazdani-Chamzini (2014), and via expert opinions, as pre-
sented in Table 4.

For the implementation of the proposed method, it is 
necessary to first determine the interrelationship and mu-
tual effects among the risk factors through fuzzy DEMA-
TEL method. For this purpose, a questionnaire pertaining 

to the fuzzy DEMATEL method has been designed. After 
the collection of experts’ opinions, the interrelationship 
and mutual effects between the risk criteria are clarified 
in the form of a fuzzy DEMATEL questionnaire and the 
implementation of the fuzzy DEMATEL method. Based 
on the way the risk criteria are interrelated and affect each 
other, a network structure is created among the criteria 
and alternatives. Finally, based on the created network 
structure, a questionnaire pertaining to fuzzy ANP is de-
signed in which expert opinions about the importance of 
risk criteria relative to each other are gathered in the form 
of pairwise comparisons. The fuzzy DEMATEL and fuzzy 
ANP questionnaires are attached in Appendix 1. 

According to Liang et  al. (2016), the sample size be-
tween three and nine samples is adequate for data collec-
tion and analysis by MCDM methods like DEMATEL, 
AHP, ANP and etc. In this paper, all experts who are able 
to compare and evaluate the risk factors and construction 
project alternatives are selected to fulfill the questionnaires. 
Therefore, 10 experts were selected to be interviewed and 
completed the fuzzy DEMATEL and fuzzy ANP question-
naires. All experts have more than 5 years of management 
experience in the field of construction. Seven experts out 
of ten ones are working in the construction department of 
the municipality of Isfahan and have been engaged directly 
and indirectly in the studied construction projects. The re-
maining experts are one consultant and two professors in 
civil Engineering and industrial Engineering which have 
sufficiently experienced in the project management field. 

4. Results
4.1. Fuzzy DEMATEL

The results of applying fuzzy DEMATEL-fuzzy ANP are 
reported in this section. For doing so, the defuzzification 
process presented in Eqns (1)–(8), the fuzzy DEMATEL 
introduced in Eqns (9)–(11), and the fuzzy ANP method 
are coded in SPLUS software. These codes are attached 
in Appendix  2. The code of defuzzification process is 
separately utilized to defuzzify a fuzzy matrix. The fuzzy  
DEMATEL code is used to perform the calculation of 
fuzzy DEMATEL. The fuzzy ANP code is employed to 
obtain the limited supermatrix. Furthermore, EXCEL soft-
ware is used for the preparation of data of pairwise com-
parison matrices and converting them to fuzzy triangular 
numbers, obtaining local weights by formulation (12) and 
obtaining un-weighted and weighted super-matrices in 
fuzzy ANP.

As it was mentioned earlier, in the fuzzy DEMATEL 
method, the relationships between risk criteria are inves-
tigated. In this method, the influence of the major crite-
ria on each other should be determined with the help of 
experts’ opinions. For example, Table 5 shows how major 
risk factors affect each other based on the opinion of the 
first expert. The linguistic terms reported in Table  5 are 
converted to corresponding triangular fuzzy numbers us-
ing Table 2. The fuzzy numbers corresponding to linguistic 
terms have been reported in Table 5.

Table 4. Identified risks in this research

No. Risk factors 
(main criteria) Sub-criteria

1 Time risk (C1)
Weakness in construction 
schedule (C11)
Delay in supply of materials (C12)

2 Cost risk (C2)

High price of tender (C21)
Increase in materials prices (C22)
Increase in labor cost (C23)
Delay in payment of costs 
according to contract (C24)
Financial difficulties (C25)

3 Quality risk (C3)

Inappropriate selection of 
equipment and devices (C31)
Inappropriate selection of 
materials (C32)
Machine failure (C33)
Low quality of work (C34)

4 Safety risk (C4)

Collapse of construction (C41)
Staff safety (C42)
Unexpected events such as fire 
during work (C43)

5
Environmental 
sustainability 
risk (C5)

Disruption to residents near the 
construction site (C51)
Physical damage to workers (C52)
Environmental constraints (C53) 
Noise (C54)

6
Human 
resources risk 
(C6)

Management inability (C61)
Lack of experienced professional 
consultants (C62)
Exchange of key personnel (C63)
Workers’ strike (C64)
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The direct-relation fuzzy matrix presented in Table 5 
are defuzzified by using Eqns (1)–(7) of the fuzzy DEMA-
TEL method. For this purpose, normalized values, left (ls) 
and right (rs) normalized values, final normalized crisp 
values, and crisp values are computed. For example, the 
initial direct-relation defuzzified matrix derived from the 
first expert’s opinions is reported in Table 6. Similarly, it 
is possible to obtain the initial direct-relation defuzzified 
matrix for all the experts. These matrices are aggregated 
using Eqn  (8), and the aggregated initial direct-relation 
defuzzified matrix (Z) is based on the opinion of 10 ex-
perts is reported in Table 7.

At the end, the total relation matrix (T) is computed 
by applying Eqns (9) to (11) to matrix Z. This matrix has 
been presented in Table 8. As it was mentioned previously, 
the threshold value should be calculated to determine the 
interrelationships between risk factors. The mean value of 
the elements of the total relation matrix, which is equal to 
0.224, has been used as the threshold value.

If the value of the element pertaining to the i-th row 
and the j-th column is greater than 0.224, then the i-th fac-
tor will affect the j-th factor. On the other hand, if this ele-
ment is smaller than 0.224, the i-th factor will have a mini-
mal impact on the j-th factor, and this slight relationship 
can be ignored. For example, from the results presented in 
Table 8, it can be concluded that factor C1 affects factors 
C2, C3, and C4. Based on the results presented in Table 8, 
the network structure presented in Figure  2 defines the  
relations among the risk factors, alternatives and the goal.

4.2. Fuzzy ANP results

After collecting the experts’ opinions in the form of the 
linguistic items presented in Table 3, the fuzzy pairwise 
comparison matrix has been obtained for the opinions 
of each individual expert. Then, they are aggregated by 
arithmetic mean. For example, following the creation of 
the fuzzy pairwise comparison matrix about the main 

Table 5. The direct influence between the criteria based on the first expert’s opinions

C1 C2 C3 C4 C5 C6

C1
NO

(0, 0, 0.25)
VH

(0.75, 1.0, 1.0)
H

(0.5, 0.75, 1)
L

(0.25, 0.5, 0.75)
VL

(0, 0.25, 0.5)
VL

(0, 0.25, 0.5)

C2
VH

(0.75, 1.0, 1.0)
NO

(0, 0, 0.25)
VH

(0.75, 1.0, 1.0)
H

(0.5, 0.75, 1)
NO

(0, 0, 0.25)
NO

(0, 0, 0.25)

C3
L

(0.25, 0.5, 0.75)
VL

(0, 0.25, 0.5)
NO

(0, 0, 0.25)
H

(0.5, 0.75, 1)
NO

(0, 0, 0.25)
VL

(0, 0.25, 0.5)

C4
VL

(0, 0.25, 0.5)
NO

(0, 0, 0.25)
H

(0.5, 0.75, 1)
NO

(0, 0, 0.25)
NO

(0, 0, 0.25)
L

(0.25, 0.5, 0.75)

C5
L

(0.25, 0.5, 0.75)
H

(0.5, 0.75, 1)
H

(0.5, 0.75, 1)
H

(0.5, 0.75, 1)
NO

(0, 0, 0.25)
VL

(0, 0.25, 0.5)

C6
H

(0.5, 0.75, 1)
H

(0.5, 0.75, 1)
L

(0.25, 0.5, 0.75)
L

(0.25, 0.5, 0.75)
L

(0.25, 0.5, 0.75)
NO

(0, 0, 0.25)

Table 7. The initial direct-relation defuzzified matrix (Z) based 
on the opinions of ten experts

C1 C2 C3 C4 C5 C6

C1 0.033 0.616 0.583 0.444 0.132 0.137
C2 0.391 0.033 0.279 0.397 0.366 0.121
C3 0.302 0.302 0.033 0.679 0.100 0.124
C4 0.200 0.366 0.062 0.033 0.395 0.106
C5 0.220 0.142 0.540 0.540 0.033 0.267
C6 0.540 0.215 0.106 0.679 0.200 0.033

Table 6. The initial direct-relation defuzzified matrix based on 
the first expert’s opinions

C1 C2 C3 C4 C5 C6

C1 0.033 0.967 0.733 0.500 0.267 0.267
C2 0.967 0.033 0.733 0.733 0.033 0.033
C3 0.500 0.267 0.033 0.733 0.033 0.267
C4 0.267 0.033 0.733 0.033 0.033 0.500
C5 0.500 0.733 0.733 0.733 0.033 0.267
C6 0.733 0.733 0.500 0.500 0.500 0.033

Table 8. Total-relation matrix

C1 C2 C3 C4 C5 C6

C1 0.170 0.372 0.337 0.394 0.184 0.123

C2 0.257 0.162 0.231 0.341 0.233 0.111
C3 0.221 0.244 0.127 0.406 0.150 0.103
C4 0.168 0.227 0.132 0.171 0.219 0.091
C5 0.215 0.207 0.305 0.403 0.131 0.160
C6 0.317 0.245 0.183 0.440 0.197 0.083
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criteria based on ten experts’ opinions, it will be defuzzi-
fied according to Eqns  (1)–(7). The aggregated defuzzi-
fied pairwise comparison matrix of the main risk factors 
is reported in Table 9. Using Eqn (12), the local weights 
are extracted from this matrix. The aggregated defuzzi-
fied decision matrix and the local weights of the main risk  
factors are reported in the last column of Table 9.

Table 9. The aggregated defuzzified decision matrix of main 
criteria and local weights

C1 C2 C3 C4 C5 C6
Local 

weight

C1 1.000 5.174 3.513 3.303 1.656 2.804 0.343

C2 0.193 1.000 2.913 1.248 6.899 5.606 0.233

C3 0.283 0.345 1.000 0.391 4.517 0.601 0.092

C4 0.304 0.798 2.552 1.000 2.834 7.729 0.208

C5 0.602 0.144 0.223 0.352 1.000 1.887 0.065

C6 0.356 0.178 1.661 0.128 0.530 1.000 0.059

According to the stage 4 of fuzzy ANP method, for 
creating the initial supermatrix, the following four catego-
ries of local weights should be used: Local weights derived 
from the fuzzy pairwise comparison matrix of the main 
criteria in relation to the objective, local weights derived 
from the fuzzy pairwise comparison matrix of the sub-
criteria in relation to the respected main criterion, local 
weights derived from the fuzzy pairwise comparison ma-
trix of the sub-criteria of an effective main criterion in re-
lation to each of the sub-criteria of a related influential cri-
terion, and the local weights of the alternatives in relation 
to the sub-criteria. In Table 9, the local weights extracted 
from the pairwise comparison matrix of the main criteria 
in relation to the goal have been reported. Similarly, other 
local weights can be obtained and used to prepare initial 
supermatrix. The initial supermatrix has been reported in 

Table 10. After the creation of the initial supermatrix, the 
weighed supermatrix is obtained. For the creation of the 
weighed supermatrix, each element of the initial superma-
trix is divided by the sum of the corresponding column 
elements.

At the end, the weighted supermatrix should be 
brought to the power of 2k + 1 where k is a large number 
(in this research, it equals 50) to compute the limited su-
permatrix (Table 11). In the limited supermatrix, the el-
ements of each row converge to a number that indicates 
the final weight of the corresponding row. Accordingly, 
the final weights of the main criteria, sub-criteria, and al-
ternatives can be extracted from limited supermatrix. The 
final weights of risk factors can be obtained from limited 
supermatrix. To validate the results provided by the pro-
posed fuzzy DEMATEL-fuzzy ANP, they are compared 
with those obtained by fuzzy AHP in Taylan et al. (2014) 
research. Taylan et  al. (2014) obtained fuzzy weights for 
five risk factors by fuzzy AHP and utilized them to prior-
itize 30 construction projects. These weights are defuzzi-
fied based on the centre of area method and reported in 
the fourth column of Table  12. The final weights of risk 
factors obtained by both fuzzy DEMATEL-fuzzy ANP and 
fuzzy AHP methods are reported in Table 12. According 
to the results of Table  12, time and cost risk factors are 
determined as the most critical factors according to both 
methods. The safety and quality risks have the third and 
fourth priorities by considering fuzzy DEMATEL-fuzzy 
ANP, respectively, while they achieve the fourth and third 
ranks according to the fuzzy AHP method. Furthermore, 
environmental sustainability risk gained the fifth priority 
among risk factors by applying both methods. Based on 
the aforementioned discussions, it can be concluded that 
the results of fuzzy DEMATEL-fuzzy ANP are validated by 
fuzzy AHP results used in Taylan et al. (2014).

The final weights of the alternatives are used to prior-
itize the construction projects. As the results are shown in 
Table 11, the final weights of the first, second, third, fourth, 
and fifth alternatives equal 0.037, 0.038, 0.028, 0.034, and 
0.026, respectively. Accordingly, A2 is the highest risk 
category project and other alternatives are prioritized as

2 1 4 3 5 .A A A A A   

5. Discussion and managerial implications

The results of fuzzy DEMATEL show several relations 
among risk factors. The first row of Table 8 reveals that 
the time risk affects the cost, quality and safety factors in 
construction projects. The results of this table show that 
the cost risk influences the time, quality and safety risks. 
The quality risk has an influence on cost and safety risk 
factors. The safety risk just affects the cost risk. The envi-
ronmental sustainability influences the quality and safety 
and the human resources risk affects the time, cost and 
safety factors. According to the fifth column of Table 8, 
it can be concluded that safety factor is the most effective 
risk factor, and it is determined as the highest effect factor, 
since it is affected by the time, cost, quality, environmen-

Figure 2. The proposed network structure
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Table 10. Initial supermatrix

C1 C2 C3 C4 C5 C6 C11 C12 C21 C22 C23 C24 C25 C31 C32 C33 C34

C1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C11 0.829 0 0 0 0 0 0 0 0.446 0.489 0.565 0.549 0.534 0 0 0 0

C12 0.171 0 0 0 0 0 0 0 0.554 0.511 0.435 0.451 0.466 0 0 0 0

C21 0 0.371 0 0 0 0 0.147 0.171 0 0 0 0 0 0.268 0.275 0.250 0.228

C22 0 0.169 0 0 0 0 0.217 0.189 0 0 0 0 0 0.218 0.218 0.217 0.177

C23 0 0.088 0 0 0 0 0.227 0.227 0 0 0 0 0 0.103 0.126 0.160 0.198

C24 0 0.326 0 0 0 0 0.208 0.206 0 0 0 0 0 0.200 0.174 0.196 0.175

C25 0 0.046 0 0 0 0 0.201 0.206 0 0 0 0 0 0.211 0.207 0.178 0.222

C31 0 0 0.231 0 0 0 0.190 0.255 0.266 0.265 0.213 0.112 0.315 0 0 0 0

C32 0 0 0.126 0 0 0 0.342 0.258 0.325 0.348 0.134 0.259 0.298 0 0 0 0

C33 0 0 0.569 0 0 0 0.182 0.238 0.150 0.189 0.358 0.231 0.146 0 0 0 0

C34 0 0 0.074 0 0 0 0.286 0.249 0.259 0.198 0.295 0.398 0.241 0 0 0 0

C41 0 0 0 0.626 0 0 0.340 0.384 0.394 0.334 0.357 0.381 0.291 0.283 0.341 0.344 0.367

C42 0 0 0 0.274 0 0 0.277 0.242 0.273 0.331 0.305 0.327 0.348 0.311 0.257 0.318 0.288

C43 0 0 0 0.100 0 0 0.383 0.374 0.333 0.335 0.337 0.292 0.362 0.406 0.401 0.338 0.345

C51 0 0 0 0 0.283 0 0 0 0.167 0.263 0.283 0.265 0.187 0 0 0 0

C52 0 0 0 0 0.186 0 0 0 0.149 0.166 0.109 0.113 0.208 0 0 0 0

C53 0 0 0 0 0.417 0 0 0 0.419 0.266 0.378 0.427 0.407 0 0 0 0

C54 0 0 0 0 0.114 0 0 0 0.264 0.305 0.230 0.195 0.198 0 0 0 0

C61 0 0 0 0 0 0.351 0 0 0 0 0 0 0 0 0 0 0

C62 0 0 0 0 0 0.152 0 0 0 0 0 0 0 0 0 0 0

C63 0 0 0 0 0 0.426 0 0 0 0 0 0 0 0 0 0 0

C64 0 0 0 0 0 0.070 0 0 0 0 0 0 0 0 0 0 0

A1 0 0 0 0 0 0 0.231 0.188 0.210 0.257 0.260 0.249 0.217 0.189 0.228 0.199 0.228

A2 0 0 0 0 0 0 0.219 0.228 0.257 0.244 0.249 0.255 0.202 0.283 0.233 0.235 0.230

A3 0 0 0 0 0 0 0.179 0.185 0.172 0.179 0.200 0.137 0.186 0.162 0.159 0.182 0.153

A4 0 0 0 0 0 0 0.229 0.219 0.161 0.171 0.154 0.214 0.209 0.204 0.222 0.182 0.230

A5 0 0 0 0 0 0 0.143 0.181 0.199 0.148 0.138 0.145 0.186 0.162 0.159 0.201 0.158

Goal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

tal sustainability and human resources factors. Therefore, 
decision-makers in construction risk management must 
consider the impact of all risk factors when responding to 
the safety risk factor. 

As mentioned earlier, the aims of this paper are to as-
sess the overall construction risks and prioritize construc-
tion project alternatives by considering interrelationships 
among risk factors. The limited supermatrix is utilized to 
achieve the mentioned aims. The results of fuzzy DEMA-
TEL-fuzzy ANP determine the final weights of construc-

tion risk factors. According to the results of the limited 
supermatrix reported in Table 11, time, cost and safety fac-
tors are identified as the most critical and important con-
struction risks, since they are achieved relatively higher 
weight values rather than other risk factors. On the other 
hands, experts are more concerned about these risk fac-
tors. According to the experts’ opinions, weakness in the 
construction schedule (C11) with the weight value of 0.064 
has higher value rather than another sub-factor of time 
risk and can impose the high level of risk in construction 
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Continued Table 10

C41 C42 C43 C51 C52 C53 C54 C61 C62 C63 C64 A1 A2 A3 A4 A5 Goal

C1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.343

C2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.233

C3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.092

C4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.208

C5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.065

C6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.059

C11 0 0 0 0 0 0 0 0.504 0.537 0.538 0.510 0 0 0 0 0 0

C12 0 0 0 0 0 0 0 0.496 0.463 0.462 0.490 0 0 0 0 0 0

C21 0.197 0.217 0.213 0 0 0 0 0.218 0.216 0.223 0.241 0 0 0 0 0 0

C22 0.191 0.175 0.195 0 0 0 0 0.189 0.189 0.201 0.186 0 0 0 0 0 0

C23 0.222 0.221 0.203 0 0 0 0 0.224 0.220 0.233 0.206 0 0 0 0 0 0

C24 0.206 0.204 0.205 0 0 0 0 0.189 0.208 0.228 0.227 0 0 0 0 0 0

C25 0.184 0.183 0.184 0 0 0 0 0.181 0.168 0.115 0.140 0 0 0 0 0 0

C31 0 0 0 0.241 0.269 0.265 0.269 0 0 0 0 0 0 0 0 0 0

C32 0 0 0 0.252 0.228 0.261 0.256 0 0 0 0 0 0 0 0 0 0

C33 0 0 0 0.260 0.255 0.229 0.253 0 0 0 0 0 0 0 0 0 0

C34 0 0 0 0.248 0.248 0.244 0.222 0 0 0 0 0 0 0 0 0 0

C41 0 0 0 0.297 0.323 0.323 0.238 0.245 0.302 0.284 0.413 0 0 0 0 0 0

C42 0 0 0 0.337 0.312 0.340 0.357 0.511 0.354 0.541 0.482 0 0 0 0 0 0

C43 0 0 0 0.366 0.364 0.336 0.405 0.244 0.344 0.175 0.105 0 0 0 0 0 0

C51 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C52 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C53 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C54 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C61 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C62 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C63 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C64 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

A1 0.232 0.240 0.246 0.178 0.242 0.206 0.225 0.224 0.208 0.222 0.238 0 0 0 0 0 0

A2 0.213 0.224 0.264 0.256 0.216 0.243 0.241 0.216 0.253 0.194 0.245 0 0 0 0 0 0

A3 0.178 0.157 0.159 0.181 0.153 0.168 0.177 0.197 0.189 0.183 0.175 0 0 0 0 0 0

A4 0.220 0.245 0.165 0.230 0.247 0.241 0.234 0.224 0.189 0.227 0.193 0 0 0 0 0 0

A5 0.157 0.134 0.165 0.155 0.142 0.143 0.123 0.139 0.162 0.173 0.149 0 0 0 0 0 0

Goal 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0

projects, since it is a causal factor and affects cost, quality, 
and safety risks. Therefore, to avoid this risk, project man-
agers and engineers must provide an appropriate project 
schedule planning and an effective schedule control meth-
odology, since the successful execution of a construction 
project depends on the schedule planning and control.

The high price of tender (C21) and delay in payment 
of costs according to the contract (C24) with the weight 
values of 0.039 and 0.036 are the most important factors in 
cost risk, respectively. As cost risks are identified as a caus-

al factor which has major interactions with other risk fac-
tors, providing appropriate actions to eliminate or mitigate 
the negative impacts of these risks is highly recommended. 
The reason for the high price of bidding may be unfair or 
unprofessional bidding practices, which is directly related 
to the designers’ knowledge (Taylan et al., 2014). Selection 
of qualified and experienced designers, precise estimation 
of cost items and the proper cost management will help 
managers to propose a reasonable price of tender. Also, 
timely financial support of government and investors can 
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Table 11. Limited supermatrix

C1 C2 C3 C4 C5 C6 C11 C12 C21 C22 … … … … A4 A5 Goal

C1 0.056 0.056 0.056 0.056 0.056 0.056 0.056 0.056 0.056 0.056 … … … … 0.056 0.056 0.056

C2 0.038 0.038 0.038 0.038 0.038 0.038 0.038 0.038 0.038 0.038 … … … … 0.038 0.038 0.038

C3 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 … … … … 0.015 0.015 0.015

C4 0.034 0.034 0.034 0.034 0.034 0.034 0.034 0.034 0.034 0.034 … … … … 0.034 0.034 0.034

C5 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 … … … … 0.011 0.011 0.011

C6 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 … … … … 0.010 0.010 0.010

C11 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064 … … … … 0.064 0.064 0.064

C12 0.026 0.026 0.026 0.026 0.026 0.026 0.026 0.026 0.026 0.026 … … … … 0.026 0.026 0.026

C21 0.039 0.039 0.039 0.039 0.039 0.039 0.039 0.039 0.039 0.039 … … … … 0.039 0.039 0.039

C22 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 … … … … 0.030 0.030 0.030

C23 0.027 0.027 0.027 0.027 0.027 0.027 0.027 0.027 0.027 0.027 … … … … 0.027 0.027 0.027

C24 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.036 … … … … 0.036 0.036 0.036

C25 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 … … … … 0.024 0.024 0.024

C31 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019 … … … … 0.019 0.019 0.019

C32 0.021 0.021 0.021 0.021 0.021 0.021 0.021 0.021 0.021 0.021 … … … … 0.021 0.021 0.021

C33 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023 … … … … 0.023 0.023 0.023

C34 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019 … … … … 0.019 0.019 0.019

C41 0.054 0.054 0.054 0.054 0.054 0.054 0.054 0.054 0.054 0.054 … … … … 0.054 0.054 0.054

C42 0.039 0.039 0.039 0.039 0.039 0.039 0.039 0.039 0.039 0.039 … … … … 0.039 0.039 0.039

C43 0.038 0.038 0.038 0.038 0.038 0.038 0.038 0.038 0.038 0.038 … … … … 0.038 0.038 0.038

C51 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 … … … … 0.010 0.010 0.010

C52 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 … … … … 0.007 0.007 0.007

C53 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 … … … … 0.016 0.016 0.016

C54 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 … … … … 0.009 0.009 0.009

C61 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 … … … … 0.003 0.003 0.003

C62 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 … … … … 0.001 0.001 0.001

C63 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 … … … … 0.004 0.004 0.004

C64 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 … … … … 0.001 0.001 0.001

A1 0.037 0.037 0.037 0.037 0.037 0.037 0.037 0.037 0.037 0.037 … … … … 0.037 0.037 0.037

A2 0.038 0.038 0.038 0.038 0.038 0.038 0.038 0.038 0.038 0.038 … … … … 0.038 0.038 0.038

A3 0.028 0.028 0.028 0.028 0.028 0.028 0.028 0.028 0.028 0.028 … … … … 0.028 0.028 0.028

A4 0.034 0.034 0.034 0.034 0.034 0.034 0.034 0.034 0.034 0.034 … … … … 0.034 0.034 0.034

A5 0.026 0.026 0.026 0.026 0.026 0.026 0.026 0.026 0.026 0.026 … … … … 0.026 0.026 0.026

Goal 0.163 0.163 0.163 0.163 0.163 0.163 0.163 0.163 0.163 0.163 … … … … 0.163 0.163 0.163

Table 12. The final weights of risk factors obtained by fuzzy DEMATEL-fuzzy ANP and fuzzy AHP

Fuzzy DEMATEL-fuzzy ANP Fuzzy AHP (Taylan et al., 2014)
Final weight Rank Final weight Rank

Time risk 0.056 1 0.493 1
Cost risk 0.038 2 0.337 2
Quality risk 0.015 4 0.203 3
Safety risk 0.034 3 0.080 4
Environmental Sustainability Risk 0.011 5 0.067 5
Human Resources Risk 0.010 6 − –
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delete or decrease the negative impacts of the risk factor of 
“delay in payment of costs according to contract” in con-
struction projects. 

Collapse with the weight value of 0.04 is the most im-
portant safety risk factor. The collapse has serious injuries 
and fatalities as well as negative financial impacts, every 
year. Obtaining safety policies and safety training signifi-
cantly reduce unnecessary accidents in the workplace. To 
avoid the safety risks in the building projects, project man-
agers and policy makers can provide a convenient safety 
program that obtains daily and weekly safety information 
and reminders to the workforce.

The final weights of alternatives help us to evaluate the 
efficiency rate of construction projects (Taylan et al., 2014). 
The construction project with the highest weight value is 
considered to be the one which has the highest risk. Rec-
reational and Commercial Complex of Negin Chargagh 
(A2) with the weight value of 0.038 has the highest effi-
ciency rate. Therefore, it is the highest risk category pro-
ject. Sepahan Recreational and Commercial Complex (A1) 
and Recreational, Commercial, and Administrative Com-
plex of Anoushirvan (A4) have the weight values of 0.037 
and 0.034, respectively. They gained the second and third 
efficiency rates among alternatives and carried the second 
and third order high-risk levels, respectively. Finally, ac-
cording to the values of weight of Recreational, Servic-
ing, and Commercial Complex of Goldasteh Garden (A5) 
and Recreational, Tourism, and Commercial Complex of 
Fadak Center (A3), they are considered as the lowest risk 
category projects, respectively.

Conclusions

In this research, the integrated fuzzy DEMATEL-fuzzy 
ANP model was used for evaluating construction pro-
jects based on the dependencies among risk factors. For 
this purpose, the risk factors affecting the performance of 
construction projects were initially identified and finalized 
through the literature review and the experts’ opinions. 
According to the past studies, five main risk factors in-
cluding time, cost, quality, safety, environmental Sustain-
ability risks and a new factor named human resources 
risk were selected to evaluate construction projects. Since 
there are interrelationships between risk factors, the fuzzy 
DEMATEL method was used to identify the interrelations 
among risk factors. The results of fuzzy DEMATEL re-
vealed that the risk factors have significant effects on each 
other. For instance, the human resources risk affects the 
time, cost and safety in construction projects. The net-
work structure for applying fuzzy ANP was extracted ac-
cording to the results of fuzzy DEMATEL. According to 
the network structure, several pairwise comparisons were 
performed to calculate the local weights of the risk crite-
ria, their sub-criteria, and alternatives. Finally, fuzzy ANP 
was employed to determine the final weights of the main 
risk factors and alternatives. The results of fuzzy DEMA-
TEL-fuzzy ANP revealed that the time, cost and safety are 

the most important risk factors in construction projects. 
These results show that experts are more concerned about 
these risk factors in construction projects, since their final 
weights are significantly higher than the weights of other 
risk factors. The results of fuzzy DEMATEL-fuzzy ANP 
are validated by the fuzzy AHP results reported by Taylan 
et al. (2014). The final weights of the construction project 
alternatives extracted from limited supermatrix were then 
used to evaluate the efficiency rate of construction pro-
jects and select the highest risk category project. Accord-
ing to the results, Recreational and Commercial Complex 
of Negin Chargagh (A2) gained the highest efficiency rate 
and determined as the highest risk category project. 

In this paper, the criteria determine the importance of 
construction project alternatives. It needs to be addition-
ally considered whether or not the alternatives inciden-
tally determine the importance of the criteria. Therefore, 
it is recommended that the feedback between criteria and  
alternatives to be considered for the evaluation and selec-
tion of the projects in the future research.
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factor of cost risk is important with respect to “weakness 
in construction schedule (C11)” to what degree?”

By a similar way, the pairwise comparison tables of 
each case-effect cluster of risk factors can be written ac-
cording to the Table  A.1.3. Due to the paper size limit, 
these tables are not presented here.

Finally, the pairwise comparison of construction pro-
ject alternatives with respect to each of sub-factor of risks 
can be obtained according to the Table A.1.4.

Construction projects alternatives:
 – Sepahan Recreational and Commercial Complex 
(A1); 

 – Recreational and Commercial Complex of Negin 
Chargagh (A2); 

 – Recreational, Tourism, and Commercial Complex of 
Fadak Center (A3); 

 – Recreational, Commercial, and Administrative Com-
plex of Anoushirvan (A4); 

 – Recreational, Servicing, and Commercial Complex of 
Goldasteh Garden (A5).

A) Fuzzy DEMATEL questionnaire

Please specify the effect of the factor in the row on the 
factor in each column using one of the values (very high = 
5, high = 4, low = 3, very low = 2 and no impact = 1). For 
example, in the table below, “high” in the Gray part means 
that the cost risk has high influence on the quality risk.

B) Fuzzy ANP questionnaire

An example of pairwise comparison of two risk factors 
in the fuzzy ANP questionnaire is: “Which risk factor is 
important with respect to your goal and to what degree?”

By a similar way, the pairwise comparison of sub-fac-
tors with respect to the main risk factor can be written 
according to the Table A.1.2. Due to the paper size limit, 
these tables are not presented here.

The results of fuzzy DEMATEL show that time risk af-
fect the cost risks. Therefore, the sub-factors of cost risks 
must be compared to each other with respect of each sub-
factor of time risks. Therefore, here is two pairwise com-
parison tables.

An example of pairwise comparison of two sub-factors 
of cost risk in the fuzzy ANP questionnaire is: “Which sub-

Table A.1.1. Fuzzy DEMATEL questionnaire

Time risk 
(C1)

Cost risk 
(C2)

Quality risk 
(C3)

Safety risk 
(C4)

Environmental 
sustainability risk (C5)

Human 
resources 
risk (C6)

Time risk (C1) *
Cost risk (C2) * “high”
Quality risk (C3) *
Safety risk (C4) *
Environmental sustainability risk (C5) *
Human resources risk (C6) *

Appendix 1. The fuzzy DEMATEL and fuzzy ANP questionnaires:
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Table A.1.2. Pairwise comparison of the risk factors with respect to goal

Risk factor

A
bs

ol
ut

el
y 

im
po

rt
an

t

Ve
ry

 st
ro

ng
ly

 
im

po
rt

an
t

Es
se

nt
ia

lly
 

im
po

rt
an

t

W
ea

kl
y 

im
po

rt
an

t

Eq
ua

lly
 

im
po

rt
an

t

W
ea

kl
y 

im
po

rt
an

t

Es
se

nt
ia

lly
 

im
po

rt
an

t

Ve
ry

 st
ro

ng
ly

 
im

po
rt

an
t

A
bs

ol
ut

el
y 

im
po

rt
an

t

Risk factor

Cost risk (C2)         Time risk (C1)
Quality risk (C3)         Time risk (C1)
Safety risk (C4)         Time risk (C1)
Environmental 
sustainability risk (C5)         Time risk (C1)

Human resources risk (C6)         Time risk (C1)
Quality risk (C3)         Cost risk (C2)
Safety risk (C4)         Cost risk (C2)
Environmental 
sustainability risk (C5)         Cost risk (C2)

Human resources risk (C6)         Cost risk (C2)
Safety risk (C4)         Quality risk (C3)
Environmental 
sustainability risk (C5)         Quality risk (C3)

Human resources risk (C6)         Quality risk (C3)
Environmental 
sustainability risk (C5)         Safety risk (C4)

Human resources risk (C6)         Safety risk (C4)

Human resources risk (C6)         Environmental sustainability 
risk (C5)

Table A.1.3. Pairwise comparison of sub-factors of cost risk with respect to a) Weakness in construction schedule (C11)  
and b) Delay in supply of materials (C12)

Sub-factor of cost risk
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Sub-factor of cost risk

Increase in materials prices 
(C22)         High price of tender (C21)

Increase in labor cost (C23)         High price of tender (C21)
Delay in payment of costs 
according to contract (C24)         High price of tender (C21)

Financial difficulties (C25)         High price of tender (C21)

Increase in labor cost (C23)         Increase in materials prices 
(C22)

Delay in payment of costs 
according to contract (C24)         Increase in materials prices 

(C22)

Financial difficulties (C25)         Increase in materials prices 
(C22)

Delay in payment of costs 
according to contract (C24)         Increase in labor cost (C23)

Financial difficulties (C25)         Increase in labor cost (C23)

Financial difficulties (C25)         Delay in payment of costs 
according to contract (C24)
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Appendix 2. The respected codes in SPLUS 
software

A) The code for defuzzification of a fuzzy matrix
mat_as.matrix(SDF2)
 n_ncol(mat)/3

 xll_xmm_xrr_0
 for (k in 1:n){
  xll_cbind(xll, mat[,3*k-2])
  xmm_cbind(xmm, mat[,3*k-1])
  xrr_cbind(xrr, mat[,3*k])}
 mat
 xll_xll[,-1]
 xmm_xmm[,-1]
 xrr_xrr[,-1]
 mini_min(xll)
 delta_max(xrr)-mini
 xl_xr_xm_matrix(0,nrow(mat),n)

 for (i in 1:nrow(mat)){
  for (j in 1:n){
   xl[i,j]_(xll[i,j]-mini)/delta
   xm[i,j]_(xmm[i,j]-mini)/delta
   xr[i,j]_(xrr[i,j]-mini)/delta
   }
 }
 cbind(xl[,4],xm[,4],xr[,4])
 
 xls_xrs_matrix(0,nrow(mat),n)
 for (i in 1:nrow(mat)){
  for (j in 1:n){
  xls[i,j]_xm[i,j]/(1+xm[i,j]-

xl[i,j])
  xrs[i,j]_xr[i,j]/(1+xr[i,j]-

xm[i,j])
  }
 }

 x_z_matrix(0,nrow(mat),n)
 for (i in 1:nrow(mat)){
  for (j in 1:n){
   x[i,j]_(xls[i,j]*(1-

xls[i,j])+xrs[i,j]*xrs[i,j])/
(1-xls[i,j]+xrs[i,j])

   z[i,j]_mini+x[i,j]*delta
  }
 }

B) The code of fuzzy DEMATEL method
z_as.matrix(SDF2)
m1_max(apply(z,1,sum))
m2_max(apply(z,2,sum))
s_min(1/m1,1/m2)
X_s*z
TT_X%*%solve(diag(nrow(z))-X)
Tnormal_t(t(TT)/apply(TT,2,sum))
Tnormal
apply(Tnormal,2,sum)
D_apply(TT,1,sum)
R_apply(TT,2,sum)
res_cbind(Tnormal,D,R,D+R,D-R)

C) The code of fuzzy ANP for obtaining Limited 
supermatrix
supermatrix_as.matrix(SDF2)
weightedsupermatrix_t(t(supermatrix)/

apply(supermatrix,2,sum))
apply(weightedsupermatrix,2,sum) 
weight_weightedsupermatrix
for (i in 1:100000){
 weight_weightedsupermatrix%*%weight

}

weight

Table A.1.4. Pairwise comparison of construction projects alternatives with respect to each sub-factor of risk

Construction 
project alternative
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Construction 
project alternative

A2         A1

A3         A1

A4         A1

A5         A1

A3         A2

A4         A2

A5         A2

A4         A3

A5         A3

A5         A4


