
 

 
 Abstract—The purpose of risk management is to improve 

project performance by systematically identifying and assessing 
risks, developing strategies to reduce or avoid them and 
maximizing opportunities. Probability and impact are two 
commonly used criteria in project risk assessment. However, 
these criteria do not sufficiently address all aspects of project 
risk. Moreover, there may be relations and dependencies among 
the various criteria. In order to overcome these drawbacks, we 
proposed a practical framework for project risk 
assessment.  The proposed model allows risks to be ranked 
based on management priorities using a combined fuzzy 
analytic network process (fuzzy-ANP) and fuzzy Technique for 
Order Preference by Similarity to Ideal Solution 
(fuzzy-TOPSIS) method.  We use fuzzy-ANP for calculating 
weights of criteria. The outputs of fuzzy-ANP calculations are 
used in a fuzzy-TOPSIS procedure for the evaluation of 
important risks. A case study of an Iranian power plant project 
is presented to illustrate the applicability and performance of 
the proposed model.  
 

Index Terms—Fuzzy analytic network process, fuzzy tops is, 
power plant projects, project risk assessment, project risk 
management. 

 

I. INTRODUCTION 
Risk is defined as an uncertain event or condition that has a 

potential effect on at least one project objective [1]. The 
purpose of risk management is to improve project 
performance by systematically identifying and assessing 
risks, developing strategies to reduce or avoid them and 
maximizing opportunities [2]. There has been some 
discussion about the relative importance of different phases 
of the Risk Management Process (RMP). Conrow [3] states 
that "all RMP steps are equally important. If you do not do 
one or more steps, or you do them poorly, you will likely 
have an ineffective RMP." There is a consensus that the RMP 
must include two main phases [4]. The first phase is Risk 
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Assessment (RA), including risk identification and risk 
analysis. The second phase is Risk Response (RR). Many 
researchers have emphasized the importance of RA. Miler [4] 
states that, effective RMP begins with effective RA. 
Additionally, one cannot manage risks if one does not 
characterize them and identify what they are, how likely they 
are, and what their impact might be [5]. On the other hand, 
many researchers have emphasized the importance of RR. 
Chapman and Ward [6] state that deciding how identified 
risks will be responded to is critical. Hillson [7] states 
"identification and assessment will be worthless unless 
responses can be developed and implemented which really 
make a difference in addressing identified risks."   

Although many papers have been published on the subject 
of risk management, little information exists on the actual use 
of risk management in practice [8]. Probability and impact 
are two commonly used criteria in project risk assessment. 
However, these criteria alone do not sufficiently cover all 
aspects of project risk. Moreover, there may be relations and 
dependencies among the various criteria. In this study, we 
propose a practical framework for project risk assessment. 
The proposed model allows risks to be ranked for 
management priority with a combined fuzzy-ANP and 
fuzzy-TOPSIS method.  

The remainder of this paper is organized as follows: in 
section II, the risk assessment, fuzzy-ANP and TOPSIS 
literature is briefly reviewed. The proposed model for project 
risk ranking is described in section III. In section IV, a case 
study is presented to show the applicability and performance 
of the proposed model. Finally, in section V, the results of the 
application are presented and suggestions for future studies 
are discussed.  

 

II. LITERATURE REVIEW  

A. Project Risk Assessment 
Since 1990, various studies have proposed processes for 

project risk management in order to ensure project success [1, 
9, 10]. Some studies used a detailed process for specification 
planning, while others used a modified process for evaluating 
the risk ranking of various projects. In the risk identification 
phase, the main methodologies are brainstorming, document 
review, Delphi technique, checklist analysis, and 
assumptions analysis [11]. Brainstorming is the most 
common risk-identification technique that is used in practice 
[12].  

An integrative part of risk identification is risk 
classification, which attempts to structure the diverse risks 
affecting a project. Many approaches have been suggested 
for classifying risks. Chapman and Ward [6] discuss the nine 
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categories of risk that face any infrastructure project. These 
risks include technical, construction, operating, revenue, 
financial, force majeure, regulatory/political, environmental, 
and project default. Perry and Hayes [13] presented a list of 
factors extracted from several sources, which were divided in 
terms of risks retainable by contractors, consultants and 
clients. Cooper and Chapman [14] classified risks according 
to their nature and magnitude. They grouped risks into 
primary and secondary categories. Tah et al. [15] used a 
risk-breakdown structure to classify risks according to their 
origin and their relative impact in the project. Merna and 
Smith [16] categorized risks as "global" or "elemental". 
Global risks are those that are normally allocated through the 
project agreement and typically include political, legal, 
commercial and environmental risks, whereas elemental risks 
are those associated with the construction, operation, finance 
and revenue generation components of the project. Carr and 
Tah [17] classified risks using a hierarchical risk-breakdown 
structure (HRBS). Chapman [18] grouped risks into four 
subsets, environmental, industrial, client and project. In 
general, there are many ways to classify the risks associated 
with projects, and the rationale for choosing a method must 
serve the particular purpose of the research [19].  

 Risk analysis methods can be divided into qualitative and 
quantitative methods. The former includes subjective 
analysis of probability and impact using a probability and 
impact matrix, while the latter includes sensitivity analysis, 
expected monetary value analysis, decision-tree analysis 
using utility theory, simulation, cause-and- effect diagrams, 
influence diagrams, game theory, fuzzy theory, fault-tree and 
event-tree analyses [11]. Zou et al. [19] analyzed the key 
risks in construction projects in China. Zayed and Chang [20] 
used the concept of utility theory to drive the weighted 
expected value as a risk index of build-operate-transfer 
projects. Kang et al. [21] used a dynamic multi-objective 
programming approach to establish a risk-assessment model 
and proposed an iterative algorithm for the model solution. 
Zeng et al. [22] used a modified analytical hierarchy process 
to structure and prioritize risk in construction projects. 
Ebrahimnejad et al. [23] proposed a new model for 
build-operate-transfer project risk ranking via fuzzy TOPSIS 
and Linear Programming for Multidimensional Analysis of 
Preference (LINMAP).  Motawa et al. [24] proposed a fuzzy 
system for evaluating the risk of change in construction 
projects. The introduced system simulates the relationships 
between change causes and effects, and is intended to 
facilitate proactive change management on projects. Because 
different methodologies exist in each process of project risk 
management, Cano and Cruz [25] recommended appropriate 
methodologies that take into account project scale, 
complexity, and organization risk maturity level.  

B.   Fuzzy-ANP 
The analytic hierarchy process (AHP) is essentially the 

formalization of our intuitive understanding of a complex 
problem using a hierarchical structure. The basic assumption 
of AHP is the condition of functional independence of the 
upper part, of the hierarchy, from all its lower parts, and from 
the criteria or items in each level. Many decision-making 
problems cannot be structured hierarchically because the 

involve interaction of various factors, with high-level factors 
occasionally depending on low-level factors [26]. Saaty 
suggested the use of AHP to solve the problem of 
independence among alternatives or criteria, and the use of 
ANP to solve the problem of dependence among alternatives 
or criteria [27]. The ANP feedback approach replaces 
hierarchies with networks in which the relationships between 
levels are not easily represented as higher or lower, dominant 
or subordinate, direct or indirect [28].  

A good decision-making model needs to tolerate 
vagueness and ambiguity because these are common 
characteristics in many decision-making problems [29].The 
AHP method has been extended and applied to deal with 
fuzzy multiple criteria decision-making (MCDM) problems 
by various authors [30], [34]. In this study we prefer the 
extent fuzzy-AHP, which was originally introduced by 
Chang [30]. The steps of this approach are relatively easier 
than other fuzzy-AHP approaches and are similar to the crisp 
AHP. The steps of Chang’s extent analysis can be given as 
follows: 

 Let },...,,,{ 321 nxxxxX = be an object set, and 

},...,,,{ 321 mggggG =  be a goal set. According to the method 
of Chang’s extent analysis, each object is taken and an extent 
analysis for each goal is performed. Therefore, m extent 
analysis values for each object can be obtained with the 
following signs [31], [32]: 

,,...,2,1,,...,, 21 niMMM m
gigigi =   (1) 

where ),...,2,1( mjM j
gi =  all are triangular fuzzy numbers.  

Step 1: The value of fuzzy synthetic extent with respect to 
the ith object is defined as   
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and then the inverse of the vector in (4) is computed such 
that  
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Step2:  The degree of possibility of 
( ) ( )1111222 ,,,,2 umlMumlM =≥=  is defined as  

               ( ) ⎣ ⎦))(),(min(sup
2112 yxMMV MM

xy
μμ

≥
=≥  (6) 

And can be equivalently expressed as follows: 
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To compare 1M  and 2M , we need the values of 
( )21 MMV ≥  and ( )12 MMV ≥ .    
  Step 3: The degree possibility for a convex fuzzy number 

to be greater than k convex fuzzy iM  (i=1,2,…,k) numbers 
can be defined by 
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Assume that 
.;,...,,2,1)(min)( iknkforSSVAd kii ≠=≥=′  

Then the weight vector is given by  
T

nAdAdAdW ))(),...,(),(( 21 ′′′=′  (9) 

where iA (i=1,2,…,n) are n elements. 
Step 4: The normalized weight vectors are 
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where W is a non-fuzzy number. 
Fuzzy-ANP has been used in solving many complicated 

decision- making problems. Dagdeviren et al. [27] developed 
a fuzzy-ANP model to identify faulty behavior risk in work 
system. Mikhailov and Singh [35] used fuzzy-ANP to the 
development of decision support systems. Guneri et al. [36] 
developed a fuzzy-ANP approach to shipyard location 
selection. Boran and Goztepe [37] proposed a fuzzy decision 
support system for commodity acquisition using fuzzy-ANP. 
Dagdeviren and Yuksel [38] developed a fuzzy-ANP model 
for measurement of the sectoral competition level. Yuksel 
and Dagdeviren [39] proposed a fuzzy-ANP model for 
Balanced Scorecard (BSC). In their study, BSC approach 
was integrated with fuzzy-ANP technique so as to determine 
the performance level of a business on the basis of its vision 
and strategies. Razmi et al. [40] developed a practical 
framework for enterprise resource planning (ERP) readiness 
assessment using fuzzy analytic network process.  

C.   Fuzzy-TOPSIS method 
The TOPSIS was first proposed by Hwang and Yoon. 

They developed TOPSIS based on the concept that the 
chosen alternative should have the shortest distance from the 
positive-ideal solution and the longest distance from the 
negative-ideal solution. The TOPSIS method is one of the 
useful multiple attribute decision-making (MADM) 
techniques to manage real-world problems [41]. The method 
has been widely used in the literature [42]. Furthermore, the 
TOPSIS method has been extended to deal with fuzzy 
MCDM problems [31], [33], [42], [43]. 

Establish a project risk assessment 
team

Identify the project risks

Determine the  important risks

Start fuzzy-ANP procedure using 
the important risks that were 

determined in step 1

Determine the risk criteria

Determine the fuzzy scale for the 
importance weight of criteria

Detemine the local weights of the 
criteria and sub-criteria

Calculate the global weights 

Start TOPSIS procedure using the 
weights that were calculated in step 2

Calculate FPIS and FNIS

Determine final risk ranking 

step1:
 risk identification 
and determining 

the important risks

step3: 
final risk ranking 
by fuzzy-TOPSIS

step2:  calculating 
the weights of 

criteria  by fuzzy-
ANP

Determine the interdependent 
weights

Construct the fuzzy-decision matrix

Determine the fuzzy scale for the 
rating of risks

 
Fig. 1. Proposed model for project risk assessment 
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(A6)

Risk 7
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Fig. 2. The risk ranking problem’s hierarchy 

III. PROPOSED MODEL FOR PROJECT RISK ASSESSMENT 
Probability and impact are two commonly used criteria in 

project risk management. These two risk measures describe 
risk events which means that other risk measures are not 
addressed at all [44]. However, these criteria alone do not 
sufficiently cover all aspects of project risk. Conrow [3] 
states that "it is not appropriate to discuss risk in terms of 
probability of occurrence and consequence of occurrence." 
On the other hand, MADM gives an opportunity to take 
advantage of suitable criteria in order to increase the 
precision of final risk rankings. Therefore, we proposed a 
hierarchical structure for project risk ranking. The proposed 
structure can consider dependence among the different 
criteria.  

Under many conditions, crisp data are inadequate for 
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modeling real-life situations. Human judgments, including 
preferences, are often vague. Thus, one cannot represent 
preference with an exact numerical value. A more realistic 
approach may be to use linguistic assessments. In other 
words, the ratings and weights of the criteria in the problem 
are assessed by linguistic variables [45]. Cho et al. [46] stated 
that, for those countries where objective probabilistic data for 
risk assessment is extremely rare or insufficient; the 
utilization of subjective judgmental data based on the 
experience of experts is inevitable. In such situations, fuzzy 
approaches may be very useful. Felixchan and Niraj [47] 
stated that "since the evaluation criteria are subjective and 
qualitative in nature, it is difficult for the experts and decision 
makers to express the preferences using exact numerical 
values and to provide exact pair-wise comparison 
judgments."  

 Decision making in large projects is a complicated 
process and, in most cases, the value for each criterion is 
determined carelessly by decision maker (DM). Furthermore, 
in many cases, criteria are examined by linguistic variables. 
These ambiguities necessitate the use of fuzzy MADM in the 
proposed model. In this study, in order to overcome the 
above-mentioned drawbacks, MADM methods are used 
together with fuzzy logic for project risks assessment. 

The proposed model has three main steps. First, we 
determine important project risks to be evaluated by MADM 
techniques. Then, we use ANP as a MADM technique, 
combined with fuzzy logic, for calculating weights. The 
weights that are produced by fuzzy-ANP calculations are 
used in a fuzzy-TOPSIS procedure. Finally, fuzzy-TOPSIS is 
applied to evaluate risks. This process results in a 
preference-order list of project risks. Schematic diagram of 
the proposed model for project risk assessment is provided in 
Fig. 1. In the remainder of this section, we describe each of 
main steps of the proposed model. 

A. Risk Identification and Determining the Important 
Risks 

 In order to identify risks, a decision group composed of 
different specialists is established. After identifying project 
risks, important risks that have crucial impacts on project 
objectives are selected by taking into account expert 
judgments. We use the important risks as alternatives in the 
fuzzy-ANP and fuzzy-TOPSIS procedures. Unimportant 
risks, which have low relative impacts and probabilities of 
occurrence, are not considered in MADM procedures. 

B. Calculating the Weights of Criteria by Fuzzy-ANP 
As mentioned earlier, we use a hierarchical structure for 

project risk ranking. The criteria and sub-criteria are 
determined using review of literature, interviews with 
different experts and viewpoints of managers in various 
projects.  These criteria, which are presented in Fig. 2, are 

1- Risk probability: the likelihood that each specific risk 
will occur. 

2- Risk impact: the potential effect on a project objective. 
It is divided to three sub-criteria (time, cost and quality). As 
Fig. 2 shows, these sub-criteria are dependent. The arrows 
represent the inner-dependence among the sub-criteria.   

3- Risk detection: the ease of detecting a given risk. 

4- Risk manageability: the degree of influence of control 
for a given risk. 

Then, members in the decision group are required to state 
their judgments based on their knowledge and experience 
related to each criterion and sub-criterion. In order to make a 
quantitative analysis for the criteria and sub-criteria, we use 
triangular fuzzy numbers because of their simplicity in 
modeling and their ease of interpretation. The linguistic 
comparison terms and their equivalent fuzzy numbers that 
were considered in this study are shown in Table 1. Based on 
the pair-wise comparison results, the calculation process of 
weights was developed. The suggested procedure includes 
the steps as following: 

Step1: determine the local weights of the criteria and 
sub-criteria by using pair-wise comparison matrices. In this 
stage, assume that there is no dependence among the criteria 
and sub-criteria. The pair-wise comparisons are made 
according to the triangular fuzzy conversion scale in Table 1. 
This fuzzy scale will be used in fuzzy-AHP method. As 
mentioned above, we use Chang’s method [30]. However, 
DMs may define different comparison matrices. For this 
reason, we proposed a group decision based on fuzzy-AHP to 
improve pair-wise comparisons. Assume that a decision 
group has K DMs and the fuzzy rating of each DM can be 
represented as a positive triangular fuzzy number. A good 
aggregation method should consider the range of fuzzy 
ratings for each DM, meaning that the range of aggregated 
fuzzy ratings must include the ranges of all DM fuzzy ratings 
[45]. Let fuzzy pair-wise comparison of the kth DM be 

),,(
~

ijkijkijkijk umlx = . Hence the aggregated fuzzy pair-wise 

comparison value can be calculated as ),,(
~

ijijijij umlx =  where 

}{max,1,}{min
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ijkkij
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k
ijkijijkkij uum

K
mll === ∑

=

  (11) 

Step2: determine, using fuzzy scale in Table 1, the inner 
dependence matrix of each sub-criterion with respect to the 
other sub-criteria. This inner dependence matrix is multiplied 
with the local weights of the sub-criteria to compute the 
interdependent weights of the sub-criteria. 

Step3: calculate the global weights for the sub-criteria. 
Global sub-criteria weights are computed by multiplying the 
interdependent weight of the sub-criteria with the local 
weight of the criterion to which it belongs. 

C. Final risk ranking by fuzzy-TOPSIS 
We use the fuzzy-TOPSIS method for final risk ranking. 

We briefly review the rationale of triangular fuzzy number 
before the development of fuzzy-TOPSIS as follows: 

 Definition 1. Let ),,( 321

~
aaaa =   and ),,( 321

~
bbbb = be 

two triangular fuzzy numbers, then the vertex method is 
defined to calculate the distance between them, as (12): 

])()()[(
3
1),( 2

33
2

22
2

11

~~
babababad −+−+−=   (12) 

Property 1: Assuming that ),,( 321

~
aaaa =   and 

),,( 321

~
bbbb =  are real numbers, then the distance 

measurement ),(
~~
bad is identical to the Euclidean distance 

[48]. 
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The basic operations for fuzzy triangular numbers are as 
follows [48]: 

For approximation of multiplication: 

),,( 332211

~~
babababa ×××=×  (13) 

For addition: 

),,( 332211

~~
babababa +++=+  (14) 

Given the above-mentioned fuzzy theory, the main steps of 
the proposed fuzzy-TOPSIS are presented. Suppose a fuzzy 
MCDM problem has m alternatives and n decision criteria 
(attributes). All the values (ratings) assigned to the 
alternatives, with respect to each criterion, form a fuzzy 

decision matrix denoted by nmijxX ×= )(
~~

. Let 

),...,,(
~

2

~

1

~~

nvwwW =  be the relative weight vector for the 
criteria. In this study, we use the linguistic scale for 
evaluating of the alternatives (risks). The linguistic terms and 
their equivalent triangular fuzzy numbers are shown in Table 
2 [39]. 

The normalized fuzzy decision matrix denoted by  

nmijrR ×= )(
~~

. The fuzzy linguistic rating )(
~

ijx preserve the 
property that the ranges of normalized triangular fuzzy 
numbers belong to [0,1]. Thus, there is no need for a 

normalization procedure. For this instance, the
~
D   is 

equivalent to the 
~
R  [33], [48]. Then, the fuzzy-TOPSIS 

procedure is summarized as follows: 
Step 1: calculate the weighted normalized fuzzy decision 

matrix  nmijvV ×= )(
~~

 : 

              .,...,2,1;,...,2,1.
~~~

njmirwv ijjij ===   (15) 

where jw
~

 is the weight of jth criterion. In this study jw
~

 is a 
real number that was calculated by fuzzy-ANP 
and 1

1
=∑ =

n

j jw . 

Step 2: determine the fuzzy positive ideal solution (FPIS) 
and the fuzzy negative ideal solution (FNIS): 
   )}(min),{(max}...,,{

~~
~~

2
~
1 cijibijin jvjvvvvA Ω∈Ω∈== ++++  

(16)  
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where bΩ  is associated with benefit criteria (the larger the 
rating, the greater the preference)and cΩ  is associated with 
cost criteria(the smaller the rating, the greater the 
preference). 

Max and min operations does not give triangular fuzzy 
member but it is possible to express approximated values of 
min and max as triangular fuzzy numbers. According to the 
weighted normalized fuzzy decision matrix, we know that the 

elements ijv
~

 are normalized positive triangular fuzzy 
numbers and their ranges belong to the closed interval [0, 1]. 
Thus, we can define the FPIS and FNIS as 

cjbj jvjv Ω∈=Ω∈= ++ )0,0,0(,)1,1,1( ~~   (18) 

cjbj jvjv Ω∈=Ω∈= −− )1,1,1(,)0,0,0( ~~   (19) 

Step 3: calculate separation measures. The distance of each 
alternative from the FPIS and the FNIS can be determined 

using (20) and (21). 

mivvdd jij
n
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1
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Step 4: calculate the relative closeness of each alternative 
to the ideal solution: 

.,...,1 mi
dd

dRC
ii

i
i =

+
= −+

−
  (22) 

Step 5: by comparing iRC values, rank the alternatives 
(risks). 

 

IV. CASE STUDY: A POWER PLANT PROJECT 
In this section, we study risk assessment in an Iranian 

power plant project. The government of Iran has engaged 
companies to carry out power plant projects. Due to their 
complexity and their long term operating, the projects meet 
with uncertainty and numerous risks. In this case study, the 
MAPNA (Iran Power Plants Projects Management Co.) has 
been engaged by the IPDC (Iranian Power Development 
Company) to carry out the conversion of the two existing gas 
turbines at Yazd power station to a combined cycle operation 
using waste heat recovery technology. The existing plant 
included two units with a total nominal capacity of 2x123.4 
MW. The conversion will comprise generation through one 
steam turbine for a total additional capacity of 1x160 MW. 
The waste heat from the gas turbines will be recovered 
through two HRSG boilers so that the steam turbine is served 
by two boiler units. The contract for the project is based on an 
EPC approach with the MAPNA working as the general 
contractor responsible for design, procurement, and 
construction of the combined cycle plant. Project risk 
assessment is considered based on the model proposed in 
Section III. 

In order to identify project risks, a decision group 
composed of different specialists was established. 
Information was collected in an integrated approach using 
four mechanisms: 

1- Review of similar project risk management studies in 
the literature. 

2- Review of requirements for documents and other 
program planning materials. 

3- Interviews with different power plant project experts. 
4- Review of a list of risks prepared by project and 

program managers. 
By different mechanisms, more than 100 risks were 

identified. In the next stage, risks with low impact and 
probability of occurrence were eliminated from calculations 
of fuzzy-ANP and fuzzy-TOPSIS procedures. We 
determined 10 important risks, which we refer to as A1 to 
A10, as alternatives of MADM methods. We selected three 
DMs to establish a power plant project risk ranking team. 
Each DM was asked to make pair-wise comparisons for 
criteria and sub-criteria. The pair-wise comparisons were 
made according to the triangular fuzzy conversion scale in 
Table 1. Then, aggregated pair-wise comparison values were 
obtained according to (11). The aggregated pair-wise 
comparison matrix of the criteria is given in Table 3. 
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The local weights of these criteria were calculated with 
fuzzy-AHP. The values of fuzzy synthetic extents with 
respect to the criteria were calculated as follows: 

)688.0,329.0,148.0()076.0,052.0,037.0)(9,334.6,4(1 ==CS
)535.0,278.0,123.0()076.0,052.0,037.0)(7,337.5,333.3(2 ==CS

)306.0,116.0,065.0()076.0,052.0,037.0)(4,222.2,75.1(3 ==CS  
)535.0,277.0,148.0()076.0,052.0,037.0)(7,33.5,4(4 ==CS  

For each pair-wise comparison, the minimum of the 
degrees of possibility was determined as follows: 

1}1,1,1min{),,( 4321 ==≥ CCCC SSSSV  
882.0}1,1,882.0min{),,( 4312 ==≥ CCCC SSSSV  

424.0}493.0,529.0,424.0min{),,( 4213 ==≥ CCCC SSSSV
881.0}1,999.0,881.0min{),,( 3214 ==≥ CCCC SSSSV  

These values yielded the following weights vector: 
)881.0,424.0,0882,.1(=′criteriaW  

Via normalization, the local weights of the criteria were 
determined as follows: 

)276.0,133.0,277.0,314.0(=criteriaW  
Using a similar method, the local weights of the 

sub-criteria of criterion C1 were calculated. The aggregated 
pair-wise comparison matrix of the sub-criteria and related 
local weight vector is presented in Table 4. 

In this stage, interdependent weights of the sub-criteria are 
calculated and the dependencies among the sub-criteria are 
considered. Dependence among the sub-criteria is 
determined by analyzing the impact of each sub-criterion on 
every other sub-criterion using pair-wise comparisons. The 
pair-wise comparison matrices and resulting relative 
importance weights are presented in Tables 5-7. 

Using the computed relative importance weights, the 
dependence matrix of the sub-criteria is determined. 
Interdependent weights of the sub-criteria are computed by 
multiplying the dependence matrix of the sub-criteria with 
the local weights of sub-criteria provided in Table 4. The 
interdependent weights of the sub-criteria are calculated as 
follows: 

⎥
⎥
⎥

⎦
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⎢

⎣

⎡
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⎥
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⎤

⎢
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⎢

⎣

⎡

552.0
729.0
719.0

353.0
339.0
308.0

1308.0308.0
5.01692.0
5.0692.01

 

Then, the normalized interdependent weights are 
determined as follows: 

[ ]276.0,364.0,360.0=−criteriasubW  
Significant differences are observed in the results obtained 

for the sub-criteria weights (Table 4) when the 
interdependent weights are not taken into account. The 
results change from 0.308 to 0.360, 0.339 to 0.364, and 0.353 
to 0.276 for the weight values of sub-criteria SC1, SC2 and 
SC3 respectively. 

The fuzzy-TOPSIS procedure uses the weights that were 
calculated by fuzzy-ANP. The alternatives (risks) must be 
evaluated with respect to criteria C2, C3 and C4. Moreover, 
the alternatives must be evaluated with respect to each 
sub-criterion (SC1, SC2 and SC3). We use the linguistic 
scale in Table 2 for evaluating of the alternative. Then, 
aggregated ratings of risks were obtained according to (11). 
The aggregated fuzzy decision matrix is given in Table 8. 

Then, we combined the ratings of alternatives with respect 
to sub-criteria (SC1, SC2 and SC3) and determined the 

ratings with respect to criterion C1. The ratings of the 
alternatives were used in the fuzzy-TOPSIS procedure. The 
weighted normalized fuzzy decision matrix was determined 
via (15). Next, the ranking of the risks was determined with 
(16) - (22). In this study, criteria C1 and C2 are considered 
benefits (the larger the rating, the greater the importance) and 
criteria C3 and C4 are considered as costs (the smaller the 
rating, the greater the importance). Therefore, we can define 
FPIS and FNIS as: 

)}1,1,1(),1,1,1(),0,0,0(),0,0,0{(
)}0,0,0(),0,0,0(),1,1,1(),1,1,1{(

=
=

−

+

A
A  

The fuzzy-TOPSIS results using fuzzy-ANP weights are 
presented in Table 9. The evaluation of risks shows that 
inadequate skill of staff (A7) is the most important risk. 
Among the other risks, difficulties in financing of project (A3) 
are the most important. On the other hand, A1 is the least 
important.  

In order to verify the obtained results and justify the 
proposed method, we calculated weights of the criteria (and 
sub-criteria) and ranking of the risks using 4 different 
methods. In method 1, we use the extent fuzzy-AHP for 
calculating the weights of criteria (and sub-criteria) and 
suppose that criteria (and sub-criteria) are independent. 
Moreover, in order to increasing accuracy of risks evaluation, 
we use pair-wise comparisons for evaluating risks with 
respect to criteria and sub-criteria. Information of these 
methods and the obtained weights are shown in Table 10. 
According to results of Table 10, significant differences are 
observed in the results obtained for the sub-criteria weights 
when the dependence among the sub-criteria is considered 
using ANP. For example, comparing weights of sub-criteria 
in methods 1 and 2 shows that results change from 0.308 to 
0.360, 0.339 to 0.364, and 0.353 to 0.276 for the weight 
values of sub-criteria SC1, SC2 and SC3 respectively.  

Final rankings of the risks in different methods are 
presented in Table 11. Actually, the results of Table 9 are 
obtained from method 4. As Table 11 shows, A7 is the most 
important risk in all methods except in method 2. On the 
other hand, in all methods, A1 is the least important risk. The 
last row of Table 11 shows that there are not significant 
differences between obtained rankings for the risks in 
different methods. Therefore, the results of proposed model 
in Table 9 are valid.  

 
TABLE 1: TRIANGULAR FUZZY SCALE FOR THE IMPORTANCE WEIGHT OF 

CRITERIA 

Linguistic scale Triangular 
fuzzy scale

Triangular fuzzy 
reciprocal scale

 equal (1, 1, 1) (1, 1, 1)
Weakly important (1, 2, 3) (1/3, 1/2, 1)
Strongly more important (2, 3, 4) (1/4, 1/3, 1/2)
very strongly more important (3, 4, 5) (1/5, 1/4, 1/3)
absolutely more important (4, 5, 6) (1/6, 1/5, 1/4)  

 
TABLE 2: TRIANGULAR FUZZY SCALE FOR THE RATING OF RISKS 

Linguistic scale Triangular fuzzy scale

Very low (VL) (0, 0, 0.25)
Low (L) (0, 0.25, 0.5)
Medium (M) (0.25, 0.5, 0.75)
High (H) (0.5, 0.75, 1)
Very high (VH) (0.75, 1, 1)  
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TABLE 3: AGGREGATED PAIR-WISE MATRIX OF CRITERIA 

C1 C2 C3 C4
C1 (1, 1, 1) (1, 5/3, 3) (1, 8/3, 4) (1, 1, 1)
C2 (1/3, 2/3, 1) (1, 1 ,1) (1, 8/3, 4) (1, 1, 1)
C3 (1/4, 7/18, 1) (1/4, 7/18, 1) (1, 1, 1) (1/4, 4/9, 1)
C4 (1, 1, 1) (1, 1, 1) (1, 7/3, 4) (1, 1, 1)  

 
TABLE 4: LOCAL WEIGHTS AND AGGREGATED PAIR-WISE COMPARISON 

MATRIX OF SUB-CRITERIA 

SC1 SC2 SC3 Local 
weights

SC1 (1, 1, 1) (1/3, 5/6, 1) (1/4, 17/18, 3) 0.308
SC2 (1, 4/3, 3) (1, 1, 1) (1/3, 7/6, 3) 0.339
SC3 (1/3, 11/6, 4) (1/3, 7/6, 3) (1, 1, 1) 0.353  

 
TABLE 5: THE INNER DEPENDENCE MATRIX OF THE SUB-CRITERIA WITH 

RESPECT TO SC1 

SC1 SC2 SC3
Relative 
importance 
weights

SC2 (1, 1, 1) (1,  2,  3) 0.692

SC3 (1/3, 1/2, 1) (1, 1, 1) 0.308  
 

 

V. CONCLUSIONS AND FUTURE STUDIES 
Companies have limited resources for managing all project 

risks. Therefore, they need to prioritize the important risks. In 
particular, resource will be directed to managing risks with 
higher ranking. Probability and impact are two commonly 
used criteria in project risk assessment. However, these 
criteria alone do not sufficiently cover all aspects of project 
risk. In order to overcome these drawbacks, we proposed a 
practical framework for project risk ranking. The proposed 
structure can consider dependence among the different 
criteria. We used ANP as a MADM technique, combined 
with fuzzy logic, to calculate weights. The calculated weights 
were used in a fuzzy-TOPSIS procedure for the evaluation of 
important risks. The proposed model was applied to an 
Iranian power plant project. In this case study, more than 100 
risks were identified. Next, important risks were used as 
alternatives for the fuzzy-ANP and fuzzy-TOPSIS procedure, 
and assessment results were developed. We concluded that 
inadequate skill of staff (A7) is the most important risk. 
Among the other risks, difficulties in financing of project (A3) 
are the most important. Significant differences are observed 
in the weights of sub-criteria when the dependences are 
considered. In addition, there aren't significant differences 
between rankings of risks in different methods.  

In future research, other multiple-criteria methods could be 
used to evaluate the risks of projects. Additionally, the 
proposed method could be applied to evaluating project risks 
in other sectors. Moreover, a user-friendly interface could be 
developed to speed up and simplify the calculation of weights 
and ratings. By increasing the number of criteria and 
sub-criteria, the calculations of pair-wise comparison 
matrixes are increased. Therefore, a heuristic (or 
meta-heuristic) method should be applied with fuzzy-ANP. 
Besides, proposed model includes the dependencies and 

relations among the sub-criteria. In future study, the relations 
among criteria can be analyzed via fuzzy-ANP. 

 
TABLE 6: THE INNER DEPENDENCE MATRIX OF THE SUB-CRITERIA WITH 

RESPECT TO SC2 

SC2 SC1 SC3
Relative 
importance 
weights

SC1 (1, 1, 1) (1, 2, 3) 0.692

SC3 (1/3, 1/2, 1) (1, 1, 1) 0.308  
 

TABLE 7: THE INNER DEPENDENCE MATRIX OF THE SUB-CRITERIA WITH 
RESPECT TO SC3 

SC3 SC1 SC2
Relative 
importance 
weights

SC1 (1, 1, 1) (1, 1, 1) 0.5

SC2 (1, 1, 1) (1, 1, 1) 0.5  
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TABLE 8: RISKS EVALUATION WITH RESPECT TO CRITERIA AND 

SUB-CRITERIA 
SC1 SC2 SC3 C2 C3 C4

A1 (0, 0.17,  0.5) (0, 0.17, 0.5) (0, 0.17, 0.5) (0.5, 0.75, 1) (0.5, 0.83, 1) (0.25, 0.75, 1)

A2 (0.25, 0.5, 0.75) (0, 0.25, 0.5) (0, 0.08, 0.5) (0.5, 0.83, 1) (0.25, 0.67, 1) (0, 0.42, 0.75)

A3 (0.5, 0.83, 1) (0, 0.42, 0.75) (0, 0.25, 0.75) (0.5, 0.92, 1) (0.25, 0.5, 0.75) (0, 0.25, 0.5)

A4 (0.25, 0.58, 1) (0, 0.42, 0.75) (0, 0.17, 0.5) (0.25, 0.58, 1) (0.25, 0.58, 1) (0.25, 0.5, 0.75)

A5 (0.25, 0.5, 0.75) (0, 0.33, 0.75) (0, 0.17, 0.5) (0.25, 0.58, 1) (0.5, 0.83, 1) (0.25, 0.5, 0.75)

A6 (0.5, 0.75, 1) (0.25, 0.67, 1) (0.25, 0.67, 1) (0.5, 0.75, 1) (0.25, 0.58, 1) (0, 0.42, 0.75)

A7 (0.25, 0.67, 1) (0.25, 0.67, 1) (0.5, 0.83,1) (0.5, 0.83, 1) (0, 0.33, 0.75) (0, 0.25, 0.5)

A8 (0.25, 0.5, 0.75) (0.25, 0.58, 1) (0.25, 0. 67, 1) (0.5, 0.75, 1) (0.5, 0.75, 1) (0, 0.42, 0.75)

A9 (0.25, 0.67, 1) (0, 0.33, 0.75) (0, 0.33, 0.75) (0.25, 0.75, 1) (0.25, 0.58, 1) (0.25, 0.58, 1)

A10 (0.25, 0.5, 0.75) (0, 0.42, 0.75) (0, 0.17, 0.5) (0.25, 0.67,1) (0.25, 0.67, 1) (0, 0.17, 0.5)  
 

TABLE 9: FINAL RANKING OF THE RISKS 

Risks Description Ranking

A1 Delay in delivering of ground 2.026 2.019 0.499 10
A2 Delay in providing utilities on site( such as, water, electricity, telephone, etc.) 1.909 2.145 0.529 6
A3 Difficulties in financing the project 1.774 2.269 0.561 2
A4 Delay in providing design information 1.937 2.121 0.523 7
A5 Delay in procuring  equipment 1.968 2.079 0.514 9
A6 Inaccurate  estimation of duration and cost 1.804 2.250 0.555 3
A7 Inadequate skill of staff 1.722 2.327 0.575 1
A8 Conflicts between equipment and design documents 1.848 2.202 0.544 4
A9 Improper financial management by contractor 1.950 2.123 0.521 8

A10 Weather conditions 1.879 2.184 0.538 5

+
id −

id iRC

 
 

TABLE 10: RESULTED WEIGHTS FROM DIFFERENT METHODS FOR CRITERIA 
AND SUB-CRITERIA 

Method 
number

Method for calculating weights of 
criteria and sub-criteria 

Method for data 
gathering of risks 
evaluation

Risks ranking 
method Weights of criteria Weights of sub-criteria

1 Fuzzy-AHP based on extent analysis Pair-wise comparison TOPSIS (0.314, 0.277, 0.133, 0.276) (0.308, 0.339, 0.353)

2 Fuzzy-ANP based on extent analysis Pair-wise comparison  TOPSIS

(0.314, 0.277, 0.133, 0.276)

(0.314, 0.277, 0.133, 0.276)

4 Fuzzy-ANP based on extent analysis Direct evaluation Fuzzy-TOPSIS

3 Fuzzy-AHP based on extent analysis Direct evaluation Fuzzy-TOPSIS

(0.360, 0.364, 0.276)

(0.314, 0.277, 0.133, 0.276) (0.308, 0.339, 0.353)

(0.360, 0.364, 0.276)
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TABLE 11: FINAL RANKING OF THE RISKS IN DIFFERENT METHODS 
Method 
number A1 A2 A3 A4 A5 A6 A7 A8 A9 A10

RC i 0.087 0.359 0.620 0.373 0.320 0.564 0.640 0.513 0.365 0.542
Ranking 10 8 2 6 9 3 1 5 7 4
RC i 0.084 0.371 0.667 0.378 0.340 0.537 0.627 0.504 0.397 0.542
Ranking 10 8 1 7 9 4 2 5 6 3
RC i 0.499 0.528 0.559 0.521 0.512 0.555 0.575 0.544 0.520 0.536
Ranking 10 6 2 7 9 3 1 4 8 5
RC i 0.499 0.529 0.561 0.523 0.514 0.555 0.575 0.544 0.521 0.538
Ranking 10 6 2 7 9 3 1 4 8 5

0 2 1 1 0 1 1 1 2 2

4

1

Difference between max 
and min rankings

2

3
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