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Abstract

Megaprojects are usually complex and in many cases encounter failure in terms of finish late or overspent. This study aims
to investigate the critical risk factors behind these projects as well as their priority. Project risk management is a mature
research stream. But when focus on megaprojects the amount of research decreases significantly. This research provides a
hierarchy of risk structure in Tehran-Rasht railway megaproject and prioritizes the risk factors through a two-phase
methodology. This method is a new hybrid MCDM technique consist of group fuzzy TOPSIS and fuzzy Best-Worst
Method. BWM is the latest MCDM technique which in this paper, its fuzzy version combined with fuzzy TOPSIS is
employed. This research also considers all the project success criteria including time, cost and quality simultaneously and
calculates the risk priority Index (RPI) accordingly. The results imply that quality is the most important project success
factor and the risk elements with greater impact on project quality, get higher PRI. The identified and ranked risk factors
help practitioners and academics to follow the subsequent steps of the risk management process of Iranian transportation
megaprojects.

Keywords: Best-Worst Method (BWM); Decision-making; Fuzzy TOPSIS; Megaprojects; Risk Assessment.

1. Introduction

The primary aim of every project is its successful completion. The criteria to evaluate this success are generally based
on the triple constraints of managing time, cost and quality of projects. In other words, any failure in the implementation
of the project with projected time, cost, and quality is considered as the project risk. According to PMI definition, project
risk management is a systematic process consisting of consequent steps containing planning, risk identification,
qualitative and quantitative risk analysis, response planning and risk monitoring and control [1]. This study deals with
the first steps of this process i.e. risk identification and analysis. It is obvious that as the size and complexity of the
project increases, its risk increases as well. Therefore the risk management in the construction of megaprojects is more
complicated and challenging. There are various definitions of the megaproject. But the most important distinguishing
feature is about its investment value. Generally projects with investment over than one billion are considered as
megaprojects. Unfortunately, construction megaprojects do not have a good reputation for successful implementation.
According to the Standish report in 2009, successful projects in terms of time, cost and quality were only about 32% of
projects. The projects with delayed schedule and cost overruns were 44 %, and the canceled projects were 24% [2].

Ernest and Young (2014) findings confirm these results. They reported that 73 percent of megaprojects they studied,
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encounter time overruns and 64 percent had cost overruns [3]. The situation is more difficult in infrastructure
transportation megaprojects. In these projects, the cost is often underestimated while the traffic is overestimated and the
achievement to predefined cost and schedule is rare [4, 5]. Every year a large number of megaprojects including
infrastructure transportation projects are carried out in the Middle East. This study aims to investigate and prioritize
critical risk factors impacting on the construction of new railway lines in Iran. Due to the geopolitical position of Iran,
construction of transportation infrastructures is of great importance for this country. But like other developing countries
its unstable economic and political situations increases the complexity and challenges associated with the construction
of megaprojects. The great amount of required investment for infrastructure transportation projects and their general
trend toward failure in terms of cost overrun, delay and poor quality, reveals the importance of more investigation on
risk management of these projects. To the best of our knowledge there is a little literature of this research stream in Iran.

In order to fulfill this research, we employ a structured approach. Our proposed approach consists of two phases. In
the first phase, using the fuzzy Best-Worst Method (BWM) developed by Guo and Zhao, (2017) the relative weights of
iron triangle success factors (i.e. time, cost and quality) are extracted from a group decision making process [6]. BWM
is the latest multi criteria decision making (MCDM) technique developed by Rezaei et al. (2015) [7]. This method has
fewer data requirements compared to other traditional MCDM techniques but can provide reliable results [8]. Guo and
Zhao (2017) developed the fuzzy version of BWM where the judgments made by decision makers are expressed by
linguistic terms [6]. The authors demonstrated the effectiveness of their proposed method by implementing it over
several illustrative examples. The ranking of risk factors takes place in the second phase where we employed the fuzzy
TOPSIS method developed by Chen et al. (2006) [9]. This method uses a hierarchy MCDM model based on fuzzy set
theory. This approach has been widely used in the literature [10-15]. Each of these methodological phases has been used
in the literature before. Although the aggregation and application of them within a project risk assessment model is
novel. We also contribute to the research stream of megaprojects risk assessment by considering the effect of risk
elements based on triple constraints of time, cost and quality of the project and evaluate them simultaneously in a group
decision making process. There are few studies that investigate the impact of risk elements on project implementation
considering all time, cost and quality constraints simultaneously. Most of the previous researches about risk management
in megaprojects have investigated the impact of risk elements on project cost overrun [16-19] or time overrun [20-23].
A practical implementation of the proposed approach in the Iranian railway construction context is another practical
contribution of our study. This paper is organized as follows: next section provides a literature review on risk assessment
in the construction of megaprojects. Section 3 introduces the two-phase methodology of this research and section 4
provides the results of its application. Consequently, section 5 provides summary and conclusion. Figure 1 demonstrates
the steps of this study.

f' {4
Literature review on Determining the weights of Prioritization of proiect risk
transportation megaprojects' project success factors using factors usin fuzrz) ’J[‘OPSIS
risk fuzzy BWM & y

Figure 1. Empirical phases of the research
2. Literature Review

Megaprojects are characterized by their complexity, dynamic interface, uncertainty, ambiguity, significant political
and external influences and long duration of implementation [24]. These projects are complex and associated with many
uncertainties and interactions which can conclude to project failure in many ways. They usually consist of complex and
uncertain activities executed by temporary teams from different organizations and cultures. They also involve different
partners and stakeholders with various and sometimes conflicting viewpoints [25-34]. Hence these projects contain a
lot of risk factors which avoid them to fulfill their predefined cost, time and quality goals [26, 33]. There is great literature
about project risk management in general. But when focus on megaproject, the amount of research decreases
dramatically [28]. The current body of knowledge emphasizes that megaprojects are more sensitive to specific factors
than the small-sized projects [24]. If a megaproject starts to fail on any aspect, the downside spiral causes failure for
every other outcome in a dramatic manner [35].There are numerous evidence emphasizing that megaprojects usually
become money pits where funds are simply consumed without achieving sufficient results. This problem is more severe
in the case of railway construction projects than other transportation modes [2]. According to Flyvbjerg (2009) research
on 258 transportation projects across 20 countries, 90 percent of these projects face cost overrun [36].

The rate of cost overrun for rail, bridge and tunnel and road projects were about 45%, 34%, and 20% respectively.
The author concludes that cost underestimation has not improved over the last 70 years. As mentioned in section 1 there
are lots of previous researches that confirm these findings. Based on the SBC report 10 percent of megaprojects face
large cost overrun in 1997 [24]. They defined large cost overrun as cost underestimation more than 50 percent. This rate
has increased over time. It was estimated at 17 percent in 2005 and 30 percent in 2011. A famous example of cost
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underestimation in megaproject construction is Boston’s “Big Dig”. The project’s aim was to build a two-mile
underground highway from central artery to the heart of Boston. The project was the most expensive highway project
in the US and was plagued by delays, design flaws, and poor execution and substandard materials. The project was
initially scheduled to be completed in 1995 at an estimated cost of $2.8 billion which was adjusted to $6 billion for
inflation in 2006. However, the project was completed in 2007 at a cost of over $14.6 billion [24]. Another example of
time and cost overrun in megaprojects is Tehran-Shomal freeway. This project aim was to connect Tehran to the southern
coasts of the Caspian Sea through passing the Alborz Mountains. The project has 180 tunnels with an overall length of
100 kilometers. The project was initially approved by the government in 1978 with an estimated 10 years schedule and
750 billion Rials (Iranian Currency) budget. But due to Iran 1979 revolution and eight years’ war with Iraq and some
financing problems, the project ultimately began in 1996 and its building still continuous after 22 years of construction.
The project consists of four sections with a length of 32, 22, 47 and 20 km respectively. Until now only section 4 has
been exploited and other sections are still under construction. The long delays of this project are mainly related to
financing problems, land acquisition, growing material prices and interaction problems with foreign contractors. A study
on project cost data sourced from EVA-TREN and cost action TU 1003 stated that cost overrun from some selected
high-speed rail megaprojects in the European Union was between 8% and 116%. These projects include Inter-City
Express of Frankfurt-Cologne (116%), Eurotunnel (69%), Madrid-Seville Alta Velocidad Espafiola (23%), Paris-Lille
Train Grande Vitesse (25%), Lyon-Marseille TGV (8%) and the Oeresund Fixed Link (63%). Others are the Edinburgh
Tram Network project (42%), Seville-Madrid HSR (71%) and Madrid-Barcelona HSR (50%) [25].

The prevailing trend toward the poor performance of these projects reveals the need to undertake a precise study on
risk factors associated with the construction of transportation megaprojects. There are few studies that provide guidance
on the successful implementation of megaprojects and critical factors behind their success [24]. Many challenges which
lead to megaproject failures are obvious such as requirements to manage numerous complicated activities while
maintaining a tough schedule and budget [24]. Some other challenges are less tangible such as complicated risk structure
with dynamic interactions and governance structure of the project. There are numerous potential risk elements which
could impact on megaproject development. These factors could influence on each stage of the project lifecycle from
planning and conceptual design to delivery stages of the project. Generally, risk management is a vital on-going
iteratively process which is fulfilled during each stage in order to formulate appropriate mitigation strategies to respond
risk. Hence, this is very difficult to provide a comprehensive list of all the potential risk elements impacting on the
construction of a megaproject. In addition, megaprojects have a complex risk structure and different risk factors may
have different impacts on project outcomes in terms of cost, time and project quality. To deal with these complexities
and employ the results in the practical context of constructing new railway lines in Iran, we used a hybrid approach
where we provide a list of potential risk factors from literature and then obtain the experts’ opinions about them. As the
number of risk elements increases, the number of pairwise comparisons increases as well. This can cause confusion of
experts and affect the quality of the results. To deal with this issue, this study proposes a new hybrid MCDM approach
and puts it into practice in obtaining the experts’ opinions of the case study. Review on megaproject risk literature
reveals that most of the previous researches attempt to identify factors that contribute to the project and do not prioritize
them or provide specific solutions to mitigate them [24].

Some of these factors include: inappropriate front-end planning, unrealistic cost or schedule estimate, non-
comprehensive analysis of geopolitical risk, failure in establishing effective and experienced teams which are usually
from different organizations and cultures, poor communications and ineffective stakeholder management, land purchase
problems, community resistance, changes in project specifications, underestimation of project costs and inflation rate
change [24, 25, 29, 31, 32, 34, 37, 45]. Each of these potential risk factors may have a different impact on project delay,
cost overrun or decrease in project quality. Therefore it is crucial to measure and analyze these factors carefully. A
couple of previous researches categorized these factors according to STEEP model. [4, 25, 38, 46]. Using this model,
the risk elements are classified based on the nature of risk such as social, technical, economic, environmental and
political categories. In this research, we provide a list of STEEP risks impacting on megaproject performance in the
construction phase. This model reflects different aspects of external macro business environment. The result is illustrated
in Tablel.

Table 1. Risk factors associated with megaproject construction

Risk factor code Risk factor description References
S1 Inability to obtain required land rights [25, 38-39]
S2 Higher costs due to land access rights [25, 47]
S4 Social issues and complaints against project [25, 38-39]
S5 Social partnership with project implementation [38-39]
S6 Cultural incompatibility with project [38-39]

The pressure of project stakeholders (including governmental and

7 - .
S local authorities) to change the project scope

Expert opinion
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T1

T2
T3
T4
TS5
T6
T7
T8
T9
T10
T11
T12
T13
T14
T15
T16
T17
T18

T19

T20
T21
T22
T23
T24
T25
T26
T27
T28
T29
ECl1
EC2
EC3
EC4
EC5
EC6
EC7
EC8
EC9
EC10
ECI11
ECI12
ENI1
EN2
P1
P2
P3
P4
P5
P6
P7

Ambiguity of project scope and its creep during implementation

Delays in design and regulatory approvals
Changes in project specifications
Defective design

Engineering and design changes
Inappropriate planning and scheduling
Underestimation of project costs
Inadequate project complexity analysis
Unforeseen project modifications

Lack of transparency in the bidding process
Low competency of subcontractors
Inadequate experience of contractors

Poor expertise of contractors

Poor management of the work site

Supply chain breakdown

Inaccessibility to new tools and equipment
Inaccessibility to innovative technology

Lack of experience with new technologies
Resource and equipment shortage

Delay in the delivery of the required materials
Waste of project resources

Inability to meet the project’s required standards
Delay in the decision-making process of project managers
Shortage of skilled labor

Weakness in establishing the efficient project team
Poor communication between different working teams
Poor management of the owners of the project
Contractor human resource management problems
Delay due to labor disputes

Governmental financial policies changes

Taxation changes

Increase in the wage rate

Inflation rate change

Foreign exchange rate changes

Material price changes

Economic recession

Energy price change

Project time overruns

Project cost overruns

Interest rate changes

Low labor productivity

Environmental negative impacts of project
Undesirable weather conditions

Project termination due to political changes
Changes in government funding policy

Political opposition to project implementation
Political indecision

Unstable political situation

Delay in obtaining approval of legal authorities

Legislative/regulatory changes
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[25, 29, 31-32, 37, 40-41,
42, 48]

(31]

[31,40-41, 42]
[29, 31, 34, 37]
[31, 25]

Expert opinion
[25, 29, 34]

[25, 44]

[25, 38-39]

[29, 31]

[29, 31]

Expert opinion
[29, 31, 39]

Expert opinion
[25,31]

Expert opinion
[29, 31]

[31, 34]
[25,29,31-32, 34,41, 42,
45]

(31]

[25]

[25]

[29]

[31, 38-39]

Expert opinion
[29, 32, 34, 42, 45]
Expert opinion
Expert opinion
(25]

(25]

[25, 49]

[25,31]

[25,29, 32,41, 45]
[25]

[25,31]

[25]

[25,31]
[25,31-32,37, 40, 42]
[25, 37, 40, 48]
(39]

(31]

[25, 38-39]

[25, 29, 32, 34, 40, 48]
[25, 49]

[25, 49]

[25, 38-39]

[25]

Expert opinion
[25,32]

[25]
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Among these factors, 9 elements are added by experts during obtaining their opinions. It may not be so simple for
many experts to make judgments about success factors in terms of pairwise comparison. To deal with this problem, we
used the best-worst method where the decision maker has to make a fewer comparison. Also to consider the ambiguity
of linguistic scale in explaining different participants’ mental latencies we used the fuzzy BWM developed by Guo and
Zhao (2017) [6]. In the second phase in order to evaluate the overall impact of each risk element on project objectives,
we employed the fuzzy TOPSIS method. The proposed two-step approach provides a simple and straightforward basis
for ranking risk factors of megaproject in the construction phase and could be easily employed by project managers. The
computational details of this two-phase methodology are described in the next section. All the computational work of
this paper is carried out by MATLAB 14.0 software.

3. Research Design
This section provides descriptions on two-phase methodology for risk assessment in the construction of megaprojects.

3.1. Fuzzy BWM

In this section fuzzy best-worst method developed by Guo and Zhao (2017) is introduced [6]. Suppose there are n
criterions and their fuzzy pairwise comparisons could be performed through linguistic terms such as “equally important”
to “absolutely important”. These terms are transformed into fuzzy numbers based on rules listed in Table 2.

Table 2. Transformation of linguistic variables into triangular fuzzy numbers

Level of influence Importance level Likert 5-point scale Triangular fuzzy numbers
Extremely Influential (EI) Absolutely Important (A) 9 (72, 4,9/2)
Moderately Influential (MI) Very Important (V) 7 (5/2,3,7/2)
Somewhat Influential (SOI ) Fairly Important (F) 5 (3/2,2,5/2)
Slightly Influential (SLI) Weakly Important (W) 3 (2/3,1,3/2)
Not at all Influential (NI) Equally Important (E) 1 (1,1,1)

Definition: a pairwise comparison d;; is defined as a fuzzy comparison if i is the best element and/or j is the worst
element. The fuzzy comparison matrix can be presented as follows:

Cl CZ Cn
o GG QG2 e Qg
A=2Clayy QA1 - Qzp (1
Cn éinl anl éinn

Where @;; represents the relative fuzzy importance of i criterion over the j™ criterion, which is a triangular fuzzy
number. Suppose there are n decision criterions in the form of {cy, ¢, ..., ¢, }. Determine the best (the most important)
and the worst (the least important) criterions and represent them as Cyz and Cy, respectively. The fuzzy reference
comparison for the best criterion over all other criterions is executed. These fuzzy comparisons are represented by Best-
to-Other vector as A = (g, gy, ..., Ap,).Then the fuzzy reference comparison for all criterions over the worst criteria
is executed. These fuzzy comparisons are represented by Other-to-Worst vector as Ay, = (&yy, @z, - » Gnw ). The next
step is to determine the optimal fuzzy weights. The optimal fuzzy weights of each criterion, are ones that satisfy the

. w ~ w; ~ . . w ~ 4] ~
equations —2 = dp j and —L = djyy. To meet these constraints, the maximum absolute gaps =L dg | and |~—’ - ajW|
W Ww Wj Ww
for all j should be minimized. Therefore we could obtain the optimal fuzzy weights (W, W5, ...., W, ) as follows:
g [~ [ - ]
min max1 [— — agz;|, | =—— Gw
( n
PNICHES! @
j=1
s.t.4w w w
w
|17 >0
j=12,..,n

Where Wy = (Ig, mg, ug), w; = (I, m", "), Wy, = (b, miy, uw), dgj = (Lgj, mpj, ugj), Gw = (Gw, Mjw, Ujw)-

Equation 2 could be transformed into the following nonlinearly constrained problem:
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minf
(|Wg -
— —agj| <
W Bj| =%

o] <
—— —aj S
wy Y

n
LS
S ZR(WJ-) =1
=1

l]‘-’" Sm]‘-’" Su]‘-"’
w

>0
Lj=12..,n

Where & = (1, m%,u®).

3

Considering ¥ < m® < u®we suppose &* = (k*,k*, k*),k* < I° then Equation 3 can be transformed into Equation 4.
min &*
U mgug)
——— i m i u .
(pmpay) ey mastay)
(1 my )
j oYy
o agy) ~ Cws w )
n =\ —
Yj-iR(W) =1
w w w
DY >0
\j=12,..,n

< (k* k" k")

< (k" k", k")

S.t.%

“)

. . K* . . .
Also, the consistency ratio of fuzzy BWM can be calculated as o where the consistency index with regard to

different linguistic terms are as presented in Table 3 [6]. For further explanations about fuzzy BWM please refer to Guo
and Zhao (2017) [6].

Table 3. Consistency index (CI) for fuzzy BWM

Linguistic Equally important Weakly important Fairly important Very important Absolutely important
terms (E) (W) (F) V) A)
Agw 1,1, (2/3,1,3/2) (312, 2,5/2) (5/2,3,7/2) (712, 4,9/2)
CI 3.00 3.80 5.29 6.69 8.04

3.2. Fuzzy TOPSIS Method

In this section, the fuzzy TOPSIS method developed by Chen, et al. (2006) is introduced [9]. Consider a decision-
making problem with m alternatives and n criterions. Decision makers represent their viewpoint by linguistic terms.
These values are transformed into their corresponding fuzzy triangular numbers according to Table 2. Assume X;;; =
(@iji, byji, Ciji) is the value assigned to i alternative regarding to the j criterion by decision maker k. The aggregated
value of ¥;;, over all decision makers are obtained as follows:
ai]- = mink{aijk}

Ykbijk
bijj === (5)
Cij = maxk{cijk}

Now the decision matrix D is as follows;

xll x12 s xln

~ X X . X

D=7t o ©®)
Xm1i Xm2 - Xmn

Where f,'] = (ai]-, bijlcij); i= 1,2, ., m, ] = 1,2, e, N
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The fuzzy weights vector W is also represented by triangular fuzzy numbers. We obtained these fuzzy weights from
fuzzy BWM in the previous p1~1ase as W = [W,, W, ..., W, ] where w; = (le, Wiz, Wj3). The normalized fuzzy decision
matrix can be represented as R = [ﬁ- f]mxn' Assuming positive (benefit) and negative (cost) criterions as B and C sets
respectively, the normalized values of fuzzy decision matrix are derived as:

> aij bij cij :
rij=<*: ,— ), JE€B,

RN

a; a; a;
= ] ] ] .
fii=1—=,—,—= |, eEC 7)
Y (Cij'bij aij) J =5 (
* __ . .
¢ = miaxcu, Jj €B,
a; = milnaij, JjEC,

Considering the importance of each criterion, the weighted normalized fuzzy decision matrix is constructed as V =
[17”] i=12,..,m, j=12,..,n, where ¥;; = 7;;(. )W;. According to the weighted normalized fuzzy decision
mxn,

matrix, the normalized positive fuzzy numbers, can approximate the elements ¥;;, Vi, j. Then the fuzzy positive-ideal
solution (FPIS, A*) and the fuzzy negative-ideal solution (FNIS, A™) can be defined as:

A" = (01,73, ..., ),

A = (U1, 0;,...,0n), )
Where 17]7‘ = miax{vi]g} and 17]-_ = miin{vl-jl} i=12,...,m j=12,..,n The distance of each alternative from

A* and A~ can be calculated as:
di =¥, dy(0:,77), i=12,..,m,
di =30 ,dy(9;,77), i=12,..m, )

Where d,,(.,.) is the distance measurement between two fuzzy numbers. The closeness coefficient which is defined to
determine the ranking of alternatives can be calculated as follows:

CC, = -

T -
d;+d;

i=12,..m (10)

This coefficient value varies between O and 1. The larger the value of closeness coefficient, the higher the priority of
its corresponding alternative. For more details and examples about fuzzy TOPSIS please refer to Chen et al. (2006) [9].
According to the values of CC;, the factors could be categorized. Chen et al. (2006) proposed five classes for categorizing
the alternatives as shown in Table 4 [9]. We use these categories to classify risk elements.

Table 4. Classes of alternatives according to the closeness coefficient [9]

Closeness coefficient CC;

Assessment status

CC; €10,0.2) Do not prefer
CC; €[0.2,04) Preferred with high risk
CC; €[0.4,0.6) Preferred with low risk
CC; €10.6,0.8) Preferred

CC; €[0.8,1] Highly preferred

4. Results

In this section, the application of our two-phase methodology in the context of constructing new railway lines in Iran
is discussed. We consider three criterions of project success: "time", "cost" and "quality". A committee comprising of
five decision makers who are managers with more than 10 years of experience in Iran railway construction projects, take

part in this research.

4.1. Calculating the Criterions’ Weights According to Fuzzy BWM

Consider the list of our criterions as {Cy, C,, C3} where C; stands for Cost, C, stands for time and C; stands for quality.
According to decision maker 1 opinion, C; is the best and C, is the worst criterion. Table 5 and 6 represent the linguistic
terms expressed by DM for fuzzy preferences of C; over all other criterions and other criterions over C, respectively.
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Table 5. The fuzzy preferences of the best criterion over all criterions for DM1

Criteria (o C, Cs3

Best criteria Cy FI VI EI

So the fuzzy best-to-other vector can be obtained as A = [(%, 2, ;) , G, 3, g) ,(1,1, 1)].

Table 6. The fuzzy preferences of all criterions over the worst criterion for DM1

Criteria Worst criteria C,
Cy FI
C, EI
Cs VI

According to Table 2, the fuzzy other-to-worst vector is Ay, = [G,Z,;),(l, 1,1), (;, 3,%)]. Now according to

Equation 4, the optimal criteria weights can be derived from solving the following nonlinear constrained optimization
problem:

min &*

la, , 3 5

ety (223)| < &k k)

l;,ms, 5 7

(20| <t

322133-@ g) < (K% K5 K) (1n)

s.t.<
1
g(l1+4’m1+ u1+l2+4m2 +u2+l3+4m3 +u3)=1

L<m <y
L<m,<u,
I3 <m3; <u,
L,0,l3>0
K=>=0

By solving Equation 11 the optimal fuzzy weights of three criteria (‘cost’, ‘time’, and ‘quality’) are obtained as

W; = (0.244,0.299,0.345) ,W; = (0.151,0.167,0.189), W; = (0.512,0.535,0.559). In this case dgy = A3, = G 3%)
According to Table 3, the consistency index is 6.69. Therefore the consistency ratio is equal to 0.0312 which is very
close to zero and indicates a very high consistency. Similar calculations are done for other decision makers’ opinions

about comparing the criterions. Table 7 provides a summary of the results.

Table 7. Optimal weights of criterions

Quality Time Cost
DM & LR.
13 ms usz L, m, u, (A m, uy
1 0.512 0.535 0.559 0.151 0.167 0.189 0.244 0.299 0.345 0.209 0.031

0.399 0.399 0.551 0.235 0.235 0.333 0.306 0.306 0.423 0.303 0.057
0.634 0.634 0.634 0.171 0.197 0.234 0.136 0.168 0.193 0.217 0.027
0.634 0.634 0.634 0.136 0.168 0.193 0.171 0.198 0.234 0.217 0.027
0.308 0.370 0.445 0.163 0.166 0.178 0.401 0.458 0.532 0.236 0.035

(O L )

We used the geometric mean of decision makers’ opinions over each criterion fuzzy weights. Hence the aggregated
optimal fuzzy weights of three criterions are obtained as Wy = (0.233,0.268,0.323), W, = (0.168,0.185,0.219), W3 =
(0.479,0.502,0.560).

4.2. Prioritization of Risk Factors According to the Fuzzy TOPSIS Method

The computational procedure of this phase is summarized as follows: Decision makers use the linguistic terms to
evaluate the influence of each risk elements on every criterion. The judgments made by decision maker] are illustrated
in Table 8.
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Table 8. The impact of each risk factor on criterions according to DM1

Vol. 5, No. 6, June, 2019

Risk element Cost Time Quality Risk element Cost Time Quality
S1 EI SOI SLI T23 MI MI SLI
S2 MI EI MI T24 SOI MI MI
S4 SLI MI SLI T25 SOI MI MI
S5 MI MI MI T26 SOl MI MI
S6 SOI SLI NI T27 SLI SOI EI
S7 NI EI MI T28 SOl MI EI
Tl SLI MI NI T29 SLI MI MI
T2 SOI MI SLI EC1 MI MI SLI
T3 SLI MI SLI EC2 MI SOI SLI
T4 MI MI MI EC3 MI SOI SLI
T5 SLI MI SOI EC4 MI SOI SOI
T6 MI MI MI EC5 MI SLI SOI
T7 EI MI MI EC6 EI SOI SLI
T8 SLI EI SLI EC7 MI MI SOI
T9 SOI MI SLI EC8 SOI SLI SLI

T10 SOI EI SLI EC9 MI MI SLI
TI1 SOI MI EI EC10 MI SOI SLI
TI12 SOI MI EI ECl11 SOI SLI SLI
T13 SLI EI EI EC12 MI MI SOI
T14 SOI EI EI EN1 MI MI SLI
T15 MI EI SLI EN2 EI EI SOI
T16 EI EI SOI P1 MI MI SLI
T17 MI EI MI P2 MI EI SLI
T18 MI MI SOI P3 SLI EI SLI
T19 SLI MI SLI P4 SLI EI SOI
T20 SOI EI SLI P5 SLI EI SOI
T21 EI EI MI P6 SLI MI SLI
T22 SOI SOI EI P7 SLI EI SOI

Similar evaluations are made by all decision makers. Based on Table 2 these judgments are transformed into their
corresponding TFN. According to Equation 5, the aggregated value of these TFN over all Decision makers is calculated.
Then the weighted normalized fuzzy decision matrix is constructed. The results are shown in Table 9.

Table 9. The weighted normalized fuzzy decision matrix of risk elements

Risk element

Cost

Time

Quality

S
2
sS4
S5
S6
7
Tl
T2
T3
T4
TS
T6
T7

(0.182, 0.238, 0.323)
(0.078, 0.155, 0.251)
(0.035, 0.060, 0.108)
(0.078, 0.155, 0.251)
(0.035, 0.083, 0.179)
(0.035, 0.107, 0.251)
(0.035, 0.155, 0.323)
(0.078, 0.155, 0.251)
(0.035,0.119, 0.251)
(0.078, 0.191, 0.323)
(0.035, 0.107, 0.251)
(0.13, 0.203, 0.323)
(0.182, 0.238, 0.323)

(0.056, 0.14, 0.219)
(0.093, 0.156, 0.219)
(0.056, 0.107, 0.17)
(0.025, 0.09, 0.17)
(0.025, 0.049, 0.122)
(0.056, 0.131, 0.219)
(0.093, 0.131, 0.219)
(0.093, 0.148,0.219)
(0.056, 0.123, 0.219)
(0.093, 0.131, 0.219)
(0.056, 0.107, 0.17)
(0.093, 0.148, 0.219)
(0.056, 0.115, 0.17)

(0.071,0.112, 0.187)
(0.071, 0.223, 0.436)
(0.071,0.134,0.311)
(0.071, 0.178, 0.436)
(0.071,0.112, 0.187)
(0.266, 0.357, 0.56)
(0.071, 0.178, 0.436)
(0.071, 0.134,0.311)
(0.071, 0.245, 0.436)
(0.266, 0.401, 0.560)
(0.071, 0.245, 0.436)
(0.266, 0.379, 0.56)
(0.16, 0.334, 0.56)
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T8 (0.035,0.179, 0.323) (0.093, 0.156, 0.219) (0.071, 0.245, 0.56)
T9 (0.078,0.179, 0.323) (0.056, 0.123,0.219) (0.071,0.112, 0.187)
TI10 (0.078,0.155, 0.251) (0.056, 0.14, 0.219) (0.071, 0.223, 0.436)
TI1 (0.078,0.143,0.251) (0.093,0.123,0.17) (0.266, 0.379, 0.56)
TI2 (0.078,0.131,0.251) (0.093,0.123,0.17) (0.266, 0.401, 0.56)
T13 (0.035,0.131,0.251) (0.093,0.131,0.219) (0.266, 0.401, 0.56)
T14 (0.035, 0.095, 0.179) (0.056, 0.14, 0.219) (0.16, 0.357, 0.56)
TIS (0.035,0.131, 0.323) (0.056, 0.131, 0.219) (0.071, 0.201, 0.56)
T16 (0.13,0.214, 0.323) (0.093, 0.148, 0.219) (0.071, 0.245, 0.436)
T17 (0.078, 0.179, 0.323) (0.025,0.115,0.219) (0.16, 0.312, 0.436)
T8 (0.035,0.167, 0.323) (0.056, 0.123,0.219) (0.071, 0.245, 0.436)
T19 (0.035, 0.083, 0.179) (0.056, 0.107, 0.17) (0.071,0.112, 0.187)
T20 (0.035,0.107, 0.179) (0.056, 0.123, 0.219) (0.071,0.112, 0.187)
T21 (0.13,0.214, 0.323) (0.025,0.123,0.219) (0.16, 0.29, 0.436)
T22 (0.078, 0.167, 0.323) (0.056, 0.107, 0.17) (0.373, 0.446, 0.56)
T23 (0.13, 0.203, 0.323) (0.093, 0.148, 0.219) (0.071, 0.223, 0.436)
T24 (0.035, 0.083, 0.179) (0.056,0.115, 0.17) (0.266, 0.379, 0.56)
T25 (0.035, 0.095, 0.179) (0.056, 0.115, 0.17) (0.266, 0.379, 0.56)
T26 (0.035,0.131, 0.251) (0.056, 0.115, 0.17) (0.266, 0.379, 0.56)
T27 (0.035, 0.083, 0.179) (0.056, 0.098, 0.17) (0.266, 0.401, 0.56)
T28 (0.035, 0.083, 0.179) (0.025, 0.09, 0.17) (0.160, 0.312, 0.56)
T29 (0.035, 0.06, 0.108) (0.025, 0.09, 0.17) (0.071, 0.268, 0.436)
ECI (0.078,0.155, 0.251) (0.093, 0.148, 0.219) (0.071,0.156, 0.311)
EC2 (0.035,0.119, 0.251) (0.025,0.115,0.219) (0.071,0.112, 0.187)
EC3 (0.078, 0.155, 0.251) (0.025, 0.057, 0.122) (0.071,0.112, 0.187)
EC4 (0.13,0.191, 0.323) (0.056, 0.107, 0.219) (0.071,0.201, 0.311)
EC5 (0.13, 0.203, 0.323) (0.025, 0.066, 0.122) (0.071,0.201, 0.311)
EC6 (0.13,0.214, 0.323) (0.056, 0.09, 0.17) (0.071, 0.178, 0.436)
EC7 (0.078,0.143,0.251) (0.093,0.131, 0.219) (0.071,0.178, 0.311)
ECS (0.078,0.131, 0.251) (0.025, 0.049, 0.122) (0.071,0.112, 0.187)
ECY (0.078, 0.155, 0.251) (0.093, 0.156, 0.219) (0.071,0.178, 0.311)
EC10 (0.13,0.214, 0.323) (0.025, 0.074, 0.219) (0.071,0.134,0311)
ECl11 (0.078,0.143,0.251) (0.025, 0.057, 0.122) (0.071,0.134,0311)
ECI2 (0.078,0.131, 0.251) (0.093, 0.123, 0.17) (0.071, 0.223, 0.436)
ENI1 (0.13, 0.191, 0.323) (0.056, 0.123, 0.219) (0.071,0.112, 0.187)
EN2 (0.078, 0.191, 0.323) (0.093, 0.14, 0.219) (0.160, 0.29, 0.436)
Pl (0.078, 0.179, 0.323) (0.093, 0.14, 0.219) (0.071, 0.178, 0.436)
P2 (0.035,0.131, 0.251) (0.093, 0.156, 0.219) (0.071,0.112, 0.187)
P3 (0.035, 0.072, 0.179) (0.093, 0.148, 0.219) (0.071,0.134,0311)
P4 (0.035, 0.072, 0.179) (0.093, 0.148, 0.219) (0.071,0.156, 0.311)
P5 (0.035, 0.095, 0.251) (0.093, 0.148, 0.219) (0.071, 0.245, 0.436)
P6 (0.035, 0.072, 0.179) (0.056, 0.115, 0.219) (0.071,0.112, 0.187)
P7 (0.035, 0.095, 0.179) (0.056, 0.131, 0.219) (0.071,0.156, 0.311)

Then according to Equations 7 and 8, we determined the FPIS and FNIS as:
A* ={(0.182,0.238,0.323), (0.093,0.156,0.219), (0.373, 0.446,0.560)}
A~ ={(0.035,0.060,0.108), (0.025,0.049, 0.122), (0.071,0.111, 0.187)}.

The distance of each risk element from FPIS and FNIS with respect to each criterion is calculated. Consequently as
shown in Table 10, the values of d; and d; and CC; for each risk element are calculated. CC; is used as a proxy of RPI
for each risk element.
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Table 10. Calculation of d;, d; and CC;

Risk element d; d; CC;
S1 0.339 0.269 0.443
S2 0.245 0.327 0.572
S4 0.345 0.324 0.484
S5 0.266 0.311 0.539
S6 0.380 0.301 0.442
S7 0.148 0.416 0.738
T1 0.263 0.332 0.558
T2 0.302 0.295 0.494
T3 0.252 0.340 0.575
T4 0.095 0.407 0.811
T5 0.256 0.341 0.571
T6 0.082 0.403 0.832
T7 0.145 0.367 0.716
T8 0.229 0.368 0.617
T9 0.346 0.284 0.450

T10 0.246 0.323 0.568
T11 0.122 0.405 0.769
T12 0.122 0.415 0.773
T13 0.132 0.418 0.760
T4 0.198 0.402 0.670
T15 0.249 0.379 0.603
T16 0.224 0.320 0.589
T17 0.182 0.341 0.652
T18 0.242 0.331 0.578
T19 0.372 0.305 0.450
T20 0.367 0.297 0.447
T21 0.177 0.327 0.648
T22 0.086 0.442 0.837
T23 0.231 0.322 0.582
T24 0.171 0.420 0.711
T25 0.167 0.415 0.713
T26 0.141 0.407 0.743
T27 0.170 0.424 0.714
T28 0.217 0.393 0.645
T29 0.289 0.357 0.553
ECI 0.294 0.295 0.501
EC2 0.360 0.297 0.452
EC3 0.360 0.271 0.429
EC4 0.272 0.294 0.520
EC5 0.283 0.281 0.499
EC6 0.251 0.303 0.546
EC7 0.289 0.301 0.510
EC8 0.363 0.284 0.439
EC9 0.287 0.298 0.509
EC10 0.297 0.277 0.482
ECI11 0.316 0.287 0.476
ECI12 0.250 0.331 0.570
EN1 0.342 0.282 0.452
EN2 0.181 0.336 0.650
P1 0.254 0.324 0.561
P2 0.356 0.298 0.455
P3 0.327 0.329 0.501
P4 0.320 0.330 0.507
P5 0.254 0.355 0.583
P6 0.372 0.316 0.459
P7 0.317 0.313 0.497
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According to Table 4 and closeness coefficient calculated for every 56 alternatives, the risk elements are categorized
into three classes as illustrated in Table 11. The RPI for risk elements of classes 1 and 2 is represented in Figure 2.

Tablell. The classes of risk elements in the construction of railway megaprojects in Iran

Class of risk

Risk element

Class I
Class 1T

T22, T6, T4

T12, T11, T13, T26, S7, T7, T27, T25, T24, T14, T17, EN2, T21, T28, T8, T15

T16, P5, T23, T18, T3, S2, T5, EC12, T10, P1, T1, T29, EC6, S5, EC4, EC7, EC9, P4, P3,

Class IIT

EC1, EC5, P7, T2, S4, EC10, ECI11, P6, P2, EN1, EC2, T9, T19, T20, S1, S6, EC8, EC3

0.837

T22

0.832

T6

0.811

T4

0.773

T12

0.769

T11

0.76

T13

0.743

T26

0.738

S7

T7

T27

T25

T24

T14

0.67
0.652

T17

0.65

EN2

T21

0.648
0.645

T28

0.617

0.603

T15

0.5 0.55

0.6 0.65 0.7

0.716
0.714
0.713

0.711

0.75 0.8 0.85

0.9

Figure 2. Risk priority index for risk classes 1 and 2

According to the calculated value of CC;, the risk elements are prioritized. The lower the value of CC; is, the closer

the corresponding element to FNIS. Similarly the greater the value of this index is, the closer the risk element to FPIS.
According to Table 4, the risk elements are classified into five different classes. Based on this classification T22, T6 and
T4 risk factors were identified as the ones with the highest priority. These factors were the inability to meet the project
required standards, inappropriate planning and scheduling and defective design respectively. Among the 53 remaining
risk factors, 16 factors were in class II and 37 factors were in class III. The results indicates that most of the technical
risk elements belong to classes I and II. Only 0.41 of these factors were in class III. Percentage of risk factors belonging
to each class of risk are presented in Table 12 and Figure 3.

Table 12. Percentage of risk items membership to different classes

Risk factor categories Class I Class II Class III
Political factors 0% 0% 100%
Technical factors 10% 48% 42%
Economic factors 0% 0% 100%
Environmental factors 0% 50% 50%
Social factors 0% 17% 83%
. |
Social factors E— Class I
) H Class II
Environmental factors
Class III
Economic factors
. .
Technical factors I EE——————
Political factors
0% 50% 100% 150%

Figure 3. Risk factor categories
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A closer look at the ranking of these risk factors indicates that the elements that have a greater impact on project
quality, also get higher risk priority index. T22 and T4 of class I are directly related to design and quality problems.
Also, lots of risk factors in class II are those that have a direct effect on the quality of project outcomes. For example,
the following factors can be mentioned: contractor problems such as low competency, inadequate experience, poor
expertise of contractors, shortage of skilled labor and poor management of work site, communication problems between
parties such as poor communication between working teams, supply chain breakdown, and weakness in establishing the
efficient project team. Class II also contains some problems that affect the project quality indirectly such as
inaccessibility to innovative technology. The obtained ranking and the calculated RPI could be employed in subsequent
steps of the risk management cycle.

5. Conclusion

This paper provides an empirical study about the risk factors involved in the construction of railway megaprojects in
Iran and aims to evaluate and prioritize these risk elements. We identified the potential risk elements from the literature
review and experts’ opinions where all experts were managers who have over 10 years of experience in construction of
railway megaprojects. There are previous researches dealing with identifying failure factors in the construction of
megaproject which we reviewed them in section 2. As mentioned earlier a small part of this research stream has been
devoted to the ranking of risk factors. These studies are generally prioritized risk elements by considering only one
project constraint such as cost [16-19, 50-52] or time of project [20, 21-23,53, 54]. This study aims to investigate and
rank risk factors considering all three constraints of project success including time, cost and quality of the project. For
this purpose, the impact of each risk element on each criterion and their aggregated impact on the project are evaluated
through a two-phase methodology. This research proposes a hybrid BWM-TOPSIS method in order to take advantage
of the strengths of these two methods together. In the first phase, the relative weights of criterions are determined using
fuzzy BWM. In the second phase, the impact of different risk factors on each criterion and the whole project is evaluated
using fuzzy TOPSIS method. Finally the RPI according to each risk element is calculated. The authors are not aware of
any previous research that employs the BWM in ranking project risk factors. Also the aggregation of these two
techniques within a two-phase methodology and apply it in a real case study is novel. In this hybrid method, we also
used the fuzzy theory to consider the ambiguity associated with the linguistic scale expressed by experts. The results of
implementing this hybrid model indicate that according to experts opinions quality is the most important criteria and
also the factors with the highest effect on quality of project outcomes have higher priority in ranking.

The results imply that according to experts’ opinions, the weak performance of contractor evaluation and selection
has the highest impact on megaproject defection in the context of constructing railway lines in Iran. Although some
other managerial related factors such as inappropriate planning and scheduling, budget underestimation and a waste of
project resources are also determined as the most important factors in ranking. Also in contrast to what authors initially
expected, the political and economic risk factors have lower ranks compared to technical and environmental factors.

According to the results of this study, most of the problems affecting the failure of Iranian railway megaprojects are
related to the weakness of contractors and the lack of contractors with the necessary competencies. As shown in Table
11, 10 out of 19 risk factors of classes 1 and 2 are directly related to the performance of contractors, which includes
various aspects from contractors experience and expertise to poor management of human resources. Therefore, in order
to reduce the risk associated with the construction of railway megaprojects in Iran, it’s crucial to promote the level of
contractors involved in these projects. In addition, the risk factors related to project stockholders are another important
source of risk in Iranian railway megaprojects which includes 6 risk elements of classes 1 and 2. Inappropriate planning
and scheduling, inadequate project complexity analysis and underestimation of project costs are some of these risk
factors. These factors clearly demonstrate that the poor performance of the project owners (here the Iranian Railways
Company) has a major impact on the failure of railway megaprojects. International consulting companies with
experience in the construction of transportation megaprojects could be employed to mitigate these risk factors.

However, the results of this research could be employed by academics for further investigation on risk management
of Iranian transportation megaprojects. In spite of the innovations made by this research, it also has some limitations.
As stated earlier this research only deals with first steps of project risk management including risk identification and
evaluation and its results could be employed in consequent steps of project risk management cycle. This study prioritizes
the risk factors from a project shareholder perspective. However, it is valuable to conduct similar research from other
stakeholder perspectives including contractors, consultants, government and society and compare the results. In addition,
the results of this study are limited to data provided by Iranian railway authorities. If the data could be extended to other
megaprojects, as well as other countries and contexts, it would be possible to generalize the results and employ it in
prioritizing risk factors associated with megaprojects in the construction phase. However, due to the simplicity and
straightforwardness of the proposed approach, it could be easily applied by practitioners in other cases and contexts in
order to provide tangible and applicable results.
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