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Keywords   Abstract 

Risk assessment is a critical task in tunneling projects, yet classical 

methods often fail to adequately manage the inherent uncertainties of 

expert judgments. This paper presents a comparative risk analysis using 

two multi-criteria decision-making techniques: Classical TOPSIS and 

Fuzzy TOPSIS. The study first establishes a baseline risk ranking using 

the Classical TOPSIS method, which relies on crisp numerical inputs. It 

then applies the Fuzzy TOPSIS method to the same dataset, leveraging fuzzy set theory to model the linguistic 

ambiguity and uncertainty in expert evaluations. The methodologies are applied to a case study of a tunnel 

construction project, assessing 17 distinct risks across 11 criteria. The results demonstrate that while both 

methods identify similar high-priority risks, the final rankings differ. The Fuzzy TOPSIS model, by 

incorporating uncertainty, provides a more robust and nuanced prioritization, identifying Owner risks (R10) 

and Site/Environment risks (R5) as more critical than the classical method did. This study concludes that the 

Fuzzy TOPSIS approach is a superior and more reliable tool for decision-makers, offering a more realistic 

framework for managing the complex risks in tunneling projects. 

Risk Assessment 
Tunneling Projects 
Fuzzy TOPSIS 
Multi-Criteria Decision-Making 

 

 

1. INTRODUCTION 

Risk assessment is an essential component in the 

planning and execution of tunneling projects, given the 

inherent complexities and uncertainties associated 

with underground construction. Unlike surface 

projects, tunneling must contend with highly 

unpredictable geological conditions that can 

significantly influence safety, cost, schedule, and 

quality outcomes [1, 2]. For example, historical 

projects such as the Channel Tunnel have experienced 

dramatic cost overruns exceeding initial budgets by 

nearly 80%, due largely to unforeseen geological 

challenges [3, 4]. Such instances underscore the 

critical need for a robust risk management framework 

that not only identifies potential hazards but also 

prioritizes them in a systematic and reliable manner 

[5]. Early approaches to risk assessment in tunneling 

projects predominantly relied on qualitative or semi-

quantitative methods. Commonly, tools such as the 

probability–impact matrix were employed, where risks 

were categorized into discrete levels (e.g., “Low,” 

“Medium,” or “High”) based on expert judgment 

regarding their likelihood and potential impact [6]. 

Although these methods have the advantage of 

simplicity and ease of use, they are limited by their 

reliance on subjective assessments and their tendency 

to overlook critical aspects of risk such as 

manageability, proximity, and the inherent uncertainty 

in the evaluations [7, 8]. Moreover, traditional 

methods often assume that risk factors are independent 

and static, which is rarely the case in the dynamic 

environment of underground construction [9]. In light 

of these limitations, researchers have sought to 

develop more sophisticated risk assessment 

methodologies over the past two decades. Advanced 

techniques, such as Monte Carlo simulations, enable 

the generation of probability distributions for various 

outcomes by simulating numerous “what-if” 

scenarios. This probabilistic approach provides a more 

detailed understanding of potential cost overruns and 

schedule delays, thereby supporting more effective 

contingency planning [10]. Mathematical modeling in 

previous studies has also been able to improve project 

risks, profitability, and safety [11-17]. In parallel, 

Bayesian networks have been introduced as a means to 

model the causal relationships among risk factors 

dynamically, allowing for real-time updating of risk 
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probabilities as new information becomes available 

[18]. Another significant advancement is the 

integration of fuzzy logic into multi-criteria decision-

making (MCDM) frameworks. Techniques such as 

fuzzy TOPSIS extend traditional TOPSIS by 

incorporating fuzzy set theory to transform imprecise, 

linguistic expert evaluations into quantitative fuzzy 

numbers [19, 20]. This method enhances the reliability 

of risk assessments by accommodating the ambiguity 

and subjectivity inherent in expert judgments, 

ultimately resulting in a more coherent and 

comprehensive risk ranking [21, 22]. Furthermore, 

these fuzzy MCDM approaches facilitate the 

simultaneous consideration of multiple risk attributes 

beyond mere probability and impact, thus addressing a 

critical shortcoming of earlier qualitative methods 

[23]. In the recent study, MCDM was used to 

determine the mine rehabilitation method  [24]. 

Additional contributions to the field have emerged 

from studies focusing on time and cost estimation 

under uncertainty [25], which further illustrate the 

multifaceted nature of tunneling risks. Guidelines and 

codes of practice, such as those from ITA/AITES [4] 

and ITIG [26], have also been influential in 

formalizing risk management practices, even though 

they often rely on classical methods that do not fully 

capture the dynamic interplay of risk factors [27].More 

recent literature emphasizes the importance of 

integrating advanced computational tools into risk 

assessment models. For instance, it has been 

demonstrated that modern decision-making 

frameworks can bridge the gap between theoretical 

models and practical applications by combining fuzzy 

logic with operational performance measurements [28, 

29]. The evolution from traditional qualitative 

methods to advanced quantitative and hybrid 

approaches represents a significant progression in 

tunneling risk assessment. Early models, while 

foundational, often fell short in accurately reflecting 

the complex, interdependent nature of risks in 

underground projects. In contrast, modern methods 

that incorporate probabilistic simulations, Bayesian 

networks, and fuzzy MCDM techniques provide a 

more dynamic and comprehensive framework for risk 

evaluation [30, 31]. These advancements allow for the 

continuous updating of risk profiles and better support 

proactive decision-making, which is crucial for 

managing the considerable uncertainties that 

characterize tunneling projects. In summary, the move 

towards integrating advanced computational 

techniques with fuzzy logic and multi-criteria 

decision-making marks a significant enhancement 

over traditional risk assessment approaches. This new 

paradigm not only addresses the inherent subjectivity 

and oversimplification of classical methods but also 

offers a robust, adaptable, and data-driven framework 

that can substantially improve project outcomes. As 

the tunneling industry continues to face challenges 

associated with unpredictable underground conditions, 

these advanced methodologies provide the necessary 

tools to manage risk more effectively and to ensure the 

successful delivery of complex tunneling projects [32- 

36]. 

2. METHODOLOGY 

The Technique for Order Preference by Similarity 

to Ideal Solution (TOPSIS) is a common multi-criteria 

decision-making tool where the best option is defined 

as the one that is closest to the positive ideal solution 

and farthest from the negative ideal solution. In risk 

assessment applications, expert judgment is often 

characterized by uncertainty. As a result, fuzzy 

TOPSIS, which uses triangular fuzzy numbers rather 

than weightings and represents linguistic evaluations 

such as "low" and "high", expands the method, while 

ensuring a typical expert viewpoint, sanity in 

representation of expert opinions through the use of the 

center and λ-possibility of the triangle. However, 

interventions like normalization, weighting, and 

distance measures, which are often used to produce 

ranks for decision-making, are done directly on fuzzy 

values, creating an ordering that is more representative 

of uncertainty. 

 

A. Classical TOPSIS 

A set of 𝑚 alternatives and 𝑛 criteria is considered 

with a normalized weight vector𝜔 = 𝜔1, … , 𝜔𝑛 

satisfying ∑ 𝜔𝑗 = 1𝑛
𝑗=1 . A crisp decision matrix 𝑋 =

[𝑥𝑖𝑗]
𝑚×𝑛

 is formed, where 𝑥𝑖𝑗  denotes the performance 

of alternative 𝑖 on criterion 𝑗. To remove scale effects 

and ensure unit-invariance, vector (Euclidean) 

normalization is applied in Eq. (1): 

𝑟𝑖𝑗 =
𝑥𝑖𝑗

√∑ 𝑥𝑖𝑗
2𝑚

𝑖=1

    (1) 

Relative importance is imposed by constructing the 

weighted normalized matrix 𝑉 = [𝜐𝑖𝑗] via Eq. (2): 

𝜐𝑖𝑗 = 𝜔𝑗𝑟𝑖𝑗 (2) 

Because all criteria are treated as benefit-type in 

this study, the positive and negative ideal solutions are 

defined column-wise by the extrema of 𝑉 in Eq. (3): 

 

𝐴+ = (𝜐1
+, … , 𝜐𝑛

+), 𝜐𝑗
+ = 𝑚𝑎𝑥𝑖  𝜐𝑖𝑗    

 

𝐴− = (𝜐1
−, … , 𝜐𝑛

−), 𝜐𝑗
− = 𝑚𝑖𝑛𝑖  𝜐𝑖𝑗  

(3) 

Proximity to these ideals is quantified by Euclidean 

separations in Eq. (4): 

𝑆𝑖
+ = √∑(𝜐𝑖𝑗 − 𝜐𝑗

+)
2

𝑛

𝑗=1

 

𝑆𝑖
− = √∑(𝜐𝑖𝑗 − 𝜐𝑗

−)
2

𝑛

𝑗=1

 

 (4) 

Ranking is then obtained from the relative 

closeness coefficient in Eq. (5); larger values indicate 

higher priority: 
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𝐶𝐶𝑖 =
𝑆𝑖

−

𝑆𝑖
+ + 𝑆𝑖

− 
(5) 

 

B. Fuzzy TOPSIS 

Uncertainty in expert judgements is retained by 

operating directly on triangular fuzzy numbers 𝑥̃𝑖𝑗 =

(𝑙𝑖𝑗 , 𝑚𝑖𝑗 , 𝑢𝑖𝑗) with 𝑙𝑖𝑗 ≤ 𝑚𝑖𝑗 ≤ 𝑢𝑖𝑗. For each criterion 

𝑗, the upper-bound normalizer 𝑢𝑗
∗ = 𝑚𝑎𝑥𝑖𝑢𝑖𝑗 is 

computed so that all TFNs are mapped to [0,1] while 

preserving their partial order; fuzzy normalization is 

performed in Eq. (6): 

 

𝑟̃𝑖𝑗 =
𝑥̃𝑖𝑗

𝑢𝑗
∗ (

𝑙𝑖𝑗

𝑢𝑗
∗ ,

𝑚𝑖𝑗

𝑢𝑗
∗ ,

𝑢𝑖𝑗

𝑢𝑗
∗ ) (6) 

Because the criterion weights are crisp in this 

application, fuzzy weighting reduces to scalar 

multiplication of TFNs as in Eq. (7): 

 

𝜐̃𝑖𝑗 = 𝜔𝑗𝑟̃𝑖𝑗 = (
𝜔𝑗𝑙𝑖𝑗

𝑢𝑗
∗ ,

𝜔𝑗𝑚𝑖𝑗

𝑢𝑗
∗ ,

𝜔𝑗𝑢𝑖𝑗

𝑢𝑗
∗ ) (7) 

Consistent with the benefit-type interpretation, the 

fuzzy positive and negative ideals are determined 

component-wise from the column maxima and minima 

of 𝑉̃ = [𝜐̃𝑖𝑗], as given in Eq. (8): 

 

𝜐̃𝑗
+ = (𝑚𝑎𝑥𝑖𝑙𝑖𝑗 , 𝑚𝑎𝑥𝑖𝑚𝑖𝑗 , 𝑚𝑎𝑥𝑖𝑢𝑖𝑗) 

 

𝜐̃𝑗
− = (𝑚𝑖𝑛𝑖𝑙𝑖𝑗 , 𝑚𝑖𝑛𝑖𝑚𝑖𝑗 , 𝑚𝑖𝑛𝑖𝑢𝑖𝑗) 

(8) 

Distances between TFNs are evaluated by the 

vertex (Euclidean) metric in R3, which is compatible 

with the normalization in Eq. (6) and avoids arbitrary 

scale factors; this metric is stated in Eq. (9): 

 

𝑑(𝑎̃, 𝑏̃)

= √(𝑙𝑎 − 𝑙𝑏)2 + (𝑚𝑎 − 𝑚𝑏)2 + (𝑢𝑎 − 𝑢𝑏)2 

(9) 

 

Criterion-wise distances to the ideals are then 

aggregated in quadrature to obtain overall separations 

in Eq. (10): 

𝐷𝑖
+ = √∑ 𝑑(𝜐̃𝑖𝑗 , 𝜐̃𝑗

+)
2

𝑛

𝑗=1

 

𝐷𝑖
− = √∑ 𝑑(𝜐̃𝑖𝑗 , 𝜐̃𝑗

−)
2

𝑛

𝑗=1

 

(10) 

Finally, a crisp ranking index is produced by the 

fuzzy closeness coefficient in Eq. (11), which mirrors 

the classical definition while carrying uncertainty up 

to the distance stage: 

 

𝐶𝐶𝑖
(𝐹)

=
𝐷𝑖

−

𝐷𝑖
+ − 𝐷𝑖

− 

 

 (11) 

 

 

3. CASE STUDY DESCRIPTION 

The Seymareh dam is being constructed in the 

southwestern of Iran. The project which lies 

geographically in latitude 47° 12' and longitude 33° 

17’ is located in the Zagros range, Eilam province. The 

main objectives of this project are electricity and 

irrigation water production. Figure 3 shows a view of 

the Seymareh project. In this project, two diversion 

tunnels, one water conveyance tunnel and six 

horseshoe grouting galleries are excavated in the 

folded limestones belong to Asmari formation of the 

Zagros range (Table 2). 

 

 
Figure 1. A view of the Seymareh dam project 

 

Table 1. Seymareh Tunnels specifications 
Tunnel type Length (m) Cross section 

(m2) 

Diversion tunnels 871 63 

Conveyance tunnels 1476 94 
Grouting galleries 550 15 

 

4. RESULTS AND DISCUSSION 

In this paper, the risks were recognized and 

incorporated based on a risk breakdown structure [37]. 

As can be seen from Table 1, the risks involved in 

tunneling projects are broadly divided into two 

categories: internal and external. As a matter of fact, 

only internal risks that are intrinsic to each project can 

be controlled by the management. But external risks 

that originated from sources other than the project 

conditions cannot be organized by the managers. 
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Table 2. Involved risks in the tunneling projects risk assessment 

E
x

te
r
n

a
l 

 

Political risks 

(R1) 

Social risks (R2) 
Economic risks 

(R3) 

Legal and 
regulatory risks (R4) 

Site or 

environment risks 
(R5) 

Acts of God (R6) 

 

In
te

r
n

a
l 

 

Loss or damages 
risks (R7) 

Contracting risks 

(R8)  
Financial risks (R9) 

Owner risks (R10) 

Management risks 
(R11) 

Planning risks (R12) 

Technical risks 
(R13) 

Material and 

Equipment risks (R14) 
Schedule risks (R15) 

Guarantees risks 

(R16) 

Labor risks (R17) 

 

After identification of the risks, required criteria 

have to be determined (Table 4). As it can be seen from 

Table 2, to achieve a more coherent assessment, 

various criteria have been incorporated the case which 

is not possible for the conventional method. The 

criterion C1 directly comes from the classical method 

but the risk impact of the classical method is broken 

into four major project objectives; cost, schedule, 

quality and scope (C2 to C5). Also, six other 

complementary criteria have been considered.  

 
 

Table 3. Criteria of risk assessment 
symbol Criteria symbol Criteria 

C1 
Occurrence 

probability 
C6 Manageability 

C2 

Impact of 

the risks on the 
projects' cost 

C7 
Uncertainty 

level 

C3 

Impact of 

the risks on the 
projects' 

schedule 

C8 
Proximity of 

risk 

C4 

Impact of 
the risks on the 

projects' quality 

C9 Risk exposure 

C5 

Impact of 
the risks on the 

projects' scope 

C10 
Environmental 

effect 

  C11 
Socio 

economics effect 

 

Collection of expert judgments regarding criteria 

evaluation for each individual alternative was on the 

basis of group decision-making method [38]. 

Evaluation of the criteria occurrence probability and 

extended impacts was performed using Table 5 [2]. 

For obtaining the fuzzy-decision matrix D, a 

questionnaire was designed and distributed to 30 

experts grouped into six different panels. The experts’ 

qualitative linguistic expressions were converted into 

quantitative triangular fuzzy numbers using the Likert 

scale [36]. 
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Table 4. Evaluating the impact of risks and occurrence probability 
Impacts of risks 

Probability of occurrence 
Scope Quality Cost increase 

Overall Project Schedule 

Slippage 

P
ro

ject E
n
d

 Item
 is E

ffectiv
ely

 U
n
u

sab
le 

S
co

p
e R

ed
u

ctio
n
 U

n
accep

tab
le to

 th
e C

lien
t 

M
ajo

r A
rea o

f S
co

p
e A

re A
ffected

 

M
in

o
r A

rea o
f S

co
p

e A
re A

ffected
 

S
co

p
e D

ecrease B
arely

 N
o

ticeab
le 

P
ro

ject E
n
d

 Item
 is E

ffectiv
ely

 U
n
u

sab
le 

Q
u

ality
 R

ed
u

ctio
n
 U

n
accep

tab
le to

 th
e C

lien
t 

Q
u

ality
 R

ed
u

ctio
n
 R

eq
u

ires C
lien

t A
p
p

ro
v

al 

O
n

ly
 v

ery
 d

em
an

d
in

g
 A

p
p
licatio

n
 A

re A
ffected

 

Q
u

ality
 D

eg
rad

atio
n

 B
arely

 N
o
ticeab

le
 

<
 2

0
 %

 

1
0
 - 2

0
 %

 

5
 - 1

0
 %

 

>
 5

 %
 

In
sig

n
ifican

t 

 <
 2

0
 %

 

1
0
 –

 2
0

 %
 

5
 –

 1
0
 %

 

>
 5

 %
 

In
sig

n
ifican

t 

>
 7

1
%

 

5
1

- 7
0

 %
 

2
6
 –

5
0

 %
 

6
 –

 2
5
 %

 

>
 5

 %
 

VH H M L VL VH H M L VL VH H M L VL VH H M L VL VH H M L VL 

 

 

Table 6 shows details of conversion linguistic 

terms into triangular fuzzy numbers [36]. Aggregation 

of the expert opinions was fulfilled using weighted 

average technique.   

Table 5. Linguistic variables for the ratings 
Linguistic 

variable 

 Triangle fuzzy 

numbers 

Very High (VH) (0.7,0.9,1) 

High (H) (0.5,0.7,0.9) 
Medium (M) (0.3,0.5,0.7) 

Low (L) (0.1,0.3,0.5) 

Very Low (VL) (0,0.1,0.3) 

 

Finally, the obtained fuzzy ratings were set into the 

fuzzy decision matrix D (Table 5). 

In the next step, a normalized fuzzy decision matrix 

(R) was produced (Table 6). Also, the criteria weights 

were extracted from experts' opinions (Table 7), after 

which a weighted normalized fuzzy decision matrix 

(V) was computed (Table 8). 

In the final step, relative closeness (𝐶𝑗) has to be 

determined. For this, firstly separations of each 

alternative from the positive and negative ideal 

solutions (𝑆𝑗
+, 𝑆𝑗

−) were calculated, and then the 

relative closeness of each risk was computed (Table 9), 

by which the risks were ordered according to the 

obtained closeness.
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Table 6. Fuzzy decision matrix 
 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 

R1 
(0.070, 0.240, 

0.440) 
(0.030, 0.160, 

0.360) 
(0.673, 0.873, 

0.987) 
(0.673, 0.873, 

0.973) 
(0.013, 0.127, 

0.327) 
(0.127, 0.327, 

0.527) 
(0.267, 0.467, 

0.667) 
(0.667, 0.867, 

0.983) 
(0.640, 0.840, 

0.970) 
(0.013, 0.127, 

0.327) 
(0.273, 0.473, 

0.673) 

R2 
(0.640, 0.840, 

0.970) 

(0.017, 0.133, 

0.333) 

(0.647, 0.847, 

0.973) 

(0.473, 0.673, 

0.873) 

(0.000, 0.100, 

0.300) 

(0.673, 0.873, 

0.987) 

(0.533, 0.733, 

0.917) 

(0.667, 0.867, 

0.983) 

(0.673, 0.873, 

0.987) 

(0.013, 0.127, 

0.327) 

(0.273, 0.473, 

0.673) 

R3 
(0.647, 0.847, 

0.973) 

(0.273, 0.473, 

0.673) 

(0.640, 0.840, 

0.970) 

(0.333, 0.533, 

0.700) 

(0.017, 0.133, 

0.333) 

(0.667, 0.867, 

0.983) 

(0.273, 0.473, 

0.673) 

(0.673, 0.873, 

0.987) 

(0.700, 0.900, 

1.000) 

(0.083, 0.267, 

0.467) 

(0.267, 0.467, 

0.667) 

R4 
(0.017, 0.133, 

0.333) 
(0.013, 0.127, 

0.327) 
(0.097, 0.227, 

0.427) 
(0.013, 0.127, 

0.353) 
(0.013, 0.127, 

0.327) 
(0.127, 0.327, 

0.527) 
(0.333, 0.533, 

0.733) 
(0.017, 0.133, 

0.333) 
(0.013, 0.127, 

0.327) 
(0.013, 0.127, 

0.327) 
(0.013, 0.127, 

0.327) 

R5 
(0.000, 0.100, 

0.300) 
(0.673, 0.873, 

0.987) 
(0.673, 0.873, 

0.987) 
(0.673, 0.873, 

0.987) 
(0.000, 0.100, 

0.300) 
(0.673, 0.873, 

0.987) 
(0.133, 0.333, 

0.533) 
(0.333, 0.533, 

0.733) 
(0.473, 0.673, 

0.873) 
(0.000, 0.100, 

0.300) 
(0.267, 0.467, 

0.667) 

R6 
(0.273, 0.473, 

0.673) 

(0.667, 0.867, 

0.983) 

(0.133, 0.333, 

0.533) 

(0.133, 0.333, 

0.500) 

(0.087, 0.273, 

0.467) 

(0.473, 0.673, 

0.873) 

(0.273, 0.473, 

0.673) 

(0.127, 0.327, 

0.527) 

(0.127, 0.327, 

0.527) 

(0.017, 0.133, 

0.333) 

(0.267, 0.467, 

0.667) 

R7 
(0.473, 0.673, 

0.873) 

(0.273, 0.473, 

0.673) 

(0.667, 0.867, 

0.983) 

(0.667, 0.867, 

0.983) 

(0.000, 0.100, 

0.300) 

(0.640, 0.840, 

0.970) 

(0.527, 0.727, 

0.913) 

(0.013, 0.127, 

0.327) 

(0.000, 0.100, 

0.300) 

(0.000, 0.100, 

0.300) 

(0.000, 0.100, 

0.300) 

R8 
(0.267, 0.467, 

0.667) 
(0.017, 0.133, 

0.333) 
(0.133, 0.333, 

0.533) 
(0.017, 0.133, 

0.300) 
(0.273, 0.473, 

0.667) 
(0.327, 0.527, 

0.727) 
(0.527, 0.727, 

0.913) 
(0.273, 0.473, 

0.673) 
(0.673, 0.873, 

0.987) 
(0.000, 0.100, 

0.300) 
(0.267, 0.467, 

0.667) 

R9 
(0.500, 0.700, 

0.900) 

(0.087, 0.273, 

0.473) 

(0.673, 0.873, 

0.987) 

(0.533, 0.733, 

0.917) 

(0.000, 0.100, 

0.300) 

(0.640, 0.840, 

0.970) 

(0.360, 0.560, 

0.760) 

(0.667, 0.867, 

0.983) 

(0.700, 0.900, 

1.000) 

(0.000, 0.100, 

0.300) 

(0.247, 0.447, 

0.647) 

R10 
(0.647, 0.847, 

0.973) 

(0.273, 0.473, 

0.673) 

(0.640, 0.840, 

0.970) 

(0.667, 0.867, 

1.000) 

(0.013, 0.127, 

0.353) 

(0.673, 0.873, 

0.987) 

(0.017, 0.133, 

0.333) 

(0.700, 0.900, 

1.000) 

(0.667, 0.867, 

0.983) 

(0.000, 0.100, 

0.300) 

(0.327, 0.527, 

0.727) 

R11 
(0.473, 0.673, 

0.873) 

(0.087, 0.273, 

0.473) 

(0.700, 0.900, 

1.000) 

(0.533, 0.733, 

0.900) 

(0.000, 0.100, 

0.300) 

(0.473, 0.673, 

0.873) 

(0.673, 0.873, 

0.987) 

(0.527, 0.727, 

0.913) 

(0.473, 0.673, 

0.873) 

(0.273, 0.473, 

0.673) 

(0.267, 0.467, 

0.667) 

R12 
(0.433, 0.633, 

0.833) 

(0.527, 0.727, 

0.913) 

(0.133, 0.333, 

0.533) 

(0.127, 0.327, 

0.533) 

(0.127, 0.327, 

0.553) 

(0.333, 0.533, 

0.733) 

(0.667, 0.867, 

0.983) 

(0.700, 0.900, 

1.000) 

(0.667, 0.867, 

0.983) 

(0.300, 0.500, 

0.700) 

(0.300, 0.500, 

0.700) 

R13 
(0.667, 0.867, 

0.983) 

(0.513, 0.713, 

0.853) 

(0.533, 0.733, 

0.917) 

(0.473, 0.673, 

0.873) 

(0.000, 0.100, 

0.300) 

(0.527, 0.727, 

0.913) 

(0.673, 0.873, 

0.987) 

(0.673, 0.873, 

0.987) 

(0.667, 0.867, 

0.983) 

(0.267, 0.467, 

0.667) 

(0.273, 0.473, 

0.673) 

R14 
(0.467, 0.667, 

0.867) 
(0.013, 0.127, 

0.327) 
(0.267, 0.467, 

0.667) 
(0.267, 0.467, 

0.667) 
(0.087, 0.273, 

0.447) 
(0.273, 0.473, 

0.673) 
(0.273, 0.473, 

0.673) 
(0.000, 0.100, 

0.300) 
(0.083, 0.267, 

0.467) 
(0.273, 0.473, 

0.673) 
(0.273, 0.473, 

0.673) 

R15 
(0.613, 0.813, 

0.943) 

(0.230, 0.400, 

0.573) 

(0.447, 0.647, 

0.847) 

(0.440, 0.640, 

0.873) 

(0.117, 0.300, 

0.467) 

(0.440, 0.640, 

0.840) 

(0.440, 0.640, 

0.840) 

(0.647, 0.847, 

0.973) 

(0.647, 0.847, 

0.973) 

(0.013, 0.127, 

0.327) 

(0.247, 0.447, 

0.647) 

R16 
(0.233, 0.433, 

0.633) 

(0.070, 0.240, 

0.440) 

(0.247, 0.447, 

0.647) 

(0.447, 0.647, 

0.820) 

(0.240, 0.440, 

0.633) 

(0.240, 0.440, 

0.640) 

(0.447, 0.647, 

0.847) 

(0.087, 0.273, 

0.473) 

(0.083, 0.267, 

0.467) 

(0.000, 0.100, 

0.300) 

(0.247, 0.447, 

0.647) 

R17 
(0.640, 0.840, 

0.970) 
(0.013, 0.127, 

0.327) 
(0.420, 0.620, 

0.820) 
(0.433, 0.633, 

0.867) 
(0.013, 0.127, 

0.327) 
(0.473, 0.673, 

0.873) 
(0.440, 0.640, 

0.840) 
(0.167, 0.353, 

0.540) 
(0.113, 0.300, 

0.500) 
(0.087, 0.273, 

0.473) 
(0.070, 0.240, 

0.440) 
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Table 7. Normalized fuzzy decision matrix 
C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 

(0.018, 0.063, 

0.113) 

(0.010, 0.059, 

0.124) 

(0.168, 0.218, 

0.247) 

(0.177, 0.236, 

0.256) 

(0.008, 0.097, 

0.192) 

(0.032, 0.082, 

0.132) 

(0.070, 0.126, 

0.175) 

(0.171, 0.222, 

0.252) 

(0.160, 0.210, 

0.243) 

(0.007, 0.079, 

0.172) 

(0.098, 0.189, 

0.240) 
(0.164, 0.221, 

0.249) 

(0.006, 0.049, 

0.115) 

(0.162, 0.212, 

0.243) 

(0.125, 0.182, 

0.230) 

(0.000, 0.077, 

0.176) 

(0.168, 0.218, 

0.247) 

(0.140, 0.198, 

0.241) 

(0.171, 0.222, 

0.252) 

(0.168, 0.218, 

0.247) 

(0.007, 0.079, 

0.172) 

(0.098, 0.189, 

0.240) 

(0.166, 0.223, 
0.250) 

(0.094, 0.175, 
0.232) 

(0.160, 0.210, 
0.243) 

(0.088, 0.144, 
0.184) 

(0.010, 0.103, 
0.196) 

(0.167, 0.217, 
0.246) 

(0.072, 0.128, 
0.177) 

(0.173, 0.224, 
0.253) 

(0.175, 0.225, 
0.250) 

(0.044, 0.167, 
0.246) 

(0.095, 0.187, 
0.238) 

(0.004, 0.035, 

0.085) 

(0.005, 0.047, 

0.113) 

(0.024, 0.057, 

0.107) 

(0.004, 0.034, 

0.093) 

(0.008, 0.097, 

0.192) 

(0.032, 0.082, 

0.132) 

(0.088, 0.144, 

0.193) 

(0.004, 0.034, 

0.085) 

(0.003, 0.032, 

0.082) 

(0.007, 0.079, 

0.172) 

(0.005, 0.051, 

0.117) 

(0.000, 0.026, 

0.077) 

(0.232, 0.323, 

0.340) 

(0.168, 0.218, 

0.247) 

(0.177, 0.236, 

0.260) 

(0.000, 0.077, 

0.176) 

(0.168, 0.218, 

0.247) 

(0.035, 0.090, 

0.140) 

(0.085, 0.137, 

0.188) 

(0.118, 0.168, 

0.218) 

(0.000, 0.063, 

0.158) 

(0.095, 0.187, 

0.238) 

(0.070, 0.125, 
0.173) 

(0.230, 0.321, 
0.339) 

(0.033, 0.083, 
0.133) 

(0.035, 0.090, 
0.132) 

(0.051, 0.210, 
0.275) 

(0.118, 0.168, 
0.218) 

(0.072, 0.128 
0.177) 

(0.032, 0.084, 
0.135) 

(0.032, 0.082, 
0.132) 

(0.009, 0.083, 
0.175) 

(0.095, 0.187, 
0.238) 

(0.121, 0.177, 

0.224) 

(0.094, 0.175, 

0.232) 

(0.167, 0.217, 

0.246) 

(0.175, 0.234, 

0.259) 

(0.000, 0.077, 

0.176) 

(0.160, 0.210, 

0.243) 

(0.139, 0.196, 

0.240) 

(0.003, 0.032, 

0.084) 

(0.000, 0.025, 

0.075) 

(0.000, 0.063, 

0.158) 

(0.000, 0.040, 

0.107) 
(0.068, 0.123, 

0.171) 

(0.006, 0.049, 

0.115) 

(0.033, 0.083, 

0.133) 

(0.004, 0.036, 

0.079) 

(0.161, 0.364, 

0.392) 

(0.082, 0.132, 

0.182) 

(0.139, 0.196, 

0.240) 

(0.070, 0.121, 

0.173) 

(0.168, 0.218, 

0.247) 

(0.000, 0.063, 

0.158) 

(0.095, 0.187, 

0.238) 

(0.128, 0.184, 
0.231) 

(0.030, 0.101, 
0.163) 

(0.168, 0.218, 
0.247) 

(0.140, 0.198, 
0.241) 

(0.000, 0.077, 
0.176) 

(0.160, 0.210, 
0.243) 

(0.095, 0.151, 
0.200) 

(0.171, 0.222, 
0.252) 

(0.175, 0.225, 
0.250) 

(0.000, 0.063, 
0.158) 

(0.088, 0.179, 
0.231) 

(0.166, 0.223, 

0.250) 

(0.094, 0.175, 

0.232) 

(0.160, 0.210, 

0.243) 

(0.175, 0.234, 

0.263) 

(0.008, 0.097, 

0.208) 

(0.168, 0.218, 

0.247) 

(0.004, 0.036, 

0.088) 

(0.179, 0.231, 

0.256) 

(0.167, 0.217, 

0.246) 

(0.000, 0.063, 

0.158) 

(0.117, 0.211, 

0.260) 
(0.121, 0.177, 

0.224) 

(0.030, 0.101, 

0.163) 

(0.175, 0.225, 

0.250) 

(0.140, 0.198, 

0.237) 

(0.000, 0.077, 

0.176) 

(0.118, 0.168, 

0.218) 

(0.177, 0.236, 

0.260) 

(0.135, 0.186, 

0.234) 

(0.118, 0.168, 

0.218) 

(0.144, 0.296, 

0.354) 

(0.095, 0.187, 

0.238) 

(0.111, 0.167, 
0.214) 

(0.182, 0.269, 
0.315) 

(0.033, 0.083, 
0.133) 

(0.033, 0.088, 
0.140) 

(0.075, 0.251, 
0.325) 

(0.083, 0.133, 
0.183) 

(0.175, 0.234, 
0.259) 

(0.179, 0.231, 
0.256) 

(0.167, 0.217, 
0.246) 

(0.158, 0.313, 
0.368) 

(0.107, 0.200, 
0.250) 

(0.171, 0.228, 

0.252) 

(0.177, 0.264, 

0.294) 

(0.133, 0.183, 

0.229) 

(0.125, 0.182, 

0.230) 

(0.000, 0.077, 

0.176) 

(0.132, 0.182, 

0.228) 

(0.177, 0.236, 

0.260) 

(0.173, 0.224, 

0.253) 

(0.167, 0.217, 

0.246) 

(0.140, 0.292, 

0.351) 

(0.098, 0.189, 

0.240) 
(0.120, 0.175, 

0.222) 

(0.005, 0.047, 

0.113) 

(0.067, 0.117, 

0.167) 

(0.070, 0.126, 

0.175) 

(0.051, 0.210, 

0.263) 

(0.068, 0.118, 

0.168) 

(0.072, 0.128, 

0.177) 

(0.000, 0.026, 

0.077) 

(0.021, 0.067, 

0.117) 

(0.144, 0.296, 

0.354) 

(0.098, 0.189, 

0.240) 

(0.157, 0.214, 
0.242) 

(0.079, 0.148, 
0.198) 

(0.112, 0.162, 
0.212) 

(0.116, 0.173, 
0.230) 

(0.069, 0.231, 
0.275) 

(0.110, 0.160, 
0.210) 

(0.116, 0.173, 
0.221) 

(0.166, 0.217, 
0.250) 

(0.162, 0.212, 
0.243) 

(0.007, 0.079, 
0.172) 

(0.088, 0.179, 
0.231) 

(0.060, 0.114, 

0.162) 

(0.024, 0.089, 

0.152) 

(0.062, 0.112, 

0.162) 

(0.118, 0.175, 

0.216) 

(0.141, 0.338, 

0.373) 

(0.060, 0.110, 

0.160) 

(0.118, 0.175, 

0.223) 

(0.022, 0.070, 

0.121) 

(0.021, 0.067, 

0.117) 

(0.000, 0.063, 

0.158) 

(0.088, 0.179, 

0.231) 
(0.164, 0.221, 

0.249) 

(0.005, 0.047, 

0.113) 

(0.105, 0.155, 

0.205) 

(0.114, 0.171, 

0.228) 

(0.008, 0.097, 

0.192) 

(0.118, 0.168, 

0.218) 

(0.116, 0.173, 

0.221) 

(0.043, 0.091, 

0.138) 

(0.028, 0.075, 

0.125) 

(0.046, 0.171, 

0.249) 

(0.025, 0.096, 

0.157) 
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Table 8I. Weights of criteria 
 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 

W 
0.05

8 
0.06

5 
0.09

4 
0.09

4 
0.10

8 
0.11

6 
0.09

4 
0.10

1 
0.11

1 
0.08

7 
0.07

2 

 

 

Table 9. Weighted normalized fuzzy decision matrix 
 

 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 

R1 
(0.001, 0.004, 

0.007) 

(0.001, 0.004, 

0.008) 

(0.016, 0.021, 

0.023) 

(0.017, 0.022, 

0.024) 

(0.001, 0.011, 

0.021) 

(0.004, 0.009, 

0.015) 

(0.007, 0.012, 

0.016) 

(0.017, 0.022, 

0.026) 

(0.018, 0.023, 

0.027) 

(0.001, 0.007, 

0.015) 

(0.007, 0.014, 

0.017) 

R2 
(0.009, 0.013, 

0.014) 

(0.000, 0.003, 

0.007) 

(0.015, 0.020, 

0.023) 

(0.012, 0.017, 

0.022) 

(0.000, 0.008, 

0.019) 

(0.019, 0.025, 

0.029) 

(0.013, 0.019, 

0.023) 

(0.017, 0.022, 

0.026) 

(0.019, 0.024, 

0.027) 

(0.001, 0.007, 

0.015) 

(0.007, 0.014, 

0.017) 

R3 
(0.010, 0.013, 

0.014) 
(0.006, 0.011, 

0.015) 
(0.015, 0.020, 

0.023) 
(0.008, 0.014, 

0.017) 
(0.001, 0.011, 

0.021) 
(0.019, 0.025, 

0.028) 
(0.007, 0.012, 

0.017) 
(0.017, 0.023, 

0.026) 
(0.019, 0.025, 

0.028) 
(0.004, 0.014, 

0.021) 
(0.007, 0.013, 

0.017) 

R4 
(0.000, 0.002, 

0.005) 

(0.000, 0.003, 

0.007) 

(0.002, 0.005, 

0.010) 

(0.000, 0.003, 

0.009) 

(0.001, 0.011, 

0.021) 

(0.004, 0.009, 

0.015) 

(0.008, 0.014, 

0.018) 

(0.000, 0.003, 

0.009) 

(0.000, 0.004, 

0.009) 

(0.001, 0.007, 

0.015) 

(0.000, 0.004, 

0.008) 

R5 
(0.000, 0.002, 

0.004) 

(0.015, 0.021, 

0.022) 

(0.016, 0.021, 

0.023) 

(0.017, 0.022, 

0.024) 

(0.000, 0.008, 

0.019) 

(0.019, 0.025, 

0.029) 

(0.003, 0.008, 

0.013) 

(0.009, 0.014, 

0.019) 

(0.013, 0.019, 

0.024) 

(0.000, 0.005, 

0.014) 

(0.007, 0.013, 

0.017) 

R6 
(0.004, 0.007, 

0.010) 
(0.015, 0.021, 

0.022) 
(0.003, 0.008, 

0.013) 
(0.003, 0.008, 

0.012) 
(0.006, 0.023, 

0.030) 
(0.014, 0.019, 

0.025) 
(0.007, 0.012, 

0.017) 
(0.003, 0.008, 

0.014) 
(0.004, 0.009, 

0.015) 
(0.001, 0.007, 

0.015) 
(0.007, 0.013, 

0.017) 

R7 
(0.007, 0.010, 

0.013) 

(0.006, 0.011, 

0.015) 

(0.016, 0.020, 

0.023) 

(0.016, 0.022, 

0.024) 

(0.000, 0.008, 

0.019) 

(0.018, 0.024, 

0.028) 

(0.013, 0.018, 

0.023) 

(0.000, 0.003, 

0.008) 

(0.000, 0.003, 

0.008) 

(0.000, 0.005, 

0.014) 

(0.000, 0.003, 

0.008) 

R8 
(0.004, 0.007, 

0.010) 

(0.000, 0.003, 

0.007) 

(0.003, 0.008, 

0.013) 

(0.000, 0.003, 

0.007) 

(0.017, 0.039, 

0.043) 

(0.009, 0.015, 

0.021) 

(0.013, 0.018, 

0.023) 

(0.007, 0.012, 

0.017) 

(0.019, 0.024, 

0.027) 

(0.000, 0.005, 

0.014) 

(0.007, 0.013, 

0.017) 

R9 
(0.007, 0.011, 

0.013) 
(0.002, 0.007, 

0.011) 
(0.016, 0.021, 

0.023) 
(0.013, 0.019, 

0.023) 
(0.000, 0.008, 

0.019) 
(0.018, 0.024, 

0.028) 
(0.009, 0.014, 

0.019) 
(0.017, 0.022, 

0.026) 
(0.019, 0.025, 

0.028) 
(0.000, 0.005, 

0.014) 
(0.006, 0.013, 

0.017) 

R1

0 

(0.010, 0.013, 

0.014) 

(0.006, 0.011, 

0.015) 

(0.015, 0.020, 

0.023) 

(0.016, 0.022, 

0.025) 

(0.001, 0.011, 

0.023) 

(0.019, 0.025, 

0.029) 

(0.000, 0.003, 

0.008) 

(0.018, 0.023, 

0.026) 

(0.019, 0.024, 

0.027) 

(0.000, 0.005, 

0.014) 

(0.008, 0.015, 

0.019) 
R1

1 

(0.007, 0.010, 

0.013) 

(0.002, 0.007, 

0.011) 

(0.016, 0.021, 

0.023) 

(0.013, 0.019, 

0.022) 

(0.000, 0.008, 

0.019) 

(0.014, 0.019, 

0.025) 

(0.017, 0.022, 

0.024) 

(0.014, 0.019, 

0.024) 

(0.013, 0.019, 

0.024) 

(0.012, 0.026, 

0.031) 

(0.007, 0.013, 

0.017) 

R1

2 
(0.006, 0.010, 

0.012) 
(0.012, 0.018, 

0.020) 
(0.003, 0.008, 

0.013) 
(0.003, 0.008, 

0.013) 
(0.008, 0.027, 

0.035) 
(0.010, 0.015, 

0.021) 
(0.016, 0.022, 

0.024) 
(0.018, 0.023, 

0.026) 
(0.019, 0.024, 

0.027) 
(0.014, 0.027, 

0.032) 
(0.008, 0.014, 

0.018) 

R1

3 

(0.010, 0.013, 

0.015) 

(0.012, 0.017, 

0.019) 

(0.013, 0.017, 

0.022) 

(0.012, 0.017, 

0.022) 

(0.000, 0.008, 

0.019) 

(0.015, 0.021, 

0.026) 

(0.017, 0.022, 

0.024) 

(0.017, 0.023, 

0.026) 

(0.019, 0.024, 

0.027) 

(0.012, 0.025, 

0.030) 

(0.007, 0.014, 

0.017) 

R1

4 

(0.007, 0.010, 

0.013) 

(0.000, 0.003, 

0.007) 

(0.006, 0.011, 

0.016) 

(0.007, 0.012, 

0.016) 

(0.006, 0.023, 

0.028) 

(0.008, 0.014, 

0.019) 

(0.007, 0.012, 

0.017) 

(0.000, 0.003, 

0.008) 

(0.002, 0.007, 

0.013) 

(0.012, 0.026, 

0.031) 

(0.007, 0.014, 

0.017) 

R1

5 
(0.009, 0.012, 

0.014) 
(0.005, 0.010, 

0.013) 
(0.010, 0.015, 

0.020) 
(0.011, 0.016, 

0.022) 
(0.007, 0.025, 

0.030) 
(0.013, 0.018, 

0.024) 
(0.011, 0.016, 

0.021) 
(0.017, 0.022, 

0.025) 
(0.018, 0.024, 

0.027) 
(0.001, 0.007, 

0.015) 
(0.006, 0.013, 

0.017) 

R1

6 

(0.003, 0.007, 

0.009) 

(0.002, 0.006, 

0.010) 

(0.006, 0.010, 

0.015) 

(0.011, 0.016, 

0.020) 

(0.015, 0.037, 

0.040) 

(0.007, 0.013, 

0.018) 

(0.011, 0.016, 

0.021) 

(0.002, 0.007, 

0.012) 

(0.002, 0.007, 

0.013) 

(0.000, 0.005, 

0.014) 

(0.006, 0.013, 

0.017 
R1

7 

(0.009, 0.013, 

0.014) 

(0.000, 0.003, 

0.007) 

(0.010, 0.015, 

0.019) 

(0.011, 0.016, 

0.021) 

(0.001, 0.011, 

0.021) 

(0.014, 0.019, 

0.025) 

(0.011, 0.016, 

0.021) 

(0.004, 0.009, 

0.014) 

(0.003, 0.008, 

0.014) 

(0.004, 0.015, 

0.022) 

(0.002, 0.007, 

0.011) 
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Table 10. Closeness coefficients and the ranking of risks 

Risk number 
jS +

 
jS −

 
jC

 
Rank 

R1 4.92 2.09 0.2978 8 

R2 4.90 2.11 0.3009 6 

R3 4.89 2.12 0.3027 3 
R4 5.00 2.01 0.2865 17 

R5 4.89 2.12 0.3030 2 

R6 4.95 2.06 0.2933 12 
R7 4.93 2.08 0.2963 10 

R8 5.00 2.01 0.2869 16 

R9 4.89 2.12 0.3021 4 
R10 4.87 2.14 0.3058 1 

R11 4.92 2.09 0.2987 7 

R12 4.96 2.06 0.2931 13 
R13 4.89 2.11 0.3017 5 

R14 4.97 2.04 0.2906 14 

R15 4.92 2.09 0.2978 9 
R16 4.99 2.02 0.2886 15 

R17 4.95 2.06 0.2943 11 

 

One of the standard approaches for prioritizing 

risks in complex projects is the use of the TOPSIS 

(Technique for Order of Preference by Similarity to 

Ideal Solution) multi-criteria decision-making 

technique. This method is widely used due to its 

simplicity and power in ranking alternatives based on 

multiple criteria. The general process involves 

converting qualitative expert assessments into a 

numerical matrix, normalizing and weighting the data, 

and finally, ranking the risks based on their distance 

from an ideal solution (the worst possible case) and a 

negative-ideal solution (the best possible case). 

To begin the analysis, qualitative expert 

assessments are converted into crisp (single) numbers. 

In this analysis, the middle value of the triangular 

fuzzy numbers presented in the original paper was 

used to create this matrix in Table 10. 
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Table 11. Crisp Decision Matrix 

Risk C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 

R1 0.240 0.160 0.873 0.873 0.127 0.327 0.467 0.867 0.840 0.127 0.473 

R2 0.840 0.133 0.847 0.673 0.100 0.873 0.733 0.867 0.873 0.127 0.473 

R3 0.847 0.473 0.840 0.533 0.133 0.867 0.473 0.873 0.900 0.267 0.467 

R4 0.133 0.127 0.227 0.127 0.127 0.327 0.533 0.133 0.127 0.127 0.127 

R5 0.100 0.873 0.873 0.873 0.100 0.873 0.333 0.533 0.673 0.100 0.467 

R6 0.473 0.867 0.333 0.333 0.273 0.673 0.473 0.327 0.327 0.133 0.467 

R7 0.673 0.473 0.867 0.867 0.100 0.840 0.727 0.127 0.100 0.100 0.100 

R8 0.467 0.133 0.333 0.133 0.473 0.527 0.727 0.473 0.873 0.100 0.467 

R9 0.700 0.273 0.873 0.733 0.100 0.840 0.560 0.867 0.900 0.100 0.447 

R10 0.847 0.473 0.840 0.867 0.127 0.873 0.133 0.900 0.867 0.100 0.527 

R11 0.673 0.273 0.900 0.733 0.100 0.673 0.873 0.727 0.673 0.473 0.467 

R12 0.633 0.727 0.333 0.327 0.327 0.533 0.867 0.900 0.867 0.500 0.500 

R13 0.867 0.713 0.733 0.673 0.100 0.727 0.873 0.873 0.867 0.467 0.473 

R14 0.667 0.127 0.467 0.467 0.273 0.473 0.473 0.100 0.267 0.473 0.473 

R15 0.813 0.400 0.647 0.640 0.300 0.640 0.640 0.847 0.847 0.127 0.447 

R16 0.433 0.240 0.447 0.647 0.440 0.440 0.647 0.273 0.267 0.100 0.447 

R17 0.840 0.127 0.620 0.633 0.127 0.673 0.640 0.353 0.300 0.273 0.240 

 

To make the criteria values comparable, the 

decision matrix is scaled using the vector 

normalization method in Table 11. 

 

 

 

 

Table 12. Normalized Decision Matrix 

Risk C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 

R1 0.096 0.076 0.341 0.36 0.135 0.119 0.184 0.33 0.317 0.095 0.252 

R2 0.337 0.063 0.331 0.278 0.106 0.318 0.288 0.33 0.329 0.095 0.252 

R3 0.34 0.225 0.328 0.22 0.141 0.316 0.186 0.332 0.339 0.2 0.249 

R4 0.053 0.061 0.089 0.052 0.135 0.119 0.21 0.051 0.048 0.095 0.068 

R5 0.04 0.416 0.341 0.36 0.106 0.318 0.131 0.203 0.254 0.075 0.249 

R6 0.19 0.413 0.13 0.137 0.289 0.245 0.186 0.124 0.123 0.1 0.249 

R7 0.27 0.225 0.339 0.358 0.106 0.306 0.286 0.048 0.038 0.075 0.053 

R8 0.188 0.063 0.13 0.055 0.501 0.192 0.286 0.18 0.329 0.075 0.249 

R9 0.281 0.13 0.341 0.302 0.106 0.306 0.22 0.33 0.339 0.075 0.238 

R10 0.34 0.225 0.328 0.358 0.135 0.318 0.052 0.342 0.327 0.075 0.281 

R11 0.27 0.13 0.352 0.302 0.106 0.245 0.343 0.276 0.254 0.354 0.249 

R12 0.254 0.346 0.13 0.135 0.346 0.194 0.341 0.342 0.327 0.374 0.266 

R13 0.348 0.34 0.286 0.278 0.106 0.265 0.343 0.332 0.327 0.35 0.252 

R14 0.268 0.061 0.182 0.193 0.289 0.172 0.186 0.038 0.101 0.354 0.252 

R15 0.327 0.191 0.253 0.264 0.318 0.233 0.252 0.322 0.319 0.095 0.238 

R16 0.174 0.114 0.175 0.267 0.466 0.16 0.254 0.104 0.101 0.075 0.238 

R17 0.337 0.061 0.242 0.261 0.135 0.245 0.252 0.134 0.113 0.204 0.128 

 

The values in the normalized matrix are multiplied 

by the weight of each criterion (obtained from expert 

opinion) to ensure the importance of each criterion is 

factored into the calculations. 
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Table 13. Weighted Normalized Matrix 

Risk C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 

R1 0.006 0.005 0.032 0.034 0.015 0.014 0.017 0.033 0.035 0.008 0.018 

R2 0.02 0.004 0.031 0.026 0.011 0.037 0.027 0.033 0.037 0.008 0.018 

R3 0.02 0.015 0.031 0.021 0.015 0.037 0.017 0.034 0.038 0.017 0.018 

R4 0.003 0.004 0.008 0.005 0.015 0.014 0.02 0.005 0.005 0.008 0.005 

R5 0.002 0.027 0.032 0.034 0.011 0.037 0.012 0.02 0.028 0.007 0.018 

R6 0.011 0.027 0.012 0.013 0.031 0.028 0.017 0.013 0.014 0.009 0.018 

R7 0.016 0.015 0.032 0.034 0.011 0.035 0.027 0.005 0.004 0.007 0.004 

R8 0.011 0.004 0.012 0.005 0.054 0.022 0.027 0.018 0.037 0.007 0.018 

R9 0.016 0.008 0.032 0.028 0.011 0.035 0.021 0.033 0.038 0.007 0.017 

R10 0.02 0.015 0.031 0.034 0.015 0.037 0.005 0.035 0.036 0.007 0.02 

R11 0.016 0.008 0.033 0.028 0.011 0.028 0.032 0.028 0.028 0.031 0.018 

R12 0.015 0.022 0.012 0.013 0.037 0.022 0.032 0.035 0.036 0.033 0.019 

R13 0.02 0.022 0.027 0.026 0.011 0.031 0.032 0.034 0.036 0.03 0.018 

R14 0.016 0.004 0.017 0.018 0.031 0.02 0.017 0.004 0.011 0.031 0.018 

R15 0.019 0.012 0.24 0.025 0.034 0.027 0.024 0.033 0.035 0.008 0.017 

R16 0.01 0.007 0.016 0.025 0.05 0.019 0.024 0.01 0.011 0.007 0.017 

R17 0.02 0.004 0.023 0.025 0.015 0.028 0.024 0.014 0.013 0.018 0.009 

 

The Positive Ideal Solution (worst-case scenario) 

and Negative Ideal Solution (best-case scenario) are 

determined by finding the maximum and minimum 

values in each column of the weighted matrix. 

 

Table 14. Positive and Negative Ideal Solutions 

Solution C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 

Positive 
Ideal (A+) 0.02 

0.02
7 

0.03
3 

0.03
4 

0.05
4 

0.03
7 

0.03
2 

0.03
5 

0.03
8 

0.03
3 0.02 

Negativ

e Ideal (A-) 

0.00

2 

0.00

4 

0.00

8 

0.00

5 

0.01

1 

0.01

4 

0.00

5 

0.00

4 

0.00

4 

0.00

7 

0.00

4 

In this final step, the distance of each risk from the 

Positive Ideal (S+) and Negative Ideal (S−) solutions is 

calculated. The Closeness Coefficient (Ci) is then 

computed, which forms the basis for the final ranking 

of risks from most to least critical. 
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Table 15. Final Risk Ranking Based on the Classical TOPSIS Method 

Rank Risk S+ (Distance from worst-case) S- (Distance from best-case) Closeness (Ci) 

1 R3 0.0276 0.0407 0.5959 

2 R9 0.0287 0.0384 0.5721 

3 R10 0.0305 0.0392 0.5623 

4 R13 0.0292 0.037 0.5582 

5 R2 0.0334 0.0348 0.5106 

6 R15 0.0351 0.0335 0.4883 

7 R5 0.0356 0.033 0.4812 

8 R11 0.0347 0.0322 0.4811 

9 R12 0.0383 0.0343 0.4722 

10 R17 0.0441 0.027 0.3795 

11 R7 0.0456 0.0267 0.3689 

12 R6 0.0449 0.0256 0.3629 

13 R1 0.0451 0.0252 0.3582 

14 R14 0.0531 0.0205 0.2785 

15 R16 0.0528 0.0202 0.2769 

16 R8 0.0519 0.0189 0.2673 

17 R4 0.062 0.0125 0.1681 

 

The primary difference between Classical TOPSIS 

and Fuzzy TOPSIS lies in how they handle the 

uncertainty inherent in expert judgments. The classical 

method uses precise numbers, while the fuzzy method 

uses a range of values to provide a more realistic 

analysis. 

5. CONCLUSION 

This paper conducted a comprehensive risk 

assessment for a tunneling project by applying and 

comparing Classical TOPSIS and Fuzzy TOPSIS 

methodologies. The primary objective was to 

demonstrate the limitations of traditional crisp-value 

analysis and highlight the advantages of a fuzzy logic-

based approach in handling the uncertainties inherent 

in expert evaluations. 

The analysis began by establishing a baseline using 

the Classical TOPSIS method, which ranked 

Economic risks (R3), Financial risks (R9), and Owner 

risks (R10) as the most critical threats. While this 

method provides a straightforward and easily 

interpretable ranking, it does not account for the 

ambiguity in the linguistic assessments provided by 

experts, treating all inputs as precise values. 

Subsequently, the Fuzzy TOPSIS method was 

applied to the same data. By modeling expert 

judgments as fuzzy numbers, this approach 

successfully incorporated the inherent uncertainty into 

the analysis. The resulting ranking identified Owner 

risks (R10), Site or environment risks (R5), and 

Economic risks (R3) as the top priorities. The 

difference in these rankings is significant; it illustrates 

that when uncertainty is properly managed, the 

perceived importance of certain risks can shift 

considerably. The promotion of Owner and Site risks 

in the fuzzy ranking suggests that their potential 

impact is more critical when the full range of expert 

opinion is considered. 

In conclusion, the comparison confirms that while 

both methods are valuable, the Fuzzy TOPSIS 

framework offers a more robust, reliable, and realistic 

tool for risk prioritization in complex engineering 

projects. By formally addressing the ambiguity of 

human judgment, it provides project managers and 

decision-makers with a more nuanced understanding 

of the risk landscape, enabling more effective and 

targeted mitigation strategies. This study demonstrates 

that for high-stakes projects like tunneling, adopting 

advanced, uncertainty-aware models is essential for 

successful risk management. 
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گیریبرای بهبود تصمیم TOPSISهای تونلی: رویکرد فازی مدیریت ریسک در پروژه
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  ت یر یاغلب در مد   ک یکلاس  یها حال روش  ن ی است، با ا  یسازتونل  یهادر پروژه  یاتیح  فه یوظ  ک ی  سکیر   یاب ی ارز  چکیده 

  ی اسهیمقا  سکیر   لیتحل  کی مقاله   ن ی. ا خورندیشکست م  ی کارشناس ی هاقضاوت  یذات  ی هاتی عدم قطع  ی کاف

تکن از دو  استفاده  م  ارهیچند مع  یریگم یتصم  کیبا    ن ی. ایفاز  TOPSISو    کیلاس ک  TOPSIS:  دهدیارائه 

  ی بندرتبه  ک یاست،    یمتک  یقطع   ی عدد  یهایکه به ورود  ک، یکلاس  TOPSISمطالعه ابتدا با استفاده از روش  

بر رو  یفاز  TOPSIS. سپس روش  کندیم  جادی ا  هی پا  سکیر و از    کندیها اعمال مهمان مجموعه داده  یرا 

.  کندیاستفاده م  یکارشناس  ی هایاب یدر ارز   یزبان   ت یقطع  عدمابهام و    ی سازمدل  ی برا  ی فاز  یهامجموعه  ه ی نظر

  11را در    زیمتما   سک یر   17و    شوندیپروژه ساخت تونل اعمال م  کی از    ی مطالعه مورد  ک یها در  روش  ن یا

را    یبالا مشابه  تیبا اولو   یهاسکیکه هر دو روش ر   یکه در حال  دهدینشان م  جی . نتاکنندیم  یاب ی ارز  اریمع

مدل    یی نها  ی بندرتبه  کنند،یم  یی شناسا  است.  قطع  ، یفاز  TOPSISمتفاوت  عدم  گرفتن  نظر  در    ت،ی با 

  ستیز  طیمح/تیسا   یهاسکی ( و ر R10مالک )  یهاسکیو ر   دهدیرا ارائه م  یترفی و ظر  تریقو  ی بندتی اولو

(R5 را بحران )یفاز  کردیکه رو  ردیگیم  جهیمطالعه نت  نی. اکندیم  ییشناسا  کیاز روش کلاس  تری  TOPSIS 

برا  یابزار اعتمادتر  قابل  و  چارچوب   رندگان یگمیتصم  یبرتر  و    ی هاسکیر   ت یر یمد  یبرا  ترنانهیب واقع  ی است 

 . .دهدیارائه م یسازتونل یهادر پروژه دهیچیپ

 

 .یفاز سیتاپس ک،یروش کلاس ،یسازتونل  یهاپروژه  سک،یر یابیارز  واژگان کلیدی 
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