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Abstract

Asset availability improvement has been the focus of many studies by various
industries for a few decades now, and the defence industry is no exception. To
date, there exists no simple and inexpensive high availability solution for the
complex naval ships consisting of many interdependent systems and subsystems
working in parallel. Any given approach must strike a balance between true needs
and economics, an ever-increasing decision-making burden to stakeholders.
Nevertheless, there are many ways to approach the problem. In the past,
availability has been viewed as complex mathematical calculations and estimates
involving defective equipment. The applied approach has not been fully
understood nor appealing to most practitioners as well as the majority of
stakeholders who continuously complain about the gap between theory and
practice. This paper aims to demystify the complex naval ship availability issue,
simplified for easy understanding of operators, maintainers and logisticians as
well as other stakeholders involved in the maintenance of naval vessels. The step-
by-step approach begins with the identification of severe factors involving both
human and machinery affecting downtime of naval vessels culminating into the
generation of an availability-oriented model, summarized to a simple four-step
approach to availability improvement. Practitioners are now able to appreciate
their individual contribution towards improving ship availability.

Keywords: 4-steps availability improvement, Demystifying ship availability,
Downtime influence factors (DIFs); Human and equipment factors;
Severe DIFs.
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1. Introduction

Asset availability optimisation concepts have been introduced and studied at
length and in depth in a multitude of industries for a few decades now. For
industrial organisation, high asset availability has traditionally been linked to
higher profits, for the defence sectors high availability was viewed as a required
performance measure or a targeted Operational Availability (Ao) [1]. In recent
years, however, government agencies worldwide are increasingly subjected to
higher risk compliance with a reducing defence budget. This is also the case for
most navies that have to strike a balance to satisfy the various stakeholder
requirements. Some navies have pioneered innovative concepts such as
contracting for availability as a means to delegate some of the burdens to their
contractors, such as the Royal Navy in the UK [2] and Italian/French Navy
through the FREMM Program [3]. As studied by Hamilton [4], other navies such
as Australia are studying how to achieve the optimum Preventive Maintenance
requirements to mitigate technical risks to an acceptable level, comply with
regulations and policy and provide an acceptable level of Ao at the lowest Life
Cycle Cost.

The Royal Malaysian Navy (RMN) [5], alike its counterparts worldwide also
strives to achieve high Ship Availability within a set budget, whilst achieving its
vision of becoming a World Class Navy. Nevertheless, even those established
navies such as United States Navy (USN), Dutch Navy, Royal Navy UK,
Australian Navy have not been able yet to formulate a strategy that can be applied
neither to their own fleet nor universally to improve availability whilst regulatory
or/ and quality or/and cost performance measurements are being imposed. In
simple terms, there appears to be no generic “best-suited methodology”. This is
mostly due to the fact that naval vessels are complex assets and have to be viewed
as a system with highly interlinked relationships. According to Siel [6], the term
System of Systems (SoS) is used by the US Navy Research, Development and
Acquisition in an Engineering Guidebook to describe an integrated force package
of interoperable systems acting as a single system to achieve a mission.

In accordance with Reliability Analysis Centre [7], Operational Availability
is not just a function of design but also of maintenance policy, the logistics system
and other supportability factors. It can be improved by improving the design,
improving the support, or both. As availability is a measure of maintenance
performance [8] any effort resulting in an increase of ship operational availability
is commendable [9]. Na et al. [10] derived with the key concept of the presented
research is that availability can be simply expressed as uptime and can be
formulated as “One minus Downtime”. Basically, the lower the downtime, the
higher the availability.

Efforts in improving availability and implementing various independent
strategies without identifying and understanding the underlying Downtime
Influence Factors (DIFs) could be futile as some of these DIFs may be the root
cause to the resulting short, medium and long-term issues. Due to limited
available data and research into naval ship DIFs, a literature review across various
engineering disciplines on factors affecting Downtime and Operational
Availability was carried out by the authors. The focus of the research is based
around the RMN Patrol Vessels (PVs) that are currently being maintained
through the In-Service Support (ISS) Contract between the Government of
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Malaysia (GoM) and Boustead Naval Shipyard [11]. The ISS Contract covers
Maintenance Services, Spare Parts, Training and Computer Support System of
Systems for Maintenance. Refer to Fig. 1 to view a display of the RMN PV in
operation and firing exercise performed under the PV ISS Contract.

This paper represents the latest instantiation of a series of evolving work by
the authors attempting to improve the methods and techniques used by various
stakeholders worldwide in their attempt in improving their operational
availability figures in general, with an immediate application to naval surface
combatants. The main contributions include the consolidation of a multitude of
DIFs related to human and equipment from various fields of research, the ranking
of DIFs to identify the most troublesome factors and determination of DIFs that
could be improved even with budget constraints for purposes of improving ship
operational availability.

The successful application of multiple rounds of Delphi Methodology with
Snowballing Technique has provided the necessary verification, validity,
accuracy and rigorousness of the study. The post-survey expert validation by
another set of top management experts also provided additional evaluation,
validation and reconfirmation of the results. This provides the necessary
credibility of the research towards fulfilling the research objectives.

Fig. 1. RMN PV in operation and firing exercise.

2. Research Aim and Research Objectives

The aim of the complete research is to demystify the complex naval ship
availability issue through the development of a decision-making model in
improving naval ship operational availability, especially for the In-Service
Support (ISS) contract. The research aim could be achieved by fulfilling the
research objectives as follows:

e Simplifying the ship availability issue for a better understanding of
practitioners (maintainers and logisticians) in appreciating their individual
contribution towards improving ship availability.

e Determining the factors impacting naval ship availability from a holistic
perspective involving equipment and human factors and ranking the most
severe factors.

e Determining the possibility of improving ship availability when faced with
budget constraints.

¢ Proving the reliability, accuracy and validity of the rigorous multiple rounds
of Delphi combined with a Focus Group Discussion on this exploratory study.
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¢ Re-confirmation of the results following additional evaluation and validation
through post-survey top management expert validation.

The research would bridge the knowledge gap concerning human and
equipment related factors impacting ship availability. The model shall provide the
linkage between human and equipment related factors holistically impacting naval
ship availability that has to date been mostly tackled separately by policymakers,
maintainers and logisticians as well as researchers who own conflicting goals and
objectives. It helps to demystify the complex naval issue of improving the vessel
and overall fleet Operational Availability (Ao) faced by all levels of stakeholders.

The step by step approach assists the policymakers to have a better grasp
hence be able to make better decisions concerning all factors affecting the naval
ship Ao. Contract Managers would have an efficient and handy tool to
continuously track, manage and control the contract better with the necessary
feedback and recovery information enabling faster decision making. Maintainers,
storekeepers, trainers and all other stakeholders would have a better appreciation
of the tasks at hand with a clearer view of their individual contribution towards
improving the Navy’s availability figures. Resources would, therefore, be
ensured to be put to the best use.

Researchers on naval ships worldwide would have a holistic understanding of
the entire cloud surrounding the complex naval availability issue, dissected to
‘bite-size’ for easy comprehension in order to participate in further research on
individual or multiple combinations of factors affecting naval ship availability.
More research opportunities with international collaboration would be expected.
The developed tool could be used internationally as a mechanism to compare
contract performance, and project analysts would have a better systematic system
for evaluation of a contract or project. The outcome of the research would benefit
other engineering fields in general that have continuously attempted to improve
the productivity and availability of their assets.

3. Methodological Approach to Research
3.1. Gap between theory and practice

Based on Dekker [12] findings, many papers have been written for math purposes
only. Mathematical analysis and techniques, rather than solutions to real
problems, have been central to many papers in maintenance optimization models.
However, the mathematical results are not appealing to practitioners. Dekker [12]
continued by stating that it is astonishing how little attention is paid either to
make results worthwhile or understandable to practitioners or to justify models
on real problems or to consider data problems. The authors further agree with
Dekker that companies are not interested in publication and that many good ideas
have been developed in industry, but only a small amount has appeared in
scientific literature.

3.2.Determination of downtime influence factors impacting ship
availability

The identification of research variables begins with a thorough Literature Review
(LR) of over 700 literatures concerning downtime elements that affects the
availability of naval vessels, and downtime of equipment and systems from
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various fields of research, which include Oil & Gas, Construction, Nuclear,
Aviation and Aerospace, Business Intelligence, Mining and Energy. Subsequently
a further literature review was conducted in determining other relevant data to the
study from various stakeholders including copies of the ISS Contract, historical
records of vessel condition, home base of vessel (location), vessel operations area,
mission schedule, availability of maintenance support facilities, availability of
spares support, logistical support, infrastructure, availability of Original
Equipment Manufacturers (OEM) and specialists, availability of special tools and
test equipment, funding approval period, budget and cash flow status and
management organization structure, etc.

All pertinent information relevant to the scope of the current ISS Contract
includes Planned Maintenance or Preventive Maintenance (PM), Corrective
Maintenance (CM), provision of spares, computer support, engineering support,
training and Integrated Logistics Support (ILS) were collected.

Other relevant information beyond the ISS contract but relevant during the
implementation of ISS activities such as the RMN Administrative Order for the
execution of ISS, was also collected for study.

The generic list of variables consisted of close to 100 variables, some of which,
were believed by the researcher to be similar in meaning and interpretation. In
order to reduce the list and pool into a more manageable number of groups with
relevant terms for better understanding for future stages, a Focus Group
Discussion (FGD) was conducted. A pre-requisite (pre-selection criteria) for the
variables to be considered as possible factors by the FGD were as follows:

¢ Relevancy towards impacting downtime (therefore availability).

e Have been mentioned multiple times by various authors globally, and
especially if continuously appearing over time.

o Similar definitions could be grouped into a familiar term for the FGD.

The FGD generated a list of 50 possible factors, which was subsequently
confirmed by a panel of 30 ISS experts and 5 top management experts confirmed
with a 100% consensus the list of 50 factors termed as Downtime Influence
Factors (DIFs).

Figure 2 depicts a subset of the Delphi process with the participants [13]. A 7-
Stage Modified Sequential Delphi approach into identifying the DIFs for the RMN
ISS for PV was carried out as summarised in Fig. 2. The objective was to discover
and better understand the unavailability causes and to highlight as well as to
prioritize the areas of improvement.

A panel of 30 professionals directly involved in naval ship maintenance was
selected and their expert opinion was sought via various questionnaires. In a
subsequent stage, five top management experts as proposed via Snowballing
technique in earlier rounds were used to validate and confirm the total.

Subsequent to the seven-stage Delphi as shown in Fig. 3, a post-validation
survey with five industrial leaders was carried out to validate the findings as per
Fig. 4.
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Fig. 2. Experts participating in brainstorming and FGD during Delphi
rounds (a) the PV ISS maintenance organisation, (b) the RMN officers [13].

~

¢ Phase 1: Expert Group 1 (n=30)
e Activity and Results: i) FGD Conducted ii) 50 DIFs pooled from various literatures across
various engineering fields
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Discussion (FGD!

* Phase 1: Expert Group 1 (n=30) h
e Activity and Results: i) 30 Experts identified for survey ii) 50 DIFs confirmed by experts. iii)
Weightage of severity (probability versus likelihood of occurrence) through risk analysis
obtained
J
¢ Phase 1: Expert Group 1 (n=30) N

¢ Activity and Results: i) Same 30 experts surveyed. ii) Consensus from previous rounds
achieved. iii) Severe DIFs identified with probability of likely (4 and above) and impact (4 and
above). iv) Snowballing to identify top management experts conducted. v) Selection criteria of
top management experts. y

® Phase 2: Expert Group 2 (n=5)
¢ Activity and Results: i) 5 top management experts selected and surveyed. ii) Confirmation of
50 DIFs. iii) Weightage of severity of identified 15 most severe DIFs.

~

® Phase 2: Expert Group 2 (n=5)

e Activity and Results: i) same 5 top management surveyed. ii) Consensus from top management
experts achieved. iii) Reconfirmation of severed DIFs. iv) 15 most severe DIFs ranked.

J
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® Phase 3: Expert Group 2 (n=5)
e Activity and Results: i) same 5 top management surveyed. ii) Confirmation of DIFs that impact
ship availability from KPI impact assessment.
J
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® Phase 3: Expert Group 2 (n=5)
e Activity and Results: i) same 5 top management surveyed. ii) Consensus from top management

experts achieved.
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6

Fig. 3. The seven stages of the Delphi study.
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LR, FGD, Delphi Post Validation Survey
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Fig. 4. Research steps.

Table 1 summarises the 50 categories of DIFs as supported by literature and
pooled by the FGD, confirmed by the 30 experts and 5 top management experts.
The ranking of DIFs as identified by the experts from most Severe (Rank 1) to Least
Severe (Rank 50) is displayed in Table 2. The ranking mechanism is explained in
subsection 2.3. For ease of reference, the 15 most severe DIFs are highlighted in

“light blue” in Table 1.

Another purpose of Table 1 is to provide easy access to various authors who
may have studied a combination of a few DIFs in their publications, for the benefit

of other researchers worldwide.

Table 1. 50 DIFs confirmed by 30 experts and 5 top management experts.

Serial DIFs for ship operational Authors of literature from Expert Rank by
no. availability various fields confirmed expert
1 Equipment and systems — Hull and [3, 14-22].

design Yes 35
2 Equipment and systems — Main Yes 6
propulsion
3 Equipment and systems — Electrical Yes 38
4 Equipment and systems — Weapon v
. - g es 41
systems including guns and missiles
5 Equipment and systems — Yes 15
Auxiliaries
6 Equipment and systems —
Outfittings Ve 2
7 Maintenance policy - Priority on [3,7, 15, 16, 19, 23-25] . Yes 7
type of maintenance
8 Awareness of importance of [18, 26, 27-30]
maintenance/attitude-including
hiding problems from becomin Yes L
gp g
official.
9 Maintenance budget allocation [3, 12, 14, 15, 19, 25, 26, 31-34] Yes 9
10 Information management [12, 18, 26, 31, 33, 35, 36] Yes 40
11 Preventive maintenance [3,17-19,37-39]. Yes 17
12 Corrective maintenance [3, 19, 33, 40-46] Yes 1
13 Predictive maintenance [3, 18, 19, 38, 47, 48] Yes 24
14 Emergency repair and docking [19, 33, 49, 50] Yes 47
15 Equipment technology/system [3, 19, 33, 35, 38, 51, 52] Yes 28
complexity
16 Scheduling issues [12, 19, 32, 33, 37, 38, 41, 43, 44,
51, 53, 54]. es 14
17 Spe_cnal tools, test equipment [3, 19, 26, 55-58] Yes 20
maintenance.

18 Auvailability of facilities g?(;),}l?, 19, 26, 32, 41, 44, 51, 53, 58- Yes 1
19 Spares availability [3,17,19, 26, 31, 32, 38, 40, 44, 53, Yes 2
58, 59, 61, 62]

20 Obsolescence issues [3, 25, 32, 40, 63-65] Yes 36
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Serial DIFs for ship operational Authors of literature from Expert Rank by
no. availability various fields confirmed expert
21 Design and design change issues [3, 12,17, 18, 20, 66, 67] Yes 44
22 Knowledge management including [3, 16, 18, 19, 26, 32, 33, 47, 66, Yes 5

training, knowledge and skills 68-70]
23 Availability of OEM expert support  [3, 19, 39, 40]. Yes 8
24 Auvailability of local vendor support  [3, 19, 26, 39, 71, 72] Yes 12
25 Cqm_plexity and efficiency of [56, 59, 69, 73-76] Yes 13
existing contract
26 Capability of customer performing [3, 26, 29, 33, 40, 53, 58, 77-79] Yes 27
maintenance
27 Morale ar_1d atti_tude of customer Yes 39
involved in maintenance
28 Morale and attitude of contractor [18, 26, 27, 29, 33, 53, 80, 81] Yes 29
involved in maintenance
29 Efficiency of processes, procedures [3, 18, 26, 31, 48, 58, 67, 78, 82,
and reporting structure include 83] Yes 21
finance
30 Ship operational/sailing schedule [43, 84-86] Yes 37
31 _Non-commonality of Equipment [40, 45] Yes 31
issues
32 Non-redundancy of equipment [12, 17, 38, 40, 69, 80, 85, 87] Yes 26
33 High Turnover of maintenance [19, 88, 89] Yes 22
supervisors.
34 High turnover of maintainers Yes 32
35 Different location of ships [11, 19, 90, 91] Yes 19
36 Statutory requirements [78,92] Yes 43
37 Cashflow shortages [14-16, 53, 92] Yes 4
38 Government requirements and [77, 93-96] Yes 48
policies (i.e., offset, etc.).
39 Variation order and contract change ~ [53, 76, 92, 93, 97, 98] Yes 46
40 Ageing/aging of equipment [25, 28, 74, 83, 99, 100] Yes 30
41 Force majeure [11]. Yes 45
42 Accidents and hazards [25, 53, 77, 101-103] Yes 42
43 Extraordinary price escalations [53,92] Yes 23
(spares, consumables, equipment)
44 Pilferage, theft, fraud and cheat [104-108] Yes 49
45 OLM, ILM, DLM - Overlap of [33, 35, 54, 59, 68, 74, 109, 110]
maintenance duties (contractual) Yes 34
and impact if not performed
46 Contract management across a wide  [30, 35, 41, 54, 74, 76, 92, 107,
range of stakeholders with 111, 112] Yes 33
conflicting interests
47 impact of parallel contracts to [113, 114]
schedule, genuinity of spares, Yes 3
professionalism of repair team, etc.
48 Supporting of the vessel outside of [3, 90, 91]
home ports (i.e., issue on mab, Yes 25
availability of materials, etc.)
49 Exogenous factors (i.e., company [3, 53, 68, 115]
profit margin, administrative costs, Yes 18
peripheral costs, support cost)
50 Exogenous factors - contract [2, 3]
concept (total maintenance package
against segregated orders without Yes 16

interrelationships) and based on
recommendations
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3.3.Ranking of downtime influence factors

The simplified conceptual diagram in Fig. 5 portrays the relationship between
Uptime and Downtime (and availability) as well as the various DIFs that make up
the Downtime, for the benefit of all levels of stakeholders. The circles represent
DIFs of various type and sizes, and the grey background represents the Uptime or
availability. The authors have proven through the conceptual diagram that any
removal or reduction of size to any DIFs shall result in an increase in availability.

Ranking of DIFs utilizes risk assessment methodology in order to identify DIFs
that have the most impact to ship availability. A 5-point Likert Scale as per Table
2 containing the “Impact of the DIFs to Ship Ao” versus the “Probability of the
DIF’s occurrence” was provided to the experts to select their scoring of the severity
of each DIF.

DOWNTIME INFLUENCE FACTORS

) ORGKC
COo( - )3

Legend: DUptime n ) Downtime Influence Factors
Fig. 5. Conceptual diagram of the 50 DIFs.

Table 2. Impact vs. probability, 5-point Likert scale.
Impact vs. probability (Risk-Analysis Matrix)

DIF’s impact onto ship availability Probability of DIF’s occurrence
Description Rating Description Rating
Extreme 5 Almost certain 5
High 4 Likely 4
Medium 3 Possible 3
Low 2 Unlikely 2
Negligible 1 Rare 1
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DIFs were classified as severe if the experts assigned them as “High Impact and
above” and “Likely and above” to occur resulting in a scoring of “16 and above”.
Based on results of Risk Analysis, 15 DIFs were found to be severe by top
management experts as highlighted in Table 1. An illustration of the derived 15
Severe DIFs impacting RMN Ship Operational Availability and the resulting
reduced size of DIFs (improved availability) is reflected in Fig. 6.

Wahid et al. [116] presented the size of the sphere for each of the 15 Severe
DIFs is proportionate to their Severity Index (SI). The higher the index, the bigger
the sphere and the more severe the DIF.

For example, focusing attention and efforts on the most severe DIF, which
is “corrective maintenance” in order to reduce the size of this DIF, would result
in a sizeable overall improvement in Uptime. Wahid et al. [13] commented that
the SI was then expanded into an Availability-oriented Contract Management
Control and Monitoring System (ConCaMS). A display of a screen of the
ConCaMSs is as per Fig. 7.

Unlike current common practise whereby no comparison is made, the new
availability-oriented model (ConCAMS) allows the targeted Ao to be continuously
compared with actual Ao. The shortfall in days of downtime is automatically
calculated and segregated in accordance to the various severe DIFs categories
identified from the research.

This become specific pointers on problem areas for all stakeholders to improve
and provides transparency on accountability, which reduces the ‘blaming game’
between various organizations involved in the ISS contract.

Stakeholders at every level would have better appreciation of their contribution
towards availability, besides having “close to real time” feedback on availability
figures based on their individual actions. The ConCaMS could also be used
internationally as a tool or mechanism to compare contract performance of various
contracts, with desired availability targets.

It could be used as-is or customized by the customers enhancing it to be suitable
with their own organizations. Overall organization performance in operations and
business are expected to improve with the utilization of the model developed from
this research.

Availability of Local

9

. Prior to Improvements- - After Improvements

Fig. 6. Example of reduction of severe DIFs.
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Fig. 7. Example of reduction of severe DIFs.

3.4.Post-survey validation

In a final step, an evaluation and validation process of the proposed model
(ConCaMS) took place by means of an independent set of Industrialist leaders. The
participants were selected from Shipyards, RMN and Malaysian Maritime
Enforcement Agency (MMEA) Top Management based on their most recent and
remarkable contributions to the maritime and defence industry in Malaysia,
categorically recognizing them not only as leaders but also as subject-matter
experts. A total of five experts was selected, two representing the RMN, 1
representing MMEA and 2 representing commercial shipyards. The demography
of the panellists is described in Table 3.

Based on the results the questionnaires, consistent with the methodology
applied by Ramasamy [117], following explanation of the complete research and
demonstration of the developed model, the panel of post-survey validation experts
have agreed with 92% concurrence of the research questions in Table 4.

A selection of additional remarks by the post-survey experts are listed
as follows:

e Two experts mentioned that the model and method was good, two experts
mentioned that the method was exciting. One expert mentioned that this is a
new approach compared to the current conventional method of availability
calculations.

¢ One expert mentioned that the methodology was able to determine factors that
contributed to either low or high operational availability.

e One expert found that the findings of 15 severe DIFs would easily facilitate
the RMN in identifying Key Performance Indicators, which will assist in the
measurement of overall preparedness. One expert stated that this will assist in
identifying the root causes affecting the fleet readiness, as the current Urgent
Defect reporting is very subjective and easily manipulated.

e Two experts recommended the model and method to be implemented for the
MMEA for the new Offshore Patrol Vessel (OPV) and the New Generation
Patrol Crafts (NGPC) projects, 1 expert recommended for implementation for
monitoring vessel availability for the whole fleet. One expert suggested for the
study to be used in the improvement of ISS contract clauses.
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e One expert stated that in his many years of working experience, he has never
seen anyone study or introduce a model, which is very related to his job.

Table 3. Demography of post survey validation experts.

Details Panel of Post Survey Validation Experts (PSE)
PSE 1 PSE 2 PSE 3 PSE 4 PSE 5
Designation First Executive CEO/ Rear Rear
Admiral Director Managing Admiral Admiral
Director
Organization RMN Shipyard Shipyard RMN MMEA
Job function Head of Asabove  Asabove Chief of Director of
Engineering Strategic Maritime
Management  Safety and
Surveillance
Working 28 years 24 years 42 years 34 years 40 years
experience

Table 4. List of research questions towards achieving research objectives.
Research Question (RQ)

RQla What are the human and equipment related Downtime
Influence Factors (DIFs) affecting ship availability?

RQ1b How can the DIFs affecting ship availability be ranked and
prioritized?

RQ2a How do the DIFs impact the contract and project management
elements of the “iron triangle of cost, time, quality and
scope”?

RQ2b Is it possible to improve ship operational availability by
improving DIFs?

RQ2c What areas can be improved when faced with budget
constraints, if RQ2b is positive?

RQ3 Is it possible to develop an index based on ranking of the DIFs
to indicate the severity of the DIFs?
RQ4 Is it possible to develop a new model to assist stakeholders to

better understand the availability concept and assist contract
managers to monitor and control the contract better?

RQb5a How can the developed model assist the various organisations
in their ultimate effort for improving the ship availability?

RQ5b How can the model assist Contract Managers in managing
their contracts better?

RQ5c¢ How can the model assist policymakers, maintainers and

logisticians, as well as other stakeholders to contribute better
in improving ship availability?

RQ5d How can the model and associated research finding
specifically benefit other navies implementing ISS contract,
and generally benefit other engineering industries as well?

4. Recommended 4-Steps Availability Improvement

Following the various graphical illustrations and introduction of a new simple
perspective on the relationship between DIFs and Availability described above, the
authors hereby summarize the simplified approach through the introduction of the
four steps to improve availability as described in Fig. 8.
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Fig. 8. Availability improvement in four steps.

5. Results and Discussion

Complex Systems could reasonably be replicated or simulated in a controlled
environment, i.e., in the laboratory with an ascertained INPUT and OUTPUT.
However, in open systems environment, it becomes extremely complicated to
manage. This is especially true for dynamic systems like naval ships whereby many
systems operate simultaneously with interdependencies in series and in parallel as
well as redundancies, on a floating and moving platform. There has not been any
model successfully developed and proven to resolve the issues involving complex
assets such as the naval vessels, simply because if there has been any breakthrough,
it would have been published and shared globally to be implemented. To date,
models and simulations remain on small equipment and systems with many
presumed conditions and assumptions, which have not reached a stage to be
implemented on complex systems.

The proposed 4-Steps Availability Improvement philosophy focuses on a
systematic reduction of DIFs based on severe or priority DIFs. The authors
embarked on a journey to broaden the horizon on available knowledge by
progressively evolving from the exhaustive screening of more than 700 literatures
to identify the DIFs, until the introduction of a simplified “bite-size” approach for
practitioners and stakeholders in general. From the extensive research, the authors
have not found any previously-discovered “one-size fits all solution” towards this
complex naval ship availability issue.

Nevertheless, it is evident on the valuable contribution of the authors in guiding
stakeholders to place the appropriate efforts on tackling the identified DIFs with
the aim of improving Naval Ship Availability. However, due to the time, resources
and financial constraint involved in this exploratory but highly specialized research
in naval ship maintenance, which has spanned over 5 years, and in order for the
results to remain current for the partial fulfilment of the Doctorate in Mechanical
Engineering, the authors have concluded this exploratory research by evidently
paving the way for more focused future research in all of the areas covered by the
50 DIFs individually and combined, including the 15 identified Severe DIFs.
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The authors have embarked on the journey of bridging the knowledge gap
between academics and practise, with the hope that the published study would
benefit all, academics and practitioners alike. Most importantly, the ultimate goal
of the researcher who has been involved close to 20 years in naval shipbuilding,
operations and ISS contract was to demystify the complex naval ship availability
issue imagined by ground level practitioners as either pure mathematical algorithms
or just daily component defects, and to shift their understanding that there are many
factors impacting ship availability but everybody could play their part in improving
some DIF, which will ultimately result in the improvement of the ship availability.

Acknowledgement

The authors would like to acknowledge the support of this work by Ministry of
Higher Education Malaysia on MyPhd scholarship on tuition fees, University
Technology Malaysia and University Pertahanan Nasional Malaysia (UPNM) on
academic guidance, Science and Technology Research Institute for Defence
(STRIDE) for technical guidance, Boustead Heavy Industries Corporation Bhd
(BHIC), the Royal Malaysian Navy (RMN), Malaysian Maritime Enforcement
Agency (MMEA) for access to data and relevant personnel, and the top management
of various shipyards in enabling this study in partial fulfilment of a Doctorate in
Mechanical Engineering.

References

1. U.S. Department of the Navy. (2003). Operational availability of equipments
and weapons systems. OPNAYV Instruction 3000.12A.

2. Domestic Security, Maritime Forces, U.K. Defence. (2012). Transforming
warship support: Class output management. RUSI Defence Systems, 15(2).

3. Dell'lsola, A.; and Vendittelli, A. (2015). Operational availability (Ao) of
warships: A complex problem from concept to in service phase. Proceedings of
the IEEE Metrology for Aerospace (MetroAeroSpace). Benevento, Italy, 26-32.

4. Hamilton, T. (2016). Optimisation of preventive maintenance in the Royal
Australian Navy. Australia.

5. Royal Malaysian Navy. (2018).Vision and mission. Retrieved January 10,
2017, from http://www.navy.mil.my/index.php/en/misi-visi.

6. Siel, C.R. (2006). Naval "System of Systems" Systems Engineering Guidebook.
Vol. 1. Version 2.0. Assistant Secretary of the Navy, Research, Development
and Acquisition (RDN), United States of America.

7. Reliability Analysis Center. (July 2004). Introduction to operational
availability. Operational Availability Handbook. New York: Reliability
Analysis Center.

8. Ben-Daya, M.; Abdul Raouf, S.0.D.; Knezevik, J.; and Aid-Kadi, D. (2009).
Handbook of maintenance management and engineering: Maintenance
Productivity and performance measurement. London: Springer-Verlag
London Limited.

9. U.S. Congress. (2004). Tribute to Admiral Frank "Skip" Bowman.. Hon. Ike
Skelton of Missouri in the house of representatives. Congressional Record -
Extension of Remarks, E1924.

Journal of Engineering Science and Technology December 2018, Vol. 13(12)



4340 A. B. A. Wahid et al.

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Na, H.; Yi, L.; Wang, Y.-G.; Liu, J.-j.; Bo, Z.; and Lv, X.-Z. (2012). Research
on the mean logistic delay time of the development phrass. Proceedings of the
International Conference on Medical Physics and Biomedical Engineering
(ICMPBE2012), Singapore, 375-379.

Royal Malaysian Navy. (2011). RMN Patrol Vessel - In-Service Support
Contract: Royal Malaysian Navy (RMN). (Restricted control copy).

Dekker, R. (1996). Applications of maintenance optimization models: A
review and analysis. Reliability Engineering & System Safety. 51(3), 229-240.

Wahid, A.A.AA.; Ahmad, M.Z.; Ahmad, K.A.; and Abdullah, A.B. (2018).
Awvailability oriented contract management approach — A simplified view to a
complex naval issue. Defence S and T Technical Bulletin, 11(1), 132-153.

U.S. Government Accountability Office. (2014). Defense inventory: Actions
needed to improve the defense logistics agency's inventory management.
Report to the Subcommittee on Readiness, Committee on Armed Services,
House of Representatives, GAO-14-495, 88 pages.

U.S. Government Accountability Office. (2014). Surface ships : Navy needs
to revise its decommissioning policy to improve future decision making.
Report to Congressional Committees, GAO-14-412, 31 pages.

U.S. Government Accountability Office. (2014c). Aviation workforce :
Current and future availability of aviation engineering and maintenance
professionals. Report to Congressional Requesters, GAO-14-237, 52 pages.

Rosenberger, M.; and Pointner, F. (2015). High availability: definition,
influencing factors and solutions. Signal + Draht, 107(6), 32-37.

Bloch, H.P.; and Geitner, F.K. (2012). Machinery failure analysis and
troubleshooting. Practical machinery management for process plants (4" ed.).
Oxford: Butterworth-Heinemann.

Dhillon, B.S. (2002). Engineering maintenance: A modern approach. Boca
Raton, Florida: CRC Press.

Papavinasam, S. (2013). Corrosion control in the oil and gas industry. (1% ed.)
Houstan, Texas: Gulf Professional Publishing.

Lazakis, I.; Turan, O.; and Aksu, S. (2010). Increasing ship operational
reliability through the implementation of a holistic maintenance management
strategy. Ships and Offshore Structures. 5(4), 337-357.

Sinnasamy,Y.; Yassin, M.R.M.; Sa’at, N.A.; Nain, H.; Sutarji, F.A.; Sulaiman,
A.; Tahir, |.; Yaakob, R.; Mohd Wazir, A.S.; Salehuddin, K.A.; Mohd Rashid,
M.R.; Zubir, A.; Kasmoni, H.; Louisnaden, E.; and Ahmad, K.A. (2017).
Recognition of most common diesel engine condition monitoring methods.
Defence S and T Technical Bulletin, 10(3), 297-310.

Goossens, A. (2015). Maintenance policy selection for ships: An investigation
using the analytic hierarchy process. Engineering Technology (CTW). Ph.D.
Thesis. Faculty of Engineering Technology, University of Twente, Nethelands.

Jazouli, T.; and Sandborn, P. (2011). Using PHM to meet availability-based
contracting requirements. Proceedings of the IEEE Conference on Prognostics
and Health Management. Montreal, Canada, 1-12.

Stambaugh, K.; and Barry, C. (2014). Naval ship structure service life
considerations. Naval Engineers Journal, 126(3), 103-117.

Journal of Engineering Science and Technology December 2018, Vol. 13(12)



26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Demystifying Ship Operational Availability - An Alternative Approach . ... 4341

U.S. General Accounting Office. (1982). Factors limiting the availability of F-
15 aircraft at the 1% tactical fighter wing. Report to the Chairman,
Subcommittee on Defense, Committee on Appropriations, House of
Representatives, PLRD-82-83, 28 pages.

Leva, M.C.; McDonald, N.; Ulfvengren, P.; and Corrigan, S. (2013). Action
research and change management system in aviation. Advances in human
aspects of aviation. Boca Raton: Florida: CRC Press.

Mafini, C.; and Dubihlela, J. (2013). Determinants of military turnover of
technical air-force specialists: An empirical case analysis. Mediterranean
Journal of Social Sciences, 4(3), 523-534.

Obeng-Odoom, F.; and Amedzro, L. (2011). Inadequate housing in Ghana.
Urbani lzziv, 22(1), 127-137.

Zahedi-Seresht, M.; Akbarijokar, M.; Khosravi, S.; and Afshari, H. (2014).
Construction project success ranking through the data envelopment analysis.
Journal of Data Envelopment Analysis and Decision Science, 1-13.

Jardine, A.K.S.; Zhang, F.; and Yan, H. (1996). Enhancing system reliability
through maintenance decision making. Proceedings of the IEEE International
Conference on Systems, Man, and Cybernetics. Beijing, China, 1004-1007.

Nepal, M.P.; and Park, M. (2004). Downtime model development for
construction equipment management. Engineering, Construction and
Architectural Management, 11(3), 199-210.

Jonsson, P. (1997). The status of maintenance management in Swedish
manufacturing firms. Quality in Maintenance Engineering, 3(4), 233-258.

Erwin, S.I. (2014). Navy's holy grail: Low-maintenance ships, highly skilled
sailors, from  http://www.nationaldefensemagazine.org/blog/lists/posts/post.
aspx?1D=1379: National Defense.

Ford, G.; McMahon, C.; and Rowley, C. (2013). Naval surface ship in-service
information exploitation. Procedia CIRP, 11, 92-98.

Remenyi, D.; Ljungberg, J.; and Grunden, K. (2009). Benefits are from venus,
costs are from mars. Proceedings of the 3rd European Conference on
Information Management and Evaluation (ECIME). Sweden, 9 pages.

Pan, E.; Liao, W.; and Xi, L. (2012). A single machine-based scheduling
optimisation model integrated with preventive maintenance policy for
maximizing the availabilty. International Journal of Industrial and Systems
Engineering, 10(4), 451-469.

Marquez, A.C.; and Gupta, J.N.D. (2006). Contemporary maintenance
management : Process, framework and supporting pillars. The International
Omega, 34(3), 313-326.

International Atomic Energy Agency (IAEA). (2005). The Power Reactor
Information System (PRIS) and its extension to non-electrical applications,
decommissioning and delayed projects information. Technical Reports Series
No. 428.

Driessen, M.A.; Arts, J.J.; van Houtum, G.J.; Rustenberg, W.D.; and Huisman,
B. (2010). Maintenance spare parts planning and control: A framework for
control and agenda for future research. Beta Working Paper Series 325, 31 pages.

Journal of Engineering Science and Technology December 2018, Vol. 13(12)



4342 A. B. A. Wahid et al.

41.

42,

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Pogacnik, B.; Tavcar, J.; and Duhovnik, J. (2015). Application of lean methods
into aircraft maintenance processes. Volume 2: Transdisciplinary Lifecycle
Analysis of Systemsm, 259-268.

Kadry, S. (2013). Diagnostics and prognostics of engineering systems:
Methods and techniques. Pennsylvania, United States: 1GI Global.

Marais, K.B.; Rivas, J.; Tetzloff, 1.J.; and Crossley, W.A. (2013). Modeling the
impact of maintenance on naval fleet total ownership cost. Proceedings of the
IEEE International Systems Conference (SysCon). Orlando, Florida, 801-808.

U.S. Government Accountability Office. (1981). Navy air launched missiles-
increased availability through improved inspection and maintenance
scheduling practices. General Accounting Office Report to the Secretary of the
Navy, C-PLRD-82-2.

Chang, M.J. (2000). Technologies for improving current and future light water
reactor operation and maintenance: Development on the basis of O&M
experience. Proceedings of a Technical Committee Meeting. Kashiwazaki,
Japan., 13-21.

Weibull. (2017). Reliability importance measures of components in a
complex system - Identifying the 20% in the 80/20 Rule. Reliability
Engineering Resources.

Swanson, L. (2001). Linking maintenance strategies to performance.
International Journal of Production Economics, 70(3), 237-244.

Edwards, D.J.; Holt, G.D.; and Harris, F.C. (1998). Predictive maintenance
techniques and their relevance to construction plant. Journal of Quality in
Maintenance Engineering, 4(1), 25-37.

van Houtum, G.-J.; and Kranenburg, B. (2015). Spare parts inventory control
under system availability constraints. New York: Springer Science +
Business Media.

Pizam, A. (2010). International encyclopedia of hospitality management.
Oxford: Butterworth-Heinemann, 712.

Deris, S.; Omatub, S.; Ohtab, H.; Kutar, L.C.S.; and Samat, P.A. (1999). Ship
maintenance scheduling by genetic algorithm and constraint-based reasoning.
European Journal of Operational Research, 112(3), 489-502.

Glorian, D.; and Spiegelberg, P.R. (1998). Thermal generating plant (100
MW+) availability and unavailability factors (Data 1994-1996). Joint
UNIPEDE/WEC Committee on Availability of Thermal Generating Plant.
62 pages.

Banaitiene, N.; and Banaitis, A. (2012). Risk management in construction
projects. Risk Management — Current Issues and Challenges. Intech.

Xia, B.; and Chan, A.P.C. (2011). Measuring complexity for building projects:
A Delphi study. Engineering, Construction and Architectural Management,
19(1), 7-24.

Mathew, J.; Ma, L.; Tan, A.; and Anderson, D. (2006). Engineering asset
management. Proceedings of the first World Congress on Engineering Asset
Management (WCEAM). Gold Coast, Queensland, Australia, 8 pages.

Pecht, M. (2009). Product reliability, maintainability, and supportability
handbook (2" ed). Boca Raton, Florida: CRC Press.

Journal of Engineering Science and Technology December 2018, Vol. 13(12)



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Demystifying Ship Operational Availability - An Alternative Approach . ... 4343

Atkinson, R. (1999). Project management: Cost, time and quality, two best
guesses and a phenomenon, its time to accept other success criteria.
International Journal of Project Management, 17(6), 337-342.

Harz, C.R. (1981). Problems in army vehicle maintenance: Results of a
questionnaire survey. Defense Advanced Research Projects Agency.

Kang, K.; and McDonald, M. (2010). Impact of logistics on readiness and
life cycle cost: A life cycle management approach. Proceedings of the 2010
Winter Simulation Conference. Baltimore, Maryland, United States of
America, 1336-1346.

U.S. Government Accountability Office. (2015). Defense: Defense facilities
consolidation and disposal. Area 13.

Gits, C.W. (1994). Structuring maintenance control systems. International
Journal of Operations & Production Management, 14(7), 5-17.

Colosi, L.; Rothrock, L.; Barton, R.; Banks, J.; and Reichard, K. (2010).
Effects of personnel availability and competency on fleet readiness.
Proceedings of the Annual Conference of the Prognostics and Health
Management Society. Portland, United States of America, 9 pages.

Allman, K.A. (2015). Impact investment: A practical guide to investment process
and social impact analysis. Hoboken, New Jersey: John Wiley & Sons, Inc.

Mequignon, M.; and Haddou, H.A. (2014). Lifetime environmental impact of
buildings (1% ed). SpringerBriefs in Applied Sciences and Technology. New
York: Springer International Publishing.

Moir, I.; and Seabridge, A. (2012). Design and development of aircraft systems
(2" ed). Chichester, West Sussex, United Kingdom: John Wiley & Sons, Ltd.

Al-Najjar, B. (1998). Improved effectiveness of vibration monitoring of rolling
bearings in paper mills. Journal of Engineering Tribology, 212(2), 111-120.

Sullivan, P.E. (2011). The future for naval engineering topics for the research
and development community. Paper commissioned by the committee.

Henry, R.; and Bil, C. (2015). Sustainment management in the Royal
Australian Navy. Transdisciplinary Lifecycle Analysis of Systems - Advances
in Transdisciplinary Engineering Series Volume 2. Amsterdam, Netherlands:
10S Press.

Pascual, R.; Meruanea, V.; and Rey, P.A. (2008). On the effect of downtime
costs and budget constraint on preventive and replacement policies. Reliability
Engineering & System Safety, 93(1), 144-151.

U.S. Government Accountability Office. (2002). Information management
challenges in managing and preserving electronic records. Report to
Congressional Requesters, GAO-02-586.

Denman, J. (1999). Air force depot maintenance: Management changes would
improve implementation of reform initiatives. Pennsylvania: Diane Publishing Co.

More, J. (2013). Assessing vendors: A hands-on guide to assessing infosec and
IT vendors (1% ed). Waltham, Massachusetts: Syngress.

Stackley, S.J. (2009). Memorandum for distribution: Comprehensive contracting
and depot work integration policy for non-nuclear shipboard maintenance and
modernization. The Assistant Secretary of the Navy, Research, Development
and Acquisition. Washington DC. Department of Defense - United States of

Journal of Engineering Science and Technology December 2018, Vol. 13(12)



4344 A. B. A. Wahid et al.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

America. Retrieved March 31, 2017, from http://www.ammainc.org/wp-
content/uploads/2013/03/ASNmemoCompContractntegpol32709.pdf.

van Offenbeek, M.A.G.; and Vos, J.F.J. (2016). An integrative framework for
managing project issues across stakeholder groups. International Journal of
Project Management, 34(1), 44-57.

Wang, J.; McNamara, D.; Cunningham, A.; Riahi, R.; Jenkinson, 1. (2015).
Modelling of maintenance and inspection policies for marine systems using
Monte Carlo simulation and delay-time analysis. Proceedings of the 25t
European Safety and Reliability Conference. Zurich, Switzerland, 1845-1852,

Price, H. (2013). Reduce risk and manage change throughout the contract
lifecycle. OpenText™ Contract Management, 9 pages.

Berkok, U.G.; Penney, J.; and Kivinen, S. (2013). Factor and organizational
substitutions to minimize costs in the navy: Defence R&D Canada CORA,
Contract Report, DRDC-RDDC-2013-C10.

Dollschnieder, S. (2010). Contact, care, communicate : How interpersonal
skills are the foundation of genuine customer service. Indiana: Xlibris
Corporation.

Goh, L.-B.; and Yip, T.L. (2014). A way forward for ship classification and
technical services. The Asian Journal of Shipping and Logistics, 30(1), 51-74.

U.S. Congress, Office of Technology Assessment. (1986). The social security
administration and information technology - Special report. OTA-CIT-311.

Morris, R.A.; and Sember, B.M. (2008). Project management that works. Real
-world advice on communicating, problem solving, and everything else you
need to know about to get the job done (Special edition). New York:
AMACOM Books.

Burford, L.D. (2012). Project management for flat organizations: Cost
effective steps to achieving successful results. Florida: J. Ross Publishing.

Al-Shammari; M. (2008). Customer knowledge management: People,
processes, and technology: people, processes, and technology. Pennsylvania
and London: I1GI Global.

Popovic, V.M.; Vasic, B.M.; Rakicevic, B.B.; and Vorotovic, G.S. (2012).
Optimisation of maintenance concept choice using risk-decision factor — A
case study. International Journal of Systems Science, 43(10), 1913-1926.

Keating, E.G. (1996). Government contracting options: A model and
application: California: RAND Corporation.

Parliment. (2006). Retention: Regular forces' retention challenges: Conditions
of service and welfare.

Lin, J.-C.; Leu, F.-Y.; and Chen, Y.-P. (2015). ReHRS: A hybrid redundant
system for improving mapreduce reliability and availability. Modeling and
Optimization in Science and Technologies, 187-209.

Thomas, J. (2013). Study on causes and effects of employee turnover in
construction industry. International Journal of Science and Research, 4(5),
3041-3044.

Lutchman, C. (2008). Leadership impact on turnover among power engineers
in the Oil Sands of Alberta. Degree Dissertation. University of Phoenix.

Journal of Engineering Science and Technology December 2018, Vol. 13(12)



Demystifying Ship Operational Availability - An Alternative Approach . ... 4345

90. U.S. Government Accountability Office. (2015). Navy force structure:
Sustainable plan and comprehensive assessment needed to mitigate long-term
risks to ships assigned to overseas homeports. Report to Congressional
Committee, GAO-15-329.

91. Lu, Y.; Gao, Y.; Cao, Z.; Cui, J.; Dong, Z.; Tian, Y.; and Xu, Y. (2013). A
study of health effects of long-distance ocean voyages on seamen using a data
classification approach. BMC Medical Informatics and Decision Making,
10(13), 7 pages.

92. Lock, D. (2014). The essentials of project management (4" ed). New York:
Routledge.

93. Romzek, B.S.; and Johnston, J.M. (2002). Effective contract implementation
and management: A preliminary model. Journal of Public Administration
Research and Theory, 12(3), 423-453.

94. Ministry of Finance Malaysia (MOF). (2011). Policy and guideline on offset
programmes in government procurement (2" ed.).

95. Technology Depository Agency Berhad (TDA). (2010-2017). Economic
enhancement programme (EEP). Retrieved April 1, 2015, from
http://tda.my/icp/icp-overview/elements/.

96. Bil, C.; and Mo, J. (2013). Obsolescence management of commercial-off-the-shelf
(cots) in defence systems. Concurrent Engineering Approaches for Sustainable
Product Development in a Multi-Disciplinary Environment, 621-632.

97. Apte, A.; Apte, U.; and Rendon, R. (2008). Managing the services supply chain
in the Department of Defense: An empirical study of current management
practices. Proceedings of the 6 Annual Acquisition Research Symposium of
Naval Postgraduate School. California.

98. Engineering and Mining Journal. (2015). Managing mobile assets.

99. Garel, G. (2013). A history of project management models: From pre-models
to the standard models. International Journal of Project Management, 31(5),
663-669.

100.Ladetto, Q. (2015).The Swiss perspective on emerging technologies of
importance for the Swiss military. Retrieved January 31, 2017, from .
https://pdfs.semanticscholar.org/de8b/1306¢9018d5b39e87369b6ff09d9218368
59.pdf?_ga=2.268921521.1580202243.1546802928-1521418172.1524655052.

101.Reuvid, J. (2012). Managing business risk: A practical guide to protecting
your business (9" ed). London: Kogan Page Publishers.

102.Twigge-Molecey, C.; and Price, T. (2013). Materials handling in
pyrometallurgy. New York: Pergamon Press.

103.Mabhaffey, J. (2015). Atomic accidents: A history of nuclear meltdowns and
disasters: From the Ozark Mountains to Fukushima (1% ed.). New York and
London: Pegasus Books.

104.Commission on Wartime Contracting in Irag and Afghanistan. (2011).
Transforming wartime contracting controlling costs, reducing risks. Findings
and recommendations for legislative and policy changes: Commission on
Wartime Contracting in Iraq and Afghanistan. Final report to Congress.

105.McAfee, R.B.; and Champagne, P.J. (1994). Effectively managing troublesome
employees. Westport, Connecticut: Praeger Publishers.

Journal of Engineering Science and Technology December 2018, Vol. 13(12)



4346 A. B. A. Wahid et al.

106.Doig, A. (2012). Fraud: The counter fraud practitioner's handbook. New
York: Gower Publishing, Ltd., 546.

107.Barnes, A.; and Taksa, L. (2012). Rethinking misbehavior and resistance in
organizations. Bingley, United Kingdom: Emerald Group Publishing.

108. U.S. Government Accountability Office. (2015). Ford Class Aircraft Carrier:
Poor outcomes are the predictable consequences of the prevalent acquisition
culture. Testimony Before the Committee on Armed Services, U.S. Senate,
GAO-16-84T.

109.Lim, S.; Berry, F.S.; and Lee, K.-H. (2013). Stakeholders in the same bed with
different dreams: Semantic network analysis of issue interpretation in risk
policy related to mad cow disease. Journal of Public Administration Research
and Theory, 26(1), 79-93.

110.Sword, D. (2010). Conflicts from confused roles and responsibilities. Conflict
competent in novel ways.

111.Nasab, S.S.; Selamat, H.; and Masrom, M. (2015). A Delphi study of the
important factors for bi system implementation in the public sector
organizations. Jurnal Teknologi, 77(19).

112.Davis, K. (2014). Different stakeholder groups and their perceptions of project
success. International Journal of Project Management, 32(2), 189-201.

113.Sahoo, T. (2013). Process plants: Shutdown and turnaround management (1%
ed.). Boca Raton, Florida: CRC Press.

114.Carter, J.W. (2013). The construction of commercial contracts: Oxford: Hart
Publishing.

115.Darnall, R.W.; and Preston, J.M. (2010). Project management from simple to
complex. Massachusetts: Flatworld Knowledge.

116.Wahid, A.A.; Ahmad, M.Z.; Sunarsih; Azlan, N.H.A.; Ali, A.; Yolhamid,
M.N.A.G.; Abu Zarim, M.A.U.A.; and Abdullah, A. (2017). Development of
a downtime influence factor severity index for improvement of naval ship
availability - A simple approach for the Malaysian patrol vessel in-service
support contract. Proceedings of the 7 IEEE International Conference on
Control System, Computing and Engineering (ICCSCE). Penang, Malaysia,
305-309.

117.Ramasamy, J. (2017). Subsea asset integrity framework for project execution
phase. PhD Thesis, UTM Razak School of Engineering and Advanced
Technology, Universiti Teknologi Malaysia. (private communication)

Journal of Engineering Science and Technology December 2018, Vol. 13(12)



