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ABSTRACT

This paper develops a Genetic-Algorithm-based mioce for solving multi-objective project level pavent
maintenance and rehabilitation programming problemstwo-objective optimization model which consier
maximum pavement performance and minimum actiais essfunctions is put forward. It was found thea tobust
search characteristic and multi-solution handlingpability of genetic- algorithms were suitable foulti-objective
optimization analysis. Formulation and developmehthe solution algorithm were described and derraisd
with a numerical example in which a hypotheticabjpct level pavement maintenance and rehabilitatioalysis
was performed for two-objective optimizatidimom the result calculated by the computer prograhromosome
31020212322222300100 represents the following 28ysmintenance strategies: Overlay in year 1, 9 &n
Crack sealing in year 2, 7, and 18; Do nothing @ay 3, 5, 16, 17, 19, and 20; and Pothole patchimgear 4, 6, 8,
10, 11, 12, 13, and 14. Based on the computingltegstne Pareto optimal solutions of the two objext
optimization functions are obtained. The optimdusons of this two — objective optimization modeh provide
the decision makers the maintenance and rehabditaplanning with maximum pavement performance and
minimum action costs.

Key words: Genetic Algorithms, optimal solutions, effectigerformance, minimum cost, multiobjective, decision
maker.

INTRODUCTION

An ideal pavement management program for a roadarktis one that would maintain all pavement sexiat a
sufficiently high level of service and structuranditions, but requires only a reasonable low btidgel use of
resources. It will not create any significant adeeimpacts on the environment, safe traffic openatisocial and
economic activities [1]. The decision process ilmgramming of pavement maintenance activities ingsha
multiobjective consideration that should addresscbimpeting requirements of different objectivds [1

Practically the pavement maintenance programmingistccurrently in use are based on single-objective
optimization. The optimization techniques employedude linear programming [2], dynamic programmii3
Integer programming [4], optimal control theory,[Bpn-linear programming and heuristic [6]. Thisrlwdescribes
the development of a genetic—algorithm (GA) — bakethulation for multiobjective programming of pawent
management activities. Genetic Algorithms, which arrobust search technique formulated on the méechaf
natural selection and natural genetics [7], arelepepl to generate and identify better solutionsl @anvergence is
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reached. The selection of good solutions is basethe so called Pareto-based fithess evaluationepioe by
comparing the relative strength of the generatégatisns with respect to each of the adopted objest{1].

MULTI-OBJECTIVE OPTIMIZATION

Increasing complexity of modern design problemsrofjenerate disagreeing objectives. Engineerinigaeghich
aims to minimize cost, minimize weight, maximizdiaiility, maximize performance, etc, demonstragesh
important but conflicting objectives [8]. Multioljeve optimization is therefore an optimization pees that
systematically and simultaneously optimizes a ctilbe of objective functions [9]:

Find the vectors of decision variable= [ x4, X,, ..., Xp]
Subjecttag; X>0, i = 1,2,...,b

b inequality constraints

g equality constraintd; X = 0, i = 1,2,...,q

and minimize m conflicting objective functions:

F=[f00 6, fn()]

Concept of Pareto Optimality

For multi-objective optimization, a Pareto setusually identified. The Pareto set is a subsehefdet of decision
variable for which the performance of one objectbamnot be improved without reducing the perforneaot at
least one other [8].

There exists a family of optimal solutions that easf these solutions can be said to be superiarferior to the
other solutions. Each of these “non-dominated” ttofis can be considered as optimal because no lsettgions
can be found. Therefore, for a multi-objective peoly, there exists a family of optimal solution tlaaé known as
the Pareto optimal solution set [10]. Let= (uy,....,uy), andv = (v ...,vy)cR™ be two vectors of a MOP
minimization problem, u is said to dominate wjf<v; for alli = 1,..,m, andu=v. Generally, MOP can be
roughly categorized into four main classes thdeotthe decision-maker’s preferences [9].

GENETIC ALGORITHMS FOR MULTI-OBJECTIVE OPTIMIZATION

Mechanics of Genetic Algorithms solution process

The Genetic Algorithms are formulated loosely basedhe principles of Darwian evolution [7,10]. Theblem —
solving process of genetic algorithms begins witle identification of problem parameters and theegen
representation (i.e. coding) of these parametdrs. Search process of genetic algorithms for sai(gjothat best
satisfy the objective function involves generatiag initial random pool of feasible solutions torforl parent
solution pool, followed by obtaining new solutioaisd forming new parent pools through an iteratiracess. This
iterative process consists of copying, exchangamgl modifying parts of the genetic representationa fashion
similar to natural genetic evolution [1].

Each solution in the parent pool is evaluated bpmseof the objective function. The fithess valueach solution,
as by its objective function value is used to daiee its probable contribution in the generatiomefv solutions
known as offspring. The next parent pool is themmfed by selecting the fittest offspring based agirtfitness (i.e.
their objective function values). The entire pracissrepeated until a predetermined stopping @iisrreached, on
the basis of either the number of iterations ofrttegnitude of improvement in the solutions [1].
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Single — Versus Multi-Objective optimization
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Fig. 1: Rank-Based Fitness Evaluation [1]

In a single — objective optimization problem, theeriority of a solution to another can be easgyedmined by
comparing the objective function values of the wetutions, and there exists a single identifialpéroal solution
that gives the best objective function value. Tikiaot the case for a multiobjective optimizatianigem [1]. This
is illustrated in figure 1 where there are fiveuimns with the ranks of 1. None of the solutioas de said to be

superior or inferior to the other four solutions.

Genetic Algorithms Operation

Fwa et al. [11,12,13] demonstrated the applicatibgenetic algorithms in single-objective optiminat problems
of pavement management. When applied to multi-¢bjegroblems, the general procedure of genetiordtyms
operations and offspring generation remains unobdnghe main difference lies with the evaluatiorfiofess of
each solution, which is the driving criterion ofteearch mechanism of genetic algorithms. The basled fitness
evaluation technique and the concept of Paretongity are adopted in this work. Figure 2 shows diperations
involved in the genetic algorithms operations. Arportant consideration of the optimization prodes® produce
representative solutions that are spread moressneeenly along the Pareto frontier. This can lhéeaed by using
an appropriate reproduction scheme to generatprofts solutions and to form a new pool of paredtiions. The
procedure depicted in figure 2 has been found tmlywwe satisfactorily spread solutions on the Pafetahe

problems analysed in this work.
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Fig. 2: Genetic Algorithm Analysis for Multiobjective Optimization (PROGRAM-R)

METHODS

An optimization problem for pavement activities gramming at the project level is characterized lger — define
objective function subject to operational and resewconstraints.

A hypothetical problem of a road project level &l pavement segments is analysed in the work toligig the

main features of genetic algorithms formulatiorPimgram-R and to illustrate the proposed applicatiof genetic
algorithms.

The multi-objective functions adopted are to mirmenithe maintenance cost action and maximize therpest
performance condition.

The major problem parameters are summarized ineThbl
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Table 1: Problem Parameters for Hypothetical Exampd

Parameter (category (1) Parameter adopted (2)

Project parameters:

Section length 1km

Section width 15m

Planning perioc 20 year

Traffic parameters:

Traffic loading Constant 50,000 passes of equiteB®KN single axle per yealr

Annual average daily traffig 4,500 (Veh/day)
Warning levels:

Cracking 0.8rhof cracks per km per lane
Rutting 20mm ru deptt

Potholing 50 potholes per km per la
Surface disintegration 20% of wheel-path areactdfi
Structural damage Present serviceability index&= 2.

For simplicity only four main pavement distressdgpare considered. They are cracking, ruttingnaigration of
pavement surface materials and potholing. From véewe of distress determination functions [4] repadrtin
literature [15,16,17,18] the following deterioratimodels are assumed for this work.

Cracking C = 21,600(N)(SN)~SNC = 21,600(N) (SN§" (1)
Rutting R = 4.98 (Y)%166(SN)~%5(N)013 2
Surface disintegration S = 80(e?%¢77N - 1) 3)
Potholing P = 0.54 (1+ 10N) 4
Where

C = total area cracked in“fKm/lane

N = traffic loading in million passes of equival&iKN single axle

R = rut depth in mm

Y = age of pavement in years

S = total surface disintegrated irf/em/lane

p; = additional number of potholes per kilometer dedi from distress type i

For the case of structural damage requiring retiatdin, the decision to trigger overlay constrantis dependent
on the value of present serviceability index (P$He optimization model is designed to maximize akerage PSI
value of the whole motorway. The knowledge of tlhegment deterioration curve is very important ® diptimal
planning pavement maintenance activities. It isakxtto define pavement condition using PSI values.

Adopted for this study are the following PSI deteation functions modeled after relationships depetl by the
American Association of State Highway Officials (8A0O) road test and Rauhut et al (1982).

PSI = 5.10 - 1.9log(SV)- 0.01C%5 - 0.0021R?2 (5a)
Modified PSI for this work
PSI = 5.10 - 1.9log (SV) - 0.01(C + P)°® - 0.0021R? (5b)
Where
* 6 ﬁ
SV = 68.5 %+ 1.83 (5¢)

Logp = 9.36log (SN + 1) - 0.20 (5d)

0.4 + 1,094

© (SN 4 1)51

B =0.4 + 1,094/(SN+1)°
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The problem can be represented mathematicallyliasvio[14]:

Maximize performance

= £,X) = 254 T, X[ (P CIj — PClyin) X Ly AADT, x D] (6)
Minimize cost =
£,X) = X 2 XexgxLxDx (1+R)™? )
Subject to:
_ (liftreatementj is selected for section in year t

xe ={ . ®)

" 0 otherwise
S Xe <1 )
Where

PCl;; is pavement condition index for j treatment optioryear t
PCl;n IS minimum acceptable level of PCI of the section

AADT; is annual average daily traffic carried on sectiogear t

X;¢ is a binary variable for section with j treatmeption in year t

D is the width of pavement section

L is the length of pavement section

¢; is the actual unit cost of j treatment alternatypgions in initial year
R is discount rate for calculating present valuéutire cost

T is analysis period

A is treatment alternative options in analysis @eri

In order to gain the Pareto optimal solutions oftrabjective optimization functions by Genetic Algthms (GA)
a computer program coded using Matlab version 7(B2009b) is employed in this work and a case stisdy
introduced to the program. The basic informatidrpavement section is shown in table 1. Four maenee
measures are selected as part of input data faarthlysis: No action, crack sealing, pothole paigtand overlay
(Rehabilitation).

In the first step of program, the parameters assary to be identified. Through a lot of trialcoéation by the
computer program, the reasonable parameters areiradg These parameters are; population size = 150,
chromosome length = 20; maximum generation = 1@@sover probability 0.5 and mutation probabilit)H1.
And then inputing these parameters into the conmpartegram, the results of the solutions are acquingables and
figures.

RESULTS AND DISCUSSION
The results of the work carried out are displayethble and figures.

Table 2: optimal maintenance and rehabilitation stategies in the Analysis Period

Action Cost ()X10° | User benefits &) Maintenance and Rehabilitation strategies analysiperiod (years)
1 2 3 4 5 6 7 8 9 11 12 13 14 15 16 17 18 19 PO

880,040 1,518,700 31 0 2 0 2 2 3 2 2 2 2 B3 0 0 1 0 0
529,750 1,518,700 2 01 3 0 2 3 2 3 1 1 23 2 1 1 1 d
529,750 1,508,600 2 2 0 3 3 2 2 1 1 1 1 2 2 2 2 2 0 1
483,410 1,508,600 2 2 2 3 3 2 3 2 0 0 3 23 3 1 2 1 1
422,230 1,508,600 2 2 02 0@q 0O 1 1 2 2 21 2 1 1 2
63673 1,508,600 1 2 1 2 2 @ 3 0 1 1 0 1 1 ®» 3 3 1

‘0O’ represents No action

‘r represents Crack Sealing

‘2’ represents Pothole Patching

‘3 represents Overlay (Rehabilitation)
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From the results calculated by the computer progranset of Pareto optimal solutions of multi-objest
optimization by Genetic Algorithms is obtained whiconsists of performance and action costs. Retwtih
options are represented using allele values with @ these genes representing a possible mairgerastion. As
shown in table 2, chromosomes 3102021232222230@b001 represent the following 20 years maintenance
strategy: Overlay in year 1, crack sealing in ygars, and 18, do nothing in year 3,5,16, 17, 1® 20 and pothole
patching in years 4, 6,8,9,10,11,12 and 13.

The information represented in Table 2 and figuie &f great value to decision maker. The pavemeamager can
learn how much the maximum performance is undegreain budget constraint. For example, if the ftmdnvest
the pavement management during the analysis p&id®x1¢ a maximum performance of 1,518,700 would be
produced under this fund level. The pavement maneae also learn about how much maximum performainee
road user desired. For instance, if the decisiokemaant to keep the maximum performance of thigise not
below :(Ly,508,600, the total cost they should invasthey should invest in the analysis period is lests than
N6.4x1

x 10° Effective performance against Cost
1.55 T T T T T T T T
| | | | | | | |
best | | | * | o1 A OL |
152 F X L S AT S S _
N TN | | | | |
& | | | | | |
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Figure 3: Pareto Optimal Solution of the two-objecive Optimization function

Figure 3 displays the Pareto optimal solution eftilio objective optimization functions.

It can be seen from figure 3 that there is notemgdeal of variance in performance for higher sodttions, the
variance increases considerably as the cost desedbis is a consequence of the fact that witlrgel amount of
maintenance being carried out at all times durhrg dnalysis period, little deterioration is alloweddevelop and
hence the variability in final performance is mi@ilm

CONCLUSION

A tradeoff problem between fund investment perfarogaproduction in pavement management at projeel ie

discussed in this work. A two —objective optimipatimodel which considers maximum pavement perfoomamd
minimum action costs as function is put forwardrkrthe result calculated by the computer progrdmmosome
31020212322222300100 represents the following 28ymaintenance strategies: Overlay in year 1, ® 5arCrack
sealing in year 2, 7, and 18; Do nothing in yeds,316, 17, 19, and 20; and Pothole patching im $e#, 8, 10, 11,
12, 13, and 14. Based on the computing resultsPdreto optimal solutions of the two objective oyptiation

functions are obtained. The optimal solutions daf thvo — objective optimization model can provithe tdecision
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makers the maintenance and rehabilitation planmiit maximum pavement performance and minimum actio
costs
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