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Abstract. Risk assessment is one of the most important factors in achieving success in public-private partnership (PPP) 
projects. Some relationships between risks in freeway projects have been established. The occurrence of each risk can 
worsen the effects of others such as a negative impact of financial risks on construction risks. This paper is aimed at 
prioritizing significant risks in freeway PPP projects applying a fuzzy analytic network process (FANP) method for over-
coming the problems of interdependencies and feedback among different risk-ranking alternatives. Data on the study 
have been collected through a literature review, an interview and a questionnaire survey distributed to experts in the field 
of freeway PPP projects. The obtained results have shown that financial, legal and political risks are the most significant 
groups, although improper design, changes in the value of granted lands and the termination of concession are the most 
important risks. The findings help with strengthening the capabilities of developing countries for risk management in 
freeway PPP projects. 
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Introduction

In recent years, an increased interest in developing coun-
tries regarding cooperation among public and private sec-
tors to develop and operate infrastructure projects such 
as transportation, water, electrical power, telecommuni-
cations and sports facilities in particular has been ob-
served (Heravi, Hajihosseini 2011; Li, Zou 2011; Tserng 
et al. 2014; Xu et al. 2014). Public-private partnership 
(PPP) projects are normally implemented to secure pub-
lic projects through private investment (Xu et al. 2010); 
yet, serious shortages of experience, a paucity of rele-
vant studies and complex PPP agreements in develop-
ing countries can be noticed (Heravi, Hajihosseini 2011). 
Construction delays and cost overrun are important is-
sues of infrastructure projects (Rajan et al. 2013). Some 
global PPP projects such as the Betuwe Railway in Neth-
erlands (Ng, Loosemore 2007), a project of the railway 
in Sydney (Zhang 2005), Malaysian Privatized National 
Sewerage project, Parkeerschap Den Bosch, the Sydney 
AirportLink, the Sydney Cross City Tunnel, the 9th Wa-
ter Plant in Shen Yang, the 4th Min Jiang River Bridge 
in Fuzhou City and the Hou Shi power plant in Zhang 

Zhou City have been reported to be unsuccessful (Li, Zou 
2011). The failures of the project are mostly due to in-
sufficient project management as well as because of the 
innate features of construction projects (Ribeiro et al. 
2013). There are many potential risks in the process of 
PPP projects due to large investment, a long contractual 
concession period and complex technology (Heravi, Haji-
hosseini 2011). In this regard, international contractors 
are experiencing more serious political risks (Deng et al. 
2014). Potential risks often lead to large losses on pro-
ject stockholders (Li, Zou 2011). Delmon (2000) stated 
that the impact of risks in completing a PPP project was 
significant because those risks could be described as un-
certain events that had a negative effect on the objectives 
of the project and involved cost, time, quality and scope.  

Since the PPP scheme has been adopted worldwide, 
numerous studies have been conducted to identify factors 
having a critical influence on the success of PPP projects 
(Xu et al. 2012; Chou et al. 2013; Berner et al. 2014; 
Yun et al. 2015). Berner et al. (2014) presented an arti-
cle discussing the primary results of “Risk Assessment 
of PPP contracts”. The fundamentals of risk management 



934 A. Valipour et al. A fuzzy analytic network process method for risk prioritization in freeway ppp projects...

as well as a developed risk-checklist are discussed in de-
tail. This checklist enables to identify and assess project-
related risks quickly and efficiently as well as to ulti-
mately control the introduced risks in a precise manner. 
Ke et al. (2012) examine risk management practice in 
PPP projects in China. The other objectives of this study 
include the identification of the factors limiting the ap-
plication of risk management theories, and the introduc-
tion of measures for improving the practice of the project 
on risk management. The absence of a risk management 
culture was found to be the dominant factor that limited 
the implementation of risk management in practice. Xu 
et al. (2012) present the third stage of a funded study 
aimed at developing a practical and computerized risk 
evaluation model for PPP projects. At the first and sec-
ond stages, a risk hierarchal structure composed of 17 
weighted risk factors has been developed to describe 
risk profiles of PPP projects that usually involve more 
risks than other traditional procurement models because 
of their complexity. The shortage of comprehensive risk 
assessment is one of the dominant factors that contribute 
to the failure of PPP projects (Li, Zou 2011). Reducing 
the probability of project failure is one of the targets of 
the project on risk management (Teller et al. 2014). Risk 
assessment is a vital component of the risk management 
process. According to the previous studies, a reliable risk 
assessment model is essential to ensure the success of 
PPP projects (Xu et al. 2010). The aim of this study is to 
propose the fuzzy analytical network process (FANP) as 
a risk prioritization method for simulating the ambiguity 
of human judgment and developing a risk prioritization 
accuracy technique associated with PPP freeway projects 
in IRAN. It is believed that this research study can shed 
light on managing freeway PPP risks in IRAN and devel-
oping countries. The findings of this study can be applied 
through the Government to enhance the risk prioritization 
process that may encourage the participation of private 
sectors through better risk assessment. The results of the 
carried out research can help project owners, contractors 
and subcontractors in better risk management, cost and 
time savings and improvement in the overall quality of 
freeway PPP projects, particularly in developing coun-
tries.

1. Literature review

In recent years, risk studies on the PPP project have 
gained attention among researchers and industry deci-
sion-makers. For example, fuzzy-AHP-based risk as-
sessment and a fuzzy synthetic evaluation approach to 
PPP projects were established to assess risk factors in 
the PPP expressway project in China (Li, Zou 2011; Xu 
et al. 2010). Mousavi et al. (2011) also developed a risk 
assessment model for highway projects using the jack-
knife technique. In addition, the use of the ANP to evalu-
ate risk has been practiced by Tang et al. (2011) on urban 
rail transit projects in China and by Valipour et al. (2013) 

on a gas refinery EPC in Iran. Yu and Lee (2012) also 
proposed a conflict–risk assessment model for an urban 
regeneration project based on the fuzzy-failure mode and 
effect analysis (Fuzzy-FMEA). The above mentioned lit-
erature clearly attests the importance of risk assessment 
in the execution of PPP projects. 

Risks in construction PPP projects are various 
and complex, because each risk is mutually independ-
ent and bear a reciprocal influence on other risks (APM 
2004; Bu-Qammaz et al. 2009; Nasirzadeh et al. 2008; 
Shrestha 2011). Certain risks are inherent in all construc-
tion projects and are faced by all parties involved in the 
project – owners, contractors, designers, suppliers, etc. 
(Peckiene et al. 2013). Construction projects can be ex-
tremely complex and fraught with uncertainty. Risk and 
uncertainty can potentially have damaging consequences 
for construction projects. For example, changes in leg-
islation can result in the alteration of regulatory laws, 
protectionism policy and influence on political decision 
making that may also lead to changes in legislation. In 
this regard, the Port of Miami Tunnel (POMT) project is 
a good example that remained at the planning stages for 
two decades due to insufficient support at the state level 
(Shrestha 2011). Another example is the Act of God risk 
that is a risk of uncertain activities having adverse im-
pacts on construction. This could also cause damage to 
equipment, affect labor during construction and initiate 
delays and cost overrun. 

All above introduced along with a number of other 
examples indicate that lack of evaluating relationships 
and feedback among risks on project objectives is one of 
the reasons behind the weak accuracy of risk assessment 
and risk analysis of construction projects and PPP pro-
jects (Nasirzadeh et al. 2008; Tang et al. 2011; Peckiene 
et al. 2013; Turskis et al. 2012). To support this, Zegordi 
et al. (2012) developed a FANP-TOPSIS method for the 
risk assessment of EPC power plant project risks in Iran 
focusing on dependency and feedback among different 
criteria for risk assessment such as probability and im-
pact. However, the final ranking of risk in this study does 
not consider the relationships among risks or feedback. In 
addition, the proposed model can simultaneously assess 
more than 10 risks. Poh and Tah (2006) used influence 
networks to capture interdependencies among the factors 
affecting the duration and cost of construction activity. 
Nasirzadeh et al. (2008) also investigated the System 
Dynamic (SD) method for risk analysis with a focus on 
addressing interdependencies and feedback among risk 
factors. The SD risk assessment method can be complex 
and have limitations because of the complexity of simula-
tion modeling. The quantification of mathematical equa-
tions has been formulated to represent the dependencies 
of each risk, and therefore has been required for a long 
time. If a project is carried out in a new setting and en-
vironment, managers might fall short of such data. How-
ever, the SD method can evaluate risks but ranking them 
cannot be performed applying this method. Also, many 
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problems are ill-defined and imprecise, and the fact is that 
these methods fail to address. Such techniques have not 
considered interdependencies and feedback among risks 
in order to achieve a group of prioritized risks. 

It is to be noted that the analytic network process 
(ANP) can handle the problems of interdependencies and 
feedback among various risk rankings and is a reliable 
technique for measuring the level of risk (Bu-Qammaz 
et al. 2009). Regardless of the advantages of the ANP 
method, Razmi et al. (2009) implied the pairwise com-
parison stage as an ANP disadvantage. Due to the uncer-
tainty and vagueness of the judgments made by decision 
makers, a crisp pairwise comparison in the traditional 
ANP appears to be insufficient and too imprecise to catch 
proper judgments associated with decision makers. Ad-
ditionally, subjectivities and substantial uncertainties in 
risk assessment practice have affected the applicability 
of several risk assessment methods (Baloi, Price 2003). 

Notably, the use of a fuzzy set concept in risk as-
sessment permits qualitative risk assessment explanations 
to be modelled mathematically. Linguistic terms for in-
stance, high probability, a minor impact or low risk can-
not be defined meaningfully with an exact single value. 
The fuzzy set theory supplies a means through which 
these terms could be formally defined in mathematical 
logic (Carr, Tah 2001). It permits assessors to quantify 
incorporate vagueness and imprecise information in the 
assessment. Attempts have been made to exploit fuzzy 
logic in the risk assessment domain. 

Thus, this study introduces a fuzzy logic in the 
pairwise comparison of the ANP to make up this defi-
ciency in the conventional ANP, called the fuzzy ANP. 
This study proposes the fuzzy analytical network process 
(FANP) as a risk prioritization technique with a focus on 
providing feedback and interdependencies among risks 
and on simulating the ambiguity of human judgment thus 
bridging these gaps in risk-ranking methods for freeway 
PPP projects.

2. Research method 

To identify risk factors in PPP projects, data on this study 
were primarily obtained through a comprehensive liter-
ature review. The questionnaire survey and interviews 
were conducted as secondary resources to achieve the 
objectives such as to identify and prioritize important 
risks found in Iranian PPP projects. An expert Delphi 
team was then organized to support the questionnaire 
survey. In the first round of the survey, the respondents 
were first requested to assign the estimated probability 
of occurrence based on a nine-point scale (Chang scale). 
Second, they had to estimate the impact of the described 
risk on a scale from 1 to 9 and add any new additional 
risk factors that were not included in Round 1 of the sur-
vey. As for Round 2, the respondents were provided with 
consolidated results from Round 1 and were invited to 
reconsider their scores to see if they would like to adjust 
their original choice.

For this study, 50 experts from Iran, including pro-
ject managers, estimating managers, main contractors, 
quantity surveying managers, subcontractors and tech-
nical directors were selected. The experts participated 
in Tehran-Qom Highway, Tehran-Saveh Freeway, Se-
vad Kooh RD, Tehran–Isfahan Highway, Isfahan–Shiraz 
freeway and Turkmenistan–Mashhad–Mazandaran Pro-
ject. They all had over five years of experience in PPP 
projects and were mostly at top managerial levels. The 
respondents had to meet two criteria before being invited 
to participate in the survey; first, to have extensive work 
experience within the construction industry of Iran, and 
second, to be involved in the management of PPP projects 
or have gained an in-depth knowledge of the PPP model 
through research. Table 1 shows the background informa-
tion of the respondents: 58.2% of those came from the 
private sector, 32.6% – from the public sector and the 
rest – mainly comprised of the selected researchers and 
academics. Furthermore, nearly 63% of the respondents 
had industrial experience between 5–10 years.

Table 1. Background information on the selected experts

Role of the respondents
Sector Public Private Academic

Percentage 32.6 58.2 9.2
Position

Category Project 
manager

Estimating 
manager

Main 
contractor

Quantitysurveying 
manager

Sub
contractor

Technical
director

Number 10 8 11 7 6 8
Type of PPP projects the surveyed respondents have been involved

Category Transport Water Treatment Electrical Power
Number 36 6 8

Industrial experience of the respondents
Years Five or below 5–10 11–15 Above 16

Percentage 0 62.5 20.4 17.1
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The flow of the research methodology for this study 
is schematically shown in Figure 1. The following sec-
tions describe the methods applied at each stage.

2.1. Mean index
According to qualitative methods and research question-
naire, the participants were required to individually reveal 
the level of the frequency of the risk event and the degree 
of risk impact. In this regard, mean analysis was used 
for determining the mean of frequency and risk impact. 
Mean can be calculated using SPSS according to the for-
mula below (Alireza et al. 2013): 

 ,
i ia x

Mean Index
N

=
∑

 (1) 

where: ai  – the constant expressing the weight to each 
response (1 to 5).

Discrepancies in the expression for calculating the 
severity index, where X0 should be X1 = frequency of 

a “not effective” response and correspond to a1 =1, not 
a2 = 0; X2 = the frequency of a “moderately effective” 
response in which the term “moderately” was excluded; 
xi = the frequency of the response; N = the total number 
of responses.

The mean results of frequency and risk impact were 
then used for calculating the risk score.

2.2. Risk analysis matrix
A risk analysis matrix is really a quantitative method that 
uses a subjective evaluation table of low, medium and 
high indications to demonstrate the amount of every type 
of the above mentioned risk. Risk scores are determined 
by multiplying the mean of frequency and the mean of 
risk impact shown as follows (Alireza et al. 2013):  

 .r rRisk Score F I= ×  (2)

In this formula, Fr is the mean of the frequency of 
risk occurrence and Ir is the mean of risk impact. The 
respondents are presented with referenece to a scale to 

Fig. 1. Schematic illustration of research methodology
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rate the provided statements based on how frequently risk 
occurs and considering its impact using the 5-point Likert 
Scale that includes a continuum (minimum to maximum) 
in the direction of a particular statement that helps with 
recognizing the outcome. This rating system is applied 
to the frequency levels of PPP project risk occurrence 
and the impact level of PPP risk (see Tables from 2 to 4). 
Consequently, a list of the major risks in Iranian freeway 
PPPs is the core objective of this step.

Table 2. Five-point Likert scale for the frequency level of PPP

Scale Indication
1 Very low frequency
2 Low frequency
3 Moderate Frequency
4 High Frequency
5 Very High Frequency

Table 3. Five-point Likert scale for the impact level of PPP 
Risk

Scale Indication
1 Insignificant
2 Minor
3 Moderate
4 Major
5 Sever

Table 4. Risk analysis matrix

Frequency Risk Impact

1

Insigni-
ficant

Minor Moderate Major Severe

2 3 4 5
Very High 5 5 10 15 20 25
High 4 4 8 12 16 20
Moderate 3 3 6 9 12 15
Low 2 2 4 6 8 10
Very low 1 1 2 3 4 5
Score: 1–4: Low; 5–14: Medium; 15–25: High

2.3. Analytic network process 
The analytic network process (ANP) is a generic form of 
an analytic hierarchy process (AHP) developed by Saaty 
and Vargas (2006) to solve complex decision-making 
problems. The ANP has been acknowledged as a pow-
erful method for determining complex interrelationships 
and incorporating feedback among decision levels and 
attributes. This method is mainly used for defining the 
relationship between the clusters of the elements that in-
fluence each other and are influenced by the elements 
in other clusters. In fact, the ANP enables researchers to 
analyze influences separately depending on many fac-
tors and then combines them in a single result (Ayağ, 
Özdemir 2007; Chan et al. 2008). Shafieezadeh and  

Hajfataliha (2009) declared that the ANP was the most 
accurate method for modelling complex decision-making 
problems. According to Rabbani et al. (2014), the ANP-
based decision analysis approach can measure all tangi-
ble and intangible criteria for the model; the ANP is a 
relatively simple, intuitive approach that can be accepted 
by managers and other decision-makers; the ANP allows 
for more complex relationship among decision levels 
and attributes as it does not require a strict hierarchical 
structure, and the ANP is more adapted with real world 
problems.  

The ANP comprises two parts (Azizi, Modarres 
2007). The first one contains a control hierarchy or a net-
work relative to the goal, criteria and subcriteria that gov-
ern interactions in the process. The second embraces an 
influence network among the elements and the clusters. 
The decision network includes the clusters, elements and 
links. There are relevant elements within a network or 
subnetwork in a cluster. The clusters with their elements 
are determined considering each control criterion. In-
ner and outer dependencies in the ANP can be observed. 
Interactions and feedback within the clusters are called 
inner dependencies while interactions and feedback be-
tween the clusters are called outer dependencies (Saaty 
1996).  

In the ANP, pairwise comparison judgments can be 
used for determining relevant importance and dominance 
among the elements and components. The ANP uses 
Saaty’s nine-point scale (1–9) to match the AHP (Wu 
et al. 2008). Each number in the comparison matrix is 
used for exposing an subjective opinion and the experi-
ence of a participatant (Bayazit 2006). The respondent can 
verbally indicate his/her preference between each pair of 
the elements. The supermatrix is developed to handle de-
pendencies among the clusters and elements by comput-
ing composite weights. However, a decision-maker may 
misinterpret opinions and may be uncertain in dedicating 
the evaluation to a different number. Uncertainty may ex-
ist as a result of incomplete information, inaccurate in-
formation, and partial ignorance (Cheng, Tang 2009; Wu 
et al. 2008). Hence, AHP and ANP methods might fail 
to adequately handle associated ambiguities and inherent 
uncertainty with mapping the decision-maker’s concept 
to the exact numbers (Vahidnia et al. 2008).  

2.4. Fuzzy ANP
Zadeh (1976) introduced the fuzzy set theory to deal 
with problems regarding the explanation of activities and 
perceptions, and judgments are intellectually ambiguous 
(Kaur, Mahanti 2008; Zadeh 1976). The fuzzy set theory 
can be classified into five branches: fuzzy set mathemat-
ics, fuzzy logic and artificial intelligence, fuzzy systems, 
uncertainty and information and fuzzy decision making. 
The main contribution of the fuzzy set theory is its ability 
to display vague data. Despite fuzzy logic having many 
complex operations, it has many practical applications. 
Triangular and trapezoidal fuzzy numbers are often used 
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in applications because of their calculation simplicity and 
usefulness in information processing and promoting pres-
entation in a fuzzy environment (Ertuğrul, Karakaşoğlu 
2009). A triangular fuzzy number is described by three 
real numbers: l, m and u. These parameters denote the 
smallest possible value, the most promising value and 
the largest possible value respectively. For example, in 
a pairwise comparison, a decision maker supplies a crisp 
number X; thus, we can “fuzzify” the crisp number of 
triangular fuzzy numbers. The fuzzy set theory has been 
successfully compounded in the ANP by using a fuzzy 
ratio in the pairwise comparison rather than a crisp ratio 
as in Saaty’s nine-point scale.  

According to the ANP method, the fuzzy ANP 
(FANP) has a number of advantages. The FANP method 
uses a linguistic scale that helps an expert or decision 
maker in preparing a more flexible method for reaching a 
conclusion. Because the FANP is a comprehensive, multi-
purpose decision method, the previous research has used 
the FANP for solving many complex decision-making 
problems. FANP utilization in risk assessment and deci-
sion support systems of diverse areas can be referred to 
in Mikhailov and Singh Madan (2003), Dağdeviren and 
Yüksel (2010), Eshtehardian et al. (2013) and Shafiee 
(2015). 

2.5. FANP model based on Chang’s method
The FANP has been widely employed for calculating pri-
ority weights from fuzzy comparison matrices, because 
it is relatively simpler than other FAHP methods. For 
instance, Guneri et al. (2009) used the FANP approach 
for selecting a shipyard location by incorporating the ex-
tent analysis method as introduced by Chang (1996). Let  
X = {x1, x2, …, xn} be an object set and U = {u1, u2, …, 
un} be a goal  set. According to the method of Chang’s 
extent analysis, each object is taken and an extent analy-
sis of each goal (gi) is performed. Thus, m, the extent 
analysis values of each object, can be obtained with the 
following signs:

 1 2, , ..., , 1, 2, ... ,
i i i

m
g g gM M M i n=  (3)

where ( 1, 2, ..., )
i

j
gM j m=  whereby all are triangular

fuzzy numbers. Here, the steps of the Chang’s extent 
analysis method are provided.

Step 1. The value of fuzzy synthetic extent, with 
respect to the ith object, is defined as:

 1

1 1 1
.

i i

m n m
j j

i g g
j i j

S M M
−

= = =

 
= ⊗  

  
∑ ∑∑  (4)

To obtain 
1

i

m
j

g
j

M
=
∑  the fuzzy addition operation of m

extent analysis values of a particular matrix is performed 
as:

 

1 1 1 1
, ,

i

m m m m
j

j j jg
j j j j

M l m u
= = = =

 
 =
 
 

∑ ∑ ∑ ∑ .
 

(5)
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1

1 1
i

n m
j

g
i j

M
−

= =

 
 
  
∑∑ , the fuzzy additional

operation of ( 1, 2, ..., )
i

j
gM j m=  values are performed 

as:
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 
=   
 

∑∑ ∑ ∑ ∑ . (6)

Then, compute the inverse of the vector in Eqn (4) such 
that:

 1

1 1

1 1 1

1 1 1, ,
i

n m
j

g n n n
i j

i i i
i i i

M
u m l

−

= =

= = =

 
    =        
 

∑∑
∑ ∑ ∑

. (7)

Step 2. The degree of possibility of M2 = (l2, m2, u2) 
≥ M1= (l1, m1, u1) is defined as:

 
1 22 1( ) sup min( ( ), ( ))y x M MV M M x yµ µ≥  ≥ =    (8)

and can be equivalently expressed as follows:

 22 1 1 2( ) ( ) ( )MV M M hgt M M dµ≥ = ∩ = =   
 

2 1

1 2

1 2

2 2 1 1

1                                      if  m
0                                     if   l

     otherwise,
( ) ( )

m
u

l u
m u m l

≥
 ≥

 −

− − −

 

(9)

where d is the ordinate of the highest intersection point D 
between mm1 

and mm2
. To compare M1 and M2, we need

both the values of V (M1 ≥ M2) and V (M2 ≥ M1).
Step 3. The degree of the possibility of a convex 

fuzzy number to be greater than k convex fuzzy numbers, 
Mi(i = 1, 2, …, k) can be defined by: 

 V(M ≥ M1, M2,…,MK) = V[(M ≥M1) and (M ≥M2) 
and,… 

 (M ≥ MK)= min V(M ≥ Mi),  i = 1, 2, …, k. (10)

Assume that d’(Ai) = min V(Si ≥SK). For k =1, 2, …, n; 
k ≠ I . Then, the weight vector is given by:

 W’ = (d’(A1), d’(A2), …, d’(An))T, (11)

where: Ai are n elements.
Step 4. The normalized weight vectors are:

 

1

( )
( )

( )

i
i n

i
i

d A
d A

d A
=

′
=

′∑
; (12)
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 1 2( ( ), ( ),..., ( ))T
nW d A d A d A= , (13)

where W is a non-fuzzy number.

3. Case study on risk prioritization in the Iranian 
freeway PPP project
3.1. Case study debriefing 
The development of a road network is extremely impor-
tant in Iran as a developing country with diverse geo-
graphical conditions. The Iranian government is interested 
in seeking private investment to build and maintain road 
networks via a PPP agreement. According to the proposed 
model, the process of risk prioritization of Isfahan–Shi-
raz freeway project in Iran is studied in this section. The 
project was launched in 2010 by a private-sector entity 
through the PPP agreement. Isfahan–Shiraz freeway is 
currently being built in order to shorten the distance be-
tween these two historic and tourist towns (Isfahan–Shi-
raz) to the extent of 140 km, reduce the travel time to 
1.5 hours, decrease fuel consumption by 136 million lit-
ers per year and reduce accidents on the road. The Iranian 
civilization, road construction company and Mollalmova-
hedin financial institution were designated as the private 
sector entity via a BOT agreement and provides 50% of 
the total capitalization of the project by these companies. 
The project includes a total length of 210 km, 2 lanes, 
700 small bridges and 15 large bridges and 6200 meters 
of tunnels. At present, the cost of the project is estimated 
at more than US$ 2 billion. 

The following step is a comparison of risk prioriti-
zation between finding this study in compliance with the 
actual findings from the previous researches (Ghorbani 
et al. 2014; Mousavi et al. 2011; Heravi, Hajihosseini 
2011). In terms of the common prioritization of top 10 
risks between this study and Ghorbani et al. (2014), there 
are 7 that received the same prioritization between these 
2 studies: ‘inflation risk (r12)’, ‘limited capital (r16)’, ‘im-
proper design (r21)’, ‘inadequate study and insufficient 
data (r23)’, ‘change in the value of granted lands due to 
development (r11)’, ‘termination of concession by the 
Government (r31)’ and ‘financial problems due to envi-
ronmental protection (r14)’. Also, there are 5 and 8 com-
mon prioritizations of top 10 risks between this study, 
according to Mousavi et al. (2011) and Heravi and Haji-
hosseini (2011), respectively. These common risks in-
cluded ‘severe weather (r71)’, ‘delay in resolving contrac-
tual dispute (r22)’, ‘improper design (r21)’, ‘inadequate 
study and insufficient data (r23)’, ‘financial problems due 
to environmental protection (r14)’, ‘limited capital (r16)’, 
‘inflation risk (r12)’ and ‘change in the value of granted 
lands due to inflation (r13)’.  

3.2. Risk identification and classification of important 
risks 
Risk identification is the first step in risk management 
procedures. In order to identify risk factors in the select-

ed study, a decision-making group comprising a project 
manager, designer, project stakeholder and PPP project 
contractor was established. The primary result of this step 
was to genarete a list of possible important risks. Data 
were collected through the previous studies on PPP high-
way projects (Ebrahimnejad et al. 2010; Heravi, Hajihos-
seini 2011; Karim, Alkaf 2011; Li, Zou 2011; Mousavi 
et al. 2011; Xu et al. 2010; Alireza et al. 2013). As a 
result, 81 risks were identified. 

Data collection was also based on a comprehensive 
set of a questionnaire and interview sessions involving 
different PPP experts as shown in Table 1 and a docu-
ment review. Data were collected through questionnaires 
distributed using email and in person amongst a sample 
of public and private sectors in Iranian freeway PPP proj-
ects. A total of 150 questionnaire forms were distributed 
to the respondents. In the end, 82 valid questionnaires, 
including 42 from the private sector and 40 from the 
public sector, were obtained for this study. Based on the 
survey outcomes, a mean score was computed for each 
project based on the related risk frequency and risk im-
pact. These risks were then ranked according to risk score 
and the risk analysis matrix (scales 1–25). As a result, 27 
important risks were identified in the project. Figure 2 
shows the frequency-impact matrix and Table 5 – 27 sig-
nificant risks in freeway PPP projects.

Risk breakdown structure (RBS) was then applied to 
classify risks based on the risk resource and an impact on 
the project. While applying RBS, 27 risks were classified 
according to the source of their creators (project manag-
ers, designers, key project stakeholders and a contrac-
tor) to determine when the impact might occur in the life 
cycle of the project. A total of 27 important risks with a 
high probability of occurrence were identified, which had 
a critical impact on the objectives of the project, includ-
ing time, cost and quality. The received 27 risks were 
then grouped into seven categories by expert judgments 
with the help of the Delphi method for the project, as 
shown in Table 5.

3.3. Creating a risk network structure
 After the identification and categorization of important 
risks, a network structure was constructed to create mu-
tual influence among risk factors based on risk assess-

Fig. 2. Frequency-impact matrix
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ment by five freeway project experts that were selected 
considering longer than 10 years experience (Section 2, 
Table 1). For assessing risk in this structure, outer de-
pendency among different groups and inner dependency 
within each group of risks were noticed. A comparison 
of the indirect dominance of factors in factor set Ri was 
carried out according to their influence on rij considering 
factor set Ri (i = 1, 2, ..., 7) as the primary standard and 
factor set rj (j = 1, 2, ..., 7) as a secondary standard to 
construct a judgment matrix. The ANP network process 
of risk factors is shown in Figure 3.  

3.4. Pairwise comparison matrices among risk groups 
and risk factors
The next step was to conduct pairwise comparison ma-
trices in Microsoft Excel to solve the FANP matrix. This 
was followed by the construction of a hierarchical net-
work structure of pairwise comparison matrices to evalu-
ate the respective importance of various risk groups and 
various risk factors within the same groups. The question 
was asked by the expert team as mentioned in Section 2 
to compare each risk group and risk factor with attention 
to their impact on the objective of the project, including 
time, cost, quality, the probabilities of the occurrence of 
each risk and risk coupling in freeway projects. 

The interdependence matrix of each risk factor had 
to be determined relatively to other risk factors based on 
the used fuzzy scales based on the Chang’s fuzzy AHP 
method (Chang 1996). A triangular fuzzy number was 
inserted in the related Microsoft Excel sheet according to 
the result received from this linguistic scale. All average 
comparisons obtained from expert answers were solved 
using Microsoft Excel. The received average answers 
were keyed into the version (2.2.6) of Super Decision 
software to calculate the consistency of pairwise com-
parison matrices. The value of consistency ratio (CR) was 
used for checking consistency according to the pairwise 
comparison. If the consistency value of CR was less than 
0.1, it would be evident that such a pairwise compari-
son matrix contained satisfactory consistency. In the case 
sample, pairwise comparisons were seen to be consistent. 
Otherwise, evaluation should be considered by an expert 
team. Tables 6 and 7 show a pairwise comparison matrix 
of a change in market demand between the groups of 
market risks and a pairwise comparison matrix between 
the groups of risks, respectively.

The data keyed into the Microsoft Excel sheet had to 
include related importance in order to take into account 
relative weights (Kahraman et al. 2006). Data that were 
keyed into the matrixes were extended to solve FANP 
matrices, which provided normalized weight vectors (W). 

Table 5. Important risks in the Iranian freeway PPP project 
(Isfahan–Shiraz)

Risk groups Types of risks
R1: Financial r11: Change in the value of granted lands 

due to development
r12: Inflation risk
r13: Change in the  value of granted lands 

due to inflation
r14: Financial problems due to 

environmental protection
r15: Need for land appraisal 
r16: Limited capital

R2: Legal r21: Improper design
r22: Delay in resolving a contractual 

dispute
r23: Inadequate study and insufficient 

data
r24: Need for environmental approval
r25: Ownership assets
r26: Lack of a standard model for PPP 

agreements
r27: Need for land acquisitions

R3: Political r31: Termination of concession by the 
Government

r32: Change in law
r33: Influential economic events
r34: Sanction

R4: Market r41: Change in market demand 
r42: Tariff change
r43: Insufficient income
r44: Competition

R5: Operation r51: Operator default
r52: Operation cost-overruns
r53: High maintenance costs

R6: Organization 
and coordination

r61: Coordination risk
r62: Organization risk

R7: Force 
majeure

r71: Severe weather, war, natural disasters

Fig. 3. The ANP network process of risk factors
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Vector W was a non-fuzzy number, and the normalized W 
of risk factors was calculated using the Chang’s method 
(1996). The values of fuzzy synthetic extents with respect 
to the criteria were calculated as follows:

Sr42 = (3, 4, 5) ⊗ (0.0779, 0.1, 0.125) =  
(0.233, 0.4, 0.627);   

Sr43 = (2.9, 3.5, 4.167) ⊗ (0.0779, 0.1, 0.125) =  
(0.225, 0.35, 0.523);  

Sr44 = (2.067, 2.5, 3.67) ⊗ (0.0779, 0.1, 0.125) =  
(0.161, 0.25, 0.460).

The degrees of possibility were calculated as:

V(Sr42 ≥ Sr43) =1, V(Sr42 ≥ Sr44) =1; 

V(Sr43 ≥ Sr42) = 0.853, V(Sr43 ≥ Sr44) =1;

V(Sr44 ≥ Sr42) = 0.601, V(Sr44 ≥ Sr43) = 0.7. 

For each pairwise comparison, the minimum of the 
degrees of possibility was determined as: 

V(Sr42 ≥ Sr43, Sr44) = min {1, 1} =1; 

V(Sr43 ≥ Sr42, Sr44) = min {0.852, 1} = 0.852;

V(Sr44 ≥ SD42, Sr43) = min {0.601, 0.7} = 0.601.

These values yielded the following weight vector: 

W’= (1, 0.852, 0.601).  
Via normalization, the local weights of the criteria 

were determined as follows: 

W = (0.41, 0.35, 0.24). 
The values of sample W were inserted into Super 

Decisions software manually and are shown in Figure 4. 

3.5. Determining un-weighted, weighted and limited 
super-matrices
The next stage was to create un-weighted, weighted and 
limited super-matrices. The un-weighted super-matrix in-
cluded local priorities insulated from pairwise compari-
sons. Influence priority was assigned as zero while an 
element is considered to have no efficacy on another ele-
ment (Saaty 2005).

As regards this method, the component was weight-
ed with its corresponding cluster matrix weight. Then, 
the weighted super-matrix was converted to a limited ma-
trix by raising the weighted super-matrix to powers by 
multiplying it by itself (Saaty 2005). The results of pri-
orities for risk factors were extracted and obtained from 
the limited matrix. The above computing process was ac-
complished using ANP version 2.2.4 of Super Decision 
software. The un-weighted and weighted super-matrices 
falling into the group of financial risks are shown in Ta-
bles 8 and 9, respectively.

3.6. Final ranking of risk groups and risk factors 
The outcome of limited matrix weights for the final rank-
ing has been used. The weight of each risk group was ob-
tained from a cluster of matrix priorities. The final rank-
ing of each risk factor was received from the results of 
the limited matrix taking into account priorities for Super 
Decision software.

Table 6. Pairwise comparison matrix between the groups of risks

R1 R2 R3 R4 R5 R6 R7 W
R1 (1,1,1) (1,3/2,2) (3/2,2,5/2) (2,5/2,3) (5/2,3,7/2) (1,3/2,2) (2/3,1,2) 0.336
R2 (1/2,2/3,1) (1,1,1) (1,3/2,2) (3/2,2,5/2) (2,5/2,3) (5/2,3,7/2) (3/2,2,5/2) 0.334
R3 (2/5,1/2,2/3) (1/2,2/3,1) (1,1,1) (1,3/2,2) (2,5/2,3) (3/2,2,5/2) (1,3/2,2) 0.206
R4 (1/3,2/5,1/2) (2/5,1/2,2/3) (1/2,2/3,1) (1,1,1) (2/5,1/2,2/3) (3/2,2,5/2) (1,3/2,2) 0.046
R5 (2/7,1/3,2/5) (1/3,2/5,1/2) (1/3,2/5,1/2) (3/2,2,5/2) (1,1,1) (1,3/2,2) (1/2,1,3/2) 0.049
R6 (1/2,2/3,1) (2/7,1/3,2/5) (2/5,1/2,2/3) (2/5,1/2,2/3) (1/2,2/3,1) (1,1,1) (2,5/2,3) 0.017
R7 (1/2,1,3/2) (2/5,1/2,2/3) (1/2,2/3,1) (1/2,2/3,1) (2/3,1,2) (1/3,2/5,1/2) (1,1,1) 0.012

Table 7. Pairwise comparison matrix of a change in market 
demand (r41)

r42 r43 r44 W
r42 (1,1,1) (3/2,2,5/2) (1/2,1,3/2) 0.41
r43 (2/5,1/2,2/3) (1,1,1) (3/2,2,5/2) 0.35
r44 (2/3,1,2) (2/5,1/2,2/3) (1,1,1) 0.24

Fig. 4. Sample snapshot of Super Decisions software 
considering risk group version 2.2.6
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4. Discussion and results

Effective risk management requires a serious examination 
of the risk management process of identifying, assess-
ing and managing risks. This study proposes an improved 
risk assessment method for freeway PPP projects intro-
ducing a freeway project as a case study in Iran. We have 
reviewed literature published over the past few years in 
relation to PPP project risks and rechecked risk items 
with freeway project experts. The fuzzy analytic network 
process (FANP) approach has been employed to assess 
the associated risks.

The use of fuzzy concepts for collecting pairwise 
comparison data on the probability of occurrence and risk 
impact on project performance created by engineers and 
experts confirmed that the proposed procedure simplified 
the data collection process. This method could raise the 
inclination of the participating experts and engineers to 
give their perceptions of risk information for objective 
projects. The use of pairwise comparisons for assessing 
risks with respect to criteria and sub-criteria was meant 
to increase the accuracy of risk assessment the findings of 
which were applied in the risk response step.

The final ranking of each risk factor using FANP 
weights is presented in Table 10 where limited capital 
(r16) is the top imprtant risk with a weight of 0.1539. The 
priorotizion of risks showed that improper design (r21) 
was the second important risk factor with a weight of 
0.1072. This risk increases legal claims due to additional 
design work and extra delays. Among other risk factors, 
change in the value of granted lands due to development 
(r11) and the termination of concession by the govern-
ment (r31) can be mentioned; these were among the most 
important risk factors calculated at 0.0885 and 0.0866 re-
spectively. On the other hand, organization risks (r62) and 

market competition (r44) were the least important making 
0.0004 and 0.0001 respectively. 

The evaluation of the final result regarding risk 
groups is shown in Table 11. Financial and legal risk 
groups were the most important ones compared to other 
risks with the weights of 0.4491 and 0.2895 respectively. 
Inflation, sanctions and rising prices of land ownership 
were determined to be the three main reasons behind fi-
nancial risk. Legal risk has caused an insufficient stand-
ard model for PPP contracts, remaining general and spe-
cial contract conditions susceptible to challenge and poor 
execution management. Additionally, risk for ownership 
assets has threatened private assets, especially with re-

Table 9. Weighted super matrix of group R1 

r11 r12 r13 r14 r15 r16

r11 0.00000 0.087035 0.087035 0.083460 0.082429 0.076015
r12 0.048480 0.00000 0.347846 0.218333 0.219131 0.229454
r13 0.087739 0.347846 0.00000 0.411333 0.399106 0.414263
r14 0.040522 0.251926 0.251926 0.00000 0.169835 0.161482
r15 0.015806 0.120803 0.120803 0.122587 0.00000 0.118787
r16 0.030996 0.192390 0.192390 0.164286 0.129499 0.00000

Table 8. Un-weighted super matrix of group R1 

r11 r12 r13 r14 r15 r16

r11 0.00000 0.087035 0.087035 0.083460 0.082429 0.076015

r12 0.216872 0.00000 0.347846 0.218333 0.219131 0.229454

r13 0.392492 0.347846 0.00000 0.411333 0.399106 0.414263

r14 0.181269 0.251926 0.251926 0.00000 0.169835 0.161482

r15 0.070709 0.120803 0.120803 0.122587 0.00000 0.118787

r16 0.138658 0.192390 0.192390 0.164286 0.129499 0.00000

Table 10. Weight of risk factors

Risk 
factors

Weights Risk 
factors

Weights

r16 0.1539 r27 0.026
r21 0.1072 r61 0.0245
r11 0.0885 r41 0.0212
r31 0.0866 r32 0.02
r13 0.065 r26 0.0183
r12 0.0638 r25 0.014
r22 0.0554 r34 0.0109
r71 0.0534 r33 0.0068
r14 0.0457 r52 0.0016
r23 0.0381 r43 0.0012
r15 0.0322 r53 0.001
r51 0.0307 r42 0.0006
r24 0.0305 r44 0.0004

r62 0.0001
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gards to peripheral facilities, because their worth could 
be noticeable but there are no estimates of them.

In October 2010, the Government represented by 
the Ministry of Transportation and a Road Construction 
Company signed the Isfahan–Shiraz freeway concession 
agreement. The contract term was 18 years, which in-
cluded 4 years for construction and 14 years for opera-
tion. The current progress of the Isfahan–Shiraz freeway 
amounts to 20%. 50% of financial resources required for 
project construction were to be provided by the Govern-
ment and 12.5% and 25% of the total investment were to 
be provided by Sepah Bank and Khatamul Anbiya com-
pany, respectively (Esfahan–Shiraz Co. 2015). In order to 
compare the presented findings of research with the actu-
al risk management situation, we interviewed the selected 
risk management team as described in Section 2 from 
those involved in the Isfahan–Shiraz freeway project. The 
respondents were asked to confirm ranking top risks from 
research results comparing with the actual top risks in the 
presented case study. Although the project was launched 
in 2010, the implementation of that started in 2012 with 
a 2 year delay the most important reasons for which were 
lack of funding and land acquisition (Esfahan–Shiraz Co. 
2015). Cost and time for land acquisition exceeded origi-
nal plans. The original contract did not address environ-
mental issues. Due to the fact that the major part of the 
project land amounting to 70 million m2 was located in 
Iran’s Zagrous forests, demand for environmental protec-
tion became a problem of project financing and delay. 
Project managers believed that financial risks, especially 
limited capital, were the main concerns in this case study. 
Financing risk has an implicit impact on delay or incom-
pletion risk, including inflation risk, change in the value 
of granted lands due to development, change in the value 
of granted lands due to inflation and financial problems 
of environmental protection. The rates of inflation are in-
dexed; therefore, projected revenues and, consequently, 
achievements in the designated rate of return would be 
adversely affected in case the inflation rate is lower than 
what has been assumed in the financial model. Economic 
conditions made it difficult to accurately predict infla-
tion rates, potentially affecting both project costs and the 
value of granted lands (Heravi, Hajihosseini 2011). More-
over, the value of granted lands would increase should 
they become more desirable for development. As for this 

Table 11. Weight of each risk group

Group of risk Weight of each group
Financial 0.4491
Legal 0.2895
Political 0.1243
Force majeure 0.0534
Operation and Maintenance 0.0335
Organization and coordination 0.0258
Market 0.0234

case study, inflation risk increased the total cost by 15% 
(Esfahan-Shiraz Co. 2015). Ghorbani et al. (2014) de-
clared financial risk as the most important risk for the 
construction of the highway PPP project in Iran. Heravi 
and Hajihosseini (2011) mentioned that financial risk and 
land acquisition were the most important risks in the im-
plementation of Tehran-Chalus highway project. In addi-
tion, the risk management team and project managers be-
lieved that improper design and force majeure risks that 
included severe weather and hazard risks had a negative 
impact on project implementation and the objectives of 
projects on Isfahan–Shiraz freeway. These risk events are 
responsible for a poor quality of work, delays and associ-
ated losses due to bad natural conditions for the project 
site, for example, climate, a specific geographical envi-
ronment, poor site conditions, etc. According to Ghor-
bani et al. (2014), Mousavi et al. (2011) and Heravi and 
Hajihosseini (2011) force majeure and improper design 
were the most important risks in Iranian highway PPP 
projects. Ultimately, Isfahan–Shiraz freeway is expected 
to be operational in 2017 with a 3-year delay. Finally, the 
results show there is only one difference between ranked 
top risks that were obtained in this research and real sig-
nificant risk in the case study that includes ‘termination 
of concession by the Government’ risk. Therefore, the 
experts have mentioned that risk rating derived from the 
purpose model is acceptable from their point of view. 
The stakeholders of freeway PPP projects can choose ap-
propriate strategies for handling risk response using this 
information. 

5. Validity of the obtained results and proposed 
model

In order to test the validity of the obtained results, the di-
rect results of prioritized risks faced by the experts were 
compared by four other methods including Fuzzy, ANP, 
FAHP and FANP (Zegordi et al. 2012). To achieve this, 
eight experts having over 10 years of experience in free-
way PPP projects were selected (see Table 1). The final 
rankings of risks using these methods are presented in 
Figure 5. As the figure shows, r16 and r21 are the most 
important risks in all methods. On the other hand, in all 
methods, r44 and r62 are the least important risks. The 
figure clearly indicates there are no significant differences 
between the obtained rankings of the top 4 risks (r16, r21, 
r11 and r31) using the proposed method and expert opin-
ion. There are only three differences in ranking for r13, 
r22 and r14 between the proposed model and expert opin-
ion. The received results also show that a deviation from 
the FANP method and expert opinions is 7.40%, which 
is less than 10%. In addition, Figure 5 shows there are 
14.814%, 25.925% and 29.629% deviations from rank-
ing risk between ANP, FAHP, Fuzzy and opinion experts 
respectively. The experts have approved deviations from 
their judgments as they have mentioned that risk rating 
derived from the FANP is acceptable from their point of 
view. Therefore, the validity of the results is seen. 
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A total of eight interviews were launched for vali-
dating the model. Eight experts were invited to evaluate 
the (1) degree of the comprehensiveness of risks includ-
ed in the model; (2) the degree of the objectivity of the 
model; (3) the degree of the clarity of the model; (4) the 
overall reliability of the model; and (5) the degree of the 
practicality of the model. The model was offered to the 
experts to make certain they realized the background of 
this research, the procedure for how this particular model 
was created and the possible application of the model 
throughout face-to-face interviews. A question-and-an-
swer session was organized to provide them a chance to 
raise questions if they had any about the contents of the 
presentation. Finally, the experts were asked to fill out a 
validation form with five multiple-choice questions using 
a five-point Likert scale where 1 denoted ‘poor’ and 5 
denoted ‘excellent’. The average scores of all five crite-
ria are well above 3.50, so, the result confirmed that the 
model is considered to be comprehensive, clear, objec-
tive, practical and reliable by the experts in the validation 
exercise (Yeung et al. 2007). The previously mentioned 
selection criteria are consistent with similar validations 
of models for research on construction management. For 
instance, Yeung et al. (2009) produced a computerized 
model for calculating joining-up performance associated 
with construction projects in Hong Kong. The results of 
validation experts were tabulated in Table 12. 

The average scores of all five criteria are well above 
3.50, so the received result confirmed the model was con-

Fig. 5. A comparison of the results of the proposed model and other four methods

sidered to be comprehensive, clear, objective, practical 
and reliable by the experts in the validation exercise.  

Conclusions 

The main objective of this study was to identify signifi-
cant risks in freeway projects and to develop a risk pri-
oritization approach to freeway PPP projects. In reality, 
stakeholders have a limited knowledge of managing all 
project risks. Therefore, they need to wisely prioritize 
important risks. This paper has adopted a fuzzy ANP ap-
proach to developing a risk prioritization model for free-
way PPP projects and implemented the model on a case 
study in Iran. The FANP, as a method of compounding 
quantitative and qualitative methods, has an advantage of 
applying the influence of complex problems, the instanc-
es of which contain relationships and feedback. The ob-
tained results have showed that the top three risk groups 
of freeway PPP projects in Iran were financial (R1), le-
gal (R2) and political risks (R3). It can be concluded that 
limited capital (r16) is the most important risk in such 
projects. Among other risk factors, improper design (r21), 
change in the value of granted lands (r11) and the ter-
mination of concession (r31) are critically important. By 
using the FANP, a risk prioritization model for PPP pro-
jects, the Government and private sectors will be able to 
identify the source of risk prior to the implementation of 
the project, and discretionary action could be obtained as 
soon as possible. The proposed model can prepare deci-
sions with reference to risk prioritization and project risk 

Table 12. Results of the validation exercise of the risk prioritization model

Validation criteria Scores rated by experts Average scores 
1. Degree of the comprehensiveness of the risks 

included in the model 4 5 5 4 5 5 5 4 4.625

2. Degree of the objectivity of the model 5 5 5 4 5 4 5 5 4.75
3. Degree of the clarity of the model 4 4 5 5 4 4 5 4 4.375

4. Overall reliability of the model 5 5 5 4 4 4 5 5 4.625
5. Degree of the practicality of the model 3 3 4 5 5 4 4 4 4
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management in PPP projects. In future researches, other 
multiple-criteria methods can be used for evaluating the 
risks of PPP freeway projects along with other projects 
in different sectors. To select response actions, it is also 
advisable to focus on the integrated optimization model.
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