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Abstract—- Effective risk assessment procedure enhances
performance on construction projects, thus this review is aimed
at evaluating existing risk assessment models for construction
projects. Various risk management standards, risk assessment
models and risk management maturity models were identified
and reviewed. Risk assessment models were classified into two:
one dimensional risk assessment models and two dimensional
risk assessment models to carefully extract the capabilities and
limitations of the individual models. The study discovered that
current one dimensional modelling approach assessed project
risk consequence based on project risk events only, and do not
estimate magnitude of individual risk factors. However, two
dimensional models combined project risk events with different
influencing factors to assess project risk consequence but
attributes of organisational risk management considered are
grossly inadequate. Their techniques are also unsystematic.
Consequently, we concluded that further improvement on risk
assessment modelling is required. We suggest the development
of two dimensional risk modelling approach that would adopt
‘RM3’ method to integrate organisational risk management
capability attributes with probability —severity measures of
project risk events. The approach will identify areas of weakness
and strength of the stakeholders on projects and this. will
enhance decision on risk response planning.
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I.  INTRODUCTION

Construction industry is generally believed to be plagued
with risk more than any other business [1, 2, and 3].
According to [3], this is due to involvement of many
contracting parties including owners, designers, contractors,
sub-contractor and suppliers. Other significant causes are: the
uniqueness of construction projects, the involvement of
temporary project team with different cultures and interest.
All these are sources of uncertainties to construction projects.
However, any of the uncertainty event or condition that, if
occurs, would cause deviation in one or more of the
predetermined project objectives is described as project risk
[4, 5, 6, 7]. The deviation could be negative or positive which
also means the upside opportunities and downside threats [6]
, but many project risk studies considered risk in terms of
possible unfavourable consequence or negative deviation [8,
9].

Risk events have been identified as the major cause of
poor performance on construction projects; they are
numerous and vary at different stages of project life cycle
depending on their complexity and dynamic nature [10, 11].
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Although they are diminishable, manageable, and transferable
they are not ignorable [12]. To enhance successful
performance on highway construction projects, risk events on
the projects have to be properly managed. In lieu of the
complex, unique and capital intensive nature of every
highway project, effective risk assessment approach should
be able to handle risk data based on expert judgements [13].
Expert judgements are human decisions that are based on
experience and intuition, and according to [14], they are
limited and characterised by either incompleteness, imprecise
and inconsistency or all three. They are fuzzy and should be
analysed using fuzzy set theory [15, 16]. Expert judgements
can also be provided in the form of quantitative and
qualitative data.

In addition, researchers in risk modelling concluded that
project risk assessment based on project risk events alone,
using probability and impact parameters will provide
inadequate and incomplete assessment of construction project
risks. Thus, [17, 18, 19 and 20] proposed risk modelling
approaches that incorporated influencing factors derived from
organisational dimension of risk management.

In lieu of the complex, unique and long-time duration of
construction projects, this paper reviewed and evaluated
existing risk assessment models for construction projects. The
review is based on the following objectives: (i) Eliciting the
core perspectives of effective risk management for
construction projects(ii) identify the scope and limitations of
the risk assessment models for construction projects and (iii)
examine the risk management maturity models so as to
deduce their potential for improving on the current risk
assessment models.

Il. METHODOLOGY

Literatures on risk management studies and standards
were extensively reviewed and content analysis of the
literatures was done to illicit the essential perspectives of
effective risk management for construction projects.
Published risk assessment studies and models in journals and
books as well as papers presented in conferences were
carefully identified and reviewed. The risk assessment
models were classified into one dimensional risk assessment
models and two dimensional risk assessment models.
Quantitative analysis methods and factors considered in one
dimensional risk assessment models were examined to reveal
their capability to handle vague, imprecise, qualitative and
quantitative data when they are used to assess individual risk
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factors and projects’ risk level. Content analysis of the
techniques and the influencing factors introduced in the
existing two dimensional risk assessment models were
undertaken to determine the extent to which organisational
dimensions of risk management process are incorporated.
Existing organisational risk management maturity models
‘RM3’were also reviewed and analysed to identify alternative
techniques and attributes of organisational risk management
capability that can be adapted into risk assessment modelling
process.

I1l.  FORMAL RISK MANAGEMENT

Risk management is the organisational effort towards the
accomplishment of project or business performance
objectives by preventing negative results and providing guide
to maximise positive results on project risk [ 21, 22]. The
goals of risk management according to [23 ] are to prevent or
reduce risk in a cost effective manner without compromising
quality, ensure the approval of only genuinely worthwhile
projects and avoid excessive overrun. To achieve these goals,
risk management efforts have to be effective. According to
[24, 25 ], effective risk management is critical to successful
performance on the projects, it could be achieved through a
comprehensive risk management process and with the
support of the top management of organisation. To ensure
effective risk management of construction projects, various
professional  associations, government agencies and
researchers developed systematised formal risk management
approaches. The approaches set up standards and guidelines
for effective risk management. The standards and guides
according to [30] include:

i. Project Risk Analysis and Management Guide
(PRAM-Guide) that was developed by Association. for
project management.

ii. Australia and New Zealand
standards, AS/NZS 4360 (2004).

iii. Project management body of knowledge (PMBOK),
chapter 11 (PMI).
iv. Project risk management-application guidelines,

issued by Treasury board of Canada, IEC62198 (2001).

v. Integrated risk management framework and
Management of risk (M_o_R) guideline, OGC, UK
(2002).

risk management

In addition,[26]described the risk analysis and
management for projects (RAMP) that was developed by the
Institution of Civil Engineers, and the British standard guide
to managing project risk (BS 6079-3) which was developed
by the British Standard Institution. These standards define
five- eights phases of formal risk management process. On
the other hand systematic approach to risk management as
described in [28, 29] has four phases of risk identification,
analysis, evaluation and risk responses. Based on the contents
and the overlapping phases of the highlighted risk
management standards, formal risk management process has
five core phases that include: risk management planning, risk
identification, risk assessment, risk response planning and
risk monitoring and control. In addition to the five core
phases of formal risk management process, [30,6] suggested
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other influencing factors to ensure effective risk management
practice, and these include: supportive culture, competent
people and risk management structures put in place by the
organisations for managing risk on projects. People
competency means that the project sponsors, project
managers, team members, and stakeholders must be properly
trained on the application of the risk management process.
Project management integration and project stakeholders are
also identified as core perspectives of effective risk
management practice to [31]. Consequently, essential
requirements or the core perspective of effective risk
management of construction projects are summarised as : the
five phases of risk management process, organisational
culture and awareness, people competency, risk management
structures and project management integration.

Risk assessment phase is very important among other
phases of risk management process [32, 33]. Hence, AS/NZS
4360 2004 classified risk assessment activities into risk
analysis and risk evaluation phases, and Project management
body of knowledge (PMBOK), chapter 11 on risk
management also classified risk assessment activities into
two phases namely: qualitative and quantitative phases.
Therefore, effective risk assessment approach should
systematically involve analysis and evaluation of the risk
events on projects, and consideration of the influence of risk
management capability of the project stakeholders on the risk
consequence.

IV. REVIEW OF QUANTITATIVE RISK
ASSESSMENT MODELS FOR CONSTRUCTION
PROJECTS

Project risk assessment is aimed at estimating the
consequence of identified project risk events. The increasing
complexity and uncertainty in construction projects led to the
development of several qualitative and quantitative
techniques for estimating the project risk consequence.
Quantitative risk assessment studies and techniques are
broadly classified into classical/ stochastic and conceptual
risk assessment [34]. The classical models are based on
several quantitative techniques which include: probabilistic
analysis and Monte Carlo simulation while the conceptual
models are based on fuzzy set theory and multi-criteria
decision making tools. This paper classified the current
quantitative risk assessment models into (i) one dimensional
risk assessment model (ii) two dimensional risk assessment
model. One dimensional risk assessment model refers to risk
assessment approach that estimates project risk level by
considering only the ‘project dimension’ of risk management
(identified project risk events) while two dimensional risk
assessment models estimate project risk level by considering
both the consequence of the project risk events and influence
of organisational risk management capability and other
factors from the organisation dimension of the risk
management.

A. One Dimensional -Risk Assessment Models

Classical risk assessment models are the earliest risk
assessment models in one dimensional risk assessment
approach and the models used various quantitative techniques
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which according to [35] include: Sensitivity Analysis,
Probability Analysis and Simulation, Regression Analysis,
Decision Tree Analysis, Stochastic Decision Tree Analysis,
Bayesian Theory, Risk Adjustment Discount rate and Utility
Theory. These quantitative techniques require specific,
precise, detailed quantitative information, objective and
subjective probability distribution of the possible outcomes in
different state/conditions. However, these types of data are
rarely available in real world construction projects [36].

Probability- index risk assessment procedure presented in
[37] adopted Monte Carlo methodology developed by the
Washington State Department of Transport to aggregate
probabilities of cost-related risk factors. The technique
estimated project cost range based on possible range of
outcomes and probability distributions, but did not consider
the impact of any other factors from organisational dimension
on the estimated cost range. Similarly, Monte Carlo
simulation methodology was used to assess project cost and
duration in [38] but models based on Monte Carlo simulation
technique are incapable of handling qualitative and subjective
data which are inevitable on construction projects, and it
cannot handle the multi-dimensionality of risk assessment on
construction projects. Multiple regression analysis (MRA)
and relative important index (RII) were used in risk
assessment technique proposed in [39]. The assessment
technique rank risk events and relate cost overrun with
project types and location. Project risk events are rated on P-
S parameters and no influencing factors was included.
Quantitative technique of relative important index is
incapable of handling effectively the inaccurate and vague
data that characterised experts’ opinion obtained via NGT .on
231 DBB highway projects in Queensland.

Conceptual models in the one dimensional risk
assessment approach are classified into modified probability
distribution models and probability-severity —models.
Modified probability distribution risk assessment models
require precise, detailed quantitative information and
probability distribution function of project risk factors to
estimate project cost and time range. For example, [15] used
Monte Carlo Simulation (MCS) to develop possibility to
probability transformation model. The model inputs
probability distributions of the variables’ outcome in the form
of fuzzy sets, and determined the output value by
representing fuzzy sets with the final infimum & supremum
values of the a-cuts on their histograms. Thus, it makes
provisions for subjective data but the mean and variance of
the Monte Carlo simulation outputs cannot be obtained and
the inputs is based on the objective probability distribution of
the possible outcome. Factors from organisational dimension
that can influence consequence of the project risk events are
not considered and the risk assessment approach is also
incapable of handling qualitative data. Similarly, [41]
proposed post processing hybrid MCS model using theory of
evidence, but the risk assessment method does not directly
handle the fuzziness or randomness on risk factors and
impact of influencing factors on risk consequence are also not
considered. To overcome the problem of vagueness and
inaccurate data, [16] constructed and apply Fuzzy cumulative
distribution function ‘FCDF’ to represent both random and
subjective variables. Monte Carlo simulation was used to
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combine the probability distributions. This assessment
procedure was used to estimate cost range but it is incapable
of assessing qualitative data and cannot deal with
multidimensionality of project risk analysis.

To deal with the multi-dimensionality of project risk
assessment, models that are based on multi-criteria decision
analysis techniques were proposed. Analytic Hierarchy
Process (AHP) is the most cited multi-criteria decision
making tool used in these models, followed by the Technique
of Ordering Preferences by Similarity to Ideal Solution
(TOPSIS). AHP based one dimensional risk assessment
models are capable of handling both quantitative and
qualitative data to rate and rank alternative projects, but
cannot handle effectively the vagueness, inaccurate and
imprecise characteristics of expert judgement. The combined
AHP, decision tree and risk map risk management framework
proposed in [42] included only risk factors on project
dimension, and risk map was developed with likelihood and
impact on X& Y axis. Importance of the factors and sub-
factors were derived using AHP pair-wise comparison and
the risk map, and the severity of the risk factors are measured
in terms of likelihood and impact on the risk map. The
approach is capable of handling both subjective and objective
data to assess the importance of risk factors but cannot handle
imprecise and vague data that would characterised the
judgement of nine member focus group of experts selected
from the1500km India oil pipeline project. This is similar to
the subjective and objective risk assessment approach that
was proposed in [43].

Fuzziness of the ratings of the company professionals for
pairwise comparison was also not considered in the AHP
assessment model developed for the quantification of risk &
opportunities on international projects [44]. But the AHP
model provides decision support information to project
managers for comparing attractiveness of projects options.
Ten groups of project dimension risk factors were used but
none of them relates to the impact of the risk management
capability of the organisation on the consequence risk events
on project performance. AHP probability- Impact model that
quantified project risk level of international construction
projects on a scale 0-100was also developed in [45] and the
AHP risk-based go/no-go decision making model developed
by [46] assessed risk on international projects using cross-
impact analysis. R- index and AHP risk assessment model
was developed in [47] to assess company and project risk
events on highway projects. Effect scores were computed and
used to rank risk at macro, micro and project levels of
highway projects in China. The computed effect scores
assumed absence of interdependence among the risk factors
on the project. The scores were computed without
considering impact of influencing factors from the
organisational dimension of project risk management,
inaccurate and vagueness of data that characterised expert
judgement.

Due to numerous conditions on construction projects,
crisp data are inadequate and imprecise for modelling real life
construction project risk management problems. Hence, the
application of fuzzy reasoning to the assessment of risk on
construction projects has proved to be a useful technique to
handle ill-defined and complex problems associated with
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construction  projects [49]. Therefore, several one
dimensional risk assessment models that assessed risk based
on the principle of fuzzy set theory and different multi-
criteria decision analysis method were developed. Many of
the models applied analytical hierarchy process method under
fuzzy environment but the complicated fuzzy operation
involved in Fuzzy AHP and the lack of proven techniques to
address fuzzy consistency and fuzzy priority vector have
under play the reliability and implementation of the
assessment approach [50]. The modified fuzzy AHP model
proposed in [51] provided the methodology to facilitate fuzzy
AHP operation and cope with risks in complicated
construction situations, this was done by introducing factor
index to structure, evaluate and integrate the risk factors into
decision making. Similarly, [52] developed a modified Fuzzy
AHP model that was used to assess nine groups of risk
factors based on ratings on probability of occurrence and
impact parameters obtained from 15 Indian construction
experts. The method is capable of handling objective and
subjective data. Fuzzy AHP risk assessment model was
adopted in [54] to assess the risky condition of the freeway
JV project in China; the method was based on three level
hierarchy structure for three risk groups: internal, project
specific and external risk groups. Relative weight of the risk
factors and the risk groups were obtained using AHP on one
set of data and fuzzy arithmetic operator on another set of
data on the same projects. Risk assessment based on AHP
and fuzzy AHP are capable of ranking risk factors but cannot
estimate the magnitude of individual risk factors and overall
project risk level. The AHP models also ranked risk without
considering the impact of risk management capability of the
project stakeholders or any other factors in the organisation
dimension of the risk management. Hence, all AHP based
risk assessment models are incapable of providing complete
decision support information for risk response planning.  In
addition, [54] asserted that elements at the same level of AHP
hierarchical structure must be mutually independent
(maximum independency among the elements). Hence,
application of AHP and or Fuzzy AHP would be unsuitable
for application when risk has to be classified into client
related, contractor, consultant and uncontrollable related risk
groups.

Other one dimensional risk assessment models that are
based on multi-criteria decision analysis and fuzzy set
principles include: Fuzzy TOPSIS, fuzzy inference and fuzzy
synthetic evaluation. Fuzzy TOPSIS based on alpha level was
used to evaluate risk factors on the construction of bridge and
for performance evaluation of Turkish firms [55, 56].
Though, fuzzy TOPSIS methodology is capable of raking risk
factors; it cannot estimate the magnitude of individual risk
factors and overall project risk level. Some of the limitations
of the Fuzzy AHP and Fuzzy TOPSIS risk assessment models
are overcome in the Fuzzy inference and fuzzy synthetic risk
assessment techniques. Fuzzy inference and fuzzy synthetic
risk assessment models are capable of handling the
multidimensionality of construction project risk, qualitative,
quantitative, vague, imprecise and incomplete risk data.
Hence, [57] developed a Fuzzy inference (implication &
composition) technique to assess the magnitude of risk for
earthworks package of a major work. Factors in the risk
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breakdown structure for the earthworks package excluded the
attributes for measuring organisational risk management
capability or any other influencing factors from
organisational dimension. Similarly, [58] developed risk
allocation model that is based on fuzzy Implication &
composition, Transaction cost economic (TCE)theory and
resources based view (RBV).The model was applied on the
allocation of risks on PPP infrastructural projects in
Australia.

Fuzzy synthetic evaluation model was proposed in [59],
the model was used to assess critical risk groups and overall
risk level associated with PPP projects in China by
computing the overall risk index & critical risk group (CRG)
index. The evaluation approach was also applied in the risk
allocation model developed in [60] for the allocation of risk
factors on PPP projects in China. Factors used to assess the
risk indices did not include any of the attributes and
dimensions for measuring risk management maturity of the
stakeholders on the PPP projects. Therefore, one dimensional
risk assessment models do not consider impact of influencing
factors on the consequence of project risk events and the
guantitative evaluation techniques employed are unable to
meet all the essential requirements of effective risk
assessment modelling. Hence, the models are considered
incomplete risk assessment approach [20] and so two
dimensional approaches were introduced.

B.. Two Dimensional -Risk Assessment Models

The two dimensional risk assessment models assess risk
factors by considering the probability and severity ratings for
the consequences of risk events along with other influencing
factors from organisational dimensions of risk management.
A web- based decision support system was also presented in
[61] to produce rating score related to a specific risk path,
source- event or project scenario. It considers the probability,
impact and risk significance to obtain scores. Significance in
the model is perceived in terms of the experts’ intuitive
feeling and general recognition for risk, problems in
implementing management skills and effect of attitudes
towards risk on project profit. The mechanism for assessing
project risk level is not mentioned and significance as
perceived in the model would not provide comprehensive
assessment of organisational risk management risk
management capability. The three criteria risk assessment
model proposed in [62] assessed risk major activities on
construction projects from ratings on the probability, risk
severity and personnel/ property ‘exposure’ to all hazards.
Software for generating risk scores/ratings for each major
work activity was also developed but methodology for
aggregating risk ratings of the major work packages are
excluded. The exposures to all hazards introduced into risk
assessment modelling cannot measure adequately the impact
of organisational risk management capability on the
consequence of risk events. Factor index (FI) was integrated
with risk likelihood ‘RL’ and risk severity ‘RS in the fuzzy
AHP risk assessment model developed in [51]. The Factor
index ‘FI” was computed from the aggregated relative
weights of project risk factors and groups, using FI hierarchy
and the FI, RL & RS were subjected to fuzzy inference to
obtain the risk magnitude of the project. The use of AHP and
Fuzzy inference make this model adequate to handle
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qualitative, vague and imprecise data but factor index is not a
measure of organisational risk management attributes and
dimensions. Therefore rejecting projects based on this
assessment approach will be an unjustified decision if the risk
management capability of organisations involved is high.

Similarly, multi criteria decision making (MCDM) model
that was used to quantify and prioritize high risks in Iran
BOT power plant project was developed in [63]. The model
used Fuzzy decision matrix that was from experts ratings on
probability and impact (P-1) of BOT project risk factors,
quickness of reaction, event measure quantity and event
capability criterion. Fuzzy TOSIS was used to calculate the
distance of alternatives from ideal solution. The model is
capable of handling vague and imprecise data and it is
suitable for ranking alternatives but cannot estimate the
magnitude of individual risk factors and project risk level, the
number of influencing factors introduced is also inadequate.

Focusing on the risk event-consequence link only
represents a half risk analysis. Hence, [53] proposed the
incorporation of project vulnerability analysis into project
risk analysis to have a complete project risk analysis and
management. Project vulnerability is defined as the extent or
the capacity of the system to respond or cope with a risk
event. The study concluded that organisation activities:
policies, decisions and behaviour can influence project
exposure, but the technique of incorporating the project
vulnerability analysis into risk analysis process is not
described. It was also observed in [17] that a risk factor that
is within reasonable control of a company or transferable to
other parties through contract conditions would be rated low.
Thus the study developed influence diagrams based on the
country and project risk factors, influence of company
experience on the country risk factors and favourability of
contract clauses. Expert ratings on the country/ project risks
influence of company experience and favourability of
contract clauses were used to compute the risk score. Fuzzy
IF..THEN rules was employed to aggregate the risk scores
and to rate the cost overrun of a dam & hydro-electric power
plant in Turkey. Hence, the model is capable of handling
uncertainties and subjectivities the projects but company
experience, and favourability of the contract clauses are
inadequate to measure the capability of the organisation to
cope and respond to the country and project risk factors.

In the two -—dimensional risk assessment approach,
proposed in [19], organisational risk management capability
was integrated into risk assessment modelling by comparing
the relative local weights of the risk factors with the risk
management capability. Matrix of the global weights of risk
level and risk management capability were computed and
used to form two fuzzy sets. The model applied fuzzy
intersection and fuzzy union operators to the two fuzzy sets to
make decisions on either to accept or reject the project.
However, technique used in this model to estimate local
weights of the organisations risk management capability is
very subjective and unsystematic. Maturity levels of the
organisation on the attributes of risk management capability
on the IT project are also not determined. Techniques and
factors considered in the existing two dimensional models
cannot represent and measure adequately the maturity levels
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of organisations on different attributes of risk management
capability as the existing risk management maturity models
(RM3) can do. Hence, the identified limitations of the two
classes of risk assessment as observed in this review
constitute GAP for further improvement in risk assessment
modelling.

V  RISK MANAGEMENT MATURITY MODELS “RM3”

According to [24], successful performance on
construction projects requires effective and comprehensive
risk management process. It was also observed in [26] that
property development companies could not achieve optimal
performance on their objectives unless a comprehensive and
formal risk management process is given adequate
consideration. However, effectiveness of risk management in
an organisation depends on its sophistication on the attributes
of risk management; the sophistication varies from on
organisation to another and depends on different factors
which may not include the size of a company. as shown in
[64] that large size company does not necessarily adopt ‘state
of art’ risk management approach. High quality risk
information is also emphasised in [65] as an essential
requirement for effective risk management, this according to
[24] requires the contractual parties to adopt a continuous
learning approach from the past projects. It is also important
that the risk information learnt from past projects is properly
documented so that it can be easily assessed. Hence, [66]
asserted that knowledge management approach could be used
to improve on the deficiencies of project risk management
process. Consequently, it is important to have good
understanding of the risk management capability of the
projects stakeholders to ensure effective risk management of
construction projects.

To assist project stakeholders for a comprehensive
assessment of their level of sophistication on risk management
methodology, several organisations and researchers have
developed various risk management maturity models (RM3).
The existing RM3 assessed the organisational risk
management capability with four- six attributes and various
dimensions of organisational risk management capability as
described in [67, 68, 69, 31]. Studies reported in [68] also
observed that many organisations operated at different
maturity levels for different risk factors and risk groups; this
implies that the maturity level of an organisation on risk
management practice may be lower but high on risk
management resources and systems. According to [31],
maturity levels of organisations on different RMC attributes
could be comprehensively assessed by employing ‘RM3’
approach, and knowledge of the maturity level would help to
identify areas of strength and weakness of the organisations.

Attributes of risk management capability adopted in the
existing“RM3” are identified and summarised as shown in
“Table 1”. The attributes are assessed on four- five maturity
levels as shown in “Table 2”. A few of the current two
dimensional risk assessment models integrated Probability —
Severity Parameters with some influencing factors that relate
with attributes and dimensions of organisation risk
management capability. The influencing factors adopted are
insufficient for detailed and accurate assessment of
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organisational risk management capability when compared
with comprehensive technique, attributes and dimensions
adopted in “RM3”. Adapting and integrating the technique,
attributes and dimensions in “RM3” with probability and
severity parameters would result into a more comprehensive
and accurate risk assessment procedure but no risk
assessment models has adapted the “RM3”technique into risk
assessment modelling.
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TABLE 1. Attributes of Risk Management Capability Adopted by Different Authors

Model Attributes of risk management capability adopted
authors | Culture & | Experience management | Application Projects Knowledge
awareness process & practice Stakeholders | & project
management
[40] Attitude, - Identification | - Stakeholders Knowledge
Leadership Analysis. Relationship management
Culture & Mitigation.
Commitment
[69] Culture People and | Identification | Application - -
leadership Analysis. & practice
[31] Culture - Identification | - Project Project
Analysis. stakeholders management
Responses.
[27] Attitude & | - Identification | Application - -
Culture Analysis. & practice,
Response.
[53] -Definition Experience Process Application - -
-Culture
[48] Culture Experience Process Application -

RMRDPC =Risk Management Research and Development Program Collab

oration, IACCM-BRM3=
International Association of Contract and Commercial Management-Business risk management maturity model

TABLE 2. Comparison of maturity levels used in different risk management maturity models

Model Maturity levels

authors 1 3 3 Z 5
[67] Naive Novice normalised Natural
[40] Initial Repeatable Defined Managed Optimised
[69] Initial & ad Repeatable Managed Optimised

hoc
[31] Naive Novice normalised Natural
[27] Naive Novice managed Optimised
[53] Ad hoc Initial repeatable Managed
[48] Naive Novice normalized Optimised
VI. SUMMARY OF FINDINGS AND DISCUSSIONS management.  Effective ~ communication  within  the

In lieu of the objectives of this paper, findings from the
review are summarised as follows:

Core perspectives of effective risk management were
found not to be limited to the phases of risk management
process. Effectiveness of risk management process put in
place depends upon the degree of support and commitment of
the top management of organisations to risk management
policy and process, and the belief in the value of risk
management. The extent of the people competence for risk
management process, level of project management
integration and adequacy of risk management practice and
application are other core perspectives of effective risk
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organisation and among the supply chain, continuous learning
approach and comprehensive documentations of learnt risk
information are also essential.

Multi-dimensionality of risk in construction projects is an
important issue that has to be properly considered in risk
assessment; this cannot be handled properly by classical one
dimensional risk assessment models. Though, classical
models are capable of estimating cost and time range of
construction projects, the estimated cost and time range are
derived without considering the vagueness and imprecision
that characterised expert judgments. Similarly the models are
incapable of estimating the quantity of individual risk factors
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and overall project level risk hence; classical models do not
support adequate risk response planning on construction
projects. Existing one dimensional risk assessment models
that are based on multi-dimensional decision evaluation
method are pre-dominated by Fuzzy AHP and Fuzzy TOPSIS
evaluation methods. These models are capable of ranking the
various risk factors on construction projects using vague,
imprecise, descriptive and numeric data. They cannot
estimate the magnitude of individual risk factors and overall
project level risk, hence the risk assessment approaches fall
short of providing complete risk information required to
achieve the aim of risk assessment. The approaches are
unsuitable for providing decision support information for
effective risk planning and monitoring. In addition, the use of
AHP, Fuzzy AHP and Fuzzy TOPSIS cannot facilitate proper
understanding of the contributions of project stakeholders to
the overall project risk level. Fuzzy synthetic evaluation and
Fuzzy inference models are another form of multi-criteria one
dimension risk assessment models that are existing. The
models are capable of handling objective, vague and
imprecise data to rate and ranks project alternatives and could
estimate the magnitude of individual risk factors and overall
project risk level. However, they estimated the magnitude of
individual risk factors and overall project risk level without
considering the influencing impact of organisational risk
management  culture, people  competence,  project
management integration and risk management structures on
the consequence of risk event on project performance.
Therefore researchers considered all groups of one dimension
risk assessment models to be incomplete and inadequate risk
assessment modelling approach.

The review observed improvement in construction risk
modelling with various two-dimensional risk assessment
models that are developed. The models introduced
organisational risk management capability and other
influencing factors to estimate risk consequence on project
performance. The factors introduced are: company
experience, and favourability of the contract clauses [17],
organisational risk management capability [19], project
vulnerability analysis [20] (Zhang, 2007), Quickness of
reaction towards risk, event measure quantity and event
capability criterion [63], factor index (FI) [51],significance
[61] and personnel/ property ‘exposure’ to all hazards [62].
The influencing factors and techniques introduced in the two
dimensional risk assessment models are insufficient and
inadequate when compared with the comprehensive
approaches used to assess organisational risk management
capability in the existing risk management maturity models
(RM3). The current two dimensional risk assessment models
do not consider the impact of the risk management process,
supportive culture, people competence and other resources,
project management integration, and risk management
practice on the consequence of risk events on construction
projects. Hence, an accurate and reliable estimate of the
magnitude of individual risk and overall project risk level
would not be obtained with the current two dimensional risk
modelling approaches. In addition the methods used to assess
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maturity levels of the organisations on individual attributes of
organisational risk management capability are not assessed.

However, existing risk management maturity models
provide a systematic and comprehensive approach to assess
organisational risk management capability. The models are
capable of assessing the overall risk management maturity
level of organisations and their maturity levels on different
risk management capability attributes. These could be used to
identify the areas of weakness and strengths of organisations
at the planning stage of construction projects. Knowledge of
the risk management maturity level could provide additional
decision support information if ‘RM3’ technique is adapted
and integrated into risk assessment modelling approach. No
research effort has adapted and integrated the techniques and
attributes in ‘RM3’into a risk assessment modelling
approach. But impact of the organisational risk management
capability on project risk consequence would be better
determined with‘'RM3’ and integration of techniques and
attributes in the RM3’ into risk modelling approach would
produce a complete and reliable risk assessment result.

VII. CONCLUSIONS AND SUGGESTIONS

Consequent upon the findings in this review, this study
concluded that further improvement on risk modelling is
necessary and this could be achieved by developing a risk
modelling approach that will adapt and integrate two
dimensional risk assessment modelling process with
technique and attributes of risk management maturity model
(RM3) The proposed approach would integrate probability-
severity risk assessment modelling process with technique
and attributes of risk management maturity model RM3’. The
suggested approach will (i) estimate risk magnitude from the
combination of probability-severity measures of the risk
events and risk management maturity indices of the project
stakeholders. (ii) assess the organisational risk management
capability in a systematic approach developed in the existing
RM3, this will lead to a comprehensive risk assessment result
(iii) reveal areas of weakness and strength of the
organisations for risk management at the planning stage on
construction projects. Knowledge of the areas of weakness
and strength of construction organisations would provide
additional information that will assist client on risk response
planning and on the selection of contractor for a project. It
will also guide the construction organisations on bid-no bid
decision.
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