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ABSTRACT: Roads are considered as one of the most extensive civil infrastructures and national
capitals of each country. Pavement maintenance and rehabilitation (M&R) management is one of the
most important problems, which can help to reduce further costs. Two issues are important in the

its application. In this paper, it was attempted to combine prioritization, artificial intelligence, and ~ Available Online: Mar. 10, 2020
optimization methods to select the optimal option for the maintenance and rehabilitation of pavement

sections at any time interval. For this purpose, the analytical hierarchy process was used to prioritize the  Keywords:

branches in the pavement network. In the next step, using a linear programming model, the probability . management

of selecting maintenance and rehabilitation options for pavement sections was maximized considering .
. N . . iy . uzz
several specific constraints. A fuzzy inference system was used to determine the probability of selecting Y

each maintenance and rehabilitation option in pavement sections. A case study in Mahan (Kerman) was Optimization

used to run the proposed model. Based on the results, it can be concluded that the proposed algorithm ~ Maintenance and rehabilitation
can consider different parameters and indices for pavement branches and sections. In addition, it offers

different scenarios for the selection of M&R options in a year. The model helps to compare various

scenarios based on different budgets for each year. In all, the proposed algorithm facilitates the process

of selecting M&R options in the different sections of a road network and provides a scientific approach

to manage maintenance roads.

1. INTRODUCTION

Road pavement maintenance and rehabilitation (M&R)
is an important and traditional task among highway
engineers. Various M&R strategies and procedures have
been employed by related organizations to preserve
pavement and postpone its deterioration. The type and
strategy of choosing M&R options had been the subject
of much research over the years [1]. Lack of proper
maintenance for a road can cause premature failure. Road
crashes also might increase. Road maintenance costs vary
from 3% to 10% of the value of roads in Iran. It is essential
to be started from the beginning of the operation and
continued throughout the life of the road [2].

A detailed systematic and scientific approach is needed
to manage pavement rchabilitation and maintenance and
simple models cannot be used in this regard. This paper
intends to discuss M&R management using several scientific
tools including hierarchical analysis process (AHP), linear
programming (LP), and fuzzy inference system (FIS)
simultaneously. The main innovation of this paper will be to
present a new framework based on mathematical decision-
making tools to determine the optimal choice for pavement
M&R.

*Corresponding author’s email: navidnadimi@uk.ac.ir

2. METHODOLOGY

The main purpose of this paper is to present a framework
with mathematical modeling and planning to determine the
optimal M&R options for asphalt concrete pavement sections
at any time interval. In this regard, first by using the AHP
model, the branches in the pavement network are prioritized.
In the next step, using FIS, the possibility of choosing
any M&R option in each pavement section is achieved.
Finally, using linear programming, it is tried to determine
optimum options with the objective function of maximizing
the probabilities and at the same time considering several
constraints.

The first step is to prioritize the branches with the AHP
model, taking into account the four parameters of functional
classification, traffic, access, functional classification, and
the tourism-commercial importance of the branch. For this
purpose, paired comparisons would be conducted using
experts’ viewpoints and then the model is run by Expert
Choice 11 software.

The output of the FIS is the probability of selecting each
M&R option given in the linear programming objective
function. Fuzzy means lack of clarity, and this concept is
similar to human inference. FIS is used to systematically
describe human knowledge and make appropriate inferences
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Table 1. An example of a table

Variable Change interval
PCI 0-100
SN 0-10
IRI 0-16
DV 0-100
DPCI 0-6
BPN 0-100

and decisions. The purpose of fuzzy logic is to map from the
input space to the output space. An elementary mechanism
in this regard is the use of a set of if-then commands called
fuzzy rules [3].

By reviewing the research literature on factors and
parameters affecting the selection of M&R option, the fuzzy
input variables were selected, and using experts’ opinions, 6
variables from the total of variables considered for our FIS
model. After the selection of input variables (Table 1), their
membership functions have been determined as Gaussian.

In this paper, for each M&R option including crack filling,
fog seal, slurry seal, chip seal, micro-surfacing, recycling,
overlay, and reconstruction FIS rules have been provided.
The output of each FIS is the probability of selecting that
option based on different combinations of input variables

Finally, linear programming was used to maximize the
probability of selecting M&R options in pavement sections.
The decision variable in this model is a binary, which indicates
the implementation of an option or not. The objective
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Fig. 1. Weights diagram of pavement network branches

function of the model is to maximize the probabilities relating
to performing a specific option. Several constraints relating
to the total budget, ability of the organization in each year,
proportionality between functional classification and type of
M&R option and among others.

3. RESULTS AND DISCUSSION

The model was run for a road network as the case study
in Mahan (Kerman). The weight of the pavement branches
(wj) obtained by AHP with Expert Choice 11 software can
be seen in Fig. 1. In this Figure, the numbers written on the
horizontal axis indicate the amount of weight and the names
written on the vertical axis are the names of the pavement
network branches.

The probability of selecting the M&R options for
pavement sections was calculated by the FIS model.
Membership functions for input indices are Gaussian. As an
example, the membership function for the PCI input variable
is shown in Fig. 2.

Fig. 2. Input membership function for modeling using fuzzy inference system
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Fig. 3. The number of options selected for each method in the first scenario

Finally, with the help of MATLAB and executing the
linear programming model, the results are obtained (Fig. 3).
Here, for two different scenarios with an unlimited budget
(allocation of 660 billion rials) and with a limited budget
allocation (allocation of 300 billion rials), the results have
been presented.

Proposed sections in the first scenario for preventive
maintenance are mostly micro-surfacing and are in high
importance branches. In the second scenario, assuming a
budget of 300 billion rials, results indicated that the model
uses the maximum ability of the M&R organization but offers
less costly options (such as fog seal and chip seal).

4. CONCLUSION

The results of this paper revealed that the functional
classification had the greatest effect on the prioritization of
the branches as expected and freeways with the weight of
0.04 are the most important roads.

The current model in both budget scenarios proposes
options for filling the cracks that are expected to have a high
PCI index.

In the first scenario, assuming an unlimited budget, the
results indicated that the model, while using the total ability,
uses more micro-surfacing from preventive options. However,
in the second scenario for the high-priority branches, the
model leads to less costly options. In both budget scenarios,
the model proposes options for major repairs for the sections
that do not have the appropriate structural condition.
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Fig. 2. Research flowchart
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Table 1. Cost of implementation of different options
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Table 2. Constraints of linear programming
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Table 3. Ranges of input variables of Fuzzy Inference System
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Table 4. A Sample of Fuzzy rules
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Fig. 3. Case study road network
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Table 5. An example of the characteristics of the pavement network branches in the case study
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Table 6. Numerical index defined as the parameter of pavement branches importance
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Table 7. An example of the characteristics of the pavement network sections in the case study
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Table 8. Paired comparisons of criteria
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Table 9. Paired comparisons of traffic and commercial-tourism sub-criteria
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Table 10. Paired comparisons of access sub-criteria
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Table 11. Paired comparisons of functional classification sub-criteria
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Fig. 4. Weights diagram of pavement network branches
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Table 12. Weight of pavement network branches

039 asLs ol 039 4L ol 039 asLs ol
0.01 21 0.014 311 0.041 aalN
0.01 77 0.014 318 0.04 aals
0.01 324 0.014 327 0.04 aazN
0.01 328 0.013 24 0.04 aa’zs
0.009 23 0.013 212 0.036 b3N
0.009 210 0.013 214 0.036 b3S
0.008 72 0.012 33 0.034 bIN
0.008 213 0.012 36 0.031 b2S
0.008 38 0.012 39 0.028 b1S
0.008 310 0.012 312 0.027 all
0.008 313 0012 323 0.027 alz
0.008 1330 0.012 326 0.026 bZ2N
0.007 28 0012 1329 0.019 a2z
0.007 29 0.012 333 0.018 a’l
0.007 1325 0.011 26 0.017 f14
0.006 314 0.011 211 0.015 f11
0.006 315 0.011 32 0.015 fi2
0.006 316 0011 34 0.015 f13
0.006 317 0011 35 0.015 f15
0.006 320 0.011 319 0.015 25
0.006 321 0011 1331 0.014 31
0.006 322 0.011 332 0.014 37
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Table 13. Details of sections selected for maintenance and rehabilitation and type of selected method

gy £ anke o s gy £ anks o o gy EP anke o o
SIS SIS SIS

5 15 1 54 1 1

5 19 1 57 1 7

5 23 1 58 1 9

5 28 1 61 1 11
5 53 1 63 1 14
5 65 1 69 1 16
5 68 1 76 1 18
5 73 1 79 1 20
5 74 1 81 1 21
5 75 1 83 1 24
6 2 2 91 1 27
7 5 4 36 1 30
7 6 4 37 1 31
7 8 4 49 1 38
7 10 4 59 1 41
7 17 4 60 1 43
7 22 4 62 1 46
7 64 5 3 1 50
7 66 5 4 1 51
7 67 5 13 1 52

g a8le> 5 Ojge 4 (Oleg o)lkee 1o ol

s & sl ot 53 00 Jor Jlin 5 5 355 0n aliodle
5 (9905l d>0g (5,8) 39 Hlegs o \Lhie FF az0g laie Sl
P Ol o s Glogi o )lkes Fo s o B oad A g JS
Olosle sl oals a8 5 b o g aemme ojlail 4 Juw 5 00l
03,5 Slgiing (5SS 5 ey STyt dnsS ( Logome) ol Jsie
25T Wl Kty ()5 aass (gl o Slpiagy Slabad
oL Vb Sl b slaasls 10 5 siiind Sicnsd jog Se £95
Sy Joe o VY Jgaz jo adjle J13 (F 51 eS ol goue
el 00 08551 Slo jz b Slakad Sl

Olegi 3 lbee Yo ay azrogy 08 o i b 500 )b sl Jo
25 @l wax ol ln g 0B 2l Gly iy o5 el
b Jol

9 meoy sy szl lp ead s (g elal

glocsl gl (99,9 Syt 5 LS, (nl Cusle 4y o2
p a8 )00 5 cop eiad aid )T jlas o allie ol o aS 558
wish el ailgi oo slosl Sy by Ly b olacs oo,
b bl po g anje con jo i a5 (ol gl o5 12
e de Ml 05 o5 slaely sl Jow ) ol S315
335 b slool; (gl St g So 9 Lagio B 057 035 b sl
3 Sl 43S Gl2l g S ploj coly Coeal ol U lawgie
askad S sl o5 Cenload aid 5l o IS oy Joe Az
Ol el go0e (a3l ke 4 aidls YL Ceal ol axilis
Sl 43S Joe 992 0 5l e (7 Jooz 50 0o iyl b)
355 oo 5l 50 Slakad (nl sln T Jomo
Jos gzl 5 clio olis 1o cgiaS 5 e ol o
a9 58 b it syl 90 sl Joe @l s 4l

Yam



YAY+ B YASY dio 0¥+ Jlo &V o)loud @F 093 ey el (ylpos swigen 4 s

35
30
30

25

20
14

Slows

15

10

P90 S92 b 53 gy 8 5l oud Sl glaasy 35 slaad .V b
Fig. 7. Frequency of options selected from each method in the second scenario
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Table 14. Details of sections selected for maintenance and rehabilitation and type of selected method

9oy £95 9oy £ 9oy £

axlad o Lo axlad o ;Lo axkad o ;Lo
Gl S &l

2 76 1 60 1 1

2 79 1 61 1 3

2 83 1 62 1 11
2 91 1 63 1 14
4 13 1 65 1 16
4 15 1 69 1 18
4 23 1 73 1 20
4 28 1 74 1 21
4 68 1 81 1 27
4 75 1 106 1 31
6 2 2 4 1 37
7 5 2 7 1 38
7 6 2 9 1 40
7 8 2 19 1 41
7 10 2 24 1 43
7 12 2 30 1 46
7 17 2 51 1 50
7 22 2 57 1 52
7 78 2 58 1 53
7 82 2 59 1 54
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Table 15. Some of the selected pieces for filling the crack
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Table 16. Some of the selected pieces for basic healing
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