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Abstract
Mega infrastructure project like the railway is very complex, unique, and impactful in nature. Many studies were carried out and shown
how critical the subject needs to be given attention and focus. The railway projects are known for various risks. The presence of technical
risks in the railway construction projects is needed to be understood in detail so that it will be managed effectively especially ones that
involving cost impact. Hence, this paper is determined to assess the technical risk factors that contribute to cost impact on railway
construction projects and identify its response strategies. There are 9 technical risks that are found to be critical based on the results that
had been analysed with the frequency analysis and Relative Importance Index (RII) method. Furthermore, the risks are filtered and
found to avoid, mitigate, and escalate as effective response strategies. The study is also confident that this can give guidelines to
professionals that involve in the railway construction project.
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INTRODUCTION
The world economy is steadily growing every year especially in
the United States (U.S.), European countries, and China. Sindreuet
al. (2018) in their report found that The International Monetary
Fund released a statement that the world’s seven largest
economies, which includes U.S., China, Japan, Germany, India,
France, and the United Kingdom grew more than 1.5 percent in
2017, and the trend is predicted to have more solid growth in the
following year. Meanwhile, China and the U.S. make up almost 40
percent of the world economy (Scott and Sam, 2016). The growth
leads the global economic players to be aggressively looking for a
new marketplace to expand.
Fortunately, Malaysia is a strategic location and competitive in
Southeast Asia for foreign investment. The improvement in
infrastructure that is actively in progress can provide significant
economic benefits (Fayet al., 2010). Thus, it is necessary to
promote sustainable advantage in this kind of project which the
project management being one of the factors in achieving that
goal (Amirilet al., 2014). Such investments are consistent
throughout the country which can be seen recently through
phase 1 of the Penang Transport Master Plan project which costs
RM 16 billion comprising of Bayan Lepas Light Rail Transit (LRT)
and Pan Island Link 1 (PIL1) (Idris, 2020).
Consequently, based on these huge investments on the mega
infrastructure project like the railway, it is important to
understand and broaden the knowledge in this area. Various
factors can contribute to the success of a railway project
although it entails several risks. There are substantially high
risks in railway projects(Patil et al., 2017). Thus, the ability to
manage it is so important so that these railway projects would
benefit and bring value to the public and economic growth in the
long term.
Nevertheless, only the technical risks were investigated in this
paper which is found to be a significant factor to influence the
project cost. Construction projects are often vulnerable and
expose to greater exposures to technical risks (Jayasudha and
Vidivelli, 2016). The study was observed from the client’s
perspective. This paper aims to assess technical risk factors that
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contribute to cost impact on railway construction projects and
identify its response strategies. This paper also intended to
increase the awareness in managing a project, so that each of the
risks will be given specific attention managing it proactively and
effectively.
LITERATURE REVIEW
Risks in Railway Construction Project
Risk is commonly known as the outcome of the probability of the
occurrence of an adverse event and weight of the consequences
of such an event (Sotic and Rajic, 2015). Iqbal et al. (2015)
defined risk as exposure to loss or gain or the probability of
occurrence of loss or gain multiplied by its corresponding
magnitude. In a construction project perspective, the risk is
defined as any action or occurrence, which will affect the
achievement of project objectives (Krantikumar and Amarsinh,
2016). International Organization for Standardization (ISO)
(2018)defined risk as the effect of uncertainty on objectives.
Categorised as megaproject typically, railway construction
projects undeniably engage with a lot of risks due to its size. Patil
et al. (2017) described that the incidence of risks in railway
construction projects is high. The complexity of railway
construction is the reason why it is synonymised with risk.
Kaczorek, Krzeminski, and Ibadov (2017) claimed the specificity
of execution involves high risk throughout the construction
process of railway construction projects.
There are several risks in a construction project that have an
impact on the project which can be divided into 6 types which
are environmental, financial, logistical, management, sociopolitical, and technical (Ehsan et al., 2010). In addition to that,
Wolters Kluwer (2016) found that legal risk is also a common
risk that could influence any businesses, including the
construction industry. As mentioned earlier, this paper only
focuses on the technical risks.
Technical risk is defined as the inability to build a product that
satisfies the requirements (Jayasudha and Vidivelli, 2016) and it
usually transpires from the consultant or project team. Reddy
(2015) explained technical risk as risks that are associated with
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the construction process, design, and technology. The risk
includes the complexity and system integration of design and
construction which is synonymous with the nature of railway
and infrastructure construction projects. Hwang, Zhao and Yu
(2013) stated that interfacing with existing built structures and
utilities is a risk, which can cause excessive deformations and
damage.
Observing from the design viewpoint, the technical risk could
appear from the standard and code of design. Delay in providing
design drawing is also found to be a risk. Patil et al. (2017) listed
design technical risk comprises defective design, change of
design, and inexperience engineer that responsible to do the
design. Some inexperienced engineers sometimes being assigned
to the design work without being properly coached and

Technical Risks

supervised. Additionally, Sousa and Einstein (2012) and Hussain
et al., (2013) stated that deficient supervision of the work and
lack of communication between project teams are technical risks
that are found in many construction projects including railway.
Last but not least, the safety standard and quality control is a
common risk from a technical aspect. The type of contract and
procurement route is also another risk involved. Moreover,
inadequate investigation on-site condition, lack of prompt
analysis, material not conforming to the specification,
construction defects, misunderstanding of drawings and
specifications, and actual quantities differ from the contract
quantities are also among other technical risks found in the
railway construction project. Table 1 displays the technical risks
in railway construction projects.

Table 1. Technical Risks in Railway Construction Project
Institute of
Ehsan
Wang, Li,
Sousa and
Sunduck
Transport
et al.
and Wang
Einstein
(2000)
India
(2010)
(2011)
(2012)
(2012)

Complexity and system
integration of design and
construction



Design risk



Delay in providing design
drawing











Lack of supervision



Lack of communication




Contract and procurement
route



Inadequate investigation
on-site condition





Misunderstanding of
drawings and
specifications
Construction defects






The variance between
contract and actual
quantities
Influence of Risk on Project Cost
According to Andric, Mahamadu, and et al. (2019), almost 57 per
cent of projects in Asia had experienced cost overrun by 26 per
cent that was due to risks such as the acquisition of land and
resettlement, change in design specifications and safety issues,
environmental issues, project resources, and fluctuation.
Respectively, these are fall under legal risk, technical risk,
environmental risk, management risk, and financial risk.
This paper is intended to understand the risk factors that
contribute to cost overrun. Vu, Wang et al. (2011) found that the
key to mitigating the issue of cost overrun is by identifying the
risk factors of cost overrun. The correlation between risk and
cost overrun seems in the vicinity. Cunningham (2017) also
suggested that when the risk occurs in the construction, it is not
just the delaythat is likely to happen, but cost overrun can also
take place.
It is observed in London where Tottenham Hotspur Stadium’s
original cost was £850 million (Zak, 2018) furthered up to the
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Lack of project analysis
Material not conforming to
the specification

Hwang,
Zhao, and
Yu (2013)




Standard of safety and
quality control

Patil et
al.
(2017)




final amount of around £1 billion (Herman, 2019). It is found that
risks like economic uncertainties gave quite an impact on the
development of the stadium (Gerrard, 2018). Furthermore, the
research also found that an unreasonable project programme has
led to the surge of the labour cost when workers were required
to work overtime. On top of that, political risk during Brexit
which means the departure of Britain from the European Union
has increased easily 20 per cent through the price of foreign
goods (Watson, 2018).
Meanwhile, Berlin Brandenburg International Airport shows
another close correlation between the risk and cost overrun
when the cost of the original contract €2 billion has an
anticipated final cost of €7.3 billion (Schultheis, 2018). The
difference in cost was due to the additional scope of works
through maintenance works every month. This project has also
political influence and interference by firing the consortium of
private companies (Organisation for Economic Cooperation and
Development, 2016). The article also recognised that the budget
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prepared was unrealistic and a lot of changes and variations
happened to the project.
Moving forward to railway projects such as Crossrail UK.Plimmer
(2019) stated the original cost of the project was £14.8 billion
and now has risen to around £17.6 billion. It is believed that
rising costs will be furthered up in the future. Waite (2019)
found that risks such as lack of design coordination of the project
were neglected earlier. Then, the complexity of the design which
increases the likelihood of having risks to a budget was also
being neglected.
Apart from that, unreasonable budgets and schedules were also
part of the risks (Plimmer, 2019). He added that lack of detail
design and pressure to contractors have led to this disastrous
event. The pressure in this context means effective
communication and proactive measures by the project control
team. Poor coordination between contractors was also one of the
risk factors that led to cost overrun (Price, 2019). Price (2019)
also mentioned that the seven stations on the central part of the
line have increased by an average of 240 per cent from their
target costs when the contracts were awarded in 2011.
In Germany, the railway project of Stuttgart 21 was also
experienced the overrun cost due to risk. The cost of the project
was influenced negatively from the original contract of €4.088
billion (Novy and Peters, 2012) to the latest forecast of €8.2
billion (Traufetter, 2018). It was increased from €7.7 billion due
to the risk reserve of €495 million (Wupper, 2019). Somehow,
Wupper (2019) reported that the amount will increase to more
than €3 billion for future work orders. It is understood that
geological risks and additional scope of works have led to this
cost overrun (Deutsche Bahn, 2018).
Among other reasons were inflation (Briginshaw, 2017) which
was due to the long period of construction as it was started in
2010 and target to be completed in 2024 (Traufetter, 2018).
Unrealistic budget and errors in planning and management also
found to be the main risk factors of the increase in cost (Spiegel,
2013). Bracholdt (2013) further added that change of design as
one of the factors as well.
The identical scenario happened in the United States through
California’s High-Speed Rail where the original cost of the
contract worth $77 billion (Daniels, 2018) experiencing cost
overrun to anticipated final cost which could be as high as $98.1
billion (Shepardson, 2019). The future projections suggest that it
is a very high risk of the cost to get an increase. (Ashton, 2018).
Despite the awareness of risks, the project team did not factor
them into their cost forecasts which considered as a technical
risk (The Business Journal of Fresno and The Madera Tribune,
2018). Among risk factors were due to weak decision making and
poor contract management (Shepardson, 2019) which unclear
contract amendments (Ashton, 2018) were not being managed
properly.
Furthermore, Varghese (2019) cited that additional scope of
works and changes in planning which includes the $20.4 billion
extensions to Bakersfield and Merced were also led to a
deleterious impact on the project cost. Poor planning and
appalling cost estimation are also risks that impacted the project
(Cowin, 2018). Cowin (2018) found that matters related to land
acquisition and relocation of the utilities system have directed to
$2.2 billion cost overrun. Finally, Ashton (2018) reported that
weak supervision on contractors was also contributed to the cost
overrun in California’s High-Speed Rail.
Last but not least, Sha Tin-Central Link MTR in Hong Kong also
demonstrated the correlation between risk and cost. In the
beginning, the original cost of the project was HK$70.82 billion
(Tsang, Yau, and Yeung, 2017) and there is an estimated cost
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overrun of HK$16.5 billion. However, Tsang, Yau, and Yeung
(2017) claimed that would not be the last cost overrun given to
its complexity in nature. Currently, the cost is recorded at
HK$97.1 billion (Siu, 2019).
The main factors of the cost overrun were due to the additional
scope of works through heritage preservation works near Sung
Wong Toi Station and additional foundation works at Exhibition
Centre station (Tsang, Yau, and Yeung, 2017). Tsang et al. (2017)
found that the project also has experienced a shortage of
manpower which offers higher wages was a strategy to lure
workers for the project. Among other factors were due to
unfavourable ground conditions and the rise in the cost of raw
materials (Lok-kei and Hui, 2017). Political risk has also added as
a factor to the cost overrun through the change of government’s
requirements (Chiu, 2017).
Based on the case studies above, ithas shown the close
relationship between the risk and the cost. The amount that this
paper has seen involved in these cases were catastrophic to the
project’s shareholders. It is hard to recoup with these oversight
matters especially when there are no alternate strategies to this
financial disaster. It is hoped that this section can help to
understand furtherhow the project cost can be influenced by the
risks so that necessary mitigation strategies can be developed.
Table 2 summarises the cost differences of the projects due to
risks.
Table 2. Summary of Cost Differences of the Projects Due to
Risks
Final /
Anticipated
Initial
Final /
Projects
Cost
Differences
Current
(billion)
Cost
(billion)
Tottenham
Hotspur Stadium

£0.85

£1.00

18%

Berlin
Brandenburg
International
Airport

€ 2.00

€ 7.30

265%

Crossrail UK

£14.00

£17.60

26%

Stuttgart 21

€ 4.09

€ 8.20

101%

California’s HighSpeed Rail

$77.00

$98.10

27%

Sha Tin-Central
Link MTR

$70.82

$97.10

37%

LIMITATION
The distributed questionnaire is confined to investigate the
responses of construction players in the Klang Valley area and is
limited to the scope of cost risk management. This paper also
limited from risk identification to the mitigation act of railway
construction projects. In this paper, previous studies from
researchers that investigated risk in railway construction
projects are used as a reference in identifying risk factors and
further developing the research instruments for data collection
purposes.This paper focuses on the effective strategies in
mitigating cost risk in railway construction projects by looking
into the detailed relationship of the risks encountered that
influence the cost.
METHODOLOGY
This paper was prepared through a thorough literature review
and questionnaire survey followed by data collection, data
analysis, and lastly, the conclusion of data. In this paper, the
population consists of all consultancy firms, contractors, and

1277

COST RISK OF RAILWAY PROJECT AND ITS EFFECTIVE MITIGATION STRATEGIES
organisation involved in the construction of a railway in
Malaysia.Total of 200 respondents that involved in railway
construction projects in Klang Valley areas are targeted sample
in this paper which come from quantity surveying and project
management consulting firms, contractors and also the client
who also the operator of the railway.

RESULTS AND DISCUSSION
This paper suggested that there are 17 technical risks in the
railway construction project. The risk ranking can guide to
priorities and increase the awareness of the risks for effective
measures. Otherwise, the significant ones could end up being
neglected (Fischhoff and Morgan, 2009).

This paper aims to target sample with at least Diploma in
academic qualifications, and job experiences in quantity
surveying, project management, or any related disciplines that
involve in the project cost management. The data were analysed
using IBM SPSS Statistics 26.0 and Microsoft Excel with a
frequency analysis and Relative Importance Index (RII) method.

Relative Importance Index for Technical Risks
The technical risks are ranked based on RII in Table 3. When the
RII is greater than 0.800, it is considered as the most important
factor (Muneeswaranet al., 2018). Therefore, it is relatively
important to discuss further only on these risks. This paper
found 9 technical risks that are regarded as crucial in the railway
construction project.

Item

Table 3. Relative Importance Index for Technical Risks in Railway Construction Project
TechnicalRiskFactors
RII

Rank

TR1

Complexity and system integration of design and construction

0.900

1

TR2

Design risk (i.e. defective design, design change, design error)

0.892

2

TR17

Unrealistic project plan and schedule

0.873

3

TR12

Additional scope of works

0.860

4

TR8

Inadequate investigation on site and soil condition

0.837

5

TR16

Delay in the relocation of existing utilities

0.833

6

TR3

Delay in providing design drawing and specification

0.831

7

TR5

Poor communication

0.806

8

TR4

Poor supervision and design coordination

0.800

9

TR10

Misunderstanding of drawings, specifications, and requirements

0.798

10

TR15

Excessive deformation and damage when interfacing existing built structures.

0.794

11

TR7

Mismanagement of contract and procurement

0.792

12

TR11

Construction defects

0.762

13

TR9

Material not conforming to the specification

0.756

14

TR14

Delay of supply of materials

0.756

15

TR6

Poor standard of safety and quality control

0.753

16

TR13

Failure of equipment

0.719

17

Results in Table 3 above show that the complexity and system
integration of design and construction is the highest in ranking
for risk that impacts the cost in a railway construction project
with RII of 0.900. Next, TR2-Design risks such as defective
design, design change, design error, etc. with RII of 0.892. Then
TR17-Unrealistic project plan and schedule at third place with
RII of 0.873.

plan for the risks by using the established response strategies in
dealing with risks which are: avoid, transfer, mitigate, accept, and
escalate (Project Management Institute, 2017). Figure 1 below
illustrated the response strategies for the crucial technical risks
in the railway construction project.

After that, TR12-Additional scope of works at fourth place with
0.860. A fifth and sixth place with 0.837 and 0.833 are TR8Inadequate investigation on site and soil condition and TR16Delay in the relocation of existing utilities. Last but not least,
among the most important factors are TR3-Delay in providing
design drawing and specification, TR5-Poor communication and
TR4-Poor supervision, and design coordination with RII of 0.831,
0.806 and 0.800 respectively.
Other than that, TR10-Misunderstanding of drawings,
specifications, and requirements at tenth place with 0.798. Then,
TR15-Excessive deformation and damage when interfacing
existing built structures and TR7-Mismanagement of contract
and procurement with 0.794 and 0.792. Next in the ranking is
TR11-Construction defects with 0.762. Subsequently, bothTR9Material not conforming to the specification and TR14-Delay of
supply materials with RII of 0.756. Finally, TR6-Poor standard of
safety and quality control and TR13-Failure of equipment with
RII of 0.753 and 0.719 correspondingly.
Risk Filtering and Response Strategies
The investigation continued to find out the effective mitigation
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Figure 1. Response Strategies for Technical Risks in Railway
Construction Project
This paper found that TR17, TR12, and TR5 can use response
strategy like risk avoidance, which defined as to eliminate the
threat from its impact (Project Management Institute, 2017).
Then, mitigate which described as to reduce the probability of
occurrence or impact (Project Management Institute, 2017) can
be used as a response strategy for TR1, TR2, and TR4. Lastly,
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TR8, TR16, and TR3 can use escalate which to escalate the risk to
a party that is outside or higher of the project level (Project
Management Institute, 2017). It is also identified that response
strategies of transfer and accept are not applicable to any of
these 17 technical risks.
CONCLUSION
This paper has accomplished its aim which is to assess the
technical risk factors that contribute to cost impact in railway
construction projects and identify its response strategies. Other
than that, the filtered risks are intended to increase the
awareness of industry professionals in managing a project
proactively and more cost-effective. In conclusion, this paper is
hoped to give guidelines to professionals that involve in
construction, particularly in railway projects.
It is recommended for future studies to see how the technical
risks can be intervened with digitalisation and advanced
technology in construction. This also aligns with the Construction
Industry Transformation Programme (CITP) and Building
Information Modeling (BIM) Roadmap in promoting the BIM
technology, and Malaysia’s agenda in the need to embrace
Industry 4.0 as a critical cornerstone of sustainable
competitiveness.
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