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Abstract. Project risks must be managed to deliver construction projects on time and within budget. In recent years, the
New Engineering Contract (NEC) provides an alternate contracting method for procuring construction projects. As stipu-
lated in the NEC contract, NEC risk register must be used to record any project risks. The risk register is designed to record
each risk item in the context of textual description, likelihood, and consequence. However, it is time-consuming to iden-
tify, quantify, and analyse NEC project risks based on experience, questionnaire, simulation, and data-mining approach.
Any method to fully utilise the records of NEC risk registers of past projects for managing NEC project risks remains
unexplored. As such, a data-driven approach is proposed to categorise common risks of NEC projects and to analyse risk
rating of risk categories by combining the use of text mining analysis and decision tree analysis. A practical case study in
Hong Kong is used to illustrate the method of application. The top four common types of NEC project risks, which are
ground and utilities, design information, structures, and workmanship, were identified, quantified, and analysed. The new
approach helps NEC project planners to identify, quantify, and analyse NEC project risks time-efficiently.

Keywords: risk identification, risk quantification, risk analysis, risk register, risk category, risk rating, decision tree, text

mining, New Engineering Contract.

Introduction

There is a need for project risk management to extirpate
any negative impact associated with construction project
delivery regarding time and budget (i.e. to deliver the
project on time and within budget). Using the traditional
project procurement method, relationships between con-
tracting parties (i.e. developers, architects, engineers, sur-
veyors, and contractors) are adversarial. Project risks are
intentionally transferred to other parties (Charoenngam,
Yeh 1999; Mead 2007). As a result, most construction pro-
jects are behind schedule and over-budget. In 2001, the
Construction Industry Review Committee (CIRC) em-
phasised that a partnering approach should be encour-
aged for project procurement in Hong Kong. The “New
Engineering Contract (NEC)” is a family of partnering
contracts that promote a collaborative working environ-
ment based on the spirit of mutual trust and co-opera-
tion by defining legal clauses in ordinary language (ICE
2013). It facilitates risk management by stipulating the
parties to meet and seek mutually beneficial solutions in
order to overcome the identified project risks. Subject to
the fact that the NEC contract has a proven track record

for procuring and delivering excellent infrastructure and
building projects in overseas countries such as the United
Kingdom, France, Sweden, South Africa, New Zealand,
and Australia (Mooney, C., Mooney, E. 2014; Chang 2014;
Loh, Ofori 2000), since 2009, the Hong Kong Government
has adopted the NEC contract as one of the feasible means
for tendering public works.

Project risk is defined as an uncertain event or condi-
tion which has either a negative or positive impact on a
project (Cretu et al. 2011; PMI 2013; Cagliano et al. 2014).
The negative impact of a project risk item can be quanti-
fied by risk rating. The rating is determined by measuring
the associated likelihood of occurrence and level of conse-
quence (AbouRizk 2009; Chan et al. 2011; Sharma, Swain
2011; Li et al. 2016). As shown in Table 1, a sample risk
matrix can be used to determine the risk rating. The scale
of likelihood is standardised as almost certain, likely, pos-
sible, unlikely, and rare; the scale of consequence is stan-
dardised as serious, major, moderate, minor, and low; and
the scale of risk rating is standardised as extreme, high,
medium, low, and negligible.
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Table 1. Risk matrix for risk rating

Risk rating Likelihood
Almost certain Possible Unlikely Rare
N Serious High Medium
% High Medium Medium
% Moderate High Medium Medium Low
§ Minor High Medium Medium Low Low
Low Medium Medium Low Low Low
Table 2. NEC contract clauses for risk management
Stage Risk management process NEC contract clause number and description

1 Risk identification

Clause 16.1 - Risk early warning
Clause 16.3, 16.4 — Risk register

2 Risk quantification and analysis

Clause 16.2, 16.3 — Risk reduction meeting
Clause 16.3, 16.4 - Risk register

Risk mitigation

Clause 16.2, 16.3 - Risk reduction meeting

4 Risk monitoring and control

Clause 16.3, 16.4 - Risk register

Risk management enables parties to cope with pro-
ject uncertainties by taking reasonable steps to avoid, re-
duce, and control project risks (Wood, Ellis 2003; Sharma,
Swain 2011). It involves four key stages: risk identification,
risk quantification and analysis, risk mitigation, and risk
monitoring and control (AbouRizk 2009; Cretu et al. 2011;
Cagliano et al. 2014). The aim is to increase the probability
and impact of positive events and decrease the probability
and impact of negative events. With an effective risk man-
agement system, a construction company enjoys better de-
cision making, greater productivity, and financial saving
(PMI 2013). The NEC contract helps the parties to estab-
lish a risk management system for managing project risks.
Table 2 summarises relevant NEC clauses for risk manage-
ment (ICE 2013). Clause 16.1 establishes an early warn-
ing mechanism for project risks in a NEC project. A risk
register shall be developed and managed for risk identifi-
cation, quantification and analysis. Notably, the risk regis-
ter is a document used to record project risk items, which
are brainstormed and characterised by textual description,
likelihood, and consequence (Mubin, S., Mubin, G. 2008).
In general, the format of the risk matrix is identical to the
one shown in Table 1 (Zhao et al. 2010; Mahamid 2011;
Mahamid et al. 2015; Alhajri, Alshaibani 2018). Clause
16.2 and 16.3 establish the meetings for risk reduction. It
is mandatory for both parties to attend the risk reduction
meeting to decide the actions to be taken to mitigate the
identified project risks. As such, risk management is pro-
actively encouraged by open engagement and collabora-
tion between parties.

However, NEC project risks are brainstormed, written,
and analysed based on planner experience. The meeting
time for risk identification is spent on brainstorming the
risk items for past projects. It is also time-consuming to
apply the existing experience-based approach, question-

naire-based approach, simulation approach, and data-
mining approach (as discussed in the literature) to identi-
ty, quantify, and analyse the critical project risks. Given the
data of NEC project risks archived in the NEC risk register
as stipulated in NEC contract clauses, we were motivated
to explore a novel approach to benchmark NEC project
risks by fully utilising the past records of NEC risk regis-
ters to facilitate “risk identification” and “risk quantifica-
tion and analysis” process in a time-efficient way.

The research aim was to propose a novel data-driven
approach for facilitating risk identification and risk quan-
tification and analysis in the context of NEC projects. Risk
identification is performed by mining the textual descrip-
tions given in NEC risk registers. Risk quantification and
analysis is performed by building the decision tree of risk
rating where the tree is branched based on risk likelihood
and consequence. A software platform, IBM SPSS model-
ler (IBM 2018), was chosen to automate the proposed ap-
proach. As a result, common types of NEC project risks
were identified, and the NEC risk rating of risk categories
benchmarked. Thanks to the proposed approach, the time
for brainstorming the project risk items during the risk
management meeting can be significantly reduced. Also,
the developed decision trees help the project planners to
manage the project risk items from the perspective of its
risk categories, instead of managing the project risk items
one by one.

In the following sections, a literature review is firstly
given on the advancement of tools and techniques used for
construction risk management in connection with the ex-
perience-based approach, questionnaire-based approach,
simulation approach, and data-mining approach. Then,
the data-driven approach is proposed. A practical case
study is given to illustrate the benchmarked results. Due
to the limited number of NEC projects in Hong Kong, a
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total number of seven NEC risk registers for both on-
going and completed public works in Hong Kong was col-
lected and used. Discussion is given to deliberate the NEC
project risks. Results are validated by interviewing NEC
professionals in Hong Kong. Lastly, conclusions are drawn
informing the opportunities for future research.

1. Literature review

This section provides an overview of the advancement of
tools and techniques used for construction risk manage-
ment. The approaches are centred on experience-based,
questionnaire-based, simulation, and data-mining ap-
proaches.

During the 1980s, studies devoted to the examination
of risk management in the context of construction man-
agement were limited. Research communities emphasised
the needs of risk analysis to avoid project cost overrun.
The project risk items were identified solely based on per-
sonal experience of relevant past projects. For instance,
Chapman and Cooper (1983) introduced a risk engineer-
ing approach for determining the impact of probability of
activity delays on project duration. Cooper et al. (1985)
proposed a risk breakdown structure for categorising pro-
ject risks. Hayes et al. (1987) proposed the procedures of
risk identification, analysis, and response to manage pro-
ject risks. Franke (1987) advocated a mathematic model to
evaluate project contingency based on risk likelihood and
risk value. Kangari (1988) proposed an integrated knowl-
edge system to manage project risks based on the appli-
cations of knowledge-bases, data-bases, and fuzzy sets.
Kangari and Riggs (1989) introduced a fuzzy set theory to
linguistically analyse project risks.

As construction projects became complex and large-
scale with more uncertainties, construction risk man-
agement became a hot research topic in the 1990s. The
researchers relied on a questionnaire-based approach to
collect data identifying project risks. For example, Akin-
toye and MacLeod (1997) carried out a questionnaire sur-
vey to examine industry perceptions of project risks. The
authors found that project risk data was limited for practi-
cal application of risk analysis. Bing and Tiong (1999) car-
ried out a questionnaire survey to identify project risk fac-
tors (i.e. internal, project-specific, and external factors). He
identified the critical risk factors as the financial aspects of
joint venture, government policies, economic conditions,
and project relationships. Wang et al. (2004) conducted a
questionnaire survey to identify eleven critical risk factors
for construction industries in developing countries. The
authors identified the critical risk factors as approval and
permit, change in law, justice reinforcement, local partner’s
creditworthiness, political instability, cost overrun, cor-
ruption, inflation and interest rates, government policies,
government influence on dispute, and termination of joint
venture. Tang et al. (2007) determined five critical project
risks in the Chinese construction industry. The project
risks were identified as poor work quality, premature fa-
cility failure, poor safety, inadequate or incorrect design,

and financial risk. Choudhry and Igbal (2013) adopted a
similar approach to evaluate risk management practice in
Pakistan. The critical project risks were identified as finan-
cial factors, economic factors, quality, premature facility
failure, lack of planning and management, change in de-
sign and work scope, corruption, claim and dispute, inad-
equate or incorrect design, and quantity variation. Sarvari
et al. (2014) identified critical project risks in Malaysia.
They identified the critical risk factors as third-party tort
liability, interest rate volatility, construction cost overrun,
and change in law. Some researchers attempted to abstract
the status quo of construction risk management in specific
countries using the questionnaire-based approach. For ex-
ample, Ahmed et al. (1999) examined the perception of
risk management in Hong Kong from the perspective of
contractors and owners. Results showed that the Contrac-
tor devoted more resources to managing the project risks
than the Owners. Kim and Bajaj (2000) investigated the
practice of risk management in South Korea. They found
that project planners managed the project risks based on
their experience instead of using a formal risk manage-
ment system. In China, Tang et al. (2007) found that the
application of risk management systems was inadequate.
In Singapore, Hwang et al. (2014) discovered that the im-
plementation level of risk management systems was low.
With the technological advance of computing power,
the researchers focused on performing risk analysis us-
ing computers. For instance, Hull (1990) introduced a
risk analysis approach to estimate project cost factoring in
project risks. Al-Bahar and Crandall (1990) introduced a
construction risk management system to identify, analyse,
and evaluate project risks by using Monte Carlo simula-
tion. Mustafa and Al-Bahar (1991) presented an analytic
hierarchy process to prioritise project risks. Wirba et al.
(1996) introduced a fuzzy set technique to examine the
dependency of project risks linguistically. Tavares et al.
(1998) proposed a simulation model for project planners
to manage the project risks of time and cost overrun by
considering the randomness of activity duration and cost.
Tah and Carr (2000) developed a fuzzy model based on
the relationships between project risks and project perfor-
mance for qualitative risk assessment. Baccarini and Arch-
er (2001) prioritised project risk items based on risk rating
(by multiplying its risk likelihood and consequence). As
such, limited project resources can be allocated to manage
the project risk items with high risk rating. Jannadi and
Almishari (2003) developed a computer-based risk asses-
sor model to calculate an activity risk score in considera-
tion of risk severity, exposure, and probability. Cagno et al.
(2007) proposed a three-dimensional model to categorise
project risks by risk sources, affected activities, and risk
owners. Han et al. (2008) introduced a web-based system
for managing project risks throughout project stages.
Recently, with the growth of big datasets collected by
sensing technologies, data mining became a hot research
topic in construction. For example, Kim et al. (2008)
presented a knowledge discovery in databases (KDD)
framework to analyse massive construction datasets and
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deployed data mining techniques to identify the main
causes of construction delays. Carrillo et al. (2011) found
that the performance of finance, time, quality, and health
and safety of future projects could be improved by per-
forming text analysis, link analysis, and dimensional
analysis using the data collected from multiple projects.
Cheng et al. (2012) developed a risk early warning system
based on KDD to improve the efficiency of bidding works
and sharing information. Yildiz et al. (2014) proposed a
knowledge-based risk mapping tool to assess risk-related
variables, identify risk path leading to cost overrun, and
store risk-related knowledge. Ding et al. (2016) proposed
an ontology-based methodology for managing construc-
tion risk knowledge embedded in building information
models. Serpell et al. (2017) proposed a knowledge-based
risk management support system for assisting the contrac-
tors to manage project risks.

In a nutshell, although construction risk management
has been researched over the past decades, research en-
deavours mainly focused on the development of the expe-
rience-based approach to brainstorming project risk items,
the questionnaire-based approach to identify critical proj-
ect risks and benchmark industry perceptions of project
risks, the simulation approach to simulate (time and cost)
impact of project risks, and the data-mining approach to
mine project risks based on available datasets. It is time-
consuming to apply these approaches because substantial
effort is required in collecting the relevant data to perform
analysis. For example, time and effort for brainstorming
project risk items (experience-based approach), collecting
feedback (questionnaire-based approach), building simu-
lation models (simulation approach), and collecting rele-
vant project risk data (data-mining approach).

Nevertheless, project risks must be archived in NEC
risk registers as stipulated in the NEC contract if the NEC
project delivery method is used. Limited research has been
conducted on the exploration of the techniques employed
to benchmark and categorise NEC project risks by fully
utilising the records of NEC risk registers of past projects.
Therefore, the authors were motivated to categorise and
benchmark NEC project risks by the applications of text
mining analysis and decision tree analysis. Proposed da-
ta-driven approach enables NEC project planners to au-
tomate “risk identification” and “risk quantification and
analysis” process for construction risk management.

2. The proposed approach for “risk identification”
and “risk quantification and analysis”

This section proposes a novel data-driven approach for
use on NEC projects to automate “risk identification” and
“risk quantification and analysis” process. Figure 1 shows
an overview of the proposed approach. The input is the
data recorded in NEC risk registers. The processes are to
develop a consolidated NEC risk register, perform text
mining analysis, develop a categorised NEC risk register,
and perform decision tree analysis. The outputs are the
identified NEC risk categories and the benchmarked NEC
risk rating. The approach consists of four steps. Steps 1
and 2 perform text mining analysis for risk identification,
and Steps 3 and 4 perform decision tree analysis for risk
quantification and analysis.

2.1. Step 1: Develop a consolidated risk register

NEC risk registers identify project risks by detailing textu-
al descriptions of project risk items. A consolidated NEC

Input Process Output

C Start

( NEC Risk registers ()

A

Develop a con

solidated NEC
risk register

A

Perform text mining analysis

/  Identified NEC

/ risk categories

A
Develop a categorised NEC
risk register

A

Perform decision tree analysis

/  Benchmarked /
/ NEC risk rating

Figure 1. Proposed data-driven approach for risk identification, quantification, and analysis
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Table 3. Sample of consolidated risk register

Risk ID | Project ID Risk item descriptions Consequence of risk | Likelihood of risk
1 1 <Textual description of risk item 1> <Consequence> <Likelihood>
2 1 <Textual description of risk item 2> <Consequence> <Likelihood>
3 2 <Textual description of risk item 3> <Consequence> <Likelihood>
Table 4. Sample of categorised risk register
Risk ID Risk item descriptions <Category 1> <Category 2>
1 <Textual description of risk item 1> <True/False> <True/False>
2 <Textual description of risk item 2> <True/False> <True/False>
3 <Textual description of risk item 3> <True/False> <True/False>

risk register shall be developed by combining the NEC
risk registers from different NEC projects. Notably, in
this consolidated risk register, a standardised scale of risk
likelihood and consequence (e.g. Table 1) shall be used to
value the risk likelihood and consequence respectively for
each project risk item. Table 3 shows the recommended
structure of the consolidated risk register. For example,
if the consequence of risk and likelihood of risk of the
“15® NEC risk item “Changes of works information” in
Project “1” are “Minor” and “Possible” respectively, the cell
values associated with Columns “Risk ID”, “Project ID”,
“Risk item descriptions”, “Consequence of risk’, and “Like-
lihood of risk” in Row 1 of the consolidated risk register
are labelled as “17 “1” “Changes of works information”,
“Minor”, “Possible’, respectively.

2.2. Step 2: Perform text mining analysis

The consolidated NEC risk register is used to categorise
common types of NEC project risks. Natural language
processing (NLP), which is a linguistic-based text min-
ing technique, is deployed to extract and categorise key
concepts from unstructured text data. The NLP technique
analyses words, phrases, syntax, and structure of a text
or paragraph based on human languages using computer
power. The technique extracts the concepts and groups
the concepts into classes. The NLP rules are concept root
deviation, concept inclusion, semantic network, and co-
occurrence. Concept root deviation examines the mor-
phological features of the concepts, groups the concepts
into categories by searching the suffixes of each word in
the concept, and terminated based on language-specific
rules. Concept inclusion builds the categories by adopting
lexical series algorithms to identify the concepts which are
included in the other concepts. Semantic networks build
the categories using a built-in network of word relation-
ships. Co-occurrence identifies and groups the concepts
which frequently appear together and are strongly related
among the records. To improve the results of text mining,

a combination of the aforementioned rules shall be used.
By using the NLP technique, the concept is produced for
better understanding of the textual descriptions of NEC
project risks. As a result, NEC risk categories can be ex-
tracted and identified.

2.3. Step 3: Develop a categorised risk register

A categorised NEC risk register shall be developed by
populating the identified NEC risk categories back to each
project risk item. Thus, each project item is characterised
by a particular NEC risk category. Table 4 illustrates an
example of a categorised risk register. For example, if the
project risk item “Changes of works information during
the course of the works” is characterised by the NEC risk
categories “Variation” and “Design information’, the cat-
egories “Variation” and “Design information” are labelled
as “True” while the others as “False” for this project risk
item.

2.4. Step 4: Perform decision tree analysis

Based on the value of risk likelihood and risk consequence
recorded for each project risk item in the risk registers, the
risk rating of the project risk item can be determined us-
ing risk matrix. Records of project risk items are extracted
for each identified risk categories. Decision tree analysis is
used to generate a flowchart-like structure for a particular
risk category in which each tree node presents how se-
vere is the risk rating in connection with the scales of risk
likelihood and risk consequence. Tree branching is based
on either risk likelihood or risk consequence. The higher
level of branching is proposed to be the one with greater
importance to project risk rating. Chi-squared automatic
interaction detection (CHAID) is selected to identify the
optimal splits with more than two splits at any tree level
(Kass 1980; IBM 2011). When performing CHAID deci-
sion tree analysis, the categories with fewer numbers of
records are first merged with the most similar categories
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Figure 2. Number of NEC project risk items for identified NEC risk categories

for predictors and the records are then split based on the
merged categories. This iteration process is repeated un-
til the stopping rule is satisfied (e.g. minimum records
in parent branch, minimum records in child branch). As
such, a decision tree for a particular risk category is built
by setting the target field as risk rating and setting the
predictors as risk likelihood and risk consequence.

3. Benchmarked results of NEC project risks in
Hong Kong

A total number of seven risk registers for NEC projects in
Hong Kong was used to illustrate the practical application
of the proposed four-step data-driven approach.

- Step 1: A NEC consolidated risk register was devel-
oped in Microsoft Excel format given the seven risk
registers by consolidating the textual descriptions of
project risk items. A consolidated risk register with
240 data records is shown in Appendix A.

- Step 2: To extract the concepts from unstructured
textual descriptions of project risk items, the soft-
ware platform IBM SPSS modeller (2018), was used.
The modelling steps with SPSS modeller are detailed
in Appendix B. Totally, 16 NEC risk categories were
identified.

- Step 3: A NEC categorised risk register was devel-
oped in Microsoft Excel format as shown in Appen-
dix C. Vertical axis and horizontal axis of categorised
risk register represent project risk items and project
risk categories respectively. A cell value of “True” in-
fers that the project risk item is characterized by a
particular project risk category. A cell value of “False”
implies that the project risk item is not characterized
by a particular project risk category.

— Step 4: A risk rating for each NEC project risk item
was determined using a risk matrix (Table 1). In
general, risk rating was at medium risk level. Table 5
illustrates the number and percentage of records

Table 5. Risk rating of identified project risk items in Hong

Kong NEC projects
Risk rating Number of records Percentage
Extreme 12 5%
High 53 22%
Medium 138 58%
Low 37 15%

with respect to risk rating level. IBM SPSS modeller
(2018) was employed to develop the decision trees.
The modelling steps when using IBM SPSS modeller
are detailed in Appendix D. Four decision trees were
developed for the top four critical NEC risk catego-
ries.

3.1. Results of common NEC risk categories

Figure 2 shows the number of NEC project risk items for 16
benchmarked risk categories in Hong Kong NEC projects.
It was found that the highest number of NEC project risk
items is associated with the ground and utilities category.
It reveals that NEC project risks related to ground and
utilities are extremely likely to occur. Apart from this, the
number of NEC project risk items associated with design
information, structure, and workmanship categories were
the second, third, and fourth highest, respectively. This im-
plies that NEC project risks, in these risk categories, are
highly likely to occur. The following sub-sections discuss
the results of decision tree analysis for these four categories.

3.2. The relative importance of risk likelihood and
risk consequence for NEC risk categories

Table 6 shows the relative importance of risk likelihood
and risk consequence towards risk rating for the four criti-
cal risk categories. For the ground and utilities category,
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Figure 3. Decision tree model for ground and utilities

Table 6. Relative importance of risk likelihood and consequence
towards risk rating for four critical NEC risk categories

Risk categories Risk likelihood | Risk consequence
Ground and utilities 0.78 0.22
Design information 0.60 0.40
Structures 0.82 0.18
Workmanship 0.42 0.58

risk likelihood is more important than risk consequence
towards risk rating. When developing the decision tree for
ground and utilities, risk likelihood is used as the criterion
for branching at the first tree level while risk consequence
is used as the criterion for branching at the second tree
level. For the design information category, the relative im-
portance of risk likelihood is slightly greater than risk con-
sequence towards risk rating in the ratio 3:2. For the struc-
tures category, the relative importance of risk likelihood
is significantly greater than risk consequence towards risk
rating. For the workmanship category, the relative impor-
tance of risk consequence is greater than risk likelihood
towards risk rating.

3.3. Decision tree analysis for “ground and utilities”

Figure 3 presents the decision tree model for the ground
and utilities category (where n represents the total number
of NEC project risk items found in NEC risk registers).
Overall, 55% of project risks are at high-risk level, and
33% of risks are at medium risk level. 47% of project risks
may possibly to occur, and 39% of project risks are likely
to occur. 37% of project risks with likely occurrence have
moderate consequence, 29% of project risks with possible
occurrence have minor/moderate consequence, and 18%

of project risks with possible occurrence have major con-
sequence.

3.4. Decision tree analysis for “design information”

Figure 4 demonstrates the decision tree model for the de-
sign information category. Overall, 69% of project risks are
at medium risk level, and 28% are at high-risk level. 79%
of project risks are possible/unlikely to occur, and 21% of
project risks are likely to occur. Since the consequence of
the project risks with possible/unlikely occurrence is iden-
tical, no further split is required. 17% of project risks with
likely occurrence have moderate consequence.

3.5. Decision tree analysis for “structures”

Figure 5 shows the decision tree model for the structures
category. Overall, 61% of project risks are at medium risk
level, and 22% are at high-risk level. 83% of project risks
are possible/unlikely to occur, and 17% of project risks are
likely to occur. Since the consequence of the project risks
with possible/unlikely occurrence is identical, no further
split is required. 13% of project risks with likely occur-
rence have moderate consequence.

3.6. Decision tree analysis for “workmanship”

Figure 6 illustrates the decision tree model for the work-
manship category. Overall, 63% of project risks are at
medium risk level, and 18% are at high risk level. 86%
of project risks are of major/moderate consequence, and
14% of project risks are of minor consequence. Since the
likelihood of the project risks with minor consequence is
identical, no further split is required. 73% of project risks
with possible/unlikely occurrence have major/moderate
consequence.
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4. Discussions

4.1. Explanation of benchmarked NEC project risks
in Hong Kong

The NEC project risks commonly occurring in Hong
Kong NEC projects were categorised as ground and utili-
ties, design information, structures, and workmanship.
In general, project risks in the ground and utilities cat-
egory are identified at the medium to high-risk levels.
Since the underground system and utilities in Hong Kong
were developed by public and private utility undertakers

(e.g. Towngas, China light and power), it is challenging
to identify the exact locations of existing utilities within
and nearby site areas using out-of-date information and
as-built records. Utility design is complex. The structural
elements may clash with the existing utility elements such
that modification of utility design is required. To mitigate
project risk, the Contractor should carry out a utility sur-
vey at the initial construction stage to identify any existing
utilities within the site area. Building information models
may also help to detect clashes between the existing and
designed construction products.
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Risk rating
Extreme 5%
High 18%
Medium 63%
Low 14%
(n=22)
I | Consequence
Major/Moderate Minor
Extreme 5% Extreme 0%
Iligh 21% Iligh 0%
Medium 74% Medium 0%
Low 0% Low 100%
(n=19) (n=3)
4
Likelihood
Likely/very likely Possible/unlikely
Extreme 33% Extreme 0%
High 67% High 13%
Medium 0% Medium 87%
Low 0% Low 0%
(n=3) (n=16)
J

Figure 6. Decision tree model for workmanship

Project risks in the design information category are
identified on average at medium risk level. In practice, a
construction product is designed by professionals (e.g. ar-
chitects, building engineers, surveyors, and consultants).
Design information should be prepared with reference
to the design and specification (e.g. laws and regulations,
guidance notes, British Standards). However, modifica-
tion of design information may incur during the construc-
tion stage owing to changes in site condition, law regula-
tion and the owner’s requirement. Although project risks
in this category are difficult to eliminate, the Contractor
should carefully review the product design and provide
suggestions to improve constructability during the design
stage.

Project risks in the structures category are identified
at medium risk level. In Hong Kong, most construction
sites are located near existing buildings and infrastructure.
Damage to existing structures or subsidence may incur
during the construction stage. The Contractor may spend
extra time and cost to carry out remedial works. Besides,
the Contractor is required to coordinate and interface with
other contractors in order not to damage or obstruct oth-
ers works. However, damage and inconsistent structures
are often found in the interfacing area. To mitigate the pro-
ject risks, the Contractor should regularly monitor soil set-
tlement during the construction stage, provide sufficient
protection to existing structures to avoid any damage, and
provide effective communication channels between the
Contractor and relevant parties for coordinating the works
in the interfacing area.

Project risks in the workmanship category are iden-
tified on average to be of medium risk level. In practice,
the Contractor requires the submission of method state-
ments, drawings, and risk assessments before carrying out

relevant works. The Engineer may approve or reject the
Contractor’s submission based on the quality of workman-
ship. However, multi-layer subletting is common practice
in the Hong Kong construction industry. The main-con-
tractor may face difficulties in ensuring all sub-contractors
are qualified and experienced in delivering quality work.
To mitigate project risks, the Contractor should avoid the
multi-layer subletting practice and provide sufficient work
supervision during construction.

4.2. Validation by interviewing NEC professionals
in Hong Kong

Face-to-face interviews were conducted with NEC profes-
sionals in Hong Kong to validate the research findings. A
total number of three NEC professionals in Hong Kong
were involved to provide expert opinion. All profession-
als have more than 20 years of professional experience. In
particular, two are consultants who have provided contract
administration services to the government. They delivered
two NEC projects in Hong Kong. These were the pioneer
projects in adopting the NEC contract in the public sec-
tor. Another professional is a contractor who tendered for
NEC projects. He delivered three NEC projects in Hong
Kong. Interviewees were asked to comment on risk alloca-
tion between parties under the NEC contract.

All interviewees agreed that risk responsibility is fairly
allocated under the NEC contract. Traditionally, the Em-
ployer allocates excessive project risks to the Contractor
with the traditional form of contract. This harms the rela-
tionships between parties such that the parties become un-
cooperative. This situation is improved for NEC projects.
During the tendering process, both the Employer and the
Contractor are allowed to specify potential risks in
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Contract data Part I and Part II respectively. From the
Contractor’s perspective, compensation events can be stat-
ed in the NEC contract with wider coverage in contrast
to the one set in the traditional contract. The Contractor’s
project risk is thus potentially reduced. Nevertheless, the
interviewees confirmed that the risk items associated with
16 identified categories of NEC project risks, were dis-
cussed one by one during the contract drafting stage and
the risk reduction meeting.

All interviewees believed that the NEC contract fa-
cilitates proactive risk management for delivering con-
struction projects. In particular, the responsibility of risk
management is shared among the parties. Early warning
notification set out in the NEC contract forces the parties to
play a proactive role in risk management. If the Contractor
fails to serve an early warning notification, sanction would
be imposed. Presently, the Employer and the Contractor
often rely on brainstorming technique to identify project
risks. The proposed data-driven approach helps the parties
to automate the “risk identification” and “risk quantifica-
tion and analysis” process. The interviewees emphasised
that traditional experience-based brainstorming approach
is time-consuming. Around 80% of the meeting time for
risk management is consumed in identifying the risk items
for past projects. The proposed data-driven approach out-
performs the traditional one in terms of reducing effort
for collecting data and reducing time to identify the pro-
ject risk items. Rather than brainstorming the project risk
items, around 20% of the meeting time is spent on verify-
ing the identified project risks which are applicable to the
current project. In addition, the interviewees emphasised
that the decision tree helps planners to manage the project
risks during the risk reduction meeting. The decision tree
can help to automatically categorise, quantify, and analyse
the project risks. As such, the planners shall manage the
project risks from the perspective of project risk categories
instead of managing the project risk items one by one.

Conclusions

This research study proposes a new data-driven approach
for facilitating the “risk identification” and “risk quantifica-
tion and analysis” process in delivering NEC construction
projects. Driven by NEC risk registers, this novel approach
identifies common NEC project risk categories using text
mining analysis, and quantifies and analyses project risk
ratings with regard to risk likelihood and consequence us-
ing decision tree analysis.

The results of a practical case study found that the NEC
risk categories of ground and utilities, design information,
structures, and workmanship are commonly incurred
in Hong Kong NEC projects. Risk levels for ground and
utilities, design information, structures, and workman-
ship categories are identified at medium to high, medi-
um, medium, and medium, respectively. The benchmarks
are helpful for NEC project planners in taking precau-
tionary measures to mitigate, monitor, and control NEC

project risks. Although this research relates to NEC pro-
jects in Hong Kong, the proposed approach will apply to
NEC projects in other countries.

The benchmarks were validated by interviewing expe-
rienced NEC professionals. The professionals commented
that the NEC contract helps to change the relationships
between contracting parties from adversarial to coopera-
tive. The proposed data-driven approach assists risk man-
agement to manage NEC project risks proactively. This
approach allows NEC project planners to automatically
categorise common NEC project risks and characterise
risk rating of NEC project risk categories with regard to
risk likelihood and consequence. As such, the time for
identifying, quantifying, and analysing the NEC project
risks can be significantly reduced.

As for future studies, the proposed method can be ex-
tended to cater for different formats of NEC risk register
to benchmark project risks. For example, if there are two
or more criteria (apart from risk likelihood and risk con-
sequence) to evaluate risk rating, the proposed method
would develop the decision tree with two or more levels.
In addition, the NEC risk registers can be analysed on the
basis of building trades. For example, NEC project risks
associated with electrical and mechanical installation can
be identified, quantified, and analysed. This would help
electrical and mechanical sub-contractors to manage the
project risks and complete the project on time and with-
in budget. Moreover, with the increasing interest in big
data analysis, a future study of the development of the text
analysis package for the construction industry is suggest-
ed. Since technical terms are used in the construction in-
dustry, the existing text mining package may fail to mine
textual descriptions. Such development will help research
communities and project planners to mine big data with
less human interference in construction.
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Table A.1. Consolidated risk register for practical case study

RIISk Pr;)l))e <t Risk item description Consequence of risk | Likelihood of risk

1 A Changes of works information during the course of the works Minor Possible
A degree of variation in actual ground conditions including .

2 A utilities and subsoil information currently available Moderate Likely

3 A Accidents caused by improper design or construction of Major Unlikely
temporary works design

4 A Additional watermains to be incorporated under the Contract Moderate Very Likely

A Defects due to default of the Contractor Major Unlikely

6 A Unavailability of construction materials Major Unlikely

” A Qontractqr unz.able to complete the works in accordance with the Major Possible
time specified in this contract

3 A UnWllhng to take over the completed works by maintenance Major Unlikely
parties

9 A Alignment of temporary road Major Possible

10 A Alignment of gullies at certain locations Minor Possible

11 A Non-compliance with safety and environmental requirements Moderate Unlikely

12 A Failure to maintain the safety of public adjacent to the working Major Rare
areas
Serious traffic congestion caused by temporary road closure and

13 A hence unable to continue with the works until a revised TTA is Minor Unlikely
implemented
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End of Table A.1

Rﬁ;k Prﬁ);: ot Risk item description Consequence of risk | Likelihood of risk
14 A Damage to existing buildings Minor Unlikely
15 A Delay in obtaining noise permit (CNP) from EPD Moderate Possible
16 A Poorly developed & implemented health & procedures Minor Unlikely
17 A Working in confined space Major Likely
18 A Working in close vicinity to busy roads Major Likely
19 A in).ury/ fatality to workers / public while construction works at Major Rare

eight

20 A Inadequate site security Minor Rare

21 A Serious public objection Minor Rare

22 A Conflict in details and programme with interface projects Minor Rare

23 A grel:;(pected restrictions for working in close vicinity to residential Minor Unlikely

24 A Ground settlement and damage of existing structures / road Major Possible
surface

25 A Impact on local community and amenity Minor Unlikely

26 A Dlsp.ute.s on the interfacing issues or access arrangement between Moderate Possible
parties involved

27 A U.nabl_e to obtain the agreement of proposed temporary traffic Minor Possible
diversion schemes

28 A Impacts on existing traffic caused by the temporary road closure Minor Rare

29 A Delay in obtaining TTA approval Moderate Likely

30 A Inadequate traffic / pedestrian signage Minor Likely

240 G Slow progress in construction of works Serious Likely

Appendix B. IBM SPSS model for text mining

In IBM SPSS Modeler, data source node and text min-

Table B.1. Risk categories identified by IBM SPSS model

Category Number of descriptors

ing node are congectefl as shown in Figure B.1. The con- Interface 3
solidated risk register is selected as the data source. Both

linguistic and frequency techniques are deployed to ex- Excavation >

port textual data and produce category model nuggets. Access 8

The NEC project risk categories identified are shown in Progress 4

Table B.1. Delay 5

Safety 5

— Damage 4

EXCELT - % Environment 13

Road and pedestrian 11

risk register.xlsx Text Mining Variation 7

Figure B.1. IBM SPSS model for text mining Works area 7

Obstruction 7

Workmanship 9

Structure 9

Design information 18

Ground and utilities 36
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Appendix C. Categorised risk register

Table C.1. Categorised risk register for practical case study

A

Risk ID

10
11

12
13
14
15
16
17
18
19
20
21

22
23

24
25

26
27
28
29

30

240

Note: Columns A - Ground and utilities, B - Road and pedestrian, C - Delay, D - Obstruction, E - Works
area, F - Environment, G - Safety, H — Progress, I - Variation, ] - Design information, K - Workmanship,

L - Access, M - Structure, N — Excavation, O - Damage, P - Interface; Cell value T - True, F - False.
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Appendix D. IBM SPSS model for decision tree
analysis

Using a risk matrix, risk ratings of project risk items can
be determined. A column of risk rating for project risk
items is augmented to the categorised risk register. Deci-
sion tree is then developed for particular risk categories.
Figure D.1 shows the IBM SPSS model for automating
this process. Firstly, the data type of each column in the
categorised risk register should be identified as shown in
Table D.1. Type node is placed to characterise the data.
Notably, the data type of project risk categories is meas-
ured as either “True” or “False” Then, select node is placed
to extract relevant risk items for particular project risk cat-
egories. For instance, Figure D.2 shows the computer code
embedded in the select node for retrieving project risk
items of the “Delay” category. The code is written as “Cat-
egory_delay="T". Next, an auto-classifier node is placed to
generate the bar chart showing the relative importance of
risk likelihood and risk consequence towards the risk rat-
ing for a particular risk category. CHAID node is placed
to generate decision tree using the CHAID algorithm. It
is noteworthy that the significance for tree splitting is set
as 0.05, the limiting value of maximum tree depth is set as
5, minimum record in the parent branch is set as 2%, and
minimum record in the child branch is set as 1%.
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Table D.1. Classification of field data types

. Types of

Field data field Values
Risk ID Continuous | 1, 2, 3, ..., 240
Project ID Nominal A,B,C,D,E,EG
Risk item Nominal <Risk descriptions> e.g.
description defects due to default of the

contractor

Consequence Nominal Major, moderate, minor,
of risk serious
Likelihood of | Nominal Very likely, likely, possible,
risk unlikely, rare
Risk rating Nominal Extreme, high, medium, low
Risk categories | Flag T/F

categorized risk reg..

o ]

[Risk rating]
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Figure D.1. IBM SPSS model for decision tree analysis
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Figure D.2. Computer code embedded in select node
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