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Abstract: Many risks have adverse consequences for con-
struction projects’ objectives such as quality, schedule,
and cost. As engineering procurement construction (EPC)
contracts gradually become one of the most common
types used in implementing major large-scale construc-
tion projects, identifying common risk types and analyzing
their root causes is important for developing measures to
decrease and eliminate future risks in these types of con-
tracts. The information about the main causes of risks was
collected via well-structured questionnaires addressed to
construction sector professionals and preparing lists of
main potential risks in EPC/construction projects through
reviewing literature studies, books, and articles related
to this topic. The findings indicate that several causes of
risks are more critical for the project including causes
related to contract, design and execution, subcontractors,
systems, and equipment. The study’s results revealed that
the absence of risk management implementation in the EPC
construction project is a root cause of the lack of planning
and control of the project.
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1 Introduction

Every construction project requires effective contract risk
management. The risks in construction projects vary
depending on the type of contract, because each contract
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type has its project life cycle. If contract risk management
is not adequately managed and controlled, the project
as a whole may not achieve its objectives. The processes
of performing project risk management encompass risk
management planning, identification, analysis, response
planning, and risk control on a project. The cause of
implementing risk management in projects is to enhance
the possibility of positive occurrences and their impact
while decreasing the probability and impact of negative
events [1]. Due to various intrinsic factors (complication,
scope, organization, renovation, lifecycle duration, and
magnitude of changes), every project has its ambiguity
which is related to risk, which is likely to affect the pro-
ject’s success and applicable consequence unless they
are managed appropriately. A risk is an unexpected event
or a sequence of events that, if they occur, will have an
impact on achieving its objectives. It is composed of the
likelihood of a possible threat or opportunity occurring, as
well as the magnitude of the impact on its objectives [2].

The goal of project risk management is to lower the
chances of the project and its stakeholders failing to
reach its objectives. It allows project managers to set
priorities, allocate resources, and implement actions and
processes that lessen the chances of the project failing to
meet its objectives [3]. For this uncertainty, these risks
should be managed as control risks, and the project’s
overall management should adjust for the uncertainty
associated with these various types of risks. It would be
impractical for the project manager to simply focus on the
disadvantages of the ground conditions. Moreover, the
project manager should not expect that things will turn
out better than predicted just because he or she wants
them to [4]. Only the project manager has the authority
to decide which risks are desirable [5]. Under an engi-
neering procurement construction (EPC) approach, the
owners have to deal with one general Contractor. This
major Contractor, on the other hand, could be a set of
companies that engage with the Employer as “one Entity.”
The Employers’ obligations, for example allowing access to
the site and paying the agreed-upon amount, are reduced to
a minimum level under the EPC contract, the contractor
undertakes all other responsibilities and risks connected
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with project construction, design, erection, and commis-
sioning as well as the associated interface risks [6]. EPC
contracts entail a substantial shift in responsibility from
the client to the contractor [7].

2 Methodology

2.1 Collecting data methods

There are two parts to the data collection method utilized

in this study:

e Review literature studies, books, and articles related to
this topic.

e Surveys: a combination of two methods, including in-
person meetings and questionnaires, were utilized to
collect the information needed. The purpose of the
questionnaire was to present potential hazards identified
through a literature analysis to experts and get their feed-
back on specific risks connected to the project under con-
sideration. For this purpose, a specialist briefing session
was arranged to discuss project risks and questionnaire
items. The demographic sample method was used among
project managers from several departments. Finally, 66 pro-
fessionals completed the questionnaire, as well as provided
feedback and suggestions on how to identify relevant risks.

2.2 Reviewing previous studies to identify
potential risks in EPC projects

Risk identification in EPC projects was divided into three
phases according to the life cycle for this contract type,

Table 1: Potential risks in the engineering phase
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and these phases are engineering, procurement, and con-
struction as shown in Tables 1-3. It can be managed
project risks, if it is possible to identify the important
sources of risk and taking proactive actions to minimize
failure modes and improve project success [8—10].

2.3 Potential risks in the EPC projects

The importance of several risks highlighted by experts
was validated when the results of tests performed on
data obtained from the surveys were assessed. This indi-
cates that these are the most important risks in this study,
while “risks irrelevant to the project” and “less important
risks” were not recognized as shown in Table 4.

3 Techniques for root cause
analysis

3.1 Fishbone diagram (Ishikawa)

Ishikawa diagrams, cause and effect tests, and fishbone
diagrams are all terms for diagrams that simulate a ske-
leton of a fish when viewed as a whole. The fishbone
diagram helps the team identify and focus on root cause
analysis by describing potential causes of problems in
a structured manner. Cause-and-effect analysis sequence
can be a simple analysis that relates to a large number
of causes and their order, but it can also be supplemented
with other representation and hierarchical aspects
for risk management. This diagram type identifies all

No. Risks Supporting research studies
1 Inaccurate cost estimation for the engineering phase [11,12]
2 Inaccurate time estimation for the engineering phase [13,14]
3 Lack of management and trained personnel [15,16]
4 Design errors [17,18]
5 Technical drawings that are inappropriate and inadequate [19]

6 Reduced design time and a faster transition to the execution stage [20]

7 Delay in receiving the project’s initial permits [21]

8 Insufficient feasibility studies [22]

9 Inexperienced project managers [23]
10 Changes resulting from political events [24]
1 Internal policy changes in the organization [25]
12 Changes to the scope of the project’s work [26]
13 A shortage of necessary resources [27]
14 Changes in the requirements of the employer [28]
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Table 2: Potential risks in the procurement phase
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No. Risks Supporting research studies
1 Inaccurate cost estimation for the procurement phase [11,12]
2 Inaccurate time estimation for the procurement phase [13,14]
3 Supplying poor quality equipment and materials [29]

4 Variation in the cost of materials and equipment [30]

5 A delay in the delivery time of some materials and equipment [31]

6 Manufacturers’ selection of equipment and materials is inappropriate [32]

7 Lack of project planning and control in the procurement phase [33]

8 Bureaucracy and lack of collaboration exist in the procurement department [34]

9 Changes resulting from political events [24]
10 Delay in technical inspection [35]

1 Poor international communication [36]
12 Equipment and construction materials have poor quality control [37]
13 Damage to equipment during transportation [38]
14 Financial issues associated with the contractors in the procurement and supplying phase [39]
15 Lack of data and documentation [40]
16 Changes to rules regulating insurance, taxation, and other matters [41]

Table 3: Potential risks in the construction phase

No. Risks Supporting research studies
1 Inaccurate cost estimation for the procurement phase [11,12]
2 Inaccurate time estimation for the engineering phase [13,14]
3 Delays caused by the long process of obtaining permits required [31]

4 Incompetent subcontractors [15]

5 Lack of skills and technical workers [16]

6 Poor planning and management in the construction phase [33]

7 Unexpected disasters such as floods, earthquakes, etc. [42]

8 Changes resulting from governmental and political developments [24]

9 Errors in testing materials and equipment [43]
10 Poor inspection process, quality control, and quality assurance [44]
1 Employing unskilled engineers in monitoring [16]
12 The project manager’s performance was poor [33]

Table 4: Risks that have been highlighted by the experts

Engineering phase Procurement phase

Construction phase

Inaccurate cost estimation for the Inaccurate cost estimation for the procurement

engineering phase phase
Inaccurate time estimation for the Inaccurate time estimation for the procurement
engineering phase phase

Financial issues associated with the contractors in
the procurement and supplying phase
Lack of data and documentation

Management and staff with qualified
skills are in short supply

Design errors (weaknesses or cover
design)

Technical drawings that are
inappropriate and inadequate

Delay in receiving the project’s initial
permits

Inexperienced project managers
Insufficient feasibility studies

Lack of project planning and control in the
procurement phase
Delay in technical inspection

Internal policy changes in the
organization

Inaccurate cost estimation for the
procurement phase

Inaccurate time estimation for the
engineering phase

Delays caused by the long process of
obtaining permits required
Incompetent subcontractors

Lack of skills and technical workers

Employing unskilled engineers in
monitoring

Poor performance of the project site
manager
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Figure 1: Fishbone diagram for causes of lack of project planning and control.

possible contributing factors to a problem (Figure 1). This
can aid in finding resolutions after the fishbone diagram
has gathered and displayed all the desired information [45].

3.2 Pareto analysis

A Pareto chart is a graphical tool used in Pareto analysis.
A Pareto chart is a bar chart that displays the relative
importance of issues in an easy-to-understand format.

Lack of project planning and control Why?
Failuer of identifying the project requirments Why?
Absence of clearness in project scope Why?
The limited of engagements of stakeholders Why?
Lack of identify and assess the engaged Why?

stackholders

l

Root Causes: Lack of implementing risk
management in the project

Figure 2: The relationships between these causes.

The tallest bar reflects the most significant difficulty
(e.g., the one with the largest cost, frequency, or another
metric), followed by the next tallest bar, and so on. To
collect data for Pareto charts, a check sheet might be
used [46].

3.3 5-Whys for root cause analysis

The 5-why method aids in the identification of cause-and-
effect relationships in a problem or failure event. It is
useful when the true source of a problem or situation is
not obvious. The 5-why method aids in the identification
of cause-and-effect links in a problem or failure event. It
is useful when the true source of an issue or situation is
not obvious. Using the 5-whys is a quick and easy tech-
nique to try to solve a problem without having to conduct
a lengthy, resource-intensive inquiry [47]. A case study of
analyzing the risk causes in an EPC construction project
implemented in Iraq, by using the 5-why technique to
find the root causes of lack of planning and control in
the project and showing the relationships between these
causes are illustrated in Figure 2.

4 Diagnosing lack of project
planning in Iraq
To identify and analyze root causes for the lack of project

planning and control in Iraqi construction projects, a
survey analytic approach was used which is important
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Table 5: Main causes of risks with their codes

Main cause Code Secondary cause Code
Equipment a1 Lack of a mechanism to manage the equipment C11
The inability for evaluating the equipment’s productivity C12
Equipment was overused C13
Lack of equipment maintenance Cl4
Labors C2 Using inexperienced or incompetent operator staff 21
Labor income and salaries are at a low level C22
Lack of worker coordination C23
Lack of an active labor management system C24
Systems (6] Failure to implement a safety program 31
Modern management practices and computer programs are not utilized C32
Insufficient quality control and inspection 33
Failure to adhere to a cost-management strategy C34
Managing a large number of projects at the same time C35
Improper material selection and utilization by contract standards C41
Improper inspection and testing of materials before usage C42
Lack of coordination between contractors and suppliers C43
Design and execution C5 The owner’s design criteria are unclear C51
Designers with insufficient experience and knowledge C52
Lack of compliance with specifications cited in the working report C53
Lack of collaboration between the designer and the owners C54
Financial issues arising during execution C55
Subcontractors Ccé6 Improper supervision of subcontractors Cc61
Unexperienced subcontractors C62
Lack of coordination between general contractor and subcontractor Cé63
Lack of evaluation for subcontractor performance Cé64
Site staff Cc7 Lack of coordination between contractor’s personnel and supervisors 71
The contractor’s personnel have a low level of skill and experience C72
Supervisory staff with little experience and ineptitude C73
Contract c8 Lack of collaboration between contracting parties c81
The contractor’s personnel have a low level of skill and experience €82

Lack of familiarity with the regulations to implement governmental contracts no. 2 of 2014 and (83
attachments to these regulations

Lack of knowledge of any official instruction issued from the Ministry of Planning of Iraq C84
Insufficient experience in the use of (EPC) standard bid documents which are considered the best (€85
solution to implement governmental contracts, assure stability of procedures, and reduce
administrative and financial corruption

Inadequate management contract disputes C86

Table 6: Main groups of risk issues with their frequencies

Main cause Frequency Relative frequency (%) Cumulative relative frequency (%)
Contract causes (C8) 16 24.24 24.24

Design and execution causes (C5) 14 21.21 45.45

Subcontractors’ causes (C6) 11 16.67 62.12

Systems causes (C3) 9 13.64 75.76

Equipment causes (C1) 7 10.7 86.36

Labors causes (C2) 4 6.06 92.42

Materials causes (C4) 3 4.55 96.97

Site staff causes (C7) 2 3.03 100

Total 66
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Pareto chart for main causes categories of risks in EPC construction projects

SITE STAFF CAUSES (C7)

MATERIALS CAUSES (C4)

LABORS CAUSES (C2)

EQUIPMENT CAUSES (C1)

SYSTEMS CAUSES (C3)

main risk categories

SUBCONTRACTOR CAUSES (C6)

DESIGN AND EXECUTION CAUSE (CS)

CONTRACT CAUSES (C8)

o
N
IS
o)}

Cumulative Percent

Figure 3: Pareto chart for main risk causes in EPC projects.

for root cause analysis. In this study, the researcher also
used a literature review, an expert questionnaire, and
personal interviews with people who were chosen for
their expertise and qualifications. Various groups were
engaged to determine the causes for the lack of project
planning and control in construction projects in Iraq
(contract causes, labor causes, system causes, material
causes, design and execution causes, subcontractors’
causes, site staff causes, and equipment causes) as shown
in Table 5.

To get an idea of the importance of each risk cause
groups, the Pareto analysis was used after making a
survey consisting of 80 distributed forms. After collecting
and analyzing the frequencies by using the frequency
procedures in SPSS, only 66 forms were considered while
the others were neglected because of the lack of the infor-
mation provided.

Table 6 demonstrates the number of occurrences of
each risk cause groups with their relative accumulative
values to present the Pareto chart (Figure 2) for the main
causes of risks and their weight of effects.

As mentioned above, the main causes for lack of
planning and control in EPC construction projects in
Irag were grouped into eight groups, contract causes
(C8) and design and execution causes (C5) are the prin-
cipal triggers, followed by subcontractors’ causes (C6),
system causes (C3), equipment causes (C1), labor cause

r

o
=
o
-
[N)
o
IS
[
a

18
Frequencies

24% m Frequency

(C2), material causes (C4), and site staff cause (C7). The
contract group causes (C8), design and execution cause
group (C5), group of subcontractor causes (C6), group of
system causes (C3), and group of equipment causes (C1)
are considered to account for 75.76% of the problem in
the Pareto chart (Figure 3). By focusing on these five main
triggers, 75.76% of the issue (lack of planning and control
in projects) will be resolved.

5 Conclusion

¢ The main causes of risk in EPC construction projects in
Irag have been identified and diagnosed and then
represented in group lists that demonstrated these
main risks. Each group of risks had secondary causes
that contributed to the major risks which need more
tracking and observation. Pareto analysis revealed that
only 75.76% of the main causes are related to contract
causes, design and execution causes, subcontractors’
causes, the system causes, and equipment causes, while
minimal reasons in labor causes, material causes, and
site staff cause categories.

¢ The results of using the 5-why analysis on a case study
of the Iraqi EPC construction project revealed that the
absence of risk management implementation in the
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EPC construction project is a root cause for the lack of
planning and control of the project.
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