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Abstract

The signification risks associated with construttfrojects need special attention from contractoranalyze
and mange the risks. Risk management is the arseiedice of identifying, analyzing and respondiogisk
factors throughout the life cycle of the projectiam the best interest of its objectives.

In proposed model, we firstly identify risks in thenstruction projects and suitable criteria foalaate risks
and then structure the proposed AHP model. Finalymeasure the significant risks in constructioojguts
(SRCP) based on the project’s objectives by ugimgyf analytical hierarchy process (FAHP) technique.
Keyword: Construction projects, Project Risk ManagementziFlAHP

1. Introduction

The increasing growth of the construction projexzhs for massive development of infrastructured assets.
While this brings opportunities to project staketesk, employing effective risk management techréqeaped
risks associated with variable construction ag#sitis of importance to implement the projectsratig with
project objectives including time, cost, qualitgope sustainability. Therefore, it is importantidentify and
assess the significant risks in the constructioojgets in order to help local companies and intéonal
companies who do or plan to work in the construcpoojects to pay attention to these significasitsi

1.1 Construction Projects

Flanagan & Norman [1] expressed that constructiamjepts are one-off endeavors with many uniqueufest
such as long period, complicated processes, abbminanvironment, financial intensity and dynamic
organization structures and such organizationaltacithological complexity generates enormous risks.

The number, size and complexity of new projectsehareated an extra burden on construction partitgpand
resulted in lots of risks.

Zhi [2] developed a method of managing variousgifile overseas construction projects. In this neteae
discussed how to effectively identify the vitalkdsin overseas projects and introduced a usefkilassessment
technique which combines risk probability analysith risk impact assessment.

Uher & Toakley [3] set out the results of a studipithe use of risk management in the conceptuatelbf the
construction project development cycle in the Aalgn construction industry. Their study consiste#da
literature review, a survey to examine skill levalsd attitudes of key players to risk managemem, their
attitude to change. They found that while most oeslents were familiar with risk management, itsliappion
in the conceptual phase was relatively low, evengh individuals were willing to embrace change.

Carr & Tah [4] presented a paper that uses a fappyoach to construction project risk assessmahtaalysis.
In this paper, a hierarchical risk breakdown stiteeis described to represent a formal model faditative risk
assessment. The relationships between risk faatisks, and their consequences are representecsn and
effect diagrams.

Harmon & Stephan [5] stated that complex constonctprojects are high-risk ventures involving muéip
parties with different interests, thus producintggh potential for conflict.

Moyst & Das [6] have applied the risk classificatiof the land-based construction industry to thiptskilding
industry with the aim of determining the factorfeafing ship design and construction.

Motawa et al.[7] proposed a fuzzy system for eatihg the risk of change in construction projects.

Zou et al. [8] stated that a major source of riskconstruction is the potential changes occurringng the
project lifetime. Changes in construction projeaften result from the uncertainty associated whih imprecise
and vague knowledge of much project informatiothatearly stages of projects.

1.2 Projects Risk M anagement

Burke [9] argued that project risk management iindd by the project management body of knowledie
processes concerned with identifying, analyzingl, m@sponding to uncertainty throughout the proiigetcycle.
It includes maximizing the result of positive ev@ahd minimizing the consequences of adverse events
Perry [10] broke down the process of risk managerreo: identification of risk sources, assessnartheir
effects (risk analysis), development of managemesponse to risk, and providing for residual riskproject
estimates.

Clark et al. [11] suggested that an identified ishot a risk unless it is a management problem.

Flanagan and Norman [1] proposed three ways obifj@sg risk: by identifying the consequence, tyaed
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impact of risk.

Turner [12] proposed that risk management can assifled into five stages: (i) identifying the scairof risk;
(ii) determining the impact of individual risksjifiassessing the overall impact of risks; (iv)eatetining if the
risk can be reduced; and (iv) controlling the idféed risk.

Willams [13] described a complete, integrated aslalysis and management scheme based around tetereg
that assists in time, cost and technical analyselps in the devising of a risk-management plad, prompts
decisions on risk transfer.

Kangari [14] realized that important risks in caostion projects are those relating to safety, iqpaif work,
defects, productivity and competence.

Abdou [15] classified construction risks into thrgeoups, i.e. construction finance, constructianetiand
construction design, and addressed these riskstail éh light of the different contractual relatighips existing
among the functional entities involved in the dasidevelopment and construction of a project.

UNIDO [16] developed a BOT project risk checklisider two major categories (general/country riskd an
specific project risks) with three sub-categoriader each.

Chapman & Ward [17] said ‘project risk is the inggliions of the existence of significant uncertaiaibput the
level of project performance achievable’.

Edwards & Bowen [18] presented a broad classificatf land-based construction project risks usiagural
(weather systems and geological systems) and husagial, political, economic, financial, legal, hba
managerial, technical, and cultural) categories.

Dey [19] proposed that project risk management ggses are categorized : (i) identifying risk fastd(i)
analyzing their effect; and (iii) responding toktis

Wang et al. [20] carried out research to evaluateraanage foreign exchange and revenue risks imaGhBOT
projects based on the findings of an internaticnaley on risk management of BOT projects in deyelp
countries.

Alquier & Tignol [21] classified the risks into itnal and external risks, which are respectivebsé¢hthat are
supposed to be under company control (e.g. manufats risk of products, processes and resourgeb}taose
that the company does not control (e.g. regulatlegal context, currency fluctuations, and enviremtal
protection).

Raz & Michael [22] showed the results of a studydntify the tools that are most widely used amase that
are associated with successful project managemegeneral, and with effective project risk managetrie
particular.

Keil et al. [23] investigated the issue of IT prdjeisk from the user perspective and comparesith wsk
perceptions of project managers.

Ward & Chapman [24] in their paper argued that aiirent project risk management processes induce a
restricted focus on the management of project waicey. This paper outlines how project risk mamagat
processes might be modified to facilitate an urdety management perspective.

McDowall [25] in his paper presented a scheme fodentaking risk management for laboratory autonmatio
projects.

Liebreich [26] used Risk management in financimgesmable energy projects.

Yean et al. [27] identified the risks that Singagbased architecture, engineering and constru¢i&c) firms
face when working in India and investigates thk response techniques adopted by them.

Zou et al. [8] found out the key risks in constiotprojects in China and to develop strategiemnamage them.
Wyk et al. [28] documented the risk managementtimaof a utility company for its Recovery Plan jact to
address the risks of power interruptions due thaatfall of supply and increasing electricity derdan

Lee et al. [29] proposed a scheme for large engimg@roject risk management using a Bayesian beétvork
and applies it to the Korean shipbuilding industry.

1.3. AHP

The AHP is one of the extensively used multi-ci&etecision-making methods. One of the main adepgaf
this method is the relative ease with which it Hasdnultiple criteria. In addition to this, AHP éasier to
understand and it can effectively handle both ¢ai@he and quantitative data. AHP involves the gpfes of
decomposition, pair wise comparisons, and prior@gtor generation and synthesis. Though the purpbs&iP
is to capture the expert’s knowledge, the convealicAHP still cannot reflect the human thinking lety
Therefore, fuzzy AHP, a fuzzy extension of AHP, wlaseloped to solve the hierarchical fuzzy problems
There are many fuzzy AHP methods proposed by va@athors [30, 31, 32, 33, 34, 35, 36, 37, 38].

In this study, we choose Mikhailov’s [36,37] fuzpyioritization approach because this method hasstdges
over other fuzzy AHP approaches. The most importdrihese advantages is the measurement of comsjste
indexes for the fuzzy pair wise comparison matriXess not possible to determine the consisteratjos of
fuzzy pair wise comparison matrixes in other AHRhods without conducting an additional study.

The rest of this paper is organized as followsSémtion 2, we introduced the proposed model. Ihi@e8, we
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presented case study . the paper is concludecciinSet.

2. TheProposed model

The suggested model for the measurement of SRARI#wthe steps as following:

Step 1: Identify the criteria (project objectives)d alternatives (risks) to be used in the model.

Step 2: Structure the AHP model.

Step 3: Determine the local weights of the critama alternatives by using pair wise comparisorrioes. The
fuzzy scale regarding relative importance to meashe relative weights is given in Fig. 1and TableThis
scale is proposed by Kahraman et al. [39] and €sedolving fuzzy decision-making problems [39, 49}the

Hr1
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112 1 M 2 3n 3 m

Fig. 1. Linguistic scale for relative importance
Tablel. Linguistic scales for difficulty and impanice

Triangular Triangular
Linguistic scales for difficulty ~ Linguistic scaleffimportance fuzzv scale fuzzy reciprocal
y scale

Just equal Just equal (1,1,2) (1,1,2)

Equally difficult (ED) Equally difficult (ED) (1/2,,3/2) (2/13,1,2)

Weakly more difficult (WMD)  Weakly more difficult/MD) (1,3/2,2) (1/2,2/3,1)
Strongly more difficult (SMD)  Strongly more diffit(SMD) (3/2,2,5/2) (2/5,1/2,2/3)

Very strongly more difficult Very strongly more difficult
(VSMD) (VSMD) (2,5/2,3) (1/3,2/5,1/2)
Absolutely more difficult Absolutely more difficult

(AMD) (AMD) (5/2,3,7/2) (2/7,1/3,2/5)

Step 4: Calculate the global weights for the rigklabal risks weights are computed by multiplyingdl weight

of the risks with the local weight of the criteria.

Step 5: Measure the risks. Linguistic variablesppsed by Cheng et al [41] are used in this steg Th
membership functions of these linguistic varialdes shown in Fig. 2, and the average value relatddthese
variables are shown in Table 2.
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Fig. 2. Membership functions of linguistic values fisks rating
Table2.Linguistic values and mean of fuzzy numbers

linguistic values for| Linguistic values for The mean of
negative alternatives | positive alternatives | fuzzy numbers
Very low (VL) Very low (VL) 1

Low (L) Low (L) 0.75
Medium(M) Medium(M) 0.5

High (H) High (H) 0.25

Very high (VH) Very high (VH) 0

Step 6: Calculate the SRCP by using the globas nig&ights and linguistic values. Depending on theehined
values the following decisions are made:

. 0.80{_CC SRCPii 1.0: The significant risks in construction progds very good for the period of
calculation.

. 0.60= SRCP < 0.80: The significant risks in constructimajects is good for the period of calculation.

«  0.40= SRCP < 0.60: The significant risks in constructimmjects is moderate for the period of
calculation.

« 0.0 = SRCP < 0.40: The significant risks in constructiwajects is bad for the period of calculation.

3 .Case study
Stepl:
Stepl.1. Identification of risk
Recognition process of possible risks in constouciprojects and determination of their charactessis an
effective step in risk identification. This procdsscarried out by assistance and cooperation a@jept group,
risk management group and experts of this fieldafuhe organization. By using Brain storming teiciue, at
first 35 events or risks that affect on construttmperations, have been recognized. Then by usilghD
method, number of these technical risks was deedets 5. The finalized risks are presented in T&blgVe
consider these risk factors as “alternatives” iopmsal AHP model.

Table3. Finalized risks of construction projects

Final risks Description

R, Economical inflation

R, International relations

R Design failures

R4 Communication matters between
consortium members

Rs Lack of attention to contract requirements
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Stepl.2. Determination of the suitable criteria for ranking risk

Like any human undertaking, projects need to befopmed and delivered under certain constraints.
Traditionally, these constraints have been listetdsgope,” "time," and "cost". These are also refeto as the
"Project Management Triangle," where each sideests a constraint. One side of the triangle dabheo
changed without affecting the others. A furtherimefment of the constraints separates product "tytiadir
"performance” from scope, and turns quality infowrth constraint.(Fig.4)

The time constraint refers to the amount of timailable to complete a project.

The cost constraint refers to the budgeted amouailadble for the project.

The scope constraint refers to what must be dopeamuce the project's end result.

These three constraints are often competing cantgrancreased scope typically means increased tmd
increased cost, a tight time constraint could mieareased costs and reduced scope, and a tighebuadgld
mean increased time and reduced scope.

The discipline of Project Management is about piimg the tools and techniques that enable the grrogam
(not just the project manager) to organize theirknto meet these constraints. We consider thesstreonts as
“criteria” in our proposed AHP model.

Time

Scope Cost

Fig. 3. Project Management Triangle
Step2: The proposed AHP model based on project objectinesrisks.

[ Risk I

Fig.4.The proposed AHP model for measurement k§ris
Step3: In this step, local weights of the criteria andksisvhich take part in the second and third levélaleP
model (Fig. 4), are calculated.(Table 4 - 8)
Local weights of the risks are calculated by uding fuzzy comparison values presented in Tabledutiir
Saaty & Takizawa [42], Saaty [43] fuzzy prioritizat approach. Non-linear model shown below was
established for calculating weights and the weidjsted in Table5 were calculated by solving thisdal with
LINGO [44] software.
Max = C;
(1/2) x C x w2 - wl + w2 <= 0;
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(1/2) x Cx w2 +wl - (2) x w2 <= 0;
(1/2) x C x w3 - wl + w3 <= 0;

(1/2) x C x w3 +wl - (2) x w3 <=0;
(1/2) x C x wd - wl + (1/2) x w4 <= 0;
(1/2) x C x wd + w1l - (3/2) x w4 <= 0;
(1/2) x C x w5 - wl + (1/2) x w5 <= 0;
(1/2) x C x w5 + w1l - (3/2) x wl <= 0;
(1/6) x C x wad - w2 + (1/2) x w4 <= 0;
(1/3) xC xw4 + w2 - w4 <= 0;

(1/3) x C x w5 - w2 + (2/3) x w5 <= 0;
Cxwh+w2-2xwb5<=0;
wl+w2+w3+w4+wb=1;

Thus, for example the weight vector from the abowadel is calculated as ¥eia= (0.25, 0.17, 0.17, 0.25,

0.17) . Consistency index (C) was calculated as 1.0 hisdrate suggested that the fuzzy pairwise comparis

matrix was consistent.
Table 4. Local weights and pair wise comparisorrixaf criteria

T C Q S Weights
Time (T) (1,1,1) (1,3/2,2) (1,3/2,2) a2/28 0.29
Cost (C) (1,1,1) (1/2,1,3/2) (1,3/2,2) 0.25
Quality (Q) (1,1,1) (1,32 0.25
Scope (S) (1,1,2) 0.21
C=0.32
Table 5. Local weights and pair wise comparisorrixaf time

R1 R2 R3 R4 R5 Weights
R1 (1,1,1) (1,3/2,2) (1,3/2,2) (2/2,1,3/2) (1/3/(2) 0.25
R2 (1,1,1) (1,1,1) (2/2,2/3,1) (2/3,1,2) 0.17
R3 (1,1,1) (1,1,2) (1,1,1) 0.17
R4 (1,1,1) (1,1,2) 0.25
R5 (1,1,1) 0.17
C=1.0
Table 6.Local weights and pair wise comparison ixaffcost.

R1 R2 R3 R4 R5 Weights
R1 (1,1,1) (1/2,1,3/2) (2/2,1,3/2) (1,3/2,2) (2,2) 0.20
R2 (1,1,2) (1,1,2) (2/2,2/3,1) (2/3,1,2) 0.15
R3 1,11 32,2 (2/13,1,2) 0.29
R4 (1,1,2) (1,1, 0.17
R5 (1,1,1) 0.17
C=0.35
Table 7. Local weights and pair wise comparisorrixaf quality

R1 R2 R3 R4 R5 Weights
R1 (1,1,1) (1,3/2,2) (3/2,2,5/2) (2/2,1,3/2) (1/2/(2) 0.27
R2 (1,1,1) (1,1,1) (2/2,2/3,1) (2/3,1,2) 0.16
R3 (1,1, (2/2,2/3,1) (2/3,1,2) 0.16
R4 (1,1,1) (2/13,1,2) 0.21
R5 (1,1,1) 0.20
C=0.36
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Table 8. Local weights and pair wise comparisorrixaf scope

R1 R2 R3 R4 R5 Weights
R1 (1,1,2) (3/2,2,5/2) (3/2,2,5/2) (1,3/2,2) (2,2) 0.30
R2 (1,1,2) (1,1,2) (2/2,2/3,1) (2/3,1,2) 0.16
R3 (1,1,2) (2/13,1,2) (2/13,1,2) 0.17
R4 (1,1,21) (1,1,2) 0.20
R5 (1,1,2) 0.18
C=0.60
Step4: Computed global weights for risks are shown in €l
Table 9.
Computed global weights for risks
Criteria and local weights  risks hbweights Global weights
T (0.29) R1 0.25 0.07
R2 0.17 0.05
R3 0.17 0.05
R4 0.25 0.07
R5 0.17 0.05
C (0.25) R1 0.20 0.05
R2 0.15 0.04
R3 0.29 0.07
R4 0.17 0.04
R5 0.17 0.04
Q (0.25) R1 0.27 0.07
R2 0.16 0.04
R3 0.16 0.04
R4 0.21 0.05
R5 0.20 0.05
S (0.21) R1 0.30 0.06
R2 0.16 0.03
R3 0.17 0.04
R4 0.20 0.04
R5 0.18 0.04

Step 5-6: Measure the risks and Calculate the SRCP thagteren in Table 10 and 11.
Table 10. the Linguistics variables related forhepimject

Final risks Glob(agl V\\g/eight Projectl| Project2| Project3| Project4

R1 0.25 VL M M L

R2 0.16 M VL H VL

R3 0.2 VL VL VL M

R4 0.2 VL M H M

R5 0.18 L L L L
Table 11. Computed SRCP with the proposed fuzzy Atdilel for each project
Final Global Project | Project | Project | Project | Project | Project | Project | Project
risks Weight 1 2 3 4 1 2 3 4
R1 0.25 1 0.5 0.5 0.75 0.25 0.12% 0.125  0.1875
R2 0.16 0.5 1 0.25 1 0.08 0.16 0.04 0.16
R3 0.2 1 1 1 0.5 0.2 0.2 0.2 0.1
R4 0.2 1 0.5 0.25 0.5 0.2 0.1 0.05 0.1
R5 0.18 0.75 0.75 0.75 0.75 0.135 0.135 0.135 0.135

SRCP:| 0.865 0.72 0.55 0.6825

In this study based on step6

200



European Journal of Business and Management www.iiste.org
ISSN 2222-1905 (Paper) ISSN 2222-2839 (Online) g
Vol6, No.14, 2014 ISTE

The SRCP of project 1 is 0.865 that is between @r@D1.0, so this project is very good.
The SRCP of project 2 is 0.72 that is between @r&00.80, so this project is good.
The SRCP of project 3 is 0.55 that is between @rt00.60, so this project is moderate.
The SRCP of project 4 is 0.68 that is between @r&00.80, so this project is good.

4-Conclusion

Managing risks in construction projects has be@ogrized as a very important process in order toeae
project objectives in terms of time, cost, qualisgope.Decisions are made today in increasingly pbexn
environments. In more and more cases the use @frsxim various fields is necessary, different eadystems
are to be taken into account, etc. In many of sletision-making settings the theory of fuzzy deeiginaking
can be of use. Fuzzy group decision making cancowee this difficulty. we firstly identified risksnithe
construction projects and suitable criteria forleate risks and then structured the proposed AHBem&inally
we measured the significant risks in constructionjgrts (SRCP) based on the project’s objectivesiding
fuzzy analytical hierarchy process (FAHP) technique
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