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Abstract
Maintenance activities and pavement rehabilitation require the allocation of massive ﬁnances. Yet due to budget shortfalls, stakeholders and decision-makers must prioritize projects in maintenance and rehabilitation. This article addresses the prioritization of pavement
maintenance alternatives by integrating the fuzzy analytic hierarchy process (AHP) with the VIKOR method (which stands for ‘VlseKriterijumska Optimizacija I Kompromisno Resenje,’ meaning multi-criteria optimization and compromise solution) for the process of
multi-criteria decision analysis (MCDA) by considering various pavement network indices. The indices selected include the pavement
condition index (PCI), traﬃc congestion, pavement width, improvement and maintenance costs, and the time required to operate. In
order to determine the weights of the indices, the fuzzy AHP is used. Subsequently, the alternatives’ priorities are ranked according
to the indices weighted with the VIKOR model. The choice of these two independent methods was motivated by the fact that integrating
fuzzy AHP with the VIKOR model can assist decision makers with solving MCDA problems. The case study was conducted on a pavement network within the same particular region in Tehran; three main streets were chosen that have an empirically higher maintenance
demand. The most signiﬁcant factors were evaluated and the project with the highest priority was selected for urgent maintenance. By
comparing the index values of the alternative priorities, Delavaran Blvd. was revealed to have higher priority over the other streets in
terms of maintenance and rehabilitation activities.
Ó 2016 Chinese Society of Pavement Engineering. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Keywords: Maintenance and rehabilitation prioritization; Fuzzy analysis hierarchy process; VIKOR model; Pavement condition index; Multi-criteria
decision analysis

1. Introduction

⇑ Corresponding author. Tel.: +60 1111691454; fax: +60 389216147.

E-mail addresses: peymenshams@yahoo.com (P. Babashamsi),
a_golzadfar@yahoo.com
(A.
Golzadfar),
izzi@ukm.edu.my
(N.I.M. Yusoﬀ), hceylan@iastate.edu (H. Ceylan), norghani@ukm.edu.
my (N.G.M. Nor).
Peer review under responsibility of Chinese Society of Pavement
Engineering.

Pavement management systems require concurrent consideration of new road construction as well as pavement
network maintenance and rehabilitation during the
life-cycle of pavements. Several major maintenance and
rehabilitation projects are normally considered when
assessing pavement life-cycle [1]. Pavement managers can
evaluate options like applying surface layer covering or
adopting preventive strategies more conﬁdently if they
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have the ability to foresee the general function of a pavement’s life-cycle based on its future maintenance and
improvement programs. Beria et al. deﬁned multi-criteria
decision analysis (MCDA) as a tool for choosing between
various projects with a range of social, economic and environmental impacts [2]. The method signiﬁcantly rests upon
the various evaluation criteria and stakeholders’ decisions.
For this reason, many authors recommend MCDA as the
most suitable tool to assist with the decision-making process [3–5]. Hence, the multi-attribute decision-making tool
is considered the most suitable option for sustainable pavement management. Major concerns with employing multiattribute decisions relate to multiple objectives, criteria limitations and value weighting to evaluate various criteria.
In considering annual maintenance and rehabilitation
budget shortfalls, selecting projects with higher priority is
not only preferred but mandatory. This will ensure optimized maintenance costs for any given pavement network
[6]. Recently, some scholars have asserted that assimilating
multi-criteria and cost-beneﬁt techniques may help attain
absolute sustainability [2,7,8]. Additionally, many
researchers have attempted to utilize various life-cycle optimization methods and soft computing techniques, such as
genetic algorithms, fuzzy logic, neural networks and many
other diﬀerent systems to optimize pavement management
systems [9,10] and to model pavement damage [11,12].
The aim of this study is to contribute to the decisionmaking process of urban managers and road authorities
while organizing maintenance projects. The aim is also to
work toward sustainable decisions that can prevent probable critical damage by practically prioritizing roads that
need maintenance and rehabilitation by using the fuzzy
analytical hierarchy process (AHP) integrated with the
VIKOR method. For this purpose, ﬁve indices are ﬁrst
weighted using AHP, after which fuzzy logic is employed
to convert human judgment into mathematical scales,
and ﬁnally the VIKOR model is used to classify the prioritization of the diﬀerent alternatives. The research case
study was conducted in District 4 of Tehran Municipality,
speciﬁcally on Hengam St., Farjam Ave. and Delavaran
Blvd. It should be noted that the indices (criteria) were
selected by considering various factors, such as traﬃc congestion, pavement condition, construction history, type of

Fig. 1. Evaluation process of the study.
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road, and pavement structure [13]. In this research, the presented alternatives are prioritized by weighting ﬁve indices
(criteria) according to pavement expert opinions. The evaluation process in this study includes the steps shown in
Fig. 1.
First, the important criteria are identiﬁed by experts.
After evaluating the criteria hierarchy by AHP, the weight
of each criterion is calculated based on the fuzzy sets theory. Finally, the VIKOR model is used to obtain the ﬁnal
classiﬁcation results.
2. Priority criteria by analytical hierarchy process
Because pavement deterioration occurs non-linearly,
prioritization is a multi-decision making process [12]. The
analytical hierarchy process (AHP) is a simple decisionmaking method for life-cycle optimization that prioritizes
and allocates a budget to be used in rail and infrastructure
construction [14,15] as well as for roads and pavements
[16,17].
According to Saaty and Vargas [18], AHP is a systematic method that is widely used for decision-making problems with numerous criteria and options. Saaty deﬁned
AHP as splitting a problem into smaller problems, ﬁnding
a solution for each problem, and ﬁnally collecting the solutions to all the smaller problems in order to reach an
acceptable result [19]. The hierarchy consists of three levels
(purposes, criteria and options/alternatives). Saaty stated
that this method has an organized framework for prioritizing each hierarchy level using pair comparison. It provides
a methodology for synchronizing the numerical scale for
assessing quantitative as well as qualitative performance.
It entails decomposing a multi-decision into a hierarchy
with goals at each level and sublevel of the hierarchy.
Therefore, AHP can be considered both a descriptive and
prescriptive decision-making model. One of the main
advantages of AHP is group decision-making, i.e., collecting the opinions of a group to present ideas and judgments
in order to carry out the pair comparisons.
In this section, the indices are explained in detail in
order to achieve more precise prioritization. These indices
include pavement condition index (PCI), pavement width,
traﬃc congestion, operation costs and operation time.
The AHP for the criteria in this research is depicted in
Fig. 2.
Among these criteria, only PCI needs to be explained.
There are two common methods for determining the riding
quality of pavement surfaces. Several researchers have used
the international roughness index (IRI) [20–23], while the
pavement condition index (PCI) has been presented in
some literature by other researchers [17,24–26]. PCI is
widely accepted as a suitable standard for airport, road
and parking lot pavements. This index has additional functions for intercity roads and is a numerical scale with values
ranging from 0 (for an unusable pavement) to 100 (for an
intact and well-designed pavement) as shown in Fig. 3.
PCI is employed by decision makers to select maintenance
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Fig. 2. Analytic hierarchy process of this study.

Fig. 3. Numerical representation of PCI and pavement quality condition.

and improvement strategies. Therefore, all decisions and
policies are intended to maintain the PCI value above a
critical point. The critical PCI point is that after which
the pavement begins to deteriorate rapidly. The PCI index
is used in this study, where PCI of 100 is high, 55 is medium
and 0 is low [27,28].
Relative scale assessment is used to perform pair comparisons in order to determine the relative importance of
each criterion among the aforementioned criteria. Thus,
comparison is done three times to provide a clear expression of the results. Therefore, the obtained relative importance of the pair comparisons is accepted based on a
certain degree of inconsistency. To ﬁnd the relative weight
among the criteria, Saaty used a particular vector for the
pair comparison matrix that was created by scale relativity
[29]. The same approach is utilized in the present research.
AHP has the ability to precisely measure the diﬀerences
between the criteria of diﬀerent options and this approach
outperforms others. Thus, the AHP method is used in this
research to evaluate the quality criteria for pavement components and Fuzzy is used to prioritize them from an
expert’s point of view.
3. Fuzzy sets theory
Every day people face a wide variety of issues that
require decision-making. The results of these decisions

are measurable based on the fuzzy state of human decisions. The fuzzy sets theory was ﬁrst proposed by Professor
Zadeh in 1965. Afterward, Bellman and Zadeh described a
decision-making method in a fuzzy environment, which led
to a large number of studies on uncertainty conditions [30].
A fuzzy system is based on knowledge and rules [31]. The
system converts human knowledge into arithmetical form
with the help of linguistic variables, if–then rules and a
mapping system (fuzzy engine) [17]. The application of
the fuzzy theory has been described in various studies
[32–34]. The important theoretical aspect of fuzzy systems
is that they prepare a systematic process for converting a
knowledge resource into non-linear mapping [35].
3.1. Linguistic variables
It is very diﬃcult to oﬀer a well-justiﬁed deﬁnition that
expresses the complexity of common problems. Thus, linguistic variables are useful for collecting opinions in many
cases. Linguistic variables can accept words from natural
language as their own values, which are then deﬁned by a
fuzzy set in the range suggested by the variables. A linguistic variable diﬀers from a numerical variable in that its
value is shown as phrases and expressions rather than numbers. An example of a linguistic variable is the prioritization of a network’s pavement components and the
possible values for this variable include ﬁve points on the
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Likert scale: very eﬀective, eﬀective, average, low eﬀect and
ineﬀective. Each linguistic variable can have a (TFN) lA =
[L, U] on a scale of 0–100 and the valuators refer to the
function level of each criterion only by responding to a linguistic variable. Each variable introduces a TFN (i.e., the
triangular membership function) as shown in Fig. 4. The
triangular membership function in this study is considered
as ﬁve options ranging from ineﬀective to very eﬀective.
Linguistic variables are in fact an expansion of numerical variables. It should be mentioned that various membership functions can be used to depict linguistic variables.
Ordinarily, there are two methods for clarifying a membership function. First is expert knowledge, which means that
experts are asked to model a suitable function in their own
professional ﬁeld, and second is using collected data to
deﬁne a membership function [12].
3.2. General evaluation of fuzzy interval numbers
Fuzzy numbers are subsets of real numbers, and they
symbolize the extent of the conﬁdence interval concept.
According to the deﬁnition suggested by Dubois and
Prade, these numbers require three features to be called
fuzzy [36]. The features are related to the calculation of triangular fuzzy numbers (TFNs). This study includes the
fuzzy decision-making theory, which considers possible
fuzzy judgments with valuators in relation to pavement
component prioritization.
An evaluator always comprehends the weight of a hierarchy subjectively. Therefore, in order to consider uncertainty, i.e., the interactive eﬀects of other criteria when
computing the weight of a speciﬁed criterion, the fuzzy
weights of criteria are used.
The general evaluation of fuzzy judgment is deﬁned as
considering all experts’ opinions on any of the criteria concurrently (see Eq. (1)). Obviously, the ideas and opinions of
experts may diﬀer and each parameter is a fuzzy number
that can be presented with a triangular membership function. Sayadi et al. [25] stated that in determining lower
and higher (ultimate) points of a fuzzy triangle it is possible
to use fuzzy judgment, which comprises Eqs. (2) and (3):
Eij ¼ ½LEij ; UEij 
!,
m
X
k
LEij ¼
LEij
m
k¼1

Fig. 4. Triangular membership function of fuzzy number.

ð1Þ
ð2Þ

UEij ¼

m
X
UEkij
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!,
m

ð3Þ

k¼1

where L and U are the lower and ultimate points, respectively, and LEij and UEij are the interval points of the general performance valuation of i pavement alternatives
under j criteria for m number of experts. Subsequently,
the decision matrix is built based on the interval numbers
with the following design, where A1, A2, ..., Ai are possible
alternatives among which decision makers must choose;
C1, C2, . . ., Cj are criteria used to measure the alternatives’
performance; and w1, w2, . . ., wj are the weights of each
criterion.
C1

C2

…

Cj

A1

[LE11, UE11]

[LE12, UE11]

…

[LE1j, UE1j]

A2

[LE21, UE21]

[LE22, UE11]

…

[LE2j, UE2j]

…

…

…

…

…

Ai

[LEi1, UEi1]

[LEi2, UEi2]

…

[LEij, UEij]

W= [w1, w2, …, wj]

4. VIKOR technique
In 1998, Opricovic developed the VIKOR method,
which stands for ‘VlseKriterijumska Optimizacija I Kompromisno Resenje,’ meaning multi-criteria optimization
and compromise solution [37]. Wu and Liu stated that
the basis of VIKOR is to determine the positive-ideal solution (the best alternative value) as well as the negative-ideal
solution (the worst alternative value) in the ﬁrst step [38].
Finally, the superiority of the plans is arranged based on
the closeness of the alternatives’ assessed values to the ideal
scheme. Thereby, the VIKOR method is popularly known
as multi-criteria decision-making method based on the
ideal point technique (multi-criteria optimization) [39].
Multi-criteria optimization is a methodology to determine the most eﬀective possible answer in keeping with
the established criteria. Practical problems are often characterized by various non-commensurable and conﬂicting
criteria and there could also be an acceptable solution to
satisfy all criteria at one time. Therefore, the answer might
be a set of non-inferior solutions, or a compromise solution
in line with the decision maker’s preferences. The compromise solution may be a possible answer that is the nearest
to the ideal, and compromise means an agreement established by mutual concessions [40]. As shown in Fig. 5, Ec
is a feasible answer for a compatible solution and shows
the closest value to the ideal as E*.
There are several methods to evaluate MCDA such as
simple additive weighting (SAW), elimination and choice
translating reality (ELECTRE), analytic network process
(ANP), simple multi-attribute rating technique (SMART),
the technique for order of preference by similarity to the
ideal solution (TOPSIS), and multi-criteria optimization
and compromise solution (VIKOR). Generally, the

116

P. Babashamsi et al. / International Journal of Pavement Research and Technology 9 (2016) 112–120

is the value of the jth criterion function for alternative Ai;
and j is the number of criteria. Only Eij e [LEij, UEij] is
known, while E+j shows the PIS and E
j shows NIS values
of criterion functions.
(
)
n h
ip 1=p
X
þ
þ

Lpi ¼
ðEj  Eij Þ=ðEj  Ej Þ
i¼1

1 6 p 6 1;

Fig. 5. Ec closest value to the ideal solution E*.

VIKOR and TOPSIS methods are used to optimize complicated multi-criteria decision analysis (MCDA) systems.
A comparison of the VIKOR and TOPSIS methods reveals
that each employs diﬀerent aggregation functions and normalization methods. The TOPSIS method is based on the
principle that the optimal point should be the closest to
the positive ideal solution (PIS) and the furthest from the
negative ideal solution (NIS). Therefore, this method is
suitable for the cautious (risk-averse) decision maker(s)
who might wish to reach a decision that not only yields
as much proﬁt as possible but also avoids as much risk
as possible. Additionally, computing the optimal point in
VIKOR is based on the particular measure of ‘‘closeness”
to the PIS. Therefore, it is suitable for situations in which
the decision maker wants maximum proﬁt and the risk of
the decision is less important. Assuming that each alternative (A1, A2, . . ., Ai) is evaluated according to the various
criterion functions (C1, C2, . . ., Cj), the ranking can be performed by comparing the closest alternative to the ideal
solution [41].
In the VIKOR method that is chosen for this study, a
compatible ranking list, compatible solutions and weight
stability intervals for priority stabilization are determined
in compromise solutions. This method focuses on ranking
and selecting from the available choices [40]. In classical
MCDA methods, the criteria rankings are known precisely,
whereas in the real world, e.g., in uncertain environments,
it is unrealistic to assume that the knowledge and representation of a decision maker or expert is very precise. In such
situations, determining the exact attribute values is diﬃcult
or even impossible. Therefore, to describe and treat imprecise and uncertain elements present in a decision problem,
fuzzy and stochastic approaches are frequently used [42]. In
research works on fuzzy decision-making, fuzzy parameters
are assumed to be with known membership functions and
in stochastic decision-making, parameters are assumed to
have known probability distributions. Integrating fuzzy
AHP with the VIKOR model leads to determining the best
solution and providing precise results in multi-criteria
optimization.
In order to obtain a compatible index ranking in
MCDA, the Lp-metric, which is a collective function, is
used with a compatible programing technique [40,43]. Eij

j ¼ 1; 2; . . . ; J :

ð4Þ

In the VIKOR technique, L1i (as Si) and L1i (as Ri) are
used to formulate ranking rates. The solutions obtained
from max Si show the ‘‘maximum group majority” and
the solutions obtained from min Ri demonstrate the ‘‘minimum individual regret” of the alternative.
The VIKOR ranking algorithm includes the following
steps:
1 – Determining the best E+j (PIS) and worst E
j (NIS)
values of the criterion functions (j = 1, 2, . . ., n), which
are described as follows:
Eþ
j ¼ fðmax UE ij jj 2 IÞ or ðmin LE ij jj 2 J Þg

ð5Þ

E
j

ð6Þ

¼ fðmin LEij jj 2 IÞ or ðmax UEij jj 2 J Þg

where I is associated with beneﬁt criteria, and J is associated with cost criteria.
2 – Calculating [LSi, USi] and [LRi, URi], with the equations below:
n
X
þ

wj ðEþ
LS i ¼
j  UE ij Þ=ðEj  E j Þ
j2I

þ

n
X
j2J

n
X

US i ¼

j2I

þ


þ
wj ðLEij  Eþ
j Þ=ðEj  E j Þ

ð7Þ

þ

wj ðEþ
j  LE ij Þ=ðEj  E j Þ

n
X

þ
wj ðUEij  Eþ
j Þ=ðE j  E j Þ
j2J

þ

LRi ¼ maxfwj ðEþ
j  UE ij Þ=ðEj  E j Þ

þ
jj 2 I; wj ðLEij  Eþ
j Þ=ðE j  Ej Þjj 2 J g

URi ¼

jj 2 I;


 LEij Þ=ðEþ
j  Ej Þ

þ
wj ðUEij  Eþ
j Þ=ðEj  E j Þjj

ð9Þ

maxfwj ðEþ
j

2 Jg

ð10Þ

where wj represents the weight of the criteria and shows the
relative importance.
3 – Calculating Qi = [LQi, UQi] with following equation:
LQi ¼ vðLS i  S þ Þ=ðS   S þ Þ þ ð1  vÞðLRi  Rþ Þ=ðR  Rþ Þ
ð11Þ
UQi ¼ vðUS i  S þ Þ=ðS   S þ Þ þ ð1  vÞðURi  Rþ Þ=ðR  Rþ Þ
ð12Þ
where:
S  ¼ max US i ; S þ ¼ min LS i


þ

R ¼ max URi ; R ¼ min LRi

ð13Þ
ð14Þ
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and v represents the strategy of ‘‘the majority of criteria”.
Suppose that [LQ1, UQ1] and [LQ2, UQ2] are two interval numbers and we want to choose a minimum interval
number between them. These two interval numbers can
have four statuses:
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which situation the comparison results obtained with the
introduced method are similar to the interval number comparison that has been made on the basis of interval number
means.
5. Case study

(1) If the two interval numbers are the same, both have
the same priority.
(2) If these interval numbers have no intersection, the
minimum interval number is the one with the lowest
value. In other words, if UQ1 6 LQ2 then [LQ1,
UQ1] is selected as the minimum interval number.
(3) In situations where LQ1 6 LQ2 < UQ2 6 UQ1, the
minimum interval number is selected as follows: if a
(LQ2  LQ1) P (1  a) (UQ1  UQ2) then [LQ1,
UQ1] is the minimum interval number, otherwise
[LQ2, UQ2] is the minimum interval number.
(4) In situations where LQ1 < LQ2 < UQ1 < UQ2, if a
(LQ2  LQ1) P (1  a) (UQ2  UQ1) then [LQ1,
UQ1] is the minimum interval number, otherwise
[LQ2, UQ2] is the minimum interval number.
Here, a is introduced as the optimism level of the decision maker 0 < a 6 1. If a is closer to 1, the decision maker
is more optimistic. For a rational decision maker a is 0.5, in

The case study was conducted on a pavement network
within the same particular region in the east of Tehran.
Farjam Ave. (shown with a blue marker), Delavaran Blvd.
(shown with a purple marker) and Hengam St. (shown with
a red marker) were chosen, as they have empirically higher
maintenance demand (Fig. 6).
For this research, a questionnaire was prepared as a poll
to be answered by 25 experts in pavement design and management. AHP was used to determine the relative weights
of the criteria, and interval numbers were used to assess
the performance of the criteria of each pavement alternative. Moreover, linguistic variables were applied by the participants and scores of 0–100 were attributed to the
variables in order to reassess the membership functions.
The ﬁve notable criteria chosen by experts for this study
are pavement conditional index (PCI), operational time
(OP), operational cost (OC), traﬃc congestion (TC) and
pavement width (PW). The weights of the ﬁve eﬀective

Fig. 6. Situation of three alternatives in region 5 east of Tehran.
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Table 1
Interval decision matrix.

Farjam Ave.
Delavaran Blvd.
Hengam St.

PCI

Operation time

Traﬃc congestion

Operation cost

Pavement width

[25.00, 85.00]
[31.67, 91.67]
[23.33, 83.33]

[25.00, 85.00]
[26.67, 86.67]
[28.33, 88.33]

[33.33, 93.33]
[35.00, 95.00]
[31.67, 91.67]

[30.00, 90.00]
[28.33, 88.33]
[35.00, 95.00]

[28.33, 88.33]
[23.33, 83.33]
[25.00, 85.00]

Table 2
PIS and NIS of alternatives.
E+j
E-j

PCI

Operation time

Traﬃc congestion

Operation cost

Pavement width

23.33
91.67

25.00
88.33

95.00
31.67

28.33
95.00

88.33
23.33

Table 3
S, R and Q interval numbers of alternatives.

Farjam Ave.
Delavaran Blvd.
Hengam St.

[LSi, USi]

[LRi, URi]

[LQi, UQi]

[0.044, 0.930]
[0.065, 0.924]
[0.038, 0.950]
S+ = 0.038
S = 0.950

[0.031, 0.356]
[0.048, 0.394]
[0.013, 0.346]
R+ = 0.013
R = 0.394

[0.027, 0.939]
[0.061, 0.986]
[0.000, 0.937]

criteria on pavement component prioritization were
obtained from an analytic hierarchy. The weights of the criteria were: PCI (W1) = 0.394, Operation Time (W2)
= 0.196, Traﬃc Congestion (W3) = 0.195, Operation Cost
(W4) = 0.127 and Pavement Width (W5) = 0.088. The
weights generally indicate that experts were most concerned with PCI followed by OP, and they were least concerned with PW.
6. Result and discussion
This section explains how the proposed method can be
used. Suppose there are three alternatives (A1 = Farjam
Ave., A2 = Delavaran Blvd., A3 = Hengam St.) and ﬁve
criteria (C1 = PCI, C2 = OT, C3 = TC, C4 = OC,
C5 = PW). The decision matrix values are not precise and
the interval numbers serve to describe and treat the uncertainty of the decision problem. The interval decision matrix
is shown in Table 1.
After determining the interval decision matrix, the decision maker(s) wishes to choose an alternative with minimum PCI, OT and OC (cost criteria) and maximum TC
and PW (beneﬁt criteria). The PIS and NIS are computed
with (5) and (6) and presented in Table 2.
In the next step, [LSi, USi] and [LRi, URi] are computed
using (7)–(10). As mentioned before, the solutions obtained
from max Si represent the maximum group majority and
the solutions obtained from min Ri demonstrate the minimum individual regret of the alternative. Then interval
Qi = [LQi, UQi] is computed using (11)–(14). v represents
the strategy of ‘‘the majority of criteria” and assumes 0.5
here. The results are presented in Table 3.
As mentioned earlier, VIKOR is based on the particular
measure of ‘‘closeness” to PIS, and the higher the value

(maximal interval), the more urgent the need to prioritize
maintenance and rehabilitation is. The decision maker
claims their optimism level is a = 0.5. By using the fourstep comparison of the interval results mentioned in the
previous section, Hengam St. is the closest to PIS followed
by Farjam Ave. and Delavaran Blvd., respectively. Therefore, Delavaran Blvd., Farjam St. and Hengam St. are
ranked from ﬁrst to last in terms of priority of maintenance. Other signiﬁcant ﬁndings from this research are:
 PCI is the most important criterion for experts, followed
by operational time, traﬃc congestion, operational cost
and pavement width.
 Fuzzy performance indicates satisfactory results for the
research problem, and the results outperform those of
statistical methods.
 These results are suggested for improving administrators’ decision-making process, and pavement network
administrators can contribute to enhancing the quality
of their management by prioritizing experts’ criteria in
their future plans.
 This model can also be considered for evaluating which
segment of a speciﬁc network is a priority in terms of
maintenance, even among a network that is divided into
several segments. In the latter case, the indices should be
deﬁned carefully among all network segmentations.
 In airport pavement management, the proposed model
can be utilized by dividing a runway into several segmentations to consider which part of the network
requires maintenance and rehabilitation. This will help
managers to eﬀectively allocate more of their budget
to impaired sections based on the conditions.

7. Conclusion
Due to shortfalls in annual budgets for pavement maintenance projects, decision makers unavoidably have to
select prioritized sections for optimal rehabilitation. In this
research, the alternatives were prioritized by considering
ﬁve important indices (criteria) that were chosen according
to experts’ judgment. In the real world, owing to uncertain
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environments, it is unrealistic to assume that the knowledge and representation of a decision maker or expert
would be very precise. In such circumstances, determining
the exact attribute values is diﬃcult or impossible, so it is
better to choose an interval for each criterion. The weight
of each index (criterion) was determined using Fuzzy
AHP. After the main indices were weighted, the obtained
weights were placed in the VIKOR model and the prior
alternative was determined. The VIKOR method is popularly known as multi-criteria decision-making method
based on the ideal point technique. It is suitable for situations in which the decision maker wants to achieve maximum proﬁt and the risk of the decision is less important.
In this case study, after comparing the index values of
the alternative priorities, Delavaran Blvd. was revealed to
have higher priority over other components in terms of
maintenance and rehabilitation activities on the pavement
network of District 4, Tehran Municipality. After this component, Farjam Ave. and Hengam St. were in the next
places, respectively.
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