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AbstractTheissuesassociatedtohighwayprojectsusuallyaffectaspectslikenatureoftheproject,costandtime.

Riskeventsthatarenotusualalwaysgiverisetopositiveornegativefeedbackandnormallycausevariationsfrom  project
designs especially inclined to risk construction projects. However, more investigations have been done on
riskmanagementassociatedtohighwayprojects,thereislimitedliteraturemoresototheriskoftheproject. These
projectscanbeoverseenundersomedubiousconditionbyapplyingtheriskmanagementtechnique. Theaimofthis research
was to demonstrate pertinence of the Markov Chain approaches in diminishing the risks of the highway
projectsbyutilizationofdatafromtheprojects.OtherCommonlyutilizedproceduresdon'tinvestigatepotentialrisks
successfully and subsequently the utilization of Markov chains. This project has made utilization of the Markov

chainproceduretoevaluatetheshortandlong-termpotentialrisks. Thisresearchprojectutilizedriskdataacquired
fromexpertsthroughquestionnaires. ThedatawasthenanalyzedutilizingtheOctavesoftware.
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1. Introduction

Thisstudyinvestigatesthepossibilitiesofoccurrenceof
events and the degree of impact of the risk in highway
projects. Themainchallengeinconnectionwithalmostall  the
Highway projects is that cost has more weight on the
completion delays. Adebayo (2002) asserted that the
incompletionofprojectsisduetothelimitednumber of good
contractors, managerial skills, irreconcilable circumstance
and defilement [1]. Many inquiries havebeen done
especially on the quality of work and the functionality
future of the most highway projects for the administration
clients.

Highway projects risks can be defined as uncertain
occasions that have both positive and negative results on
the objectives. The objectives of these projects are; time,
cost, degree, and quality according to Molenar and Robert
(2010)) [2]. The procedure of risk management must be
considered in the management of different risks. These
procedures include such activities like project planning,
project identification, analysis of the project, reaction
rebuilding, project monitoring and control measures
(Guide, A. (2001)) [3]. Legitimate control measures canbe
safely followed in the risk management criteria withthe
end goal to:

« Minimizenegativeimpactsontheproject'sobjectives.

» Maximize the opportunities in order to improve the

objectivitybyaimingatthereducedcost,short

length programs, improved high degree, and high
quality of the programs.

Analyzing the different risks associated with highway
projects is one of the main aspects in risk management.
The procedure of analyzing risks may be complicated due
to complicated needs and the subjectivity nature of thedata
in highway projects. The complication nature of the risk
analysis is not high since the benefits of the outcomes can
be of highly importance.

Thesignificanceoftheprojectcanalsobelinkedto the
employment aspect. The Industry is said to be themega
employer of both the experienced and non- experienced
workforce. The engineering company is categorized into
smaller sub-firms that has < 1% of the engineering firms
that are registered. Delays and cost aspects of the
structural engineering works involving
engineeringhasbecometheconspicuousandthishas led to
introduction of managerial skills to guarantee that these
projects are completed within the stipulated timeand
within the budget constraints according to the projections.

Sujiao and Zhang (2009) proposed a Markov chain
approach to study both short and long-term risks projects
associated with development [4]. Qualitative risk analysis
involves probabilities and the results are assessed
qualitatively. The probabilities are then transformed to
percentages and then into monetary terms. The scoringrisk
assessment matrix is utilized to transfer non- transparent
arrangements of risks into a need rundown of
risks.Quantitativeriskanalysisdeterminestheimpactof
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projectrisksonmajorcostandincomeplacesforfinancial ~ or
economic issues in highway projects.

Ebrahimnejad et al, 2009 proposed a fluffy decision-
making model for assessing the risk assessment with
applications to large projects [5]. They also came up with
very important risks in build-operate-transfer projects and
developed a multi-attribute analysis under a fluffy
environment to manage the risks. Makui et al, 2010 and
Mojtahedi et al, 2010 came up with the idea of
simultaneous analysis of safety to the risk identificationby
basing on the safety, health, and the environment [6].
According to the literature a lot has been done on
assessment of the risk and on issues involvingmanagement
in highway projects. Palmer et al. (1996); Akinci and
Fisher (1998) [7]have also done some workon phases,
forms of risk andalso thefactors. Tah and Carr (2000)
[8]carried out a study on classification of risk within
projects utilizing the hierarchical risk breakdown structure
(HRBS). The risk is classified into two: internal and
external, where the internal risk is sub-divided into local
and global. Moghaddam et al, 2011 suggested a statistical
approach for identification and analysis of risks of the
major projects simultaneously by fluffy collective choice
analysis in mega projects [9]. Mousavi et al, 2011
alsoproposedanovicestatisticalapproachwhichbasedon the
technique of resampling with interval analysis for all the
risks in projects involving engineering [10]. Mousaviet al,
2011, also assessed the risk in highway projectsusing the
jackknife approach. They also developed amulti-attribute
approach analysis under fluffy stochastic environment for
determination of the risk problems in relation to highway
projects [11]. Hashemi et al, 2011
appliedthebootstrapapproachforriskanalysisemploying
interval numbers technique in developmental projects.
Further, he presented a ranking approach with bootstrap
confidence intervals for purposes of assessing risks in the
port projects [12]. Due to enormous characteristics of the
activities involving highway projects, they become
subjective to myriad changes that happen now and then in
some uncertain environment. The traditional methods that
havebeenappliedtoassessprojectrisksstatisticallyhave been
criticized for not taking to account the sequential nature of
the set norms in highway projects. In a conventional risk
model, uncertainty of the stated projects shouldbemodeled
procedurallyin  respectdynamicstates. A stochastic
approach for example Markov chain is a robust analog for
analyzing time-dependent behaviors of many dynamic
systems. This paper study aims atproviding another
approach for the use of Markov chain analogy based on
the project risk data collected from highway projects
stakeholders.

Risk in highway projects is an important element
because of the overall project cost hence the allocation of
finance has a great impact on project budget this is
according to Zaghoul and Hertman (2003). Molenaar, K
(2005) also noted that developmental projects include an
open system instead of a closed system, that outcomes to
variability and riskiness of the highway projects [14].
Hashim, A. and Ku Hamid, K.H. (2007) explained that
highway risk management highly depends heavily on
contracts and it has bad reputations of involvement in
disputes and claims [15]. Akintoye, A. and MacLeod, M.
(1997)alsostatedthatdifferentstudieshaveilluminated

that highway structures are the major wellsprings of the
lack of adaptability and hence they have a significant
negative impact. According to Ashley, D., Diekmann, J.,
and Molenaar, K. 2006) [16,17], management of riskneeds
to be implemented; risks of contraction of other parties do
not assume that they are managed because no much has
been done to address these risks; rather an increase in the
cost of the contract will be observed. Cost overruns and
completion of the projects at late times in large
infrastructures  have been recognized as  risks
affectingprojectperformance.P.M.1(2004)explainedthat

barriers in management of highway risks are a drive for
cost adequacy; management of the risk is just observed
using a lot of assets and advantages are a complicated
aspect to measure in financial dimension [18]. Due to lack
of highway risk management systems and knowledge it
makes it difficult for the utilization of risk management
techniques. Studies have shown that various risks
associated with highway projects have limited workforce
to conduct the risk management process and that the risk
management is just in the knowhow of few keyindividuals.

StatementoftheProblem

Highway projects completion has undergone risk
challenges worldwide for a long time now. Risk
management within highway projects has been applauded
as a very important tool to improve their performancesand
increase higher chances of completing these projects
successfully without hasty.

SignificanceoftheStudy

In project risksmanagement, proper measures are taken
with the end goal to limit negative consequences for the
projects targets and augment the probabilities ofenhancing
the destinations by thinking about the reduced cost, short
time schedules, scope upgrading, high caliber and crisis
management limitation. This paper will
empowerthemanagementtorealizethemeasurestoputin each
phase of the project in order to make the fulfillment
successful.

2. Methodology

Data

In this stage, primary data on risks of parkway projects
were extricated from 25 specialists through questionnaires.
The specialists were randomly selected from various road
construction companies and government multi-agencies,
they included engineers, policy makers and even the
general public. The development of the tables iscompleted
by the assistance of the article on parkway chance data
from International Scientific Publications with the end goal
to give potential hazard, separate structure (PRBS)
(Mojtahedi et al 2010, Gatti et al 2007, Moghaddam et al
2009) [19]. Various methodologies have been
recommended in the writing for ordering projectrisks.
According to Asbridge et al, 2012 [20], potential risks of
the roadway projects are gathered with the main
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goal being the consideration of potential risks in various
aspectsofthehighwayprojectandscopeofworkinvolved.  In
this stage, the potential risks breakdown structure (PRBS)
is characterized as a source-situated-gathering of potential
risks inside expressway projects that arrangesand
characterizes the whole hazard presentation.

Research Methodology

Thisstudymadeuseofthe Markovchaintoseehow
wecanuseittointensivelyreducethehighwayproject
risks. Themethodisasdiscussedbelow;

MarkovChain

AMarkovchainapproachemploysastochastic analogical
process that works ina sequentialmanner for
exampleitinvolvesstatesthatarenotpermanent(e.g.
temporally), transitioning starting with one state then onto
thenextwithinanallowedsetofstates(Brooksetal,2011) [21]

XOxMx), 5x0),

AMarkovchaintechniqueisexpressedbythree elements:
1. Astatespace,whichisrepresentedbyasetof values that

the chain is allowed to take
2. P(xD|x®)whichisatransitionoperatorthat

expressestheprobabilityofastatemovingfrom state
xOtoxt+1),

3. Aninitialconditiondistributionr©@®whichdefines
the Probability of being in any of thepossible states
at the initial cycle t=0.

The Markov chain starts at some state, which issampled

fromm(©0), then transitions starting with one state then onto
the next according to the transition operator P (x(¢+D|x®).

A Markov chain is called memory less if the

followingstateonlyreliesuponthecurrentstateandnat

onanyof%estate’spasttothecurrer): 2 3
DO XED O _py(tD () M

(The memoryless property is known as the Markov
property). At the point when transition operators in a
Markov chain don't change crosswise over transitions, the
Markov chain is alluded as time-homogenous. A pleasant
propertyoftime-homogenousMarkovchainsisthat as the
chain runs for a long time and t—oo, the chain will achieve
an equilibrium that is called the chain's stationary
distribution:

p(x<r+1)|x<t)):p(x<t>|x<t-1>). 2)

OneofthereasonsforaMarkovchainistoforesee
thefuture.Givenavectorofstateprobabilities
Roo= [P11P111 ---P1m] and the matrix of a transition
probability at time period n=0, we can determine the state
probabilities at a future time. For accommodation let
Rispeak to the state probabilities at a time (state) n=1.
After oneexecutionoftheexperiment,itverywellmaybe
composedasfarasacrudematrixasR,=RgoXxP,t0
figurethevectorofstateprobabilitiesatthetime(state)

2,3,....n,multiplytheframeworkstateattimeOwith transition
matrix (P) that is:

Ro=R;xP=(RxP)xP=RgxP

R3=RpxP=RgxP®

Rp= Rp_1xP= RgxP".

TheelementsofthenstatetransitionmatrixP,,
m=mareobtainedbyrepeatedlymultiplyingatransition
matrixPindependentfromanyoneelse.Ingeneral
Pn= Pn-1 x P where each column Pnrspeaks to the state
probability distribution after n transitions given that the
process begins in a state i.

-[Pli

FormulationofTransitionKernel from

the Probabilities of States

AccordingtoTrahlaret al1996andTierney,L.(1998))
[22];inastochasticprocesses,{x,,n=0,1....... tthat goes up
against a finite number of possible values if X,= i, at that
point the process is said to be in state I at time n. Whenever
the process is in a state I, there is settled probability P;;;that
will next be in state j. i.e., we guess that

P{ Xn+1=jXn=i Xn-1=in-1,...X1=i1,Xo=lo }

:P{X n+1 =IIX n:i}:Pij-
Forthestates,i,im,i et ,|,jandalln>=0.Sucha

stochastic process is known as Markov Chain, and the
conditionaldistributionofanynextfuturestateX,,+; given the
past statesXgo, Xi.....Xp—iand the present state X, , is
independent of the past states andonly depends on the
present state. The matrix of one stage transition is denoted
by P=initial state

4

P p.. Pl
| 00 01 il |
|Pyo Pu.... Pyl
|Pio P Pyl

Wherer->=0, i ,j >=( ;Z‘”Piiﬁg—nl,i:O, 1......

Ergodicity
If any state | is a recurrent state, then at that point we

say that the state is positively recurrent iff starting in I, itis
expected that the time expected until it returns back to

G S A G e
thatinfiniteMarkovChainstateswhichare allrecurrent
aresimplypositiverecurrent.Somerecurrentstatesare
not positive recurrent and they can be well expressed that
in a finite state Markov chain all the states that are
recurrent are sure recurrent. If a state is a periodic and
positively recurrent then the state is said to be ergodic.
Theorem: For every irreducible and ergodic Markovchain
lim n—ooPymexists, and is independent of i. Moreover,
letting

[ Ti=limP",j=0 5)

ij

n~oo
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thenzjistheuniguenonnegativesolutionof

[li=X11Ph=0 2] [i=1 6)
j

iff the Markov chain is positive recurrent. If a solution
existsthenitwillbeunique,and[[jwillequalthe long-run
proportion of time that the Markov chain is in state j. If
the chain is aperiodic, then mj is also the limiting
probability that the chain is in state j.

2.3Proposed Approach

Risks associated with highway projects have been
posing the question of consideration in light of time and
cost impact related with these mega projects. A venture in
highway projects is isolated into three noteworthy stages:
planning,engineeringanddevelopment.Theriskstransform
continuously in the cycle of the projects. Subsequently,
these highway projects venture risks can be modelled
stochastically.Besides,onthegroundsthattheadvancement of
highway projects mainly relies upon the venture
circumstances, the risks within highway projects have the
qualities of the stochastic phenomenon. It tends to be
modeled by Markov chains analogy. There are two phases
of the proposed approach for the risk analysis in highway
projects which dependent on Markov chain approach are
given as. Mane and Pimplikar (2013) listed the different
risk looked in projects into three kinds as Financial Risk,
Political Risk and Technical Risk [23]. Shirking,
Transference, Mitigation and Acceptance are the Risk
reaction systems followed in India. Delays in project
approval, Change in legal advice, Cost impact overrun,
Land acquisition, and remuneration, Enforceability of
agreements, Construction schedule, financial closing,
Tariff improvisation and Environmental risk are the key
criticalrisksinprojects.Maintaininggreatrelationship

with government specialists help to stay away from the
risk of delay in approval, obtaining government's
assurances by means of adjusting tariff or extending
concession period help to evade the risk because of
progressinlaw,choosingqualityandtrustcommendable
consultants with knowledge of how to handle ordinary
development issues help to dodge risk of delay in
development schedule, etc., Sato et al, 2005 examined
about the risk looked by street projects at different task
arrange [24].

3. ResultsandDiscussion

In this section, the categories of risk data were given as
follows:

ProjectPotentialRisk Analysis

The potential risks of the project were grouped into five
subgroups in order to improve the precision of the risk
assessment approach. These groups were (Very Low (VL),
Low (L), Medium (M), High (H), and Very High
(VH))aredepictedinTable2. Twenty-fiveexpertswith  high
qualification regarding this subject gave thefollowing
information. The assessment results in the planning phase
of the highway project were illustrated in Table 1. A
primary data that involved questionnaires was used.

Table 2shows the number of experts who perceivedthat
there is either a possibility of potential risk moving from
one level to another or remaining in the same level during
phase transitions. For example, 3 experts said that their
possibility of very low potential risk remaining in very
low level of potential risk in the 2™ phase. Also none of
the expertssuggested that potential risk will move from
very high to medium level in the 2" phase.

Tablel.Potentialriskstructureforthehighwayproject

Highwayprojectphase RisksInvolved

Changesindesign

Documents not issued on

Engineering Defe(_:tlveanderroneousde_s|gn,errors,andreworkDef|C|ency in timeUnforeseenadversegroundconditions

drawing prototype of projects

DelaysinmaterialdeliveryduetoprocurementregulationsDelay : . . S
Procurement s in data dissemination fo vendors Associatedchallengeswithequipmentavailability.Inade

Qualityissuesofmaterial

guatemanpower.

scopeofwork
Delayinequipmentdeliveryto site
Construction
Safety, and Environment (HSE)
Matters

DelayinhonoringpayingsubcontractorsinvoicesHealth,

Shortage of experienced
workersInterferencesfromsubcontra
ctorsAd hocsite conditions

Corruptions&bribes

Management e ofplanning.

Communicationfailure

Delayinprocessingofpaymentsandreceivingproject'sinvoicesFailur

changePoliticalpolicies

Projectfunding

Projectmanagerdisabilities
Necessarydocumentsforprojectpermits&Approvals

Table2.RiskAnalysis

Phase2analysis
Levelofrisk VL L M H VH Totals
VL 3 2 2 0 0 7
) L 3 4 2 0 0 9
Phaselanalysis

M 3 2 4 2 0 11

H 0 2 2 3 2

VH 0 2 0 2 2
Totals 9 12 10 7 4 42
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InitialPotentialRiskDistribution

Initial potential risk distribution is as follows S®=
(0.17,0.21,0.26,0.21,and0.14)i.e. {4/25=0.16...
3/25=0.12}. The initial potential risks, represents the
potential risk associated at each level. The one-step
transition matrix is as follows:

P=[3/7=0. 43................ ,2/6=0.33] i.e. divide each
element of each row by its corresponding row totals. The
transition probability matrix describes the associated
probability of risk from one level to the next level.

0.430.290.290.000.00—‘
0.330.440.220.000.00 |

P=1 0.270.180.360.180.00 |
0.000.220.220.330.22

| |
110.000.330.000.330.33 ||

>>5(0-[0.170.210.260.210.14].

3.1.2PotentialRiskDistributioninSecondPhase

>>5O* p=[0.2126 0.27880.2353 0.16230.0924].

From the second phase above, it is clear that the very
low risk level probability has increased to 0.2126 making
it more effective. The risk for the very high level has
decreasedfrom0.14t00.0924,whichmeansthatafterone
transitional period the probability of having very highrisks
is reduced to a reasonable condition.

PotentialRiskDistributioninThirdPhase
[ 0.35890.30450.29290.05220.0000 ]
0.34650.32890.27170.03960.0000

>>Pp2= 0.27270.26190.28710.12420.0396
l0.13200.28160.20020.22110.14—52J
0.10890.32670.14520.21780.1815
>>Q=P2

>>5*Q=[0.24760.29380.24390.1264 0.0662]

From this phase, the probability of having very high
risks is still reducing. This confirms the effectiveness of
the Markov chains in reducing the highway project risks.

PotentialRiskDistributionin16™Phase

>>Pp15

0.29450.28930.26380.08520.0281

0.28820.28310.25810.08340.0275
p15 =0.28670.28170.25680.08300.0274
l0.28330.27840.25380.08200.0271(]
0.28310.27820.25360.08200.0271
>>S*P15=[0.28420.27930.2546 0.08230.0272].
Afterl5transitionperiods,theprobabilitiesforhigh
risksarereducingsofastcomparedtothepreviousphases.

PotentialRiskDistributioninK"Phase

>>SxPk=[0.29420.26930.22460.0723 0.0172].
Thedistributionofriskafterk-stepstransitionsfromthe first
phase is S&=SOxPEwhereby k is the transitions.
Whenthefactorsaffectingtheprojectsreachstable
state,thenthelevelofrisksremainsconstant. Afterk
transitionsweobtainpotentialriskprobabilitiesstable
stateas follows;
[0.29420.26930.22460.07230.0172].
Theseresultsillustratethatafterthektransitions,the
probabilitiesoftherisksinhighwayprojectsforthefive

categories(levels)are29.4%,26.9%,22.5%,7.2%,and
1.7% respectively.

Through comparison we find out that between these
levels of risks in the planning phase of the projects and
after these transitions, the severity of these potential risks
has been minimized throughout the period of the highway
projects,especiallyfortherisksinmedium,high,andvery high
levels. The Markov Chain, through theapplication of the
transition states, is then seen so effective in risk
management.

Conclusion

Thepaperhasdrawnthe followingconclusions:Project
completionhasbeenintensivelyaffectedbyriskswhich
areathreatforalongtimenow.Handlingthese
uncertainties, identification of risks and its’ analysis are
the key steps in highway projects. The key aim of this
study was to analyze the evolution of different risks in the
highway projects by using a Markov chain approach.
Henceforth,theMarkovchainwhichisastochasticprocess is
illustrated and presented. The other aim of the
paperwastoshowtheapplicabilityofMarkovchainapproachin
these projects using risk data. The Markov chain can be
used effectively in management of the risks to reduce the
corresponding levels of risks at different phases. This can
be effective when the appropriate measures are put in
every phase according to the probabilities of occurring.

Recommendations

Thefollowingrecommendationsareherebypresented:

* Research should be done to connect Markov chain
with the cost functions in optimization models.

* Sinceuncertaintiesinhighwayprojectscanresultto
inexactandsubjectiveriskdatapresencemaking
theassessmentofriskprocesscomplicated,thenmore
researchshouldbedoneonthetopicwhichconsiders the
Markov chain approach vague environment.
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