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ABSTRACT

Project Risk Management (PRM) is gaining attentilmm researchers and practitioners in the form of
sophisticated tools and techniques to help contsruenanagers perform risk management. However, the
large variety of techniques has made selectingpgmopriate solution a complex and risky task irlits
Accordingly, this study proposes a practical framgw methodology to assist construction project
managers and practitioners in choosing a suitableanalysis technique based on select projecedsiv
Additionally, the methodology transforms the traatigl triple constraints by broadening the focusifrthe
project to a combination of the project and PM orgation. Scale harmonization is achieved by divdi
the selected project drivers and risk analysisgmates into four levels. The applicability and effincy of

the methodology is demonstrated in two actual canBbn projects by creating a radar chart and
performing their ex-post risk analysis with thephef the developed technique. The study contribtddbe
existing body of knowledge on PRM as a practicall tihat helps project managers select suitable risk
analysis techniques under given project charatitesis

Keywords: Project Risk Management, Construction Managemeetidiobn Making, Project Classification,
Risk Analysis, Triple Constraints, Radar Diagram

1. INTRODUCTION Of these constituent elements, one of the most
important is risk analysis. Despite recognizing the
Risk management is a vital and imperative matter toimportance and utility of an intuition-based
project managers; if not properly managed, risky ma “experimental system” of risk analysis (Slovét al.,
cause project failure (Royer, 2000). Risk is coesid to ~ 2004), it is still crucial to use algorithms andrmative
be a major factor that influences project succes$ a rules to attempt to create an “analytic system” [PM
Project Risk Management (PRM) is an important pgece 2009). In particular, the analysis of risky sitoat in
in any capital project (Kranet al., 2010), particularly ~ construction projects is a critical challenge fanya
construction projects. Thus, PRM is currently ofi¢he construction project manager and further criticalthe
main topics of interest for both researchers andselection of an appropriate technique to assigeptoisk
construction practitioners (Ra al., 2002). The Project analysis Baloi and Price, 2003). In fact, there is no
Management Institute (PMI) is one of the standasttirgy universally accepted way to assess risks in aljepts;
bodies for research in the PRM area; PMI shares andhe literature is full with a number of techniques
standardizes various available approaches. Furttetm (Dikmenet al., 2008), all claiming to be mathematically,
PMI recognizes PRM as a systematic and structuredstatistically and from an engineering point of vjew
process for identifying and analyzing of risks,gaéng a  extremely competitive and effective. However, chiogs
risk response and monitoring and controlling trepomse  the most suitable risk analysis technique for given
throughout the course of a project (PMI, 2009). project characteristics is critical to project ssEx
Corresponding Author: Alberto De Marco, Department of Management and riioh Engineering, Politecnico di Torino, Turitgly
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In an attempt to help project managers choose the2.1. Challenge

appropriate project risk analysis technique, thisdg

proposes a framework methodology for selecting a

specific qualitative or quantitative risk analysshnique

under given characteristics of the project beingagad.
This study is structured as follows: First, fourima

risk drivers are defined to capture and charactetiie

dimensions of a project; second, a number of risk

analysis techniques are listed from literaturenthine
methodology of selecting the appropriate risk asialy
techniques by matching the main risk dimensions of
project is presented; and finally, after providing
examples of application and discussion of the
methodology, implications and conclusions are drawn

2. PROJECT DRIVER DESCRIPTIONS

Tacit knowledge dictates to use specialized
techniques where needed: high-risk projects reqnoee
sophisticated techniques and resources as corttrast
small, low-risk projects (Ward, 1999). Such asdems
reasonable to assign the experienced project memage
large, high-risk projects. Also, high-risk projesisould
be more carefully planned, closely monitored anidtbt
controlled (Couillard, 1995). In other words, athigvel
of risk requires a scrupulous project risk analgsid the
best risk management techniques vary widely acogrdi
to project characteristics.

A project may be characterized by a number of
important drivers (dimensions), where each driver
underlines a significant feature of the project.eTh
traditionaltriple constraint (time, cost and quality/scope)

Every project is a challenge and requires certain
competencies for effective execution (Lampel, 20@1)
broad range of technological or otherwise attribute
define the level of challenge of a project, such as
technological  difficulty of task performance,
differentiation and interdependency of operationg).,
overlapping design and construction (Baccarini,6)99

Here, the concept of being challenged with
complexity in a project encompasses these defirgtio
with four levels of increasing challenge/complexihat
can characterize a project (Shenhar and Dvir, 20Q7)
the uniqueness of the constructed facility; (2) the
innovation of the building technology or of the
construction process; (3) the complexity of thetesys
design and its subsystem assemblies; and (4) the
criticality of the time frame requiring a fast paaed
time-critical construction effort. Therefore, a hig
complex construction project can be a unique,
complicated system design that uses breakthrough
technology and requires a rapid development process

2.2. PM Responsibility

Project scope, along with other key aspects, is a
crucial stage, where risks associated with theegtcre
analyzed and the specific project execution apgrasc
defined (Ward, 1999). The success of a projectghkif
dependent on the level of effort expended during th
scope definition phase (Cho and Gibson, 2001) had t
scope size is an important factor influencing thenher
and impact of risks on a project.

The project scope and the associated inherentaisk

of projects has already been proven to be inadequatbe measured via four escalating factors: (1) thabar

(Norrie and Walker, 2004) and work has been coratlict
on determining additional and robust project dinems
(Shenhaeet al., 1997). Moving forward with the detailed
work of Pichet al. (2002) indirectly, it is proposed that a
project can be described as driven by the followimg
main dimensions (or drivers), represented on the fo
axes of the radar diagram: its level of challente
responsibility of the PM considering the size of #tope
of work, the focus on one or more phases of iesdifcle
and the level of maturity of the project management
processes of the PM organization. The combinatibn o
these four factors allows one to conveniently fraime
project into objective drivers of project risk. For
example, a highly complex and large-sized project i
likely to bring a high level of risk, which requge
sophisticated risk analysis techniques.

The four abovementioned project
discussed in further detail in following parts.

drivers are
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of tasks required to accomplish the project; (2¢ th
number of resources assigned to the tasks; (3) the
magnitude of the budgeted/actual cost; and (4) the
financial stress of the project’s cash flow. Thagdarge-
sized project will have a large number of taskshwit
many assigned resources which results in a huggebud
with deep financial exposure that demands antiegbat
equity capitals (Miller and Lessard, 2001).

2.3. Focus

It is important to consider the purpose and cowerag
of the management effort before managing a project
because it allows an understanding on whether figus
needed at a single stage of the project or goesighout
the full project lifecycle. The process implies ation of
gradually increasing detail and focus on the promisf the
final deliverable. This, in turn, may prove to betrumental
in addressing the inherent uncertainty attachecdtht®
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fundamental question of ‘what and how much to beedo group of qualitative risk analysis techniques does
(Ward and Chapman, 2003)?’ operate on numerical data, presenting resultsarfahm

A project can be addressed to cope with the follgwi  of descriptions, recommendations and ordinal scores
four main focuses, ranging from limited to extendgd (Hubbard and Evans, 2010), where risk assessment is
proposal preparation during a bidding processgier connected with qualitative description and deteatitdm of
pure design or sole construction; (3) integratedigie  qualitative scales for the probability and impaét tlee
and construction and (4) lifecycle, which is usyadl consequences of risk. Qualitative techniques caistseof
combination of the first three stages, namely desig risks, risk rankings, or risk maps. These techrique
construction and operations (Arditi and Gunayd®0a). prioritize risks for subsequent further analysisaction by
A lifecycle focus is likely to bear more associatesis. assessing and combing their probability of occaeeand

. impact. The risk is evaluated in more conceptuahse

24. Maturity such as high, medium or low, depending on the ateltt

PM organizations that undertake projects are alwaysopinions and risk tolerance boundaries in the azgéion.
required to improve and adjust their operations and The main qualitative analysis techniques are:
processes to plan, manage and complete projecte momrainstorming: best possible solutions of projési are
successfully due to constant pressure on projenages  generated and determined under the leadership of a
to integrate, plan and control complex projectdglland  facilitator (Berg, 2010); cause and effect diagraso
Kwak, 2000). Project organizations are exposed toknown as the Ishikawa or fishbone diagram, it isfuis
maturity models of various types (Grant and Pencigia  for identifying and analyzing causes of risks (Qeino,
2006). Furthermore, not only does the organizationa 2002); checklists: a detailed aide-memoire for the
project management maturity matter but also th& ris identification of potential risks based on past iEm
management maturity of the PM organization. projects (Del Cano, 2002); delphi: a facilitatoresisa

PMI (2004) identifies the organizational project questionnaire to solicit ideas about the major gu]
management maturity on four scales: (1) standartige risks and project risk experts participate anonyshou
process; (2) measure the effectiveness of the(Berg, 2010); Event Tree Analysis (ETA): Models the
standardized business processes in achieving desirerange of possible outcomes of one or a category of
outcomes; (3) control the developed processess@lad ~ initiating events and usually provides qualitative
implementations to achieve stability and (4) camimsly ~ descriptions (Del Cano, 2002); Risk Breakdown Matri
improve by identifying new problems and implemegtin  (RBM): An “activities and threats’ matrix, whereethisk

improvements to attain sustainability. number for each activity and the most frequent alver
risks are evaluated (Hillsomt al., 2006); risk data

3. PROJECT RISK ANALYSIS quality assessment: Evaluates the extent to whidbka
TECHNIQUES is understood and the accuracy, quality, religbitind

integrity of the risk data (PMI, 2009).

The process of project risk analysis demands A derivative group of techniques is the one thasus
appropriate and efficient techniques. A technigsieai @ semi-quantitative assessment of risk. Semi-quadine
specific procedure designed to perform an actiwityo analysis can be defined when a scale factor iscaged
solve a problem under a prescribed notation andto nonnumeric rankings.
guidelines (Brinkkemper, 1996). Some of the semi-quantitative variants of qualiati

The application of a risk analysis technique i®mft techniques are: Interviewing: Risks are identified
supported by tools that can be automated. The rokirof through expert interviews and a risk management
the tools is to allow for searching, gathering amthaging  capability score is determined with a five-pointlsc
the necessary data for the various PRM phasesolgari This technique is also used to assess the protyadid
techniques use different types of data and infaomat impact of risks on project objectives (IMA, 2007k
collected from a wide range of sources using @iffetools, = mapping, risk matrix, probability and impact matrix
such as statistics, inspections, surveys, docutimdeand  used to semi-quantitatively evaluate and prioritize
expert judgments (Gilbert, 1989). group of risks that could significantly impact theject

Project risk analysis techniques can be classifienl cost and time outcomes (Scandizzo, 2005); risk
two main categories, namely qualitative and quativié probability and impact assessment: Investigates the
techniques (PMI, 2009), with associated sub-categor likelihood and potential effect of a risk on prdigc
of semi-quantitative and simulation techniques. The objectives (PMI, 2009).
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With  quantitative analysis techniques, the
estimation of risk exposure is related to the aggpion
of numerical measures. Here, the impact of

4. METHODOLOGY

The four categories of risk analysis techniqueshmn

consequences is defined as a monetary value and thlotted according to their degree of analytic assemnt

likelihood by the frequency of risk occurrence lthea
past series of available data. In brief, quantitati
techniques numerically analyze the effect of id@adi
risks on the project objectives (PMI, 2009).

The main quantitative techniques are: decision tree,

analysis: a decision flow diagram subject to tHeiémce

of future events with a known probability of ocance
(Schuyler, 2001); expected monetary value: takés in
consideration the probability aspect of the systdates
and is based on a gain matrix (PMI, 2009); expert

of risk exposure, from qualitative analysis to Siation.
It can be argued that quantitative and particularly
simulation-based techniques require a larger effort
gather and process data compared with qualitative

assessment techniques. Consequently, quantitative
echniques are likely to be applied in projectshwé
greater level of risk. The idea is graphically

demonstrated ifrig. 1, where the four categories of risk
analysis techniques are incorporated with the foaject
drivers discussed in previous sections.

Plotting the project drivers on the chart resutis i

judgment: Based on expert opinions to evaluate thedetermining the risk analysis technique categdrig is

failure rate and success chances of the overajegtro
(PMI, 2009); Fault Tree Analysis (FTA): Possible
derivative risk events are derived from a top eV @&l
Cano, 2002); fuzzy logic: A simple way to reach a
definite conclusion based on vague, imprecise,ynois
missing input (Konstandinidoet al., 2006); probability
distributions: continuous probability distributiorepresent
the uncertainty in values, such as durations otdule
activities and costs of project components (Deld;2002;
PMI, 2009); sensitivity analysis/tornado diagrarelpk to
determine which risks have the greatest potemtiphct on
the project. Using a Tornado diagram, an attempiade to
capture how much risk impacts a particular mestich as
revenue or earnings (Lyons and Skitmore, 2004).

In addition, risk analysis techniques that use
computer-based simulation tools, such as MonteoCarl
simulations and system dynamics applications foMPR
can be considered derivative concepts of quantiati

suitable for the given variables.

It is imperative to mention that all projects dot no
necessarily demonstrate a ‘balanced’ feature omatiar
diagram: certain dimensions may be more skewed and
stretched than others, rendering a poorly adjusted
unbalanced diagram. In such situations, it is agvay
advisable to consider at least the plotted aretegoay
of risk analysis technique) covered by joining falur
ends. Furthermore, a middle ground is suggested as
compromise because the dominance of ‘Maturity’ must
be considered because a less mature PM organization
might not be in a comfortable position to use
sophisticated techniques. Therefore, an informed
‘subjective’ decision may be made in such cases.

In other terms, the extension of the project pibaeea
on the four dimensions diagram is an indicatohefdxtent
to which quantitative techniques might beneficialpply to
the risk analysis process.he radar diagram.

5. DEMONSTRATION PROJECTS

analysis techniques because of the extended use of

numerical past data for risk analysis. Simulatians of
great value when large sets of historical data fpmast
projects are available.

Some of the techniques in this category are: Monte
Carlo: evaluates decisions related to future evéms
can be described with probabilistic distributiohdonte
Carlo simulations randomly choose values for uagert
variables to generate a distribution of possibleseca
scenarios (De Marco, 2011); system dynamics: aftmw
diagramming a system of causally looped variables,
defining the mathematical relations and instructiag
computer to solve the differential set of equatiaith the
purpose of assessing the impact on project perfurena

////A Science Publications I

To practically demonstrate the applicability of the
proposed methodology, reported below are two ptsjec
from the direct experience of the authors invohasi
construction consultants/experts. The projects were
selected based on the differences in their radsgrdim,
which provides a better understanding of how tecteh
certain category and/or meet halfway.

5.1. University Campus Proj ect
5.1.1. Project Overview

This first sample project is about the developnant
a new educational facility in the city center ofrifu
Italy (UDST, 2009).
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Challenge
4

N

Focus
Fig. 1. Categories of risk analysis technigues incorporatéde radar diagram

In 2006, the university engaged the service of amanager quitting at a crucial stage of the design
Build-Operate-Transfer concessionaire to desigayree  development; level of bankability lower than exgekt
permits, finance, build and maintain the facilityhich changes in the pre-agreed term sheet of finantmalice;
consists of more than 17,000 square meters of abovéncrease in unexpected financial closure transaatio
ground functions (lecture rooms, office buildings, costs; lack of investment funds interested in émgethe
dormitories, kindergartens, support stores, comiaerc SPV capital; financial problems of the university;
services) and more than 20,000 square meters othanges in the BOT system regulation in Italy;
underground facilities (parking lots, a gym and a underperforming commercialization/lower level of
swimming pool). The private investment of € 40 raiil expected market revenue; difficulty in finding irésted
will be reimbursed via an annual unitary chargenpayt gym and swimming pool operators; and increased leve
by the university, including all facility managenten of dispute between the project partners.
services and rental fees obtained from operatirgg th . .
commercial and parking functions. An initial public 5.1.3. Project Mapping on the Radar Chart
funding of approximately € 6 million is made avaia The project is identified on the anticipated radar

; ; diagram’s axesKig. 1) as follows: Challenge 3, PM
5.1.2. Project Risks Responsibility 4, Focus 4 and Maturity 1. The

Here is a short description of what happened aad th medium-high level of challenge is due to the
major obstacles incurred during the course of acfihe interconnection of various systems and buildings
project, up to May 2012, has undergone various majo devoted to the different functions. However, the
risks, namely, design changes due to varied remiaket project is neither time critical nor at a high léwd
conditions following the 2007/08 real estate crighe innovation in building technology and process.
design not being approved by the fire protectioanaies Because the project is a privately financed public
due to design changes; archeological discoverighen facility, the Special Purpose Vehicle (SPV) comphag
underground excavations; financial stress due ® th tremendous pressure on the cash stream, which lescom
2010/11 credit crunch with escalation in intereses; extremely critical when the financial closure icwed
financial problems of the leading company; no gquit with the banks’ pool. The focus is on the total B{lig¢
available to fund the design period up to the faiah  cycle from the initial concept design to operations
closure and ground breaking; an experienced projecfinally, the medium-sized family owned company,
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which holds 75% of the SPV and associated project's5.1.5. Discussion

design and construction efforts, is at a low leeél ] o )
maturity in the project management because thereatr The use of a simple and less sophisticated techniqu
refined methods for measuring, controlling or results in a less than thorough but at least, aageed
continuously improving the performance of theirjpop ~ fisk analysis, which otherwise could be ignored.
management processes. The project drivers areeglott Additionally, the conventional risk ranking servéee

on the radar diagram ifig. 2. The project poses an purpose of risk analysis because it draws the
‘unbalanced’ mapping on the radar chart. It suggtsit management attention towards critical aspects ef th
guantitative techniques be used, not a simulatio to project, which if mitigated and managed intellidggnt
the level of challenge. However, the extremely lewel will result in a higher probability of project swess.

of maturity results in an even lower sophisticated Apparently, it seems evident from the current sdena
category of techniques, which is more aligned with that the most serious risks of the project weraiat
acceptance/expertise and usage. However, using onlyhe ones with high ranks obtained from the analysis
qualitative techniques would be too simplistic and Therefore, it can be safely assumed that the tgaeni
unjustified: aligned with the level of maturity bobt selected using the radar diagram given the projetrs

adequate for high levels .Of othe_r o!rivers_ ThUSi.'Sit proved to be apt and sufficient for the risk anislys
proposed to use the semi-quantitative categoryitnd The project manager, when requested to provide

is further proposed to use the “Probability-Impact feedpack of this analysis, concluded that the

Matrix” technique. methodology is viable and useful in selecting risk
5.1.4. Risk Analysis analysis techniques that are suitable for the lefehe
project complexity and maturity of the project
In Table 1, the risk analysis is performed using the environment. The project manager stated that this
data of the project during the year 2008 with tkép hof methodology does not provide an unnecessary
the selected technique. Also, based on the “Préityabi managerial burden to the project management duty. O
and Impact Risk Ranking” (PMI, 2009), the risks @dav the contrary, the methodology helps to providertgbt

been categorized into ‘High’, ‘Medium’ or ‘Low’ ris. tools for the right project.
Table 1. Risks and application of the semi-quantitativebfulity-Impact Matrix technique

What Risk
Description Prob. Impact occurred rank
Design changes due to varied 2 5 Market crisis H
rental market conditions
Design not approved by permit authorities 1 4 Feam L
Archeological discoveries in the 4 2 Unknown 9thtoey walls L
underground excavations
Increase in interest rates 4 5 World credit crunch H
charged by lending institutions
Financial problems of the 3 4 Bankruptcy H
leading company. No equity available
to fund the design period up to the
financial close/ground breaking.
Project manager turnover 1 4 Quit when companyestdraving problems L
Liquidity due to crisis 3 5 Lower level of bankabyjlthan expected.

Pre-agreed term sheet of financial close charigetease in unexpected
financial close transactional costs (businessrptay, banks’ due diligence).

No investment fund interested in entering the $Bpital. H
Granting authority’s budget cuts 4 3 Financial peats of the university meant incapable of paying

the additional annual charge to assure the grejeankability M
Changes in the BOT 3 2 The project was not affected L
system regulation in Italy
Revenue/market risk 2 4 Underperforming commemzadilon/lower level of market revenue.

Unable to find an interested gym and swimmingl pperator due to the M

financial crisis and high level of fees demanbdgdhe

business plan to assure profitability
Stakeholders’ dispute 2 5 Increased level of dispetween the project’s partners H
Probability Scale: 1- Very Low, 2- Low, 3-MediumyHigh, 5-Very High; Impact Scale: 1-Very Low, 2-Lo®- Medium, 4- High, 5- Very High;
Risk Rank Scale: H-High, M-Medium, L-Low
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5.2. Container Yard and Quay Wall Expansion process. Due to private finance and sophisticated

Project governmental associations, the PM Responsibilifyniged
_ _ to the management of the budget only, where cashvilas
5.2.1. Project Overview primarily taken over by the client. The focus istba total

BOT life cycle from the initial concept design tpavations.
Finally, though large-sized organizations were g,
their maturity was limited to only measuring thpioject
management processes. The project drivers areglott
the radar diagram shown kig. 3.

The mapping of the current project is less ‘unbzgdh
compared with that of the previous projeEtg( 2). The

T This second sample project is a port expansion
project, where the capacity of the existing corgain
terminal in the port city of Karachi, Pakistan was
increased. In 2005, Karachi International Container
Terminal (KICT), a member of the Hutchison Port
Holdings Group, which has been enjoying the support

and expertise of the world’'s leading port investor, i f simulation techni ‘b it
developer and operator to help transform KICT iato c&€g0fy OF Simuialion techniques cannot be corextie

major container handling facility that is capablé o Pecause there is only one driver (Focus) plottedhat
receiving the region’s increasing container traztgered ~ '€gion. Moreover, the categories of quantitativel semi-
into an agreement with the Karachi Port Trust (KRF) ~ duantitative techniques seem a bit too simplisiiery the

the development of its Phase IIl project at Wesevi/hf ~ overall complexity posed by the current projecterBtfore,
Karachi Port (KPT). the natural choice would be quantitative technigugdsch

In addition to extending the existing concession can be narrowed down to the “Decision Tree Andlysis
period, the project involved deepening the alorgsid technique. Due to space limitations, only the fiisk
draft to 14 meters; increasing the handling capaut (‘design changes’) is analyzed to demonstrate the
acquiring and redeveloping additional land areag an applicability of the methodology. Additionally, ebtished
acquiring additional quayside and container Yyard by later events, this risk proved to be extremeljcal and
equipment. Before the Phase Ill expansion, operatio was an enormous nuisance.
terminal area was 135,122 sgm, length of berths508s . .

m with an annual capacity of 400,000 TEUs at atiaini  2-2-4- Risk Analysis

capital cost of US$ 65 million. _ The project design team had an ambitious plan when
- BThe purpose of the projected expansion was tothey decided to opt for driving the steel tubuldes to
increase the terminal to 260,000 sqm, berths Iem_ngth support the existing quay wall to deepen the atla
973 m and annual capacity to 700,000 TEUs with angaft. Although there was the possibility of inesit
additional investment _of US$ 55 million. Additiohal construction, the new design was much too allueng

the berths of the terminal were deepened to alld#-a  he associated risks were ignored. This analysisiders

meter draught container ship. the possible alternatives and related probabilities
5.2.2. Project Risks The design could be either driving the piles osito-
) _ ) _construction. Furthermore, there was consideridnye

The project underwent a variety of major, negative probability of the piles reaching the design deptiwever,
events/risks, namely the following: Design changes in case they did not, although the probability \was, the
the length of the pile driving due to the varied jmpact was much higher in terms of monetary vahs,
geotechnical conditions on site; unexpected and/eme  shown inFig. 4. Therefore, two remedial actions could be
settlement of the berth surface adjacent to the pil taken: either doing the partial excavation to rethetdesign

driVing Site, which re_ndere_d almost half of the bketth depth and pouring concrete to fill the gap or rem[@\the
area unusable; and financial stress due to the 28t piles and constructing the piles in-situ.

crunch worldwide crisis with an increase in thesiest ) )
rates charged by the lending institutions. 5.2.5. Discussion

5.2.3. Project Mapping on the Radar Chart The use of quantitative techniques ensures a taiter
more reliable analysis in this case. Furthermore,

The project may be plotted on the radar diagram asremembering the type of risk, a decision tree aigly
follows: Challenge 3, PM Responsibility 3, Focuar8l ~ seems to be an appropriate choice. From the project
Maturity 2. The medium-high level of challenge issdo  manager’s interview and other sources of infornmatio
the complex interconnection of various systems, was found that due to geotechnical conditions, winere
structures and buildings devoted to different fiond. not properly investigated before the design, thsigie

Although the project is not time critical, it posses a  could not be realized and additional steps werertakat
medium level of innovation in building technologynda  caused major delays and budget overruns in thegqiroj
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Challenge
4

Focus
Fig. 2. Dimensions of the university campus project onrtitiar diagram

Challenge
4

Focus

Fig. 3. Dimensions of the Container Yard and Quay Wall esan project on the radar diagram

Therefore, the present scenario suggests that thevith the help of project drivers sufficiently addses the
category and technique selected by the radar diagra risk analysis.
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0.8
Pile reaching the

design deptl
e o e e $11,000,000
0.6
Pile driving Partial excavation
— 0.2 and concreting "
$11,000,000 Pile not reaching $5.000000  NTTTTTTTm 516,000,000
the design depth
ili 0.4 In-situ
Piling R o EESI, .
= emoval of piles construction .
— $25,000,000
S$800,000 . $14 million 4
In-situ construction q_ ___________________________________ $14.000.000

$14,000,000

Fig. 4. Decision tree analysis of the ‘Design changeg iristhe port expansion project

The project manager was further requested tosuitability and affectivity of this methodology at
provide a feedback of this ex-post analysis. Based larger level so the testimony of consulted project
his comments, it can be confidently concluded that managers can be justified.
accuracy and efficiency of the framework
methodology left a satisfactory impression and the
project manager was interested about the use of the
proposed methodology.

7. SUMMARY

Complex projects require more sophisticated risk
analysis techniques and vice versa: the cost afudt ef
6. LESSONSLEARNED AND involved in performing expensive and labor-exhaesti

analysis using simulations will benefit only whenis

IMPLICATIONS ) ) \
required, e.g., on complex, exceptional and racgeqis.
With increased research and development efforts inSimpler and routine projects may benefit from ety
the area of construction PRM, a larger variety auflg S|mple_r analysis techniques, such as qualitatsleniques.
and techniques to help perform risk management and 1his study presents a practical methodology for
improved performance of those tools and technigites, NelPing project managers select the appropriate ris
becomes extremely important for project managers todnalysis technique. The methodology also broadeas t

select the appropriate tool or technique. To aatethe
suitability of the risk analysis technique, impaoitta
select drivers of the project are suggested tosed in a
graphical manner. By carefully plotting and intextimg
the radar chart, an advisable category of risk yesial

perspective of the project drivers from consenetiv
triple constraints (i.e., time, cost and qualitpfse) to
more extensive and realistic constraints (i.e., @emity,
size, focus and maturity).

The methodology is then applied to two construction

techniques can be reached, followed by subsequentlprojects by creating the proposed radar diagram,

choosing a technique.

Furthermore, the use of the resulting techniqué wil
aim to sufficiently reach the required sophisticatand
reliability of the results. The technique will satkee
project managers from investing too little or toaatn
effort and money for the risk analysis activitysering a
productive use of resources. It does not mattertype,
size or the final budget of the construction projecreate
the radar diagram; the only required informationtbis
level of its drivers-similar techniques can be otsd for
projects with different budgets.

Finally, this study attempts to attract the
consideration of construction management reseandh a
practitioner community to help further the appliitip,
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obtaining the suitable category of techniques,ctiele
an appropriate technique from the collected depositf
techniques and performing an ex-post risk analydie
results and feedback from the associated project
managers seem promising and call for more exhaustiv
testing at a broader level to ascertain the unaligysof
the proposed methodology in the construction ingust
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