Journal of Construction in Developing Countries (Early View)
This PROVISIONAL PDF corresponds to the article upon acceptance. Copy edited, formatted, finalised version will be
made available soon.

Manuscript Title Multiphase Project Risk Management on Food

Factory  Building  Construction:  Consultant

Perspective

Authors Anastasia Erlita, Mawardi Amin and Bambang
Bintoro

Submitted Date 08-Feb-2021 (1st Submission)

Accepted Date 24-Oct-2021

DOI https://doi.org/10.21315/jcdc-02-21-0022

© Penerbit Universiti Sains Malaysia. This work is licensed under the terms of the Creative Commons
Attribution (CC BY) (http://creativecommons.org/licenses/by/4.0/).



Journal of Construction in Developing Countries, ...(1), ...—..., 2021

Multiphase Project Risk Management on Food Factory
Building Construction : Consultant Perspective

*Anastasia Erlita’, Mawardi Amin? and Bambang Purwoko Kusumo Bintoro?®

Published online: ......... 2021

To cite this article: Anastasia Erlita, Mawardi Amin and Bambang Purwoko (2021). Multiphase Project Risk
Management on Factory Building Construction : Consultant Perspective. Journal of Construction in Developing
Countries, ...(..): ...—.... https://doi.org/10...../jcdc2021. .1 .7.

To link to this article: https://doi.org/10.21111/jcdc2021.2....1.7

Abstract: This article reports research on a flour mill factory building
construction in Indonesia by investigating the root cause of time overrun in
consultant perspective. While numerous risks are identified during the phases
of construction project, it is unknown which risk is the primary cause of project
delays. To better understand the optimization of risk management and risk
mitigation, a multiphase risk management is proposed, which is divided into 4
phases: pre-design, design, project bidding, and construction phase. As a
result, employing the bow-tie analysis enables a more in-depth examination
to identify the risk. From each bow-tie diagram, a detailed risk mitigation
table can be formulated and easier to plan the response for each risk.
Probability Impact Matrix also used to identify the risk score and evaluate the
risk. This research begins by giving questionnaire to 45 qualified respondents. It
was found that 45 factors that caused the delay in all phases were divided
into 7 factors from the pre-design phase, 14 factors from the design phase, 6
factors from the tender phase and 16 factors from the construction phase. As
the final step of risk management process, there are various responses in this
research depends on their final assessment based on the score and
questionnaire result. Factory building construction is quite different from other
type of building construction because machine design also being an
important part that affects the structural, architectural, mechanical and also
electrical aspects.
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INTRODUCTION

Susetyo, B. and Utami, T. (2017) stated that projects are considered successful
if they meet quality targets, cost and time; but cost & time overrun is @
common risk in projects around the world (Le-Hoai et al., 2008; Murray and
Seif, 2013; Sweis, 2013), Unfortunately, project delay is a common risk and
happens to almost all projects in Indonesia (Le Hoai et al., 2008) even though
the supervision function has been carried out properly.

According to previous study by Ullah (2017), an appropriate in-depth study of
time and cost issues in the construction industry is needed, which can identify
alternative solutions and measure the level of possible solutions to ensure the
successful completion of construction projects. Based on PMBOK éth Edition,
the project management process consists of 5 stages of the process:
initiating, planning, executing, monitoring & controlling, and closing, but in
this study will focus on inifiating, planning, and executing phases, and
elaborate various risks that can arise by identifying, measuring, mapping,
developing alternative risk treatments, monitoring risks, and controlling risk
management or prevention with risk management system.

In current issue, time overrun cases in Indonesia increase during the
pandemic because of the status of Large-Scale Social Restrictions in many
areas in Indonesia affects the mobilization process, availability of materials
and workers (PUPR, 2020). During the pandemic or every situation, food
production must continue for human survival, so that time overrun on flour
mills factory building construction and other food factory buildings needs to
be reduced. To minimize the risk, a project manager should monitor the
project carefully and find the way to minimize the delay so that a project runs
on time and the project costs can be well controlled. Delays will affect to job
interruptions, low productivity, project delays, cost increases, third party
claims and confract terminations. It also refers to a long construction period
due to problems that occurred during project implementation (Kikwasi, 2012).
Sudirman, W. B. and Hardjomuljadi, S. (2011) stated that project
management can be defined as the application of knowledge, skills, tools,
and techniques to complete the project in order to meet its requirements.

The object of research chosen was an 8-storey flour factory building that
located in an industrial area in Indonesia. This building was taken to be the
object of research because of its high complexity, and risk management can
be applied in all phases, because all phases in this project was delayed. As
the objective of this research is: 1) To assessing the factors causing delays in 4
phases of this project, 2) Analyze the impact of the risk factors causing the
delay, and 3)Recommend risk responses. Risk Management in the
construction sector is essential to achieve the objectives of the project (time,
cost, quality and safety), the risk management system assists project
managers in prioritizing resource allocation and also helps them in decision-
making more reliable, thus contributing to project success and achieving
objectives.
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LITERATURE REVIEW

Zidane and Andersen (2018) investigated top 10 universal delay factors in
construction projects. On his research, questionnaire was designed and
distributed among the participant groups (customers, consultants,
contractors, subcontractors, and suppliers). They identified the following main
reasons for delays: improper planning and scheduling; slow/bad decision-
making process; internal administrative procedures within the project
organization; shortage of resources (human resources, machinery,
equipment); communication and coordination between all parties Poor; slow
quality inspection process for completed work; design changes during
construction/change orders. They also conducted an in-depth systematic
literature study on key universal delay factors based on their research and
103 existing studies covering 46 countries around the world. Based on the
survey results, they ranked the most frequently cited delay factors and
obtained the top 10 common delay factors in the construction industry. They
are design changes/changes during construction Order; late payment to
contractor; poor planning and scheduling; poor site management and
supervision; incomplete or improper design; contractor’s
inexperience/construction methods and methods; contractor’'s financial
difficulties; sponsor/owner/client’s economy Difficulties; shortage of resources
(human resources, machinery, equipment); and low labor productivity and
skills shortages.

There are two types of delay: unforgivable delay and forgivable delay (Tumi,
Omran and Pakir, 2009; Hamzah et al., 2011; Ibironke et al., 2013).
Unforgivable delays are delays that caused by the contractor or its suppliers,
not due to the fault of the owner. For example: difficulties in financing
projects by contractors, poor site management and supervision by
contractors, poor communication and coordination by contractors with
other parties, and inadequate planning and scheduling (Hamzah et al.,
2011). Meanwhile, the forgivable delay is divided into two: compensable
delay and non-compensable delay. Time overrun is also affecting the cost,
therefore risk management of fime overrun must be applied on every
construction. According to Umum (2007), there are 4 steps in risk
management:

Project Project =, Risk Monitoring & audit
Risk Risk Management (Recommend
Identification Analysis Output prevenﬁve
Action & Risk Mitigation)

Qualitafive Quantitative Risk
Analysis Analysis Management
Strategies

Figure 1. Risk Management Stage
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RESEARCH METHOD

This research begins with a research gap to find methods and objects of
research. After that, the research fitle is obtained for further research
objectives, problem formulations and research limitations. Then, the research
instrument is compiled in the form of variables collected through pilot surveys,
primary data collection such as minutes of meetings, drawings, variation
order, site memos, planning schedules, implementation schedules, revision of
implementation schedules, project budgeting, and other data that can be
used as a reference in analyzing the factors. Then the secondary data
collection is in the form of literature study.

After that the variables that have been collected are analyzed for their
causes and effects with a bow-tie analysis, the risks rated by index scale
rating of the probabilities and impacts with a probability impact matrix. The
final step of the research is to formulate solutions and to prevent risks in the
phase with the highest impact. Below is the research flowchart diagram:

PROJECT DATA
COLLECTION

| ANALYZE WITH BOVETIE DIAGRAVS |

|
L1 | ]
\"‘Tna-e"’;‘"l oo [mommes ol

o

Figure 2. Research Flowchart Diagram

Bow-Tie Analysis

Baddredine (2014) explained, the Bow-tie Analysis Method was developed by
the Shell company to describe the entire accident scenario. This model has
proven its efficiency in several real applications such as; risk management,
risk analysis, risk assessment and implementation of security barriers. So that
this model can be used for various branches of risk management, including in
the construction sector.

According to Ruiffer and Guldenmund (2016), there is a historical
development of the formation of the Bow-tie Analysis method, namely the
merger of Fault Tree Analysis, Event Tree Analysis, Cause Consequence
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Diagrams and Thought Limitations. The application
briefly described in the image below:

of bow-tie analysis is

Anything with potential to
adversely impact
objectives when rel d

indication of something
impending that could 'attack' the
system. Includes slrategic

Any effect on assels or
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Collective sum of all impacts.
Includes long term & indirect
combined health, economic, and
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psychological impacts.

from a security event or
incident.
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Initiator of release of a Hazard.
le: ‘Threal Actors' - people,
energies, aclivities or objects that
might cause a threat to be
released.

Controls (Deterrent, Preventalive,
Corrective & Detective). Includes Controls
(existing) and Treatments (proposed).

What could happen to
result in some effect on
objectives?

Figure 3. Research Flowchart Diagram

The bow-tie analysis method is a quantitative analysis used in this study. This
method is the initial stage in variable data analysis. The initial stage of making
a Bow-tie Analysis is determining the source/hazard. Next stage is determine
the initiating event, which is taken from the variables collected in table 1-4,
then look for the causes why the incident happened, looking for a way to
solve the problem, and analyze consequences of the event.

SURVEY & QUESTIONAIRRE

From the literature review, a questionnaire was prepared, and a pilot survey
was conducted to check the applicability of the questionnaire in this project.
45 questionnaires were presented to experts and other parties that
parficipated in Flour Factory design & development. Respondents were
selected based on their abilities and experiences in the project as
consultants. Questionnaire data was collected by distributing questionnaires
to stakeholders who were directly involved in the planning and
implementation which is responsible for the flour mill building work. In the
survey conducted, the number of questionnaires returned by 45 respondents.
Other 13 result cannot be used as research data because it is incomplete, so
it is not eligible. The dissemination of the survey is carried out evenly to all
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parties who is responsible in this project, with different work experience. As
many as 11% of respondents have 0-5 years experience, 31% experience for
6-10 years, 31% experience for 11-17 years and 27% experience over 20 years.

The main variable in this research is the construction phase which consists of
the pre-design phase (Xa), design phase (Xb), the tender phase (Xc) and the
construction phase (Xd). The main variable is then searched through a pilot
survey and variable selection from previous research. Primary and secondary
data collection is also required to classify sub variables for each main
variable.

DATA COLLECTION

The final questionnaire had an introduction of the respondent covering their
name, qualifications and experience in the construction industry. 45 major
risks were identified in this research. 20 risks were adopted from Gunduz et al.
(2013), and other risks were identified from the input of experts in the pilot
survey. Finally, each questionnaire incorporated a five-point Likert-type scale.
Data collection in this research is construction progress reached 90% and
close to completion of the project. The construction time starts from August
2019 and undergoes several time schedule revisions due to delays. In this
research, questionnaire method is used by conducting direct interviews or
through filling out questionnaires to stakeholders who are directly responsible
in the construction work stage of this flour mill building.

Table 1. Pre-design phase factors

Var Phase No. Var Main Factor Var Sub Factor

Xa Pre-Design 1 X1a  Building Permit X1al Building permit data is different
from site conditions
X1a2 Lack of open spaces on site

3 X1a3 Changes in development
regulations
4 X2a Owner X2al Issuance of Purchase Order and

Late progress payments
X202 In-depth feasibility study

X3a  Supporting Data X3al Incomplete As Built Drawing
X302 Design idea changes
X4a  Coordination X4al Consultant presentation

0 00 N o0 O»n

X402 The process of tendering and the
implementation of new site
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Table 2. Design phase factors
Var Phase No. Var Main Factor Var Sub Factor
Xb Design 10 X1b  Consultant X1b1 Differences in idedlism with
foreign consultants
11 X1b2 Design Errors
12 X1b3 The machine plan has not been
fixed
13 X1b4 Delay in production of drawings
& tender documents
14 X2b  Owner X2b1 Late progress payment from
owner
15 X2b2 Late of design approval from
owner
16 X2b3 Changes from owner
17 X2b4  Waiting for owner's decision
18 X3b  Coordination X3b1 Coordination meetings between
consultants
19 X3b2 Poor communication and
coordination with other parties
20 X4b  Software X4b1 Drawing Information is in PDF
format
21 X4b2 Use of different software
22 X5b  Regulatory Standards  X5b1  Differences between local and
foreign regulations
23 Xéb  Scope of work Xé6b1 Unclear scope of work
Table 3. Tender phase factors
Var Phase No. Var Main Factor Var Sub Factor
Xc Tender 24 X1lc Schedule X1cl Determination of the long
tender schedule
25 X1c2 Many stages of clarification
26 X2c  Tender Documents X2cl Post-meeting design revision
27 X2c2 Design Changes
28 X3c  Supporting data X3cl Machine technical data
appears after tender
29 X3c2 Tenders are carried out
separately per scope of work
Table 4. Construction phase factors
Var Phase No. Var Main Factor Var  Sub Factor
Xd Construction 30 X1d  External X1d1  Weather factors
31 X1d2 Soil conditions
32 X1d3 Late delivery of imported
materials / machinery
33 X1d4 Regional regulations
34 X2d  Owner X2d1  Ownerrequest
35 X2d2 Decision Making
36 X2d3 Variation Order Price
37 X3d Implementation X3d1 Additional work due fo
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damage of existing buildings

38 X3d2 Unfinished work.

39 X3d3 Unclear scope of work

40 X4d  Project Resources X4d1 Number of workers

a1 X4d2 Material delivery

42 X4d3 Heavy equipment damage

43 X5d  Design X5d1 Machine design changes

44 X5d2 Design changes during
construction

45 X5d3 Differences in structure,

architecture and ME drawings

RESULT AND DISCUSSION

The validity test results were carried out with SPSS software. With the validity
test, it is believed that each question in this questionnaire provide valid results,
with the provision that r Count > r Table. The result of SPSS test found that r
Count is > 0,294 which means all the factors were valid. The results of the
reliability test on all variables tested in this study stated that Cronbach's alpha
was higher than the baseline value, namely 0.944> 0.60. These results prove
that all statements of variables tested on the questionnaire were reliable.

Hypothesis is tested by using multinomial regression coefficient test, which is
used to determine whether the independent variables (Xa, Xb, Xc and Xd) in
this study have a significant effect on the dependent variable (Y).There are 4
hypothesis in this research (H1 : Xa affects Y, H2 : Xb affects Y, H3 : Xc affects
Y and H4 : Xd affects Y). The results of the multinomial regression test output
produce a sig <a (0.05). The p value for H1 is 0.000, the p value for H2 is 0.001,
the p value for H3 is 0.018 and H4 is 0.001 where The four statements are <a
(0.05) so that all statements H1, H2, H3 and H4 are accepted.

In this study, a bow-tie model was created to see the sequence of events
that causes the delay, starting from finding all sources of problems in this
project, looking for preventive steps from the source of these problems, and
looking for steps to reduce the impact of risks that have already occurred.

Bow-Tie Diagram

There are 4 main consequences that will be discussed further, namely delays
in the pre-design phase, delays in the planning phase, delays in the tender
phase and delays in the construction phase. The source of the problem are
the building was modified without changing the building permit, error in site
measurement, change of local government resulting in difficulties in
processing building permit documents, miscommunication between owners,
consultants and contractors, lack of an owner team who understands the
project, rush in planning projects, tight design schedule, human error, force
majeure, lack of coordination, many changes from the owner and the
complexity of the project. In this study, a bow-tie model was created to see
the sequence of events that causes the delay, starting from finding all
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sources of problems in this project, looking for preventive steps from the
source of these problems, and looking for steps to reduce the impact of risks
that have already occurred. Below is the bow-tie diagram:

SOURCE/HAZARD PREVENTION RECOVERY CONSEQUENCE

BUILDING M ODIFICATION

WITHOUT BUILDING PERMIT SURVEY & RE-MEASURE
| THE SITE

PERBANYAK MEETING
KOORDINASI
ADD TE AM
MEMBERS

THE USE OF k7
BIM SOFTWARE

SUBMIT BUILDING PERMIT
EARLIER

ERRORSIN EXISTING
BUILDING DATA

DELAY IN
PRE-DESIGN PHASE

(*A)

COORDINATION WITH
VIRTUAL f ONLINE MEETING

MEASUREMENT

GIVE INFORMATION
IO OTHER PARTIES

IF ANY CHANGE S
IN DESIGN

CHANGE OF LOCAL

‘ ERRORS IN SITE ‘
‘ GOVERNMENT ‘

MISCOMMUNICATION
BETWEEHN OWHNER,
COMSULTANT & CONTRACTOR

FART DESIGH
PROCESS ONLY IF
ALL DATAFIXED

DELAY IN
DESIGN PHASE

(XB)

LACK OF QWHNER'S
ENGINEERING TEAM RECRUIT

CM CONSULTANT TIME

RUSH IN PLANMING OVERRLMN AN
THE PROJECT
RE-CHECK TENDER MILL A RE
DOCUMENT BEFORE i
TIGHT DESIGN SCHEDULE BE ING DISTRIBUTED BUILDING ‘
’ DELAY IN
DETAILIN
ANSWERING TENDER PHASE
CONTRACTOR'S Xc)
(A ESTION FORM

FORCE MAJEUR

LABOR
LACK OF COORDINATION MANAGEMENT

DELAY IN
CONSTRUCTION
PHASE

(*xD)

|

|

| |
| |
| |
| |
| |
| ALY FE |
| I FLOUR DEgluGENS_;R_E\ﬂsloN |
| |
| |
| |
| |
| |
| |
|

|

CHANGE INCOMPETENT
CHANGES FROM OWNER LABOR

A

|
|
| SOLVE PROBLE NS QUICKLY | :
I

LAYOUT PLANNING
MUST BE FIXED IN PRE-

PROJECT COMPLEXITY | DESIGN PHASE

‘ HUMAN ERROR ‘

Figure 4. Bow-Tie diagram

Furthermore, the consequences arising from this bow-tie analysis will be
assessed using the Probability Impact Matrix so that it can be seen how long
the percentage of the project's setback time is from the resulting effects.

Probability Impact Matrix

Risk assessment is carried out based on probability and its consequences /
impacts, to provide an assessment of the probability of each risk and impact.
According to Njogu (2015), construct a matrix to assign risk ratings (very low,
Low, medium, high, and very high) or based on a combination of probability
and impact. risk Those with high probability and high impact should be further
analyzed, including Qualification of the project team and active risk
management. Qualitative risk analysis tools and techniques include risk data
quality assessment, risk probability and impact assessment, probability, and
impact matrix (PIM), risk urgency assessment, and risk classification (El-
Shehaby et al., 2014). According to PMBOK 6t Edition (2017), risk index is used
in determining the choice of action from various risks that may occur:

Risk Index = Probability x Impact
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To measure the level of risk, a questionnaire was previously conducted on the
same 45 respondents regarding the frequency and how much impact it had
on project delays in each phase. The questionnaire was assigned a scale of
1-5 (very rare - very frequent) for an assessment of the frequency of events /
probability and a scale of 1-5 (very low impact - very impactful) for an
impact assessment. After obtaining the frequency and impact assessment,
the questionnaire results are converted into the following index scale values:

Table 5. Probability Index

Index Value Probability

Very High 0,9 Always happen
High 0.7 Often

Medium 0,5 Sometimes

Low 0,3 Rarely happen
Very low 0,1 Very rarely happen

Table 6. Impact Index

Index Value Impact

Very High 0.8 Very high loss
High 0,4 High loss
Medium 0.2 Medium loss
Low 0,1 Small loss
Very low 0,05 Very low loss

After the probability value, impact, and level of importance of the risk are
known, the next step is to enter the risk score indicator into the risk matrix. The
risk matrix can be seen in the following table:

Table 7. Probability Impact Matrix Pre-Design and Design Phase

Risk Score Risk Score
Probability Threats

0.9

Threats

005 MY o018 03
]

 X2b4

0.7

e
| X1b4

0.5

0.3

0.1

In pre-design phase, there are 4 medium risk (X102, X3al, X4al and X4a2)
and 5 high risk categories (X1al, X2al, X2a2, X3a2 and X1a3). In design
phase, there are 1T medium risk (X1b2), 6 high risk (X2b4, X1b4, X2b3, X4b1,
Xéb1 and X3b1), and é very high-risk category (X2b2, X1b3, X2b1, X3b2, X5b1
and X4b2).
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Table 8. Probability Impact Matrix Tender and
Construction phase

Risk Score Risk Score |
Probability Threats Probability : Threats
0.9 ’ 0.9 :

07 07

0.5

0.5

0.1

0.1

In tender phase, there are 3 high risk (X1c1, X1c2, X3c2) and 3 very high-risk
category (X2c1, X2c2 and X3c1). In construction phase, there are 2 medium
risk (X4d1 and X1d4), 11 high risk category (X2d2, X1d1, X1d3, X2d1, X2d3,
X3d2, X3d3, X4d3, X5d3, X3d1 and X4d2), and 3 very high-risk category (X5d2,
X5d1 and X1d2). The matrix described above can help us to determine the
selected risk response. Risk response will be explained in the next chapter.

Integration

The use of Bow-fie analysis and Probability impact matrix is to answer
research objective number 2: analyze the impact of the risk factors causing
the delay. The combination of these two methods is an implementation of
mixed methodology research, which is a procedure for collecting, analyzing,
and combining quantitative and qualitative methods in a study or a series of
studies to understand research problems (Cresswell & Plano Clark, 2011). The
basic assumption is the use of a combination of quantitative and qualitative
methods.

The combination of this research method is carried out with BowtieXP
software from CGE Risk. First step is to enter a probability value into the
Consequences, so that the diagram on the right side of the Consequences
will appear to see how much impact the consequences and becomes 1
diagram on each factor. There are 45 diagrams from this method, but only 1
diagram will be described here. The entry matrix model in the software is as
shown below:
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Figure 6. X1al diagram

X1al is the differences between building permit and site conditions. The
cause of this difference is because the building has been modified without
changing the building permit data, errors in building permit data entry from
previous consultants, errors in providing data from the owner and errors in
field measurements. The causes can be seen directly in each diagram so that
it can be seen the sequence of events that caused the risk. The
consequences arising from this variable are time consuming to re-survey the
site, re-draw according to the latest conditions and changes in the
schematic drawing of the design. The risk impact can be seen in
consequences/right side of the diagram. From each diagram that has been
made, a risk mitigation table can be formulated by including risk preventive
and recovery action.
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Table 9. Risk Mitigation Table

Var Sub Factor Risk Impact Preventive Barriers Recovery Actions
X1al  Differences between o Time consuming o Update buildng o Form a survey
building permit & permit data team

actual site condition

o Changes in schematic o Re-survey the
design location

Check as-built
o drawings
X1a2

X1a3

Risk Response

According to Flanagan and Norman (1993) and the COSO Integrated
Framework (2004), There are 4 types of responses to risk, namely risk retention,
risk reduction, risk transfer, and risk avoidance. If the risks arising from an
activity have been identified, then actions are taken to reduce the risks that
arise. This action is called Risk Mitigation.

To determine the risk response used, authors conducted a questionnaire to 5
experts who were also respondents in determining the variables in early
section. The response assessment used scores of 1 (retention), 2 (reduced), 3
(transferred), 4 (avoided). The probability impact matrix described in the
previous chapter is very helpful for experts to determine the selected risk
response based on the level of risk. Responses can be seen in the following
table:

Table 10. Risk Response

PHASE Var Sub Var Risk Category Response
Xla Xlal 0,28 * Reduction
X1a2 0,10 Medium Retention
X1a3 0,20 Retention
X2a X2al 0,28 Transfer
X2a2 0,28 Transfer
X3a X3al 0,10 Medium Reduction
PRE DESIGN (Xa) X3a2 0,28 Reduction
X4a X4al 0,10 Medium Retention
X402 0,10 Medium Retention
X1b X1b1 0,10 Medium Retention
X1b2 0,14 Medium Reduction
X103 0,56 Reduction
X1b4 0,28 Reduction
X2b X2b1 0,56 Transfer
X2b2 0,72 Transfer
DESIGN (Xb) X2b3 0,28 Retention
X2b4 0,36 Transfer
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X3b X3b1 0,20 Retention
X3b2 0,56 Avoidance
X4b X4b1 0,28 Transfer
X4b2 0,24 Retention
X5b X5b1 0,24 Retention
Xéb Xéb1 0,28 Avoidance
Xlc Xlcl 0,28 Transfer
X1c2 0,28 Retention

X2c X2c1 0,24 Retention
TENDER (Xc) X2c2 0,28 Retention
X3c X3cl 0,28 Reduction
X3c2 0,24 Transfer
X1d X1d1 0,28 Reduction
X1d2 0,24 Retention

X1d3 0,28 Reduction

X1d4 0,10 Medium Reduction

X2d X2d1 0,28 Transfer
X2d2 0,36 Transfer
X2d3 0,28 Transfer
cowsmucron 90 X% 0% reenien
X3d3 0,28 Avoidance
X4d X4d1 0,14 Reduction
X4d2 0,20 Reduction
X4d3 0,28 Reduction
X5&d X5d1 0,56 Retention
X5d2 0,72 Reduction
X5d3 0,28 Avoidance

CONCLUSION

It was found that 45 factors that caused the delay in all phases were divided
into 7 factors from the pre-design phase, 14 factors from the design phase, 6
factors from the tender phase and 16 factors from the construction phase. In
this study, bow-tie analysis and probability impact matrix are integrated so
that the consequences obtained from the bow-tie diagram and the level of
risk obtained from the probability impact matrix can be classified into 4
medium risks (X1a2, X3al, X4al and X4a2) and 5 high level risks (X1al, X2al,
X2a2, X3a2 and X1a3) in the pre-design phase. 1 medium risk (X1b2), 6 high
risk (X2b4, X1b4, X2b3, X4b1, Xéb1 and X3bl), and é very high risks (X2b2,
X1b3, X2b1, X3b2, X5b1 and X4b2) in the design phase, 3 high risks (X1cl,
X1c2 and X3c2) and 3 very high risks (X2c1, X2c2 and X3cl1) in the tender
phase, and 2 medium risks (X4d1), X1d4). 11 high risk (X2d2, X1d1, X1d3, X2d1,
X2d3, X3d2, X3d3, X4d3, X5d3, X4d3, X5d3, X3d1 and X4d2) and 3 high risks
(X5d2, X5d1 and X1d2) in construction phase.

It was found that the impact that occurred due to the delay from the index
value of 0.1 (moderate) to 0.72 (very high). This means that no risk was found
in the low category. From all the phases, the highest delay was in the
construction phase with 14 risks that contains 3 very high categories and 11
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high categories. The risks with the highest impact are X2b2 in the planning
phase (Late of design approval from owner) and X5d2 (Design changes
during construction). Recommendations for risk tfreatment with 4 options: risk
retention, risk reduction, risk transfer or risk avoidance, depends on of the risk
level of each factor.

From these findings, coordination between architectural consultant, structure
consultant, mechanical electrical and plumbing consultant, machine
consultant, owner, and other parties on design phase is the most important of
factory building planning and construction. It is very important to start a
project by first conducting an in-depth feasibility study. Without an in-depth
feasibility study, project planning will be disorganized and will lead to many
unexpected items. This will greatly affect the schedule and of course the cost
of the project.

ACKNOWLEDGEMENTS
All the project participants who provide free time to give information during
interviews are acknowledged for their support.

REFERENCES

Abdul-Rahman, H. et al. (2006). Delay mitigation in the Malaysian
construction industry. Journal of Construction Engineering and
Management. 132(2), pp. 125-133. doi: 10.1061/(ASCE)0733-
9364(2006)132:2(125).

Altarawneh, J. Y., Thiruchelvam, V. and Samadi, B. (2018) Analysis of Critical
Success Factors Influence on Ciritical Delays for Water Infrastructure
Construction Projects in the Abu Dhabi emirate Using PLS-SEM Method.
International Business Research. 11(2), p. 16. doi: 10.553%/ibr.v11n2p1é6.

Anastasopoulos, P. C. ef al. (2012). Empirical assessment of the likelihood and
duration of highway project time delays. Journal of Consfruction
Engineering and Management. 138(3), pp. 390-398. doi:
10.1061/(ASCE)C0O.1943-7862.0000437.

Ansah, R. H. et al. (2017). Constructions project management risks’
framework. Quality - Access fo Success. 18(158), pp. 90-95.

Assaf, S. A. and Al-Hejji, S. (2006). Causes of delay in large construction
projects. International Journal of Project Management. 24(4), pp. 349-
357. doi: 10.1016/}.ijproman.2005.11.010.

Badreddine, A. ef al. (2014). A new multi-objectives approach to implement
preventive and protective barriers in bow tie diagram. Journal of Loss
Prevention in the Process Industries. Elsevier Ltd, 32, pp. 238-253. doi:
10.1016/.jlp.2014.09.012.

15/ PENERBIT UNIVERSITI SAINS MALAYSIA



Bagaya, O. and Song, J. (2016). Empirical study of factors influencing
schedule delays of public construction projects in Burkina Faso. Journal
of Management in Engineering, 32(5). doi: 10.1061/(ASCE)ME.1943-
5479.0000443.

Bhargava, A. et al. (2010). Three-stage least-squares analysis of fime and cost
overruns in construction contracts. Journal of Construction Engineering
and Management. 136(11), PpP. 1207-1218. doi:
10.1061/(ASCE)C0O.1943-7862.0000225.

Budayan, C. (2019). Evaluation of Delay Causes for BOT Projects Based on
Perceptions of Different Stakeholders in Turkey. Journal of Management
in  Engineering. 35(1), pp. 1-13. doi: 10.1061/(ASCE)ME.1943-
5479.0000668.

Cho, K., Kim, T. and Hong, T. (2020). Estimating a Risk-Infegrated Schedule
Delay for an Office Building Renovation Project by Considering the
Project’s Attributes. Journal of Management in Engineering. 36(2), pp.
1-14. doi: 10.1061/(ASCE)ME.1943-5479.0000732.

Choong Kog, Y. (2018). Major Construction Delay Factors in Portugal, the UK,
and the US. Practice Periodical on Structural Design and Construction,
23(4). pp. 1-8. doi: 10.1061/(ASCE)SC.1943-5576.0000389.

Creswell, et al. (2011). Best practices for mixed methods research in the
health sciences. Bethesda, MD: National Institutes of Health. Retrieved
from http://obssr.od.nih.gov/mixed_methods_research

Duat, H. Y. A. R. (2014). Causes of Time Delay in Construction Sarawak
Malaysia. (June), pp. 1-25.

El-adaway, I. et al. (2016). Administering Extension of Time under National and
International Standard Forms of Contracts: A Contractor's Perspective.
Journal of Legal Affairs and Dispute Resolution in Engineering and
Construction.  8(2), p. 04516001. doi: 10.1061/(asce)la.1943-
4170.0000182.

El-Shehaby, M., Nosair, I. and Sanad, A.E.-M. (2014). Risk assessment and
analysis for the construction of off shore oil and gas projects,
International Journal of Scientific Research and Management, Vol. 2
No. 02, pp. 317.

Flanagan, R. and Norman, G. (1993). Risk Management and Construction' ,
Blackwell Science, London.

Gonzdlez, P. et al. (2014). Analysis of causes of delay and time performance
in construction projects. Journal of Construction Engineering and
Management. 140(1), pp. 1-9. doi: 10.1061/(ASCE)CO.1943-
7862.0000721.

GUndiz, M., Nielsen, Y. and Ozdemir, M. (2013). Quantification of delay
factors using the relative importance index method for construction

16/PENERBIT UNIVERSITI SAINS MALAYSIA



Multiphase Project Risk Management on Factory Building Construction : Consultant
Perspective

projects in Turkey. Journal of Management in Engineering, 29(2). pp.
133-139. doi: 10.1061/(ASCE)ME.1943-5479.0000129.

Hamzah, N. et al. (2011). Cause of construction delay - Theoretical
framework. Procedia Engineering, 20(Kpkt 2010). pp. 490-495. doi:
10.1016/j.proeng.2011.11.192.

Hasan, R. et al. (2014). An Investigation intfo the Delays in Road Projects in
Bahrain. Int. J.Res. Eng. Sci. pp. 38-47.

lbironke, O. T. et al. (2013). Analysis of non-excusable delay factors
influencing contractors’ performance in Lagos State, Nigeria. Journal of
Construction in Developing Countries. 18(1), pp. 53-72.

lyer, K, C. and Jha, K, N. (2017). Critical Factors Affecting Schedule
Performance: Evidence from Indian Construction Projects. Engineering,
Consfruction and Architectural Management, 24(5). pp. 757-773. doi:
10.1108/ECAM-03-2016-0062.

Johnson, R. M. and Babu, R. I. I. (2018). Time and cost overruns in the UAE
construction industry: a critical analysis. International Journal of
Construction Management. Taylor & Francis, 0(0), pp. 1-10. doi:

10.1080/15623599.2018.1484864.

Kadiri, D. S. and Onabanjo, B. O. (2017). Cost and Time Overruns in Building
Projects Procured Using Traditional Contracts in Nigeria. Journal of
Sustainable Development, 10(5), p. 234. doi: 10.5539/jsd.v10n5p234.

Kaleem, S., Irfan, M. and Gabriel, H. F. (2014). Estimation of highway project
duration at the planning stage and analysis of risk factors leading to
time overrun. T and DI Congress 2014: Planes, Trains, and Automobiles -
Proceedings of the 2nd Transportation and Development Instifute
Congress. pp. 612-626. doi: 10.1061/9780784413586.059.

Kikwasi, G. (2013). Causes and Effects of Delays and Disruptions in
Construction Projects in Tanzania. Ausfralasian Journal of Constfruction
Economics and Building - Conference Series. 1(2), p. 52. doi:
10.5130/ajceb-cs.v1i2.3166.

Kim, Y., Kim, K. and Shin, D. (2005). Delay analysis method using delay section.
Journal of Construction Engineering and Management, 131(11). pp.
1155-1164. doi: 10.1061/(ASCE)0733-9364(2005)131:11(1155).

Kog. Y. C. (2018). Project Management and Delay Factors of Public Housing
Construction.  Practice  Periodical on  Structural Design  and
Construction, 23(1). doi: 10.1061/(ASCE)SC.1943-5576.0000350.

Kog. Y. C. (2019). Construction Delays in Indonesia, Malaysia, Thailand, and
Vietnam. Practice Periodical on Structural Design and Construction,
24(3). doi: 10.1061/(ASCE)SC.1943-5576.0000434.

17/ PENERBIT UNIVERSITI SAINS MALAYSIA



Koushki, P. A., Al-Rashid, K. and Kartam, N. (2005). Delays and cost increases
in the construction of private residential projects in Kuwait. Construction
Management and  Economics, 23(3), pp. 285-294. doi:
10.1080/0144619042000326710.

Larsen, J. K. et al. (2016). Factors Affecting Schedule Delay, Cost Overrun,
and Quality Level in Public Construction Projects. Journal of
Management in Engineering. 32(1). doi: 10.1061/(ASCE)ME.1943-
5479.0000391.

Le-Hoaqi, L., Lee, Y. D. and Lee, J. Y. (2008). Delay and cost overruns in
Vietnam large construction projects: A comparison with other selected
countries. KSCE Journal of Civil Engineering. 12(6), pp. 367-377. doi:
10.1007/512205-008-0367-7.

Limsawasd, C. and Athigakunagorn, N. (2017). Optimizing Construction
productivity and resources in building projects under uncertainty. 6th
CSCE-CRC International Construction Specialty Conference 2017 - Held
as Part of the Canadian Society for Civil Engineering Annual
Conference and General Meeting 2017, 2(Mills 2001). pp. 1120-1129.

Lo, T. Y., Fung, I. W. H. and Tung, K. C. F. (2006). Construction delays in Hong
Kong civil engineering projects. Journal of Construction Engineering
and Management, 132(6). pp. 636-649. doi: 10.1061/(ASCE)0733-
9364(2006)132:6(636).

Mahamid, 1., Bruland, A. and Dmaidi, N. (2012). Causes of delay in road
construction projects. Journal of Management in Engineering, 28(3).
pp. 300-310. doi: 10.1061/(ASCE)ME.1943-5479.0000096.

Meissner, H. ef al. (2011). Best Practices for Mixed Methods Research in the
Health Sciences. Methods, 29. pp. 1-39. doi: 10.1002/cdq.12009.

Memon, A. H. et al. (2011). Time Overrun in Construction Projects from the
Perspective of Project Management Consultant (PMC). Journal of
Surveying, Construction &  Property, 2(1). pp. 1-13. doi:
10.22452/jscp.vol2nol.4.

Memon, A. H. et al. (2014). Significant factors causing time overrun in
construction projects of Peninsular Malaysia. Modern Applied Science,
8(4). pp. 16-28. doi: 10.5539/mas.v8n4p16.

Memon, A. H.,, Rahman, I. A. and Jamil, M. H. A. (2014). Severity of Variation
Order Factors in affecting Construction Project Performance. Journal of
Basic and Applied Scietific Research, 4(6). pp. 19-27.

Mishra, A. K. (2018) ‘Factors Affecting Performance and Time Extension of
ongoing Construction Projects under Town Development Fund, Nepal.
Journal of Advanced Research in Construction and Urban
Architecture, 03(04). pp. 7-25. doi: 10.24321/2456.9925.201805.

18/PENERBIT UNIVERSITI SAINS MALAYSIA



Multiphase Project Risk Management on Factory Building Construction : Consultant
Perspective

Njogu, P.M. (2015). Assessment of effects of construction risks on project
delivery among contractors in  Kenya construction project
management. available aft: http://ir.jkuat.ac.ke/bitstream/
handle/123456789/1798/PeterMSc2015.pdfesequence=1&isAllowed=y

Olawale, Y. A. and Sun, M. (2010). Cost and tfime control of construction
projects: Inhibiting factors and mitigating measures in practice.
Consfruction Management and Economics, 28(5). pp. 509-526. doi:
10.1080/01446191003674519.

Othuman Mydin, M. A. et al. (2014). Assessment of Influential Causes of
Construction Project Delay in  Malaysion Private Housing from
Developer's Viewpoint. E3S Web of Conferences, 3(May). doi:
10.1051/e3sconf/20140301027.

Pai, S.K., and Bharath, J. (2013). Analysis of Critical Causes of Delays in Indian
Infrastructure Projects. Infernational journal of innovative research and
development. pp. 251-263.

Perera, N. A., Sutfrisna, M. and Yiu, T. W. (2016). Decision-making model for
selecting the optimum method of delay analysis in construction
projects. Journal of Management in Engineering, 32(5). pp. 1-14. doi:
10.1061/(ASCE)ME.1943-5479.0000441.

Prasad, K. V. et al (2019). Crifical causes of time overrun in Indian
construction projects and mitigation measures. International Journal of
Constfruction Education and Research. Routledge, 15(3). pp. 216-238.
doi: 10.1080/15578771.2018.1499569.

Project Management Institute. (2017). A guide to the project management
body of knowledge (PMBOK guide 6t edition). Newtown Square, Pa,
Project Management Institute.

PUPR, Kementrian. (2020). Kebijokan dan Perubahan di Sektor Jasa Konstruksi
di Masa Pandemi. Buletin Konstruksi. pp 14 Ed. 4.

Senouci, A., Ismail, A. and Eldin, N. (2016). Time Delay and Cost Overrun in
Qatari Public Construction Projects. Procedia Engineering, 164(5). pp.
368-375. doi: 10.1016/].proeng.2016.11.632.

Shayan, S., Pyung Kim, K. and Tam, V. W. Y. (2019). Critical success factor
analysis for effective risk management at the execution stage of a
construction  project. International  Journal of  Construction
Management. Taylor & Francis, 0(0), ppP. 1-8. doi:
10.1080/15623599.2019.1624678.

Sudirman, W. B. and Hardjomuljadi, S. (2011). Project Risk Management in
Hydropower Plant Projects: a Case Study from the State-owned
Electricity Company of Indonesia. Journal of Infrastructure
Development. pp. 1-16. doi: 10.2139/ssrn.1853943

19/ PENERBIT UNIVERSITI SAINS MALAYSIA


https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.2139%2Fssrn.1853943

Suppramaniam, S. U. K., Ismail, S. and Suppramaniam, S. (2018). Causes of
delay in the construction phase of oil and gas projects in Malaysia.
International Journal of Engineering and Technology(UAE), 7(2). pp.
203-209. doi: 10.14419/ijet.v7i2.29.13318.

Susetyo, B. and Utami, T. B. (2017). Bidding Cost Evaluation with Fuzzy Methods
on Building Project in Jakarta. AIP Conference Proceedings. pp. 1-6.
doi: 10.1063/1.5011573

Sweis, G. J. (2013). Factors Affecting Time Overruns in Public Construction
Projects: The Case of Jordan. International Journal of Business and
Management, 8(23). doi: 10.5539/ijbm.v8n23p120.

Tafazzoli, M. and Shrestha, P. (2017). Factor analysis of construction delays in
the U.S. construction industry. International Conference on Sustainable
Infrastructure 2017: Methodology - Proceedings of the International
Conference on Sustainable Infrastructure 2017. pp. 111-122. doi:
10.1061/9780784481196.011.

Tumi, S. A. H., Omran, A. and Pakir, A. H. K. (2009). Causes of Delay in
Construction Industry in Libya. The International Conference on
Economics and Administration, (November). pp. 265-272.

Ullah, 1. (2020). Assessment of Critical Factors Responsible for Cost and Time
Overruns in Pre Construction Planning Phase of Construction Projects
Assessment of Critical Factors Responsible for Cost and Time Overruns in
Pre Construction Planning Phase of Construction Proj (December 2019).
doi: 10.7176/CER/11-12-07.

Ullah, K. et al. (2017). Theoretical framework of the causes of construction
fime and cost overruns. IOP Conference Series: Materials Science and
Engineering, 271(1). doi: 10.1088/1757-899X/271/1/012032.

Umum, M. P. et al. (2007). Pelatihan ahli manajemen konstruksi. Departemen
pekerjaan umum. pp. II-4

Yang, J. Bin and Wei, P. R. (2010). Causes of delay in the planning and design
phases for construction projects. Journal of Architectural Engineering,
16(2). pp. 80-83. doi: 10.1061/(ASCE) 1076-0431(2010)16:2(80).

Zidane, Y.J and Andersen, B., (2018). The top 10 universal delay factors in
construction projects. International Journal of Managing Projects in
Business. https://doi.org/10.1108/ IJMPB-05-2017-0052

20/PENERBIT UNIVERSITI SAINS MALAYSIA



	jcdc-02-21-0022 JCDC Early View front cover
	jcdc-02-21-0022

