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Abstract 
 

This study describes the implementation of analytical hierarchy process [AHP] in pavement multi-criteria selection problem solving. 

The practice of expressing flexible pavement distress priority is widely accepted. However, an insistent demand exists for a technique 

that allows decision makers to determine their priorities, rational weights of the importance of pavement distress priority and the 

ranking of these factors. In this study, AHP is adopted in selecting the best level of distress in flexible pavements in Malaysia as an 

example of a tropical region. Knowledgeable and experienced experts in flexible pavement maintenance at jabatan kerja raya [JKR] 

and Kumpulan Ikram Sdn Bhd [IKRAM] were interviewed; as pairwise comparisons, their inputs were structured. Four criteria are 

set as follows: cracking, surface defects, surface deformations and patching and potholes. These criteria developed into a few other 

sub-criteria. Results show that cracking is the most significant factor [0.5500], followed by surface deformations [0.2300], patching 

and potholes [0.1600] and surface defects [0.0600]. Thus, cracking has the most significant distress among the four factors. 
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1. Introduction 

Yearly, Malaysia substantially spends on the maintenance and 

rehabilitation of major and minor roads that exhibits distress, such 

as cracking and rutting. However, skilled individuals with special-

ised training and expertise in the area of pavement evaluation are 

lacking [1]. Investigation of pavement distress problems aims at 

implementing protective and rehabilitation measures to reduce the 

pavement deterioration process, thereby increasing the adequate 

life of asphalt pavements.  

The performance of pavement maintenance is highly improved if 

promptly conducted in a pre-planned procedure. Practically, all 

pavement maintenance systems consist of priority models for flex-

ible pavement maintenance activities. These models range from 

simple classifications to complex optimisation models. The quali-

ty of the prioritization process can directly influence the effective-

ness of available resources that are mostly the initial judgment of a 

decision maker. A widely adopted practice of highway agencies is 

to make an exhaustive ranking of all the pavement maintenance 

projects or activities using experts’ view and subsequently con-

sume all funds to implement the top ranking activities [2]. 

Pavement maintenance preference is frequently represented by 

empirical mathematical indices [Fawcett, 2001; Broten, 1996; 

Barros, 1991], which constantly fail to demonstrate an obvious 

physical meaning; in addition, these references inaccurately and 

inefficiently convey the priority evaluation or goal of highway 

agencies and engineers.  

Moreover, mapping the qualitative preferences to point estimates 

is constantly difficult, and a degree of doubt will be associated 

with some or all of the decisions. In an attempt to overcome the 

limitations mentioned above, this study explores the use of analyt-

ical hierarchy process [AHP] for the prioritization of flexible 

pavement distress activities. According to perceptive psychology, 

humans can only partially accommodate large quantities of infor-

mation concerning problems. Therefore, based on a principle of 

pairwise comparison, AHP aims to determine the preferences of 

decision makers in terms of pavement distress and provides a use-

ful tool in pavement maintenance prioritization. The suggested 

approaches ensure efficient decision making by representing and 

processing the actual data involved in the assessment [3].  

2. Methodology 

Pavement distress selection includes evaluations and assessments 

of several criteria and factors, which are unequal in terms of im-

portance. In the proposed model, pavement distress is divided into 

three primary levels, namely, problem development, criteria anal-

ysis and selection and testing. Question development refers to 

defining the problem, objective, evaluation criteria, experts and 

their grouping. Measure analysis presents the extraction of expert 

knowledge and data analysis. Selection and testing refer to identi-

fying the importance of pavement distress criteria using AHP, 

subsequently testing the consistency to assure that the initial ob-

servations are developed into new information.  
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2.1. Problem Development 

This step involves a literature review to construct the hierarchical 

structure of the pavement distress and determine the primary and 

sub-criteria that affect the pavement distress selection. Under each 

group of the main criteria, 4 main criteria and 13 sub-criteria are 

identified, which are distributed under each main criterion, as 

shown in Figure 1. Subsequently, three experts are selected and 

clustered into groups, namely, government [JKR] and non-

government organisations [NGO, IKRAM]. A questionnaire is 

developed for comparison and determination of criteria and sub 

criteria; the experts are introduced to the problem and the process 

meaning and implications 

 
Fig. 1: Priorities of Criteria for Pavement distress 

 

In AHP, the pairwise comparisons are considered the fundamental 

building blocks [4]. The comparisons are developed based on the 

preferences and experiences gained from the observation and con-

tinuous learning of the experts. Table1 presents the criterion rank-

ing based on importance 

 
Table 1: Definition of the scale of importance 

Intensity of 

importance 

Definition Explanation 

9 Extremely 

Important 

This activity is of the highest 

possible order of confirmation 

7 Strongly 
important 

This activity is strongly favoured 
[dominant] over other activities 

5 Moderately 

important 

This activity is moderately 

favoured over other activities 

3 Slightly 
important 

This activity is slightly favoured 
over other activities 

1 Equal im-

portant 

This activity equally contributes to 

the objective 

2,4,6,8  Intermediate importance between 
two adjacent responses  

Source: Fang & Nan 2014 

A score of 1 represents the indifference between two components, 

whereas a score of 9 denotes the overwhelming dominance of the 

component under consideration [row element in the matrix] over 

the comparison element [column component in the matrix; [5]. If 

the relative importance of element i on element j is represented by 

aij = wi/wj in the pairwise comparison matrix, then, the pairwise 

comparison matrix A with n elements can be illustrated by Equa-

tion Matrix [1] [6]. Moreover, when scoring is conducted for a 

pairwise comparison, a reciprocal value is automatically assigned 

to the reverse comparison within the matrix. That is, if aij is a 

matrix value allocated to the comparison of the component to 

component j, and then aji is equal to 1/aij.  

 

[1] 

 

However, the used questionnaire in this study was developed after 

preliminary interviews with an expert. In the pilot phase, three 

experts on asphalt pavements were selected to respond to the ques-

tions, and their comments and suggestions were then considered. 

2.2. Priority Selection and Consistency Test 

The expert preferences, which contain the responses of govern-

ment and NGO, are collected by the questioner and are subse-

quently applied in the AHP analysis to obtain the weights of each 

main criterion and sub-criterion. However, the consistency ratio is 

used to measure the preference consistency; such ratio generally 

represents the goodness of the judgment matrix and can be meas-

ured as follows:  

RI

CI
CR 

 

   [2] 
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n

n
CI



 

   [3] 

 

Where CI, CR and RI are the consistency index, consistency ratio 

and random index, respectively. RI is determined using the tables 

available in the literature [7]. Finally, the integrated pavement 

distress–AHP analysis algorithm is summarised in Figure 2 and 

serves as a guideline for such decision-making problem. 

Problem Construction

AHP

Ranking of Priorities

Expert Clustering and Survey

Optimum Evaluation of 

Priority Criteria
 

Fig. 2: Model AHP for Pavement Distress. 

3. Results and Discussion 

Table 2 lists the absolute priorities of the main group of criteria. 

The most dominant cause for road crack is the one with the high-

est rank [0.55], namely, cracking, followed by surface defor-

mations [0.23] and patching and potholes [0.16]. Surface defect is 

the least frequent cause of road distress. Meanwhile, cracking in 

tropical regions affected by the excessive infiltration of precipitat-

ed water into pavement layers will cause several problems, includ-

ing pumping soil particles through a crack water intrusion. In ad-

dition, progressive degradation of nearby road structures and re-

flection of shrinkage cracks are expected, especially in construc-

tion joints on bituminous surfaces. The main criteria play an es-

sential role in determining the frequency of the sub-criteria be-

cause their weights significantly influence those of the sub-criteria 

and thus the overall process [8]. Moreover, the consistency ratio is 

computed to check the pairwise comparison. The resulting con-

sistency ration is within the acceptable range [CR < 0.1]; the ob-

tained consistency ratio [2.7% and 4.7] indicates accuracy and 

coincides with the responses from the surveyed experts]. 
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Table 2: Final priorities of the main criteria 

Main Criteria Final Weight 

Cracking 0.55 

Surface Defects 0.06 

Surface Deformations 0.23 

Patching and Potholes  0.16 

CR = 2.7% 

Table 3 presents the final priorities of the most common pavement 

distresses. Overall, the highest rank is for alligator cracking [29%], 

which is a common result of repeated overloading. The second 

frequency crack type in Malaysia is block cracking [15%], which 

is caused by insufficient slab thickness, loss of sub-base support 

layers, asphalt shrinkage or fatigue cracking. The potholes, which 

are mainly the result of continued deterioration of another type of 

distress or poor surface mixtures, represent 10% of the pavement 

distress. The least frequent pavement distresses are bleeding, pol-

ishing, ravelling and delimitation with frequency ranks of 1%, 1%, 

2% and 2%, respectively, as shown in Figure 3. The ranking indi-

cates extremely low problems in the pavement distress, road prep-

aration and application phases.  

 However, such results were reported in the study of [9]; the 

authors indicated that alligator cracking represents 24% of the 

total rural roads damaged in Batu Pahat District in Malaysia. Such 

distress is followed by patching [18%], edge cracking [16%] and 

transverse and longitudinal cracking [11%]. However, the leading 

causes of pavement damage in Malaysia are related to vehicle 

overloading and climatic effects [10].  

 
Table 3: Weight priorities of the overall sub-criteria 

Group Criteria Priority 

normalised  

by group 

Final prior-

ity [weight] 

  
  
  

C
ra

c
k

in
g
  

Transverse Cracking 0.08 0.04 

Longitudinal Cracking 0.11 0.06 

Block Cracking 0.28 0.15 

Alligator Cracking 0.53 0.29 

 S
u

r
fa

ce
 

D
e
fe

c
ts

 

Bleeding 0.15 0.01 

Ravelling 0.33 0.02 

Polishing 0.23 0.01 

Delimitation 0.29 0.02 

S
u

r
fa

ce
 D

e
fo

r
-

m
a

ti
o

n
s 

Shovings and 

Corrugations 

0.18 0.04 

Rutting 0.56 0.13 

Distortion 0.26 0.06 

P
a

tc
h

in
g

 a
n

d
 

P
o

th
o
le

s 

Patching 0.37 0.06 

Potholes 

0.63 0.10 

C

R = 4.7% 

 
Fig. 3: Percentage weights of inconsistency for the sub-criteria. 

5. Conclusion 

The investigation in this study is based on the processing and 

analysis of collected data, and on the results of the entire ranking 

procedure, building and validation. The fundamental issue of the 

distress pavement process is defining the site evaluation criteria 

and building the dependencies among them. Thus, creating a hier-

archical structure of the evaluation criteria and determining the 

expert clusters are crucial. The resulting ranks are logical and 

justified. The influencing factors of pavement distress are compli-

cated to solve represent the core of mitigation measures. Further-

more, the resulting consistency indexes are within the acceptable 

limit [CR < 0.1]. However, the proposed procedure is the first 

attempt in combining statistical analysis with AHP to prioritise 

pavement distress criteria. Nevertheless, given that the proposed 

model involves the extraction of expert knowledge through AHP, 

it could serve as a reference point for future complex decision-

making issues. The proposed model may be used as a guideline in 

solving actual complicated pavement problems, where adequate 

expert participation is essential. This model is designed to aid 

decision makers in justifying their assessments with minimum 

funds and expertise. However, further sensitivity analysis research 

is suggested.  
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