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Abstract. The complexity and dynamics of the executive projects have coped contractors with substantial hazards and loss-
es. Project risk management is a critical tool for authority to improve its performance and secure the success of the organi-
zation. However, a number of standards and approaches have been developed to formulate the projects based on their risks. 
The Elena guideline is a systematic standard developed by Iran Project Management Association. This guideline provides 
the full cycle of the risk management process. Risk evaluation is the key part of the risk management process. On the other 
hand, different techniques have been developed to model a risk evaluation problem. Fuzzy inference system is one of the 
most popular techniques that is capable of handling all types of the uncertainty involved in projects. This paper proposes 
a three-stage approach based on the fuzzy inference system under the environment of the Elena guideline to cope with the 
risky projects. Finally, an illustrative example of the risk evaluation is presented to demonstrate the potential application 
of the proposed model. The results show that the proposed model evaluates the risky projects efficiently and effectively.
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Introduction 

A typical project is known as a unique system and of-
ten, by its nature, is as a sophisticated organization that 
generally takes place over a prolonged period of time. It 
employs a wide range of resources, comprising materi-
als, facilities, human, and finance, to achieve a particular 
aim. According to the statistical data reported by El-Razek 
et al. (2008), the risks involved in the project can lead to 
an increase to 100% of the anticipated cost of the project. 
As well as Moura et al. (2007) declared, that the project 
risks may increase the time and cost by 40% and 12%, 
respectively. Omoregie and Radford (2006) found that the 
time and cost overruns are 188% and 14%, respectively. 
On the other hand, only 33.35% and 37.2% of the private 
sector projects and 20.5% and 46.8% of the public sector 
projects were completed within the estimated time and 

cost, respectively (Endut et al. 2009). Based on the Pareto’s 
law, 20% of the elements effect 80% of the outcome; so 
that, a manager should identify a small percentage of most 
critical components, resulting in the largest percentage of 
adverse consequences (Tseng et al. 2005).

The main objective of a risk analysis process is to mini-
mize the unknown risks that have adverse impacts on the 
project and maximize the opportunities that lead to a sig-
nificant increase in the profits of the project. This analy-
sis helps a project manager to properly allocate resources 
by risk ranking process and effectively implement the risk  
reduction scenarios. This analysis provides insight and  
understanding for better decision making in order to facil-
itate more profitable business. This can lead to a systematic 
approach to preventing a project from violent fluctuation 
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by risk reduction measures. However, without a robust 
risk analysis, a project may have wide-ranging negative 
implications for the achievement of organizational objec-
tives (Cooper et al. 2005).

According to the important role of project risk  
management, different approaches by the professional 
project management associations and many government 
agencies have been developed to accurately model the 
risks imposed by a typical project. In the USA, Project 
Management Institute (PMI) provided a risk management  
program to systematically manage the risks of projects 
(PMI 2003). In the UK, Association for Project Manage-
ment developed the Project Risk Analysis and Manage-
ment (PRAM) guide to scientifically monitor the risks 
of projects (Chapman 1997). Standards Association of  
Australia introduced a risk management guideline for risk 
analysis (AS/NZS 4360 2004). International Electrotechni-
cal Commission (IEC) provided a general introduction to 
project risk management, its sub-processes, and influenc-
ing factors (IEC 62198 2001). Office of Government Com-
merce (OGC) developed a route map for risk management 
(OGC 2002). The approach developed by OGC (2002) 
helps managers to identify, assess, and control risks. Treas-
ury Board of Canada (TBC) provided an integrated risk 
management framework that is an effective framework for 
making informed decisions (TBC 2001). However, often 
approaches offer few insights into how the process of risk 
management works in practice. Therefore, Iran project 
management association developed a new approach that 
is known as Elena guideline, more adapted to the country 
conditions, to comprehensively manage a typical project. 
This guideline provides a practical guidance for conduct-
ing the effective risk management process. This process 
comprises five main parts, including risk determination, 
risk identification, risk evaluation, risk planning, and risk 
monitoring. Nevertheless, the risk evaluation is the core 
part of the risk management process. According to the 
key importance of the risk evaluation, a large number of  
models have been developed to effectively formulate the 
potential risks imposed by projects. 

Tüysüz and Kahraman (2006) provided a model for 
the project risk evaluation under an incomplete and vague 
environment. They used the fuzzy analytic hierarchy pro-
cess (AHP) method as an effective way of evaluating pro-
ject risks based on the heuristic knowledge of experts to 
evaluate the riskiness of an information technology pro-
ject. Badri et  al. (2012) employed a systematic approach 
to the evaluation of occupational, health, and safety risks. 
They utilized the number of risk factors and correspond-
ing relative significance to form a new procedure. 

Zeng et al. (2007) presented an effective tool based on 
fuzzy reasoning and modified analytical hierarchy process 
techniques for risk assessment to cope with risks in com-
plicated construction situations. They applied the fuzzy 
reasoning technique to formulate the uncertainties and 
subjectivities. Dey (2002) combined the AHP technique 
with decision tree analysis to develop a quantitative ap-
proach for construction risk management. Liu et al. (2011) 

proposed a risk evaluation method based on an uncertain 
linguistic for a high-tech project investment. Fouladgar 
et al. (2012) developed a new combination model based on 
the fuzzy TOPSIS technique to evaluate the risks involved 
in the tunneling construction projects. A methodology de-
signed for internal project management in small firms is 
presented by Marcelino-Sádaba et al. (2014). 

Nieto-Morote and Ruz-Vila (2011) presented a combi-
nation risk assessment model based on the AHP and fuzzy 
logic techniques. They used the AHP technique to struc-
ture a large number of risks and the fuzzy logic to cope with 
subjective judgement. A combination model based on the 
failure modes and effects analysis and the AHP method 
under fuzzy environment is developed by Hu et al. (2009) 
to evaluate the risks of green components. Dey (2010)  
developed a conceptual risk management framework 
based on risk map and the AHP technique for project risk 
management. Vrijling et  al. (1995) developed a practical 
framework for risk evaluation. Xu et al. (2010) developed 
a fuzzy synthetic evaluation model for assessing the risk 
level of a particular critical risk group and the overall risk 
level associated with PPP projects in China.

Hillson et al. (2006) used the risk breakdown matrix, 
using the risk break-down structure and work breakdown 
structure, to develop a method for project risk manage-
ment. Liu et al. (2012) proposed a model for risk evalu-
ation and criticality analysis in an intuitive manner. They 
combined the FMEA method with the VIKOR technique 
under a fuzzy environment to use the linguistic variables 
for ratings and weighing the risk factors. As well as, they 
employed the VIKOR technique for determining the risk 
priorities of the failure modes. Dey (2012) employed de-
cision tree analysis and multiple criteria decision-making 
technique to propose an integrated analytical framework 
for effective management of project risks.

Iqbal et al. (2015) accomplished a questionnaire-based 
survey on risk management in construction projects in Pa-
kistan. They declared that preparation of a proper schedule 
and good coordination during the implementation stage 
may help project managers to focus on critical areas for 
better management of projects in Pakistan. Akintoye and 
MacLeod (1997) developed a risk analysis model in con-
struction by using a questionnaire-based survey of gen-
eral contractors and project management practices. They 
concluded that risk management is essential to construc-
tion activities in minimizing losses and enhancing prof-
itability. Tah and Carr (2000) developed a formal model 
for qualitative risk assessment by using a hierarchical risk 
breakdown structure representation. Carbone and Tippett 
(2004) proposed a model for project risk analysis by us-
ing an extension of the failure mode and effects analysis. 
Chapman (1990) developed a model based on the proba-
bilistic distribution to project risk management. Cano and 
Cruz (2002) presented a generic project risk management 
process. 

Zou and Zhang (2009) proposed a model based on pro-
ject stakeholder and life cycle for providing an alternative 
way to scrutinize the risks associated with construction 
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projects. Wang et al. (2004) developed a risk management 
framework for project risk evaluation and corresponding 
effective mitigation measures. Tamošaitienė et  al. (2008) 
presented modeling of contractor selection taking into ac-
count different risk level. Carvalho and Junior (2015) elu-
cidated the relationship between project success and risk 
management. Zavadskas et al. (2008, 2010), Tamošaitienė 
et al. (2013), Chatterjee et al. (2018) presented a risk as-
sessment model based on the multi‐attribute decision‐
making methods for construction projects. Schieg (2006) 
developed a model for risk management in construction 
projects. Jamshidi et al. (2013) developed an application of 
the fuzzy logic for modeling the pipeline risk assessment. 
Razani et al. (2013) employed the fuzzy inference system 
to predict the roof fall rate for evaluating the risk of roof 
fall.

Valipour et  al. (2016) developed a quantitative ap-
proach based on the fuzzy method and cybernetic analytic 
network process for equitable risk allocation with atten-
tion to identifying dependencies between risk allocation 
criteria and barriers. Yazdani-Chamzini (2014) proposed 
a risk assessment model based on the concepts of fuzzy set 
theory to evaluate the risk events during the tunnel con-
struction operations. Rikhtegar et  al. (2014) proposed a 
methodology based on analytic network process and fuzzy 
simple additive weight to formulate the environmental 
risks pertaining to mining projects. Yazdani-Chamzini 
et  al. (2013) employed a combination of the fuzzy logic 
and the ELECTRE technique for risk evaluation in the 
tunnel construction projects. Liu et al. (2013) proposed a 
fuzzy synthetic evaluation approach for scientific drilling 
project risk assessment. 

Ilbahar et al. (2018) developed a novel integrated ap-
proach based on Pythagorean fuzzy proportional risk 
assessment, including Fine Kinney, Pythagorean fuzzy 
analytic hierarchy process, and a fuzzy inference system. 
Ebrat and Ghodsi (2014) employed an ANFIS model to 
assess construction project risk. Keramati et  al. (2013a) 
used fuzzy analytic hierarchy process to evaluate CRM 
risk factors based on active project managers’ judgments. 
Keramati et al. (2013b) used the fuzzy analytical network 
process for prioritizing of risk factors based on experts’ 
judgments. Samadi et al. (2014) employed the fuzzy ana-
lytic network process to prioritize risk factors and applied 
the fuzzy TOPSIS technique to prioritize the responses to 
these risk factors.

Nevertheless, often aforementioned models use the 
probabilistic distribution to evaluate a system or sub-sys-
tem. On the other hand, uncertainty is an inevitable part 
of a risk assessment process that leads to an imprecise pre-
diction of future conditions (Lee, Jones 2004). As well as, 
some uncertainties such as socio-economic changes may 
accumulate in the future and lead to a non-probabilistic 
pattern. Shroder and Davies (2015) showed that a risk 
analysis process by using the probabilistic approach re-
quires a large number of data. They demonstrated with 
a sample size of 100, the error is approximately ±10%; 
whereas, with a sample size of 10, the error is about ±40%; 

and, as a result, with a sample size of 2, the error is ±95%. 
Nowadays, the business activities are less repetitive due to 
the rise in customer power, the internationalization of the 
economic environment, and the rapid changes in the com-
petitive climate (Loch et al. 2006). Therefore, it can be lead 
to an inefficient probability distribution. Therefore, it is  
inappropriate to make an attempt to create the probability 
distributions or models (Lee, Jones 2004).

However, a number of models neglect the uncertainty 
imposed by the unavailable data or incomplete informa-
tion. Likewise, although some models take into account 
the inherent uncertainty resulted from less or lack of  
information and ill-defined knowledge, the all presented 
models ignore the uncertainty involved in the process of 
modeling. The main aim of the paper is to develop a new 
approach for risk evaluation of projects by using a three-
step procedure. This procedure is a key for the promotion 
of portfolio performance. 

The main aim of the paper is to develop a new model 
for risk evaluation of projects under the Elena guideline 
in the term of linguistic variables. The model is developed 
based on a combination of two tangible and intangible pa-
rameters, considering not only quantitative components in 
the terms of linguistic variables, but also considers qualita-
tive parameters. This model is adapted to the atmosphere 
of business in Iran. This procedure, using a three-stage 
approach, is a key for the promotion of portfolio perfor-
mance.

1. Elena risk management guideline

The Elena guideline, developed between 2001 and 2014 
by Yakhchali (2014), to provide a simple risk model in 
order to manage the projects based on a practical tool. 
This guideline includes different parts of project manage-
ment, comprising project organizational structure, pro-
ject scheduling, project quality, project risk management,  
project event, project communications, project procure-
ment, and project progress. The purpose of project risk 
management is to obtain better project outcomes, in terms 
of schedule, cost, and quality (Hashemi et al. 2011).

However, the effective implementation of risk manage-
ment is part of best business practice. The approach pro-
posed by the Elena guide shows how to determine, iden-
tify, analyze, evaluate, communicate, and monitor risks 
(see Figure  1). This guideline provides a systematic and 
practical approach to evaluate the risks imposed by pro-
jects. This approach, a generic risk evaluation standard, is 
readily employed for project risk management. This meth-
od defines a step-by-step methodology for risk evaluation 
process. This method provides an operational framework 
for a wide range of organizations, including voluntary  
organizations, non-government organizations, partner-
ships, commercial enterprises, and public sector enti-
ties. The difference between the Elena guideline with the  
BMBOK and Prince2 standards is presented in Table 1. The 
risk evaluation approach developed by the Elena guideline 
provides a reference for managers and senior executives 
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to evaluate the projects based on their risks. Generally, 
the main objectives of the project risk evaluation are to: 
(i) improve the capability of the organization, (ii) enhance 
the organization performance, (iii) reduce the potential 
hazards and negative consequences, and (iv) diminish the 
costs and threats associated with the risky projects.

2. Fuzzy inference system

Fuzzy set theory, an extension of the classical set, is first 
introduced by Zadeh (1965) to handle the inherent un-
certainty and complexity involved in a typical problem. 
A fuzzy set can be described as a set with a flexible lin-
guistic boundary instead of a classical sharp one. A fuzzy 
set employs membership functions to define the degree of 
membership of elements ranging from 0 to 1. Fuzzy Logic 
is a powerful tool to treat natural phenomena and quanti-
ties in a logical way (Licata 2012).

The fuzzy set theory follows an organized and efficient 
approach to face with linguistic values. This method ful-

fills numerical computations by applying linguistic labels 
stipulated by membership functions (Razani et al. 2013).  

This technique can combine expert’s knowledge with 
numerical data to form a rule-based model for formulat-
ing the behavior of a typical system. A typical fuzzy infer-
ence process contains four main components, including 
fuzzification process, fuzzy rule base, fuzzy inference pro-
cess, and defuzzification process as depicted in Figure 2.

Based on the basic concepts of the fuzzy set theory, the 
fuzzification process is applied to generate membership 
values for a fuzzy variable by using the membership func-
tions. The shape of the membership functions depends on 
the nature of the problem under consideration that may be 
linear (trapezoidal or triangular) or non-linear. The fuzzi-
fication process transforms the crisp numerical values of 
input variables into corresponding fuzzy ones.  

However, a rule-based system generally assumes that 
there are independent relationships among all input vari-
ables as depicted in Figure  3. From the figure, it can be  
obvious that the main difference between fuzzy and crisp 
systems is pertaining to the rule partition of an input space. 
A fuzzy rule-based system formulates the complex struc-
ture involved in data based on the assumption that the 
changes are not sudden but gradual in real-world problems. 
The fuzzy system uses the overlapping regulation, defined 
by membership functions, to change from one specific rule 
to others. A typical fuzzy if-then rule contains two main 
parts, including the first if part known as the anteced-
ent and the rest then part known as the consequent. The 
number of if-then rules depends on the number of inputs 
and outputs, and the desired behavior of the system. The  
If-Then rules, establishing the knowledge base, are known 
as the fundamental elements of a fuzzy-based model.

Figure 1. Schematic diagram of the Elena risk management

Figure 2. A typical fuzzy inference system

Table 1. Difference between Elena guideline with PMBOK and 
Prince2

Property Elena 
guideline

PMBOK 
standard

Prince2 
standard

Knowledge base   

Methodology   

Comprehensive document   

Various application areas   

Proportionment capability   

Portfolio and plan 
management 

  

Coordination and 
adopted to portfolio and 
plan management 

  

Adapted to the 
atmosphere of business 
in Iran 

  

Availability of developed 
group 

  
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Fuzzy inference is the process of mapping the given 
input variables to an output space. Generally, three types 
of fuzzy inference algorithm are commonly developed, in-
cluding Mamdani, Takagi-Sugeno, and Tsukamoto fuzzy 
algorithms. All algorithms are the same in the antecedent 
part. Whereas, they are different in the consequent part. 
In the Mamdani algorithm, the consequent of each rule is 
defined by a fuzzy set. The overall output is obtained by an 
aggregation and defuzzification process. Whereas, a typi-
cal Takagi-Sugeno algorithm uses a polynomial function 
based on the input variables to define the consequent of 

each rule. The overall output for this algorithm is obtained 
by a weighting mechanism. The Tsukamoto algorithm em-
ploys a fuzzy set with a monotonical membership func-
tion to define the consequent of each rule. The overall out-
put is extracted from a weighted average process. Figure 4 
depicts the reasoning procedure for three fuzzy inference 
algorithms. However, the Mamdani algorithm is more 
adaptable with human inputs. Therefore, this paper em-
ploys the Mamdani algorithm to formulate the problem of 
project risk evaluation.

Figure 3. Rule partition of an input space: (a) partition for crisp rules and (b) partition for fuzzy rules

(a)  (b)

Figure 4. Fuzzy inference algorithms, including Tsukamoto (Type 1), Mamdani (Type 2), and Takagi-Sugeno (Type 3)
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However, the results obtained from the inference 
process are fuzzy values. Hence, the results of the fuzzy 
risk evaluation are translated into crisp values for further 
numerical analysis by a defuzzification process. Differ-
ent defuzzification techniques have been developed, in-
cluding centroid of area, mean of maximum, smallest of 
maximum, largest of maximum, and bisector of area. The 
selection of the defuzzification method depends on the ap-
plication. In this study, the centroid of area (COA) method 
is applied for the defuzzification process.

3. The proposed model for project risk evaluation

The proposed model for the risk evaluation of projects 
based on the Elena guideline comprises a three-stage pro-
cedure, including vulnerability assessment, consequence 

assessment, and the overall risk evaluation. All stages use 
the fuzzy reasoning to cope with the inherent uncertainty 
imposed by projects. The unique feature of the model is 
to integrate both qualitative and quantitative techniques 
in the form of a systematic approach. Likewise, the model 
takes into account all types of uncertainties, including the 
uncertainty resulted from less or lack of information and 
the uncertainty arisen from the process of formulation. 
This leads to a more accurate evaluation of the potential 
risks associated with the projects under investigation. For 
better understanding, the framework of the proposed 
model is graphically shown in Figure 5.

The first stage concentrates on the vulnerability  
assessment, where three parameters the contribution rate 
(the ratio of the project value to all assets), resilience, 
and resistance play significant roles in the assessment  

Figure 5. Schematic diagram of the model proposed for project risk evaluation

Consequence assessment

Vulnerability assessment

Liklihood assessment

Risk evaluation components



290 P. Asadi et al. Project risk evaluation by using a new fuzzy model based on Elena guideline

process. The vulnerability can be defined as the susceptibil-
ity of an element to a dangerous phenomenon that is often  
associated with the loss of human and financial resource. 
This factor shows that how an element is exposed to dam-
age. In this stage, the project potential for all dangers is cal-
culated that is subtly different from the likelihood. In order 
to construct the fuzzy model for the vulnerability assess-
ment, MATLAB software package is employed to assess 
the project potential for damage. The second stage focuses 
on all adverse consequences of a project. This stage uses 
time, cost, and quality impacts to assess the overall adverse 
consequence of selecting a project. In this stage, a fuzzy 
model for the consequence assessment is constructed in 
MATLAB software package. The last stage computes the 
final risk evaluation based on a combination of the outputs 
derived from two previous stages (vulnerability and conse-
quence assessments) and the output resulted from experts’ 
opinion (likelihood assessment). In this stage, the overall 
risk evaluation is determined to select a proper decision 
strategy for obtaining a more profitable outcome. After 
evaluation the project risks, the riskiest projects are elimi-
nated and the projects with minimum risk are selected as 
the on-going operational projects.   

4. Case study: Rah Gostar Naft Company

Rah Gostar Naft (RGF) Company, an Iranian company 
founded in the year 1999 by the Oil Industry Investment 
Companies (OIIC) group, is among the most popular 
companies in the field of oil, gas, industry, building and 
construction, road and transportation, and water re-
sources in the country. The company business covers the 
whole of the supply chain, from production to product 
marketing and trading. The underlying reason for action 
in different fields is a significant increase in profits and 
competitive strength. The main aim is to apply the existing 
excess capacity. Therefore, the managers face with some 
problems in formulating the working policy on project 
selection, including the identification of the feasible pro-
jects, the evaluation of the projects and the selection of the 
best ones, and the launch of a new project in an organ-
ized way that can lead to a strong chance of success. In an 
ever-changing world, the RGF Company is fast changing 
with fluctuations. However, in a multi-product company, 
the process of the risk management is a critical activity to 

conduct a comprehensive analysis before selecting one or 
more specific project(s) in order to maximize the profits 
and opportunities and minimize the risks and threats.  

5. Implementation of the proposed model

Based on the principal concepts of the Elena guideline, 
the first step is to define the risk management process. 
The main objective of this step is to show how the risk 
management processes will be executed. This step helps 
authorities to integrate the project risk management with 
asset management. After defining the risk management 
process, all the risks imposed by each project should be 
identified. For achieving the aim, a number of face-to-
face interviews with professional experts, among the most 
popular ways to identify the risky projects, are conducted. 
Therefore, a set of questions are asked from interviewees 
to present their own perspective. In the last phase of the 
second step, seven projects with minimum risk to organi-
zation objectives are identified by professional experts. Af-
ter identifying the projects with minimum risk, the risk 
evaluation process is executed. Therefore, the proposed 
model is implemented as follows to evaluate the projects 
based on the risk to organization objectives. 

The first key phase of the risk evaluation procedure 
is to collect the data by gathering and pre-processing the 
raw data. The data collection process helps authorities to 
generate the fuzzy rules and knowledge base that will be 
used as inputs in the subsequent phase. The raw data is 
typically resulted from both objective and subjective data. 
The subjective data is a qualitative estimate made by a pro-
fessional expert in the form of an analytical and observa-
tional process and the objective data is a quantitative value  
extracted from an experimental, mathematical, and prac-
tical process. After data gathering, the proposed model is 
constructed. The model comprises three main stages. The 
first stage uses three components, containing the contri-
bution rate, resilience, and resistance, to assess the vul-
nerability index. The second stage employs three factors,  
including time, cost, and quality, to assess the consequence 
index. Then, the outputs of the two previous stages are  
redefined by fuzzy sets and combined with the likelihood 
index obtained from experts’ opinion to compute the risk 
value. Each stage is clearly explained and the outputs are 
comprehensively presented in the following sub-sections.  

Figure 6. Structure of fuzzy model for vulnerability assessment
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5.1. The vulnerability assessment by the fuzzy 
model

Firstly, a fuzzy model based on the Mamdani algorithm 
under Matlab environment is constructed to formulate 
the vulnerability assessment process. Therefore, the model 
contains three input components, including the contribu-
tion rate, resilience, and resistance, and one output (i.e. 
vulnerability index). Figure 6 shows the structure of the 
proposed model for the vulnerability assessment. In order 
to establish the fuzzy model, the data must be defined as 
a fuzzy set. The fuzzy definition of both input and output 
variables are illustrated in Table 2.

Likewise, two membership functions, including the 
contribution rate parameter and the vulnerability index, 
are graphically presented in Figures 7 and 8. The expert 
team generates 125 fuzzy rules for assessing the vulner-

ability. Figure 9 shows a limited number of the fuzzy rules 
written in Matlab software environment. Table 3 lists the 
property of the fuzzy model established for the vulnerabil-
ity assessment.

Table 2. Fuzzy definition of input and output variables for the vulnerability assessment 

Factors Linguistic term Fuzzy ratings Universe of discourse 
(X)

Contribution rate Very High (VH) 3.5 Contribution 5≤ ≤ XContribution €(1,5)

High (H) 2.5 Contribution 5≤ ≤

Medium (M) 1.5 Contribution 4.5≤ ≤

Low (L) 1 Contribution 3.5≤ ≤

Very Low (VL) 1 Contribution 2.5≤ ≤

Resilience Very High (VH) 3.5 Resilience 5≤ ≤ XResilience €(1,5)

High (H) 2.5 Resilience 5≤ ≤

Medium (M) 1.5 Resilience 4.5≤ ≤

Low (L) 1 Resilience 3.5≤ ≤

Very Low (VL) 1 Resilience 2.5≤ ≤

Resistance Very High (VH) 3.5 Resistance 5≤ ≤ XResistance €(1,5)

High (H) 2.5 Resistance 5≤ ≤

Medium (M) 1.5 Resistance 4.5≤ ≤

Low (L) 1 Resistance 3.5≤ ≤

Very Low (VL) 1 Resistance 2.5≤ ≤

Vulnerability Very high (VH) ≤ ≤0.7 Vulnerability 1.0 XVulnerability €(0,1) 

High (H) ≤ ≤0.4 Vulnerability 1.0

Medium (M) ≤ ≤0.2 Vulnerability 0.8

Low (L) ≤ ≤0.0 Vulnerability 0.6

Very low (VL) ≤ ≤0 Vulnerability 0.3

Figure 7. Membership function for the contribution rate 
parameter
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To analyze the interdependency between input and 
output variables, a sensitivity analysis tool, well-known 
as a control surface, is applied. Figure 10 shows how two 
input variables the contribution rate and resilience can 
impact the vulnerability index. This figure demonstrates 
there is a significant interdependency of vulnerability on 
contribution rate and resilience parameters.

5.2. The consequence assessment by the fuzzy model

In the second stage, in order to assess the consequence 
index, a fuzzy model based on the Mamdani algorithm 
under Matlab environment is constructed. This model 
also contains three input components, including time, 
cost, and quality, and one output (i.e. consequence in-
dex). The structure of the model for the consequence 
assessment is shown in Figure 11. As well as, the fuzzy 
definition of both input and output variables are illus-
trated in Table 4. 

For better understanding, two membership functions 
time parameter and the consequence index are graphically 
presented in Figures 12 and 13. The expert team generates 
125 fuzzy rules for the consequence assessment. Figures 
14 and 15 show a limited number of the fuzzy rules writ-
ten in Matlab software environment. Table 5 lists the prop-
erty of the fuzzy model established for the consequence 
assessment. Figure  16 shows the interdependency of the 
consequence index on time and cost. From the figure, it 
can be obvious that a substantial interdependency of con-
sequence on time and cost variables.

5.3. Final evaluation of the overall risk index 

In the last stage of the proposed model, the overall risk in-
dex is calculated by a combination of the consequence and 
vulnerability indices derived from the two previous stages 
with the likelihood index resulted from experts’ opinion 

Figure 8. Membership function for the vulnerability parameter

Table 3. The features of the fuzzy model established for the 
Vulnerability index

Name            Vulnerability 
Type             mamdani
Inputs/Outputs   [3 1]
NumInputMFs      [5 5 5]
NumOutputMFs     5
NumRules         125
AndMethod        min
OrMethod         max
ImpMethod        min
AggMethod        max
DefuzzMethod     centroid
InLabels Contribution

Resilience  
Resistance  

OutLabels        Vulnerability
InRange          [1 5]

[1 5]
[1 5]

OutRange         [0 1]

Figure 9. A graphical view of if-then rules



Journal of Civil Engineering and Management, 2018, 24(4): 284–300 293

Figure 10. Control surface of vulnerability on contribution and resilience

Table 4. Fuzzy definition of input and output variables for the consequence assessment

Factors Linguistic term Fuzzy ratings Universe of discourse (X)
Time Very High (VH) 3.5 Time 5≤ ≤ XTime €(1,5)

High (H) 2.5 Time 5≤ ≤

Medium (M) 1.5 Time 4.5≤ ≤

Low (L) 1 Time 3.5≤ ≤

Very Low (VL) 1 Time 2.5≤ ≤

Cost  Very High (VH) 3.5 Cost 5≤ ≤ XCost  €(1,5)

High (H) 2.5 Cost 5≤ ≤

Medium (M) 1.5 Cost 4.5≤ ≤

Low (L) 1 Cost 3.5≤ ≤

Very Low (VL) 1 Cost 2.5≤ ≤

Quality  Very High (VH) 3.5 Quality  5≤ ≤ XQuality €(1,5)

High (H) 2.5 Quality  5≤ ≤

Medium (M) 1.5 Quality  4.5≤ ≤

Low (L) 1 Quality  3.5≤ ≤

Very Low (VL) 1 Quality   2.5≤ ≤

Consequence  Very high (VH) ≤ ≤0.7 Consequence 1.0 XConsequence  €(0,1) 

High (H) ≤ ≤0.4 Consequence 1.0

Medium (M) ≤ ≤0.2 Consequence 0.8

Low (L) ≤ ≤0.0 Consequence 0.6

Very low (VL) ≤ ≤0 Consequence 0.3
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based on membership function given in Figure 17. These 
three input factors form the structure of the fuzzy model 
for assessing the risk index (as seen in Figure 18). Finally, 
the risk evaluation of projects is resulted from a combina-
tion of linguistic variables and fuzzy computations derived 
from the two previous stages. The risk index obtained by 

the model is allocated to different projects for extracting 
the projects with high potential for failure and providing a 
proper scenario for risk planning. It is noted that the risk 
evaluation process is a dynamic procedure. This process 
should be always monitored and periodically re-evaluated.    
The fuzzy definitions of both input and output compo-
nents are listed in Table 6. For better understanding, the 
membership function for the risk index is schematically 
depicted in Figure 19. The features of the proposed mod-
el for the risk evaluation is presented in Table 7. Based 
on the expert opinion, 125 fuzzy if-then rules are gener-
ated to formulate the sophisticated pattern between input 
and output variables. 

5.4. Validation of the proposed model

Validation is the task of demonstrating that the model 
is a reasonable representation of an actual system. This  
paper uses a comparison model to show the potential of 
the proposed model for project risk evaluation. Therefore, 
the conventional model developed by Vidal and Marle 
(2012) and Chapman (2014) is employed to evaluate the 
project risk. Table  8 presents the required input data of 
the conventional technique. The results of the proposed 
model and those of the conventional technique are pre-
sented in Table 9. From the table, it can be obvious that 
the outputs extracted from the proposed model is more 
adapted to the real situations. In other words, the pro-
posed model considers the relative importance of the  
parameters. Whereas, the conventional technique takes into 
account same importance for all parameters. On the other 
hand, the proposed model has an intrinsic flexibility that 

 Figure 11. Structure of fuzzy model for the consequence assessment

Figure 12. Membership function for the time parameter Figure 13. Membership function for the consequence index

Table 5. The features of the fuzzy model established for the 
consequence index

Name            Consequence
Type             mamdani
Inputs/Outputs   [3 1]
NumInputMFs      [5 5 5]
NumOutputMFs     5
NumRules         125
AndMethod        min
OrMethod         max
ImpMethod        min
AggMethod        max
DefuzzMethod     centroid
InLabels Time 

Cost   
Quality

OutLabels        Consequence
InRange          [1 5]

[1 5]
[1 5]

OutRange         [0 1]
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Figure 15. A part of the rules for the consequence assessment

Figure 16. Control surface consequence on time and cost

Figure 14. A graphical view of the rules for the consequence assessment
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Figure 17. Membership function for the likelihood parameter

Table 6. Fuzzy definition of input and output variables for the risk evaluation

Factors Linguistic term Fuzzy ratings Universe of discourse (X)
Likelihood Very High (VH) 3.5 Likelihood 5≤ ≤ XLikelihood €(1,5)

High (H) 2.5 Likelihood 5≤ ≤

Medium (M) 1.5 Likelihood 4.5≤ ≤

Low (L) 1 Likelihood 3.5≤ ≤

Very Low (VL) 1 Likelihood 2.5≤ ≤

Vulnerability   Very High (VH)   0.7 Vulnerability  1.0≤ ≤ XVulnerability €(1,5)

High (H) 0.4 Vulnerability 1.0≤ ≤

Medium (M) 0.2 Vulnerability 0.8≤ ≤

Low (L) 0.0 Vulnerability 0.6≤ ≤

Very Low (VL) 0 Vulnerability 0.3≤ ≤

Consequence  Very High (VH) 0.7 Consequence 1.0≤ ≤ XConsequence  €(0,1)

High (H) 0.4 Consequence 1.0≤ ≤

Medium (M) 0.2 Consequence 0.8≤ ≤

Low (L) 0.0 Consequence 0.6≤ ≤

Very Low (VL) 0 Consequence 0.3≤ ≤

Risk   Very high (VH) 0.7 Risk   1.0≤ ≤ XRisk  €(0,1) 

High (H) 0.4 Risk  1.0≤ ≤

Medium (M) 0.2 Risk  0.8≤ ≤

Low (L) 0.0 Risk  0.6≤ ≤

Very low (VL) 0 Risk  0.3≤ ≤
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can overcome the shortages and limitations of the conven-
tional model and improve the precision of the results. This 
leads to a systematic error in the results of the convention-
al technique; so that, the risk index for project 1 is equal to  
projects 2, 5, 5, and 7. Whereas, these projects have  
different levels of the risk. Therefore, this error wastes the 
financial and human resources.

Conclusions

Risk evaluation plays a key role in project risk man-
agement. From a purely technical viewpoint, different 
guidelines for decision-makers about how to deal with 
hazardous events are developed. However, there is not a  

Table 7. The features of the fuzzy model established for the risk 
index

Name            Risk
Type             mamdani
Inputs/Outputs   [3 1]
NumInputMFs      [5 5 5]
NumOutputMFs     5
NumRules         125
AndMethod        min
OrMethod         max
ImpMethod        min
AggMethod        max
DefuzzMethod     centroid
InLabels Vulnerability

Consequence  
Likelihood   

OutLabels        Risk
InRange          [0 1]

[0 1]
[1 5]

OutRange         [0 1]

Figure 19. Control surface of risk on consequence and vulnerability

Figure 18. Structure of fuzzy model for risk evaluation

Table 8. The required input data of the conventional model

Crisp 
rating Vulnerability Consequence Likelihood Risk 

1 Not 
vulnerable

Negligible Negligible Negligible

2 Low Low Low Low
3 Medium Medium Medium Medium
4 High High High High
5 Very high Very high Very high Very high
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well-defined instruction to logically evaluate the level of 
risk and absolutely eliminate the hazardous phenomena. 
On the other hand, designers and managers are confront-
ed with an ill-defined problem, generally arising from the 
inability to quantify many losses and technical or financial 
limitations on data gathering. Therefore, there is a cogent 
reason to develop a model based on the project risk evalu-
ation as a potential threat to the organization and to find 
some solutions for reducing or eliminating the undesirable 
consequences in the future. 

The Elena guideline provides a flexible approach to 
process both objective and subjective input data. This 
guideline provides a risk evaluation methodology for a 
broad variety of operational activities. However, the merit 
of using a fuzzy system to handle the uncertainty imposed 
by projects. This technique helps managers to formulate a 
problem by using natural language. 

This paper proposes a three-stage procedure based on 
the fuzzy inference system under the environment of the 
Elena guideline. The first stage employs three components 
the contribution rate, resilience, and resistance to assess 
the vulnerability index. The second stage uses three pa-
rameters time, cost, and quality to assess the consequence 
index. Finally, the risk index is evaluated by combining the 
outputs derived from the vulnerability and consequence 
indices with output resulted from experts’ opinion based 
on the given fuzzy set. To demonstrate the potential ap-
plication of the proposed model, a case study, namely Rah 
Gostar Naft Company, is illustrated and investigated. The 
results show that the performance of the proposed model is 
better in comparison with those of the conventional tech-
nique. Based on the results, the proposed model propos-
es a comprehensive analysis of the risky projects and the 
company can eliminate or reduce the projects with high 
potential for damage. However, the proposed model em-
ploys both objective and subjective data in a coherent way. 
Likewise, the model takes into account the relative impor-

Table 9. The results of the models 

The Conventional model The proposed model
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Project 1 2 3 1 2 3 0.38 0.55 1.1 0.384 5
Project 2 3 1 2 2 3 0.62 0.07 2 0.329 7
Project 3 4 3 2 3 2 0.77 0.62 2.2 0.616 2
Project 4 1 4 3 2 3 0.21 0.83 2.8 0.568 4
Project 5 2 2 2 2 3 0.42 0.36 2.1 0.358 6
Project 6 3 5 4 4 1 0.59 0.78 3.8 0.697 1
Project 7 3 3 1 2 3 0.64 0.60 2.05 0.596 3

tance of the influencing factors. Nevertheless, the model 
developed in this paper supports the full cycle of the risk 
management process (including risk identification, risk 
evaluation, risk planning, and risk monitoring), which is a 
key for the improvement of portfolio performance. 
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