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ABSTRACT

The manufacturing sector is of enormous economic and social significance to any‘state
economy and its people. In the UK, the manufacturing sector accounts for about 13%
of GDP and employs about four million people representing approximately 14% of the
working population. Manufacturing processes depend on the performance of the facility
(machines, equipment and tools) and the human resource (labour). These machines and
equipment degrade with age and usage and, therefore, require maintenance.

Despite the strategies adopted for their maintenance, there comes a time due to age,
operating/environmental conditions and statutory requirements when the entire facility
had to be shut down for necessary repairs, maintenance and project works. This is called
Shutdown Maintenance also known as Turnaround Maintenance (TAM).

Although several works have been carried out by organisations and professionals in
recent times to optimize TAM prOJects organisations are still struggling with TAM

prOJects with reported alarming rates of failure.

A preliminary literature review and pilot studies identified that the major cause of TAM
project failures are attributed to the use of Engineering, Procurement and Construction
(EPC) project management methodologies to manage TAM prOJects ‘without

considering their unique features.

Findings from a comprehensive literature review, questionnaire survey and case studies
in major process plants in the UK, were used to develop a unique best practice
framework (and its components parts) which were validated by very experienced,

proactive and industry-based hands-on TAM professionals.

The conclusions which are drawn from this research study includes establishment of
TAM evaluation criteria, TAM critical success factors, TAM manager selection criteria,

TAM management methodologies and the TAM project implementation framework.

This best practice framework which is a major contrlbutlon to knowledge in this area is
.recommended for all operators of englneermg facilities to ensure the successful
1mplementatlon of their TAM projects. The findings from the “study are also of .
signiﬁcant importance to contract organisations, TAM managers and aspiring TAM
professionals, government bodies, training organisations and tertiary institutions who

are involved in maintenance management in engineering facilities.
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GLOSSARY OF TERMS

Availability: is the measure of the percentage (or fraction) of time that a plant is
capable of producing its end product at some minimum acceptable level.

Breakdown: - failure resulting in the non-availability of an item.
Clean: - to reduce contamination to an acceptable condition.

Condition-based maintenance: - preventive maintenance initiated as a result of
knowledge of the condltlon of equlpment from routine or contlnuous
checking. '

Correctlve Maintenance - is the performance of unplanned (i.e. unexpected)
maintenance tasks to restore the functional capabilities of failed or

malfunctioning equipment or system.

Emergency maintenance: - maintenance wherein it is necessary to put the itemon
hand immediately to avoid serious consequences.

Failure: the termination of the ability of equlpment to perforrn its requlred
function.

Inspection - a careful and critical scrutiny of an item carried out without dismantling,
by using the senses of sight, hearing, smell, taste and touch.:

Maintainability: is the relative ease and economy of time and resources with which an
item can be retained in, or restored to, a specified condition when
maintenance is performed by personnel having specified skill levels,
using prescribed procedures and resources, at each prescribed level of

- maintenance and repair. -

Maintenance: - a combination of any actions carried out to retain an item in, or restore
to, an acceptable condition. (Note that the actions referred to are those
associated with initiation, organization and implementation).

Maintenance Program - a list allocating specific maintenance to a specific period.

Maintenance Schedule: - a'comprehensive list of maintenance and incidence.

Overhaul: - a comprehenswe examination and restoration of an item or a maj or part
thereof, to an acceptable condition.

, Planned output per period - lost output per period
Output index = planned output per period

Planned Maintenance: - maintenance organized and carried out with forethought,
control and the use of records to a predetermined plan.

Xii



Predictive Maintenance - is a conditioned-based maintenance that attempts to evaluate
the condition of equipment by performing periodic or continuous (on-
line) equipment monitoring. The ultimate goal is to perform maintenance
"just in time", before the equipment fails in service.

| Preventive maintenance- maintenance carried out at predetermined intervals, orto
other prescribed criteria, and intended to reduce the likelihood of an
equipment or system not meeting an acceptable condition.

Rehabilitation: - extensive maintenance intended to bring property or building up to
current acceptable conditions often involving improvements.

Reliability:  is the probability that a device will satisfactorily perform a specified task
(function) for a specified period of time under given operating conditions.

Repair: - to restore an item to an acceptable condition by the renewal, replacement
or mending of decayed or damaged parts.

" Restoration - maintenance actions intended to bring an item back to its original )
appearance or state.

'REVAMP - to revise, renovate equipmvent or system with the aim of improvements;
' predominantly modernization or refurbishment of existing facilities.

Running Maintenance: - maintenance which can be carried out while the equipment is
' in service -

Servicing - the replenishment of consumables needed to keep an item in operatlng
~ condition (Note this was sometimes used in broader context of
maintenance but this is not now a recommended practice.

Shutdown maintenance: - mamtenance which can be carrled out while the equlpment
system is out of service.

Test: - to compare the response of an item with a suitable or defined application
' ~ of a stress, energy or measurement. -

MTBF (mean time between Jailure) - a measure of how long on average, a plant
(or Equipment) will perform before an unplanned failure occurs. - a
measure of Reliability :

MTTR (mean time to restore) - a measure of how long on average, it will take fo
bring the plant (or equipment) item back to normal serviceability when it
. fails - a measure of Maintainability.

Availabiliy A= . _MIBF

MTBF+MTTR
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'1.0: PROJECT INTRODUCTION
1.1 AIMS OF THE CHAPTER

This chapter aims to familiarise the reader with the purpose and the subject area of this
research. The chapter presents an overview of manufacturing industry, identifying the
importanc’evof manufacturing to a state economy. It then introduces the research subject
area, identifying its importance to manufacturing. The‘aims and objectives of this '

- research are also outlined together with the significance of the study. The chapter
highlights.an overview of research methodology and concludes with the chapter guide

of the thesis.

1.2. BACKGROUND OF STUDY

| Manufacturing is of immense importance to the populace. Virtually everything on earth
~ today is manufactured; from clothing to the food and drink that sustains the human race.
~Even the construction industry depends on manufacturing as most construction .
materials pass through a manufacturing process. The manufacturing sector is of

enormous economic and social significance to any state economy and its people.

According to the U.S Départment of Commerce report on Manufacturing in America,
(2004): | ‘ -
"Manufacturing is crucial to the U.S economy. Every individual and industry depends
" on manufactured goods. In addition, innovations and pfoductivity gains in the -
manufacturing sector provide benefits far beyond the products themselves."
The réport also eXplained that the manufacturing sector accounts for 14% of U.S Gross
domestic product (GDP) and 11% of total US employrnent. |
Manufacturing has been, and continues to be critical to the success of the UK economy.
Britain’s strength as a prosperous trading nation over the past three centuries was built
on manufacturing. According to the former UK Prime Minister, Gordon Brown,
"...for this government manufacturing not only has been, but remains and will always
be, critical to the success of the British economy" (BERR, 2008). '
’ According to recent reports by the Department for Business Enterprise & Regulatory
‘Reform and Department of Innovation, Universities & Skills (BERR, 2008) titled
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"Manufacturing: New Challenges, New Opportunities”, .and The Engineering |

Employers' Federation (EEF, 2009) titled "Manufacturing Performance", the UK

manufacturing sector accounts for about 13% of UK GDP and about 50% of the UK's

exports are manufactured goods.

~ The foliowing-provides a snapshot of the continued importance of UK manufacturing
according to BERR (2008): - o

. The UK is the world’s sixth largest manufacturer measured by output
¢ UK manufacturing contributes £150 billion per annum to the economy -
e Halfof UK exports is from the manufacturing sector
e UK manufacturing accounts for 50% productivity growth since 1997
o 75% of business of Research & Development is for manufacturing
o« UK manufacturing is consistently in top rankings of high-tech exports
o Manu_facturing accounts for more fdreign direct investment than any country apart
from the USA. _ |
In addition, this sector employs about four million people representing approximately

14% of the working population of UK (BERR, 2002).

Manufacturing is the use of machines, equipment, tools and labour to transform raw
materials into ﬁnisiied goods. The success of manufacturing therefore depends on the
performance of the facility (machines, equipment and tools) and the human resource
(labour). Machines and equipment degrades with age and usage and ultimately becomes
non-operationai. The rate of degradation depends on_décisions made during the design
“and manufacturing stages, the operating conditions, the usage intensity and the
, operatofs' ékills (Murthy, et al. 2002). Adequate maintenance management strategies are
 therefore required to avoid failure of equipment and to ensure that the right volume ie

sustained.

Maintenance is an important support ﬁlnetion for the business processes with significant
investment in phyéical assets which plays important role in achieving organisational
goals, However, the cost of maintenance and downtime is too high in many industries.
The cost of inaintenance in a highly mechanised mine can be 40 - 60% of the operating
cost (Kumar & Parida, 2008). Also 15 - 40% of the total cost of finished goods can be
attributed to maintenance activities (Mobley, 1990; Dunn, 1987). ‘These show that as the
- cost of maintenance in a given rnanufacturing industry increases, all other things being
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equal, the unit price of the products will rise. Effective maintenance management
therefore forms an important approach towards reducing total manufacturing costs and B
improving productivity of the production process as failure to manage maintenance can

lead to high penalty cost due to downtime.

Maintenance costs range from 12 - 23% of operating costs in UK manufacturing and the -
spending on maintenance in the UK is around £15 billion a year (Cross, 1988).
Analysing maintenance performance across Europe, Cross (1988) affirmed that though,
in absolute terms, maintenance performance (costs) has improved in the UK it still lags
behind its European counterparts. Evidence from case studies of four UK

manufacturing firms shows, that none of them has adopted the third (nor the recent)
generation of the maintenance philosophy in its true sehse yet (Cooke, 2003). Thé study
according to Cooke (2003) found that there is:

e 'too little maintenance planning and too much fire-fighting

insufficient use of measurement of maintenance efficiency and long-term
planning
e inadequate budgetary control in maintenance
e alack of appreciation of the direct costs of maintenance, e.g., the cost of loss of
asset availability |
e alow level of awareness of modern maintenahce technicjues of the third and
recent génerations of maintenance philosophy; and
e limited connection (if any) between maintenance strategy and business strategy.
Therefore to secure the UK's future wealth, manufacturing maintenance management
has to b‘ecome more productive, efficient and innovative to cope with the changing

business environment (Chdlasuke, et al. 2004).

1.3. RESEARCH FOCUS

The .' importance of fa(_;ility maintenance management Wwithin thé manufacturing
environment has increased rapi‘dly as many organisations aspire to become world class
(Cholasuke, et al. 2004). Hence industries need to devise different maintenance
strategies to ensure efficient ‘performance of their facilities. There are two major forms
of maintenance; Unplanned (or reactive) maintenance and Planned maintenance.
Reactive (or run-to-failure) maintenance includes emergency and breakdown

maintenance, while planned maintenance includes Preventive, Predictive and corrective
s v



maintenance. These planned maintenance strategles are later ahgned with proactive
strategies such as Total productive maintenance (TPM), Reliability-centred maintenance
(RCM) and more recently Risk-based maintenance (RBM). Despite these maintenance -
strategies there comes a time due to age, operating/environmental conditions and
statutory requirements when the entire facility (espemally Process industries) had to be
shut down for necessary repairs, mamtenance and prolect works. This is called A

Turnaround Maintenance (TAM) or Tumaround, (TA).

All the major process industries (refining, petrochemicals, power generation, pulp &
papéf, Beer breweries, Soap manufacturers and'fertilizer) and oil production facilities
have their own nomenclature for this maintenance project. For the purposes of lhis
research work, TAM is intended to enccmpass all types of industrial projects for
existing process plants including: I&Ts (Inspection & Testing), Shutdowns, Planned
outages, Debottlenecking projects, Revamps where an operating plant must be shut
down until the work is completed and then re-started - thus "turning around" the plantb

(Ertl, 2005).

In reality, failures of Turnarounds are common in industries ‘(Ertl, 2005) and most-
k~organisations are now resorting to comparatiVe performance metrics to gauge the
success or otherwise of a Turnaround. Some metrics accordmg to Oliver (2003)
includes; duration, total cost turnaround costs, safety, start-up 1nc1dents unscheduled
downtimes, environmental incidents and savmgs. The major cause of TAM project
implementation failures, as identified from literatures,.isvthat‘organisations are still
implementing TAM as EPC (Engineering, Procurement & Construction) projects. There
are obvious differences between EPC project and Turnaround projects (Ertl, 2005;
Oliver, 2002, 2003; Léviﬁ, 2004; Lcnahan, 1999)." Consequently, TAM projects require

specialized project management methodology in order to be successful (Ertl, 2005).

Taking scope management_ for instance, the scope of work is dynamic in Turnaround
unlikc EPC projects.. This is because the entire scope is partially known until the
Turnaround execution (Oliver, 2001;‘ Ertl, 2005). Although | there have been
considerable . improvements (especiallyv in the area of risk-based inspections) for
: predicting the condition of equipment, there still remains elements of discovery when
the equipment is opened and cleaned for inspection. This is one of thc major problerns

of Turnaround management. If the Turnaround .Management team does not have
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adequate skills to handle this with their atté'n’dant issues like changes in cost, time,
materials, spares and personnel, the TAM is bound to .fa,il._ v |
Other scope-related problems arise because of multiple sources of work items such as
capital projects, process needs, inspection requirements, operational needs and
maintenance. For a Turnaround to be successful, these work items should be integrated
* to form an integrated plan aﬁd scope (Oliver, 2003; Williams, 2004; Motylenski, 2003).'
| Clark & Hayes (2003)_maintained that if this is not done, significant surh of money will
‘be wasted on TAM through; redundant' scope, labour inefﬁciencies, multiple

mobilisations and demobilisations, and schedule issues.

Ertl (2005), identified specific management methodology like; Scope, Time, cost,
Quality, Human Resources, Communication and Risk management as essential to the
success of a TAM project. This implies that inadequacies in any of these areas

| mentioned caﬁ lead to TAM failure.

For a successful TAM project, the organisation should set up a long range business plan
to establish long-term plan to control schedules and budgets for the TAM (Krings, 2004;
Meclay, 2003; Oliver, 2001, 2002 & Williams, 2004). This should be integrated into the
| overall cofporate plan (Oliver, 2002). Without long-range plans, (Krings, 2004), major
repairs and inspections often do not get adequate attention until it is too late to properly |

prepare for their executions.

Duffuaa & Daya (2004), Gupta, et al. (1997) and Oliver (2001), insist that the most
suitable people should be selected with great care to forge the strongest possible
organisation (management or core team) for controlling the event, According to Mclay
(2003), the TAM team should represent all areas of responsibility: administration,
opéraﬁons engineering, and maintenance; health 'safety, and environment (HSE);
quahty assurance (QA) procurement, planmng, and scheduling; and turnaround

supervision. In addition the contractor representatlves should also be included in this

TAM team (Lenahan, 1999).

Materials ,ﬁroéurement is further area of concern. Materials here refer to the entire .
process of bidding, purchasing, delivering and storing supplies needed for the
turharouhd. The received item must be of good quality and conforms to all pre-
determine: speciﬁcations at a competitive pricve_:_. Materials can account for 25-35% of a
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total TAM cost. Therefore, effectiveness of this activity is vital to achieve a successful

" Turnaround (Motylenski, 2003).

Not including support services such as safety training and management, industrial
hygiene monitoring, lead and asbestos testing, and environmental monitoring as part of
a turnaround can haye a serious impact on scheduled activities as unanticipated delays
j)ush the completion date further and further (CAM, 2003). In the domain of nuclear
power plants; risk and safety management are very critical and therefore the planning
and schedullng system has to enforce safety constraints guaranteelng that the state of the

‘plant is safe at any time during the outage (Gomes, et al. 1997).

In view of the above issues, this research intends to identify and establish the factors

that affect the 1mplementat10n of TAM projects and develop an operatlonal framework

to assist operators of engineering facilities in TAM projects. | »

" The set objectives of this research work will be achieved using appropriate research
methodology. It is envisaged that the research ﬁndingsand inferences wili provide

- engineering facilities with the operational guide to reduce if not eliminate TAM project

failures.
1.4. RESEARCH AIMS

The aims of this research work are to determine the critical success factors that affect
TAM implementation projects and to develop a framework to ensure the successful

implementation of TAM projects.
1.5. RESEARCH OBJECTIVES

In line with the aims of this research, the objectives of the project are:

1. To identify} and establish success measurement criteria of TAM projects.

2. To identify and establish critical success factors of the implementation of TAM
projects. | ‘ |

3. To evaluate and establish how these critical success factors can be efﬁciently
managed usmg TAM management specific methodology

4. To 1nvest1gate and establish the management skllls/knowledge and personal
attributes of the TAM project manager requlred for a successful TAM project.
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5. To develop and validate a framework for the successful implementation of TAM

projects.
'1.6. SIGNIFICANCE OF THE RESEARCH STUDY

The importance of succeésﬁ;l TAM implementation cannot be overemphasised;
unsuccessful implementation affects the organisation and the economy adversely. The
cost of TAM projects is enormous and can represent up to 40% of the annual
maintenance budget of a process plant (Foy, 1999). Shell's report on the TAM j)roj ect at
their réﬁnery in Athabasca, Canada put the cost of their TAM in 2006 at $100-125
million and was extended beyond the planned eight-week duration (Pokharel & Jiao,
2008). TAM performance statistics show that there is still significant improvement
required to achieve predictably competitive results. According to Vichich (2008), the
average high complexity turnaround exceeds cost and schedule targets by more than
20% and o
| e 83% of turnarounds do not satisfy all performance expectations; and .
e 1 in 4 turnarounds significantly under-perform in rﬁore than one success criteria
dimension; and are deeméd a failure. |
In some third world countries, such as Nigeria, the inability to carrydut successful
Turnarounds in their refineries fs one of the causes of petroleum products scarcity
despite being a majof OPEC oil producer. This is because TAM failures can reduce the
capacity of the oil refinery and can also make it difficult to recover its productivity and
efficiency (Pokharel & Jiao, 2008). 'Cafastrophic failure' which may arise from -
inadequate Turnaround (or no Tﬁrnaround/ scheduled maintenance at all) in the power
Sector can be a major disaster in the develbpéd countries (2003 London Blackout).
Snow (2007) réports that oil prices can be affected by shutdoWn maintenance of a major
oil refinery. This means that TAM activities impacts negatively on the economy of a’
nation and the populace and hence the need for its successful implementation. Failures
of TAM management can also result in loss of revenue, cash, and market share of the
organisation and increased routine maintenance costs and reduced reliability/availability

of equipment - increasing the cost of production.

Evidence from the literatures reviewed revealed that despite the importance of TAM
projects, most of the works in this area are still based on the experiences of individual

| practitioners. Organisations are still finding it very difficult to carry out these projects
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successfully. Turnaround failures (budgets blown by millions of dollars, target dates
missed by days) are still as prevalent as ever (Ertl, 2005). This implies that there is the
- need to carry out a robust empirical research to reveal the causes of failures of TAM

projects in engineering facilities.

Also it has been sliown that management methodology applicable to EPC projects
(which organisations are using) are not effective invmanaging TAM projects and is a -
major contribtitor to the failures of TAM projects. Ertl (2005) identiﬁed that .the
maturity of the project management discipline in process industries for turnarounds is
still very poor and stagnant. This has resulted in poor TAM project management,
evaluation and appointment of the TAM Management team, This research work will
however address these issues 'by' identifyirig and establishing: | |

e The success measurernent criteria to evaluate the TAM project implementation

‘e The critical success factors of TAM projects | ' .

‘o The management skills/’knowledge needed for TAM project management

¢ And management methodologies applicable to TAM projects to ensure that the

TAM implementation success. : 7 |

Finally, the Turnarour_id Maintenance Project Implementation, (TMPI) best practice
framework to be developed intends to be a benchmark to serve as a reference for

averting the TAM project implementation failures.

1.7 OVERVIEW OF RESEARCH METHODOLOGY

Considering the nature of the research aims and objectives, a mixed-method approach
has been adopted in this research. The research methodology includes quantitative and
qualiiative research technique. Following the analysis of the literature review, pilot
studies were carried out which included a presentation at Association of Researchers in"
Construction Management (ARCOM) workshop. Based on these, questiohnaires were '
| developed and distributed to hands-on TAM professionals across 160 continuous
process plants in UK. Following the preliminary findings from the data collected from
the survey, the literature review and the pilot siudies, case studies Were carried out in six

organisations operating continuous process plants in the UK.



The aims of the research have been achieved by identifying and establishing the critical
success factors and the development of a framework for the successful implementation’ -

of TAM projects based on the analysis of the literature, survey and case studies.
1.8. GUIDE TO THE THESIS

This section presents a brief guide on the contents of each chapter of the thesis. These

are as follows:

Chapter 2 presents an insightful literature on the basics of maintenance in éngineering
facilities. The definition and the reasons for carryihg out maintenance are outlined. The
developmental changes in maiﬁtenance philosophy from First generation (period up to
‘World War II) to the Fourth or Recent generation (Year 2000 to the present) are
explained. The chapter also presents the objectives of carrying out maintenance as well
as factors affecting them. This is followed by a brief explanation of the benefits of a.
good maintenance system. Further, the chapter outlines the types of maintenance and
briefly explains the various forms of maintenance strategies. Turnaround Maintenance
(TAM) or Shutdown maintenance is identified as a proactive maintenance strategy and

is a common feature in manufacturing organisations.’

Chapter 3 focuses on the main theme of this thesis, Turnaround Maintenance (TAM).
Definitions and explanations of TAM and the reasons for this maintenance strategy are
presented in details. This chapter also shows that TAM can be considered as project,
since it exhibits the characteristics of a typical project. The various phases of TAM
project are outlined. This chapter also identifies the real problems of successful

implementation of TAM projects. These problems are elaborated in this chapter.

Chapter 4 gives the details of the management problems associated with TAM projects
implementation. These were identified as the selection of the wrong TAM project
Manager and thé use of wrong project methodologies to manage TAM projects. First,
the chapter outlines the d‘uties of a TAM Manager across the phases of the project. It
then identifies the possible errors that can lead to a wrong choice of a TAM manager.
Next, the chapter presents the desirable personal qualities, management skills,
knowledge and competencies that a TAM manager requires to manage a TAM project
successﬁlliy. The chapter also covers TAM project specific management mvéthodologies

identifying the areas that need special attention. Finally, the chapters outlines the
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various innovations embarked upon by various organisations and professionals to

optimize TAM project implementation.

Chapter 5 presents the research methodology adopted for this research. Different
methodological approaches are explained in details. The chapter covers in detail
research process, different methodological concepts ,andv approaches for research,
strength and weakness of the different methods. The chapter -e'xplain's how the
methbdological approach was chosen for the research and explains its juStiﬁcatioh. The
details of the pilot studieé carried out in this study are also presented. This is followed
by an outline of the conceptual theoretical framework which guided this resear.ch.v
Finally, the chaptér presents the réseafch design"which outlined the structure for data

collection and analysis.

| Chapter 6 repoi’ts on the quantitative data collected and the analysis. The chapter
presents the data collection methods ihcluding the analysis of respondents. It then
highlights the methods employed for analysing the quantitative data from the
questionnaire survéy. The analysis of the data constitutes the major part of this chapter.

The chapter presents both descriptive and inferential statistical analysis using SPSS 16.0.

Chapter 7 presents the qualitative data collection and analysis involving the case studies
of six continuous process p]ants in the UK. The chapter starts with selection criteria of
the cases and then the p'roﬁ_les of the case organisations. Analyses of typical TAM
activities of the organisations are presented outlining their TAM intervals, labour input ,
and duration of the project. The methods of data collection are also outlined with the
details of TAM experience of the main staff interviewed. Then the tools used for the
analysis of the case studies data are provided. Finally, the data analysis df the case

- studies is presented.

Chapter 8 reports on the developinent of the TAM project implementation framework
based on the analysis of the literature review, questionnaire survey and the case studies.
The chapter p’fesents the framework which is elaborated in five detailed areas; the TAM
concept, Leéde'rship Team, Implementation process, Post implementation and

Improverﬁent strategiés.

| Chapter 9 presents the industry validation of the TAM Implementation framework. The
_chapter outlines the process of the validation, identifying the objectives of the

framework validation. It further shows the profiles of the verifiers. The response
10



received from the industry is then presented. Analysis of the feedback from these
verifiers is also presented. Finally, a summary of the findings from the validation are

- outlined.

Chapter 10 is the final chapter of the thesis. It presents the summary. of the research
~ work highlighting the methods of data collection and analysié; This section is followed
~ by the summary of findings from the literatures and the research findings section which
summed up the main research findings. Also ’;he chapter outlines the main conclusions
and the significance of the framework which explained the novelty and contributions
this research makes to the body of knowledge and ifs benefits to organisations for TAM
projects implementation. The chapter also covers the recommendations to vaﬁous 3
parties that will benefit from the TAM framework. Further this chapter highlights the
limitations of this research and their applicability to other engineering facilities. Finally,

the chapter is concluded with the identification of some areas for furthéf research work.

1.9 SUMMARY OF THE CHAPTER

* This is the first chapter of the thesis. It started with the background of this research.
- This presented the importance and contributions of manufacturing to economy and
wellbeing of the populace. It then introduced maintenance: as a major contributor to
~ manufacturing cost. The chapter further explained the position of maintenance in the
UK which is under-performing compared to her other European éounterparts. The
' chaptér introduced Turnaround maintenance as one of the maintenance strategies that
-organisations adopt to ensure the efficient perfofmance of their facilities. Further, the
chapter highlighted some issues that are currently affecting the implementation of this
maintenance strategy. The research aims and objectives were presented as well as the
sigﬁiﬁcance of the research study; An overview of the research methodology for this
research was presented. Finally, the guide to the thesis, which outlined the content of .

each chapter, was prcsented!
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2.0: MAINTENANCE IN ENGINEERING FACILITIES

2.1 AIMS OF THE CHAPTER

This chapter begins with the introduction of maintenance and how maintenance has

~ developed different philosophies from pre-World War II to the present. It presents the
objectives of maintenance in engineering facilities and the factors affecting them. A
review of the benefits of effective maintenance and how it affects the profitability of the
orgarrisation is preserlted. The chapter also presents the different types of maintenance,
identifying shutdown maintenance as one of the proactive maintenance strategies. The

chapter 'concludes with a chapter summary.
2.2 WHAT IS MAINTENANCE?

The objective of forming and operating an. industrial company is to make a proﬁt
(Clifton, 1974). Modern industrial societies are characterised by their dependence on
technology to’ produce goods and services. Every business (mining, processing,
manufacturing, and service-oriented businesses such as traﬁsport, health, utilities, and
‘communications) need equipment to deliver its outputs. Intense competition,‘ coupled
with rapid'changes in technology has resulted in improvements to equipment so that the
output has increased dramatically. Equipment degrades with age and usage and _
ultimately becomes non- operatlonal Murthy, ef al. (2002) stated that the rate of
degradatlon depends on decisions made during the design and manufacturing stages, the
operating conditions, the usage intensity and the operators skills. Adequate
maintenance strategies are therefore required to avoid complete failure of the equipmerrt
and to ensure that the right volume is produced. |
Moubray (1997) identified that maintenance and modification are the two elements to
the management of any physical asset and stated that maintenance is carried out towards
‘ensuring that physical assets continue to do what their users want them to do'

The British Standard Glossary of terms (BS 3811 :1993) defined maintenance as:
'‘Combination of all technical and administrative actions, including supefvision actions,

intended to retain an item, or restore it to, a state in which it can perform a required

function'.
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~ From the aforementioned definitions it can be seen that maintenance is a set of
organised activities that are carried out in order to keep an item in its best opérational
conditioﬁ with minimum cost required. |

With the increasing complexity, sophistication and cost of modern equipment,
maintenance has become an indispensable part of a manufacturing system.
Manufacturing organisations are depending more and more upon the skills and
organisation of the maintenance function and is growing in importance and size as a

- specialised function (Clifton, 1974).
2.3, DEVELOPMENT OF MAINTENANCE PHILOSOPHIES

The nature of maintenance work has changed in recent decades"as. a result of a huge
increase in the number and variety of physical assets to be maintaihéd, increasing
automation and complexity, new maintenance techniques and changing views on
maintenance organisation and responsibilities (Moubray, 1997). Cholasuke, ef al. (2004)
~ stated that the importance of the facility maintenance management in the manufacturing
environment has increased rapidly as many organisations aim to become world class.
For many organisations it is important to respond to global competitive pressure by
seeking to increasev their productivity, maxirriising the overall equipment effectiveness
and pursing an effective and efficient maintenance program.'

There has been a very remarkable change in the perceptions and. approaches of
maintenance since the World War II. This evolution of maintenance philosdphies is

categorised into four generations as shown in Table 2.1.

2.3.1 First Generation v _
The first generation covers the périod up to World War II (Moubray, 1997, Arunraj &
~ Maiti, 2007). According to Moubray (1997), at ;this time industries were very highly
mechanised, so downtime did not matter much. Murthy, et al. (2002) explained that
during this period maintenance was considered an unavoidable cost and the only
maintenance was corrective maintenance. Whenever an equipment failure occurred a
specialised maintenance workforce was called on to retufn the system to operatibn.
Maintenance was neither'inc.orporated into the design of the system, nor was the impact
of maintenance on system and business performance dully recognised. During this
period, most equipment was simple and much of it overdesigned, and this made them
reliable and easy to repair. |
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Table 2.1 The development of Maintenance Philosophies

: Background and
‘characteristics of equipment

Malntenance techmques and
philosophy

‘Before World

First OEqument simple, over- *Basic and routine maintenance
Generation | War Il designed, easy to repair *Reactive breakdown service('fix it
: - when it broke')
e Corrective maintenance
Second World War Il - | eMore complex, greater ePlanned preventive maintenance
Generation 1970s dependence of mdustry on *Time-based approach
machinery - ' :
*Higher maintenance cost
_relative to other operating
cost
Third 1980-2000 eContinued growth in plant _eCondition monitoring, hazard
Generation : complexity and acceleration studies, failure modes and effect
use of automation analysis
‘Downtime very costly eReliability-centred maintenance
.eJust-in-time systems more (RCM) as corner stone
common *Computer-aided maintenance
eRising demand for standard mangement information system
of product and service quality | eWork force multi-skilling and
*Tightening legislation on teamworking
safety , eEmphasis on reliability and
availability . -
*Proactive and strategic
Recent " { 2000 - Present | ® Same as above * Risk-based inspection
Generation | " Increase the profitability of *Risk-based Maintenance

the operation

*Optimise the total Iife cycle
cost

* Safety & envnronmental
issues

* Risk-based life assessment
*Condition monitoring, hazard
studies, failure modes and effect
analysis

*Reliability-centred malntenance

1 (RCM) as corner stone

eComputer-aided maintenance
mangement information system

* (Source: Adapted.fro.m Cooke, 2003; Arunraj & Maiti, 2007).

 Machines were operated until they broke down and there were no way to prédict failures.

The typical maintenance practices according to Arunraj & Maiti (2007) were:

1. basic maintenance

2. reactive breakdown service (fix it when it broke); and

3. corrective maintenance.
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2.3.2. The Second Generation
Due to pressures, during the World War II, there was increased demand for goods of all
kinds while the supply of industrial manpower dropped sharply (Moubray, 1997). This
led to increased mechanisation and by 1950's machines of all types became more
numerous and more complex. This brought the idea that equipment failures could be
" prevented, and hence the concept of preventive maintenance. The maintenance strategy-
during this period is mainly equipment overhauls done at fixed intervals. This was
usually time-based approach of planned maintenance management. Moﬁbray (1997)
noted that there was a relative increase in the cost of maintenance compared to other
operating costs. This resulted in the growth of maintenance planning and control which
greatly helped to bring maintenance and its cost under control. The maintenance polices
adopted were (Afunraj & Maiti, 2007): '
1. Planned preventive maintenance
2. time based maintenance; and

3. system for planning and controlling work.

2.3.3 The Third Generation
Considcring the amount of capital committed to fixed assets and the sharp incréase in
the cost of the assets, the need to mgximiée the life of the assets became é very big
challenge. By mid-seventies till 1990's the process of change in the industry has
gathered even greater momentum. Moubray (1997) identified new expectations, new
research and new techniques as the classes of these changes. During this third
generation, the new expectations include:

e Higher plant availability

o Greater safety o

e Better product quality

e No damage to the environment

e Longer equipment life

o~ Greater cost effectiveness. »
Quite apart from greater expectations, new research is changing many of the most basic
beliefs about age and failure. In particular, it is apparent that there is less and léss
connection between the operating age of most assets and how they are to fail.
There has been explosive growth in new maintenance concepts and techniques. The.

" new developments according to Moubray (1997) include:
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. decision support tools, such as hazard studies, failure modes and effects anélyses
and expert syét_ems o

® new maintenance techniques, such as condition monitoring

o designing equvip‘ment with a mﬁch ‘greater emphasis ‘on’ reliability and
maintainability | - v |

o >a major shift in organisational thinkz'hg towards participation, team-Working and

flexibility.

© 2.3.4 Recent Generation _

In the 1990s, risk based inspection and maintenance methoddlogieé started to emerge'
and gain popularity beyond 2000. This generation is highly cﬁaracterised by the
inéeption of risk-based-inspection and maintenance in addition to RCM and Condition-
based maintenance (CBM). Up till 2000, maintenance and safety were treated as
separate and independent activities. The overall objective of the maintenance process is
to increase the‘, profitability of the operation and optimise the tbtal life cycle cost without
compromising safety or environmental issues. Inspection and maintenance planning
based on risk analysis minimises the prbbability of syStem failure and its coﬁsequences.
It helps managemeht in making correct decisions concerning investment in maintenance _

and related fields (Arunraj & Maiti, 2007).

Effectively, aécording ‘to Moubray . (1997), the key challénges facing modern
-V maintenance management include:
e to select the most appropriate techniqués; and
e todeal with each type of faiiure process
These are done in order to fulfil all the eprectations of the dwners of the assets, the
ﬁsers of the assets and the society as a whole: | : |
* inthe most cost-effective and enduring fashion; and

e with thev active support and co-opefation of all the people involved.
2.4 MAINTENANCE OBJECTIVES

The objectives of a maintenance service vary to a great extent and are dictated by the -
nature of the enterprise (Priel, 1974). Generally, the objective might be considered as

being to achieve the optir'num'balance between the allocations of maintenance resources
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and the achievement Qf the plant outputs. The formulation of a maintenance bbjeétive is
more complex than this and it usually involves the users, owners and the safety .
department specifying what they’wan; from the maintenance function. Only then can the -
maintenance function be able to decide how best to maintain the plant (the maintenance
strategy) in order to achieve the requirements at minimal mainfenance cost (Kelly,
1997). '

The main factors that should be taken into account in the formulation of maintenance
objectiVe are shown in Figure 2.1. These factors according to Kelly ( 1997)_afe: -

1. vMaintenance Resources (men, spares and tools) - can be considered as inducing
the direct cost of maintenance. The level of maintenance resources can easily be
changed in the case of contract arrangements, much more slowly if the resources
are in-house. ' '

2. Maintenance resources and plant longevity - A proportion of the maintenance
resources is necessarily devoted to ensuring that the machineries and equipments
survive up to or beyond the design operating life. The maintenance work
involved here is mainly 'protective', e.g. preventing the corrosion of structures,
but can also be a major part replacement. | |

3. Maintenance resources and desired plant safety (equipment integrity) - Here
again there will usually be no clearly apprbpriate level or frequency of
maintenance. The sensible approach here is to set safety standard‘s by process of
engineering judgement based on experience and Wherever possible, analyses of
plant failures. ‘The extent to which such standards have been compiled with
should then be periodically audited. | |

4. Maintenance Resources and product output - Product output can be expressed in

' vari}ous ways, but the most useful of these is usually the outpitt index because it
combines several other parameters. | -

ansidering these factors, Kelly (1997, pg.88) stated that the general maintenance
. obj ccﬁve is: 'to achieve the agreed plant operating pattern, product output and quality, |
| ‘within the accepted plant condition and safety standards'.

Dekker (1996) stated that maintenance objectives can bel summarized under four

headings - ensuring system function (availability, efficiency and product - quality);

ensuring system life (asset management); ensuring safety and ensuring human well-

being. For production equipment, ensuring the system function should be the prime
- maintenance Aobjective'. Here, maintenance has to provide the right (but not the

- maximum) reliability, availability, efﬁciency and capability (i.e., producing at the right
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quality) of production systems, in acc_ordanée with the need for these characteristics
(Dekker, 1996).

Plant output factors
Desired plant operating
pattern

Desired output

¢ (Availability; output per unit
 timeetc). :

Maintenance el e
7 resources
(Men, spares, tools,

_ information)

_ Plant safety factors =

— Plantlife factors. |
Other plant factors

~ Plant energy usage
* Plant "shine"

Figure 2.1: Factors affecting maintenance objective setting (Source: Kelly, 1997)

Generally, the maintenance objectives should be consistent ‘with and subordinate to
production goals. The relationship between maintenance objectives and production
goals is reflected in the action of keeping production machines and facilities in the best

possible condition.

Maximising Production PLANT Rédu‘ce Breakdowns
M
- Minimising Energy- I Reduce Downtime
‘Usage N
Optimising Useful Life - II\EI Improving Equipment
of Equipment A Efficiency
Providing Budgetary C Improving Inventory
| control ' E Control
| Optimising Resources | i | i . Implementing Cost
Utilisation R SRR .-.Reduction :

Figure 2.2 Maintenance Objectives
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Figure 2.2 shows the summary maintenance objectives which include:
. VImproving efficiency and reducing scrap rate
e Minimising energy usage '
e Optimising the ueeﬁii life of equipment
. Providing reliable cost and budgetary control

o Identifying and implementing cost reductions.

Table 2.2. A checklist of maintenance objectives

I Operational Objectives
l1. To maintain equipment (a) in top operafing conditions
. * (b) in acceptable condition |
To ensure maximum availability for plant and equipment at reasonable cdst
To provide service'thaf will avert _bre'akdowns at all times and at any cost

To extend plant life to the last limit

L RIF SR

To maintain plant and equipment with maximum economy and. to replace at
predetermined periods‘ |

6. To ensure high-quality performance

7. To ensure safe and efficient operation at all times.

8. To maximise output over a certain period of time

9. To maintain a reasonably good appearance of plant

10. To maintain a plant spotlessly clean at all times

I cost Objectives
. To minimise maintenance expenditure and to maximise profits
To provide maintenance service within the limits of a budgeted amount

To provide funds as a ratio of sales volume production investment

E S

To have maintenance expenditure on the amount of service required by plant and
equipment in view of its age and its rate of utilisation '
5. To allow a certain amount of contingencies, tooling and incidentals at the discretion

of maintenance executive.

(Source Priel, 1974).

In most companies the objectives of maintenance function are assumed to be clear and
self-evident. Mostly it is in the midst of disagreement that people discover that a gap

exists between what is believed to be objectives of this function. It is therefore very
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important and advisable to kspvell out the objectives in clear terms (Kelly, 1997; Priel,
1974; Clifton, 1974). Priel (1974) identified cost objectives and operational objectives
- as the main areas that needs clear definition which are explained in the checklist in

Table 2.2.
- 2.5. BENEFITS OF GOOD MAINTENANCE SYSTEM -

With the change in manufacturing processes emphasising lean manufacturing, the
reliability and aVailability of plant are vitally crucial (Cholasuke, et al., 2004). - v
Ineffective plant maintenance leads to poor machine performance, loss of market share,

loss of production which ultimately leads to loss of proﬁt.

Ceptdbanas Successful Maintenance i L

» Reduce cost of ¢ Enhanced and

* Minimize breakdowns
* Minimize downtime
¢ Minimize rework

maintenance system '

| by extending useful life

¢ Improve reliability &
availability.
¢ Improve plant

4] consistent product

quality to secure, or
even increase the

performance. ) fre
* Support new market e
opportunities o

of the asset.

* Reduce the cost of
employing reactive
maintenance

Maintenance
(Direct cost)

¢ Minimize inventory
¢ Minimize spare parts
o Minimize overtime
¢ Minimize accidents

customers.

i m

Volume

iy
" Loss of Production
(Maintenance indirect cost)

Increase Revenue

Reduce Cost

: Profit |

Figure 2.3: How successful maintenance management can maximise organisation
profit. (Source: Cholasuke, ef al., 2004).

- Any loss or reduction of production results in a loss or reduction of profit (Clifton,

1974). Based on the above it can be stated that the ultimate reason for instituting a good
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maintenance management is to maximise profit and offer competitive advantage

(Cholasuke, et al., 2004). Fi‘gure 2.3 explains how maintenance can maximise the

organisational profit.

Table 2.3 Benefits of good Maintenance.

1. Reliable delivery dates
2. 'Showcase' housekeeping

Improved reputation

Better public image

‘Group  The Factors - Expressed in terms of - - Important for
a. Financial Benefits .
' 1. Extended plant life " Book value Utilisation capital
2. Uninterrupted production Higher plant availability Utilisation of capacity
3. Improved quality of production Reduced scraps and inferior grades Value of output
4. Reduced production delays On-time deliveries, less delay penalties Customer relations
5. Reduced cost of repairs Maintenance costs Maint. economy
6. Less stand-by plant and spares Inventory carrying costs Capital utilisation
7. Improved equipment replacement  Lower plant cost per unit of product Unit costing
b. Organisational advantages
1. Co-ordination between
production and maintenance Improved understanding Internal planning
2. Manpower planning Unproductive time Manpower utilisation
3. Planning deliveries Cost of delays Plant utilisation
¢ Technical Advantages
1. Improved equipment suitability Better choice of machines - Optimum production -
facilities
2. Build up of technical data Better and more accurate information Standard of technical
services
3. Improved maintenance schedules ~ Minimum maintenance costs Plant availability
4. Improved Plant condition Performance and reliability Operating efficiency
d Human considerations . .
1. Increased safety Losses due to claims and Jess production Production economy
costs. o
2. Improved housekeeping Tidiness of shop floors Workers' morale
3. Less friction, better relations Harmonious relationships Staff relations
.Customer Relations

Sales promotions
Company image.

(Source: Priel, 1974).

According to Priel (1974) the benefits to be obtained from a good maintenance service

fall into the following five groups:

1
2
3.
4

Financial benefits
Organisational advantages
Technical advantages

Human considerations
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5. Customer Relations. |
Some assessment of the benefits of gbod maintenance is very difficult as not all the
advantages gained can be expressed in figures (Priel, 1974), the list in Table 2.3 shows

only pracfical advantages.
‘ 2.6. TYPES OF MAINTENANCE

As explained above, the nature of maintenance work has changed in recent decades avsv a
result of the huge increase in the number and variety of physical assets to be maintained,
increasing automation and complexity, new maintenanc.e' techniques and changing
views on maintenance organisation .and responsibilities (Moubray, 1997). In order to -
cope with these complexities and achieve the maintenance objectives, maintenance
philosophy has evolved from reacﬁve to preventive and later to a proactive approach.
" This means different types of maintenance have evolved (see Figure 2.4). Basically
there are two major forms of maintenance strategies: ’
1. Planned Maintenance ‘

2. Unplvanned or Reactive Maintenance.
2.6.1 UNPLANNED MAINTENANCE .

Unplanned maintenance (sometimes called Run-to-failure maintenance) as the name
implies refers to a set maintenance activities without any previous plan. It is the
required repair, replacement or restoration performed on a machine or a facility after the
occurrence of a failure in order to bring the machine or facility to at least its minimum
acceptable condition. | '

There are two forms of unplanned maintenance:

Emergency maintenance:
This form of unplanned maintenance is Carried out as fast as possible in order to bring

failed machine or facility to a safe and operationally efficient condition.
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Breakdown maintenance
This maintenance is performed after the occurrence of an advanced considered failure
- for which advanced provision has been made in the form of repalr method, spares,
“materials labour and Vequipment‘.v‘ This form of maintenance is usually applicable to many
items in the plant and equipment that operate as individual unite, or are éeparate to the
v actual manufacturing process. So their failure would not immediately or greatly affect
“the overall production process or constitute a safety hazard, the cost of preventing
failure may be more than the cost of the breakdown. In these situations, it may be
justifiable financially to allow the machine to breakdown before carrymg out any
maintenance (Clifton, 1974).
- The disadvantages of unplanned maintenance include:
e Its activities are expensive in terms of both direct and indirect cost
e Using this type of maintenance, the occurrence of alfailur‘e in a component can
cause failures to other components in the same equipment, which leads to low
production availability | | |
e Its activities are very difﬁcnlt to plan and schedule in advance.
-~ However, unplanned maintenance can be useful under the following situations:
| 1. Ifthe failure of a component in a system is unpredictable |
2. The cost of performing run-to-failure malntenance activities is lower than
performing other activities of other types of maintenance
3. The equipment failure priority is tvoo low in order to include the activities of

preventing it within the planned maintenance budget.

~ 2.6.2 PLANNED MAINTENANCE

Planned maintenance involves the repair, replacement and maintenance of equipment in
~ order to avoid unexpected failure durlng use. Mirgllani (2001) explained _that the |
primary objecti've of planned maintenance is the minimization of total cost of ’inspection
and repair, and equipment downtime (measured in lost production c'apacity or reduced
product qnality). It provides service function without which major business
interruptions could take place. Planned maintenance can be time- or use- based or could

be condition- based. There are different types of planned maintenance as detailed below.
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© 2.6.2.1 Predictive Maintenance (PdM)

Predictive maintenance is a sef of activities thét detect changes in the physical condition
of equipment (signs of failure) in order to carry out the appropriate maintenance work
for maximising the service life of equipment without increasing the risk of failure.
Predictive maintenance is mainly based on the study of the variations of the system -
status in terms of pertinent information or data materialising from the degradation and
the drift behaviour of the system (Leger, et al., 1999). _

'PdM, or condition-based maintenance, attempts to evaluate the condition of equipment
by performing periodic or continuous (online) equipment condition-monitofing. The
ultimate goal of PdM is to perform maintenance at a scheduled p.oint in time when the
maintenance activity is most cost-effective and béfore the equipment loses optimum
pérfonnance. ‘

This is in contrast to time- and/or operation count-based maintenance, where a piece of
equipment gets maintained whether it needs it or not. Time-based maintenance is labour
intensive, ineffective in identifying problems that develop between scheduled
inspections, and is not cost-effective. ‘ ‘

- Predictive maintenance is classified into two according to the method used in detecﬁng

the signs of failure.

1. Condition-based predictive maintenance depénds on continuous or periodic condition
‘monitoring of eciuipment to detect the signs of failure. This is founded on the principle
that wear is responsible for a vast number of mechanical breakdowns and even where
‘not directly responsible; some element of the phenomena is usﬁally present. Wear is a
gradual process which affectS components at varying rates. The process will not cause
~ sudden mechanical failure, but rather, wear is preceded by changers in the machine’s -
sensible behaviour. Condition-based monitoring revoivés around examination of these
wear prdcesses in mechanical components (Edwards, ef al., 1998). One of the major
benefits of this policy is that the ;esulting corrective maintenance éan, in most cases, be

scheduled in the short term without production loss (Kelly, 1984).

2. Statistical-based predictive maintenance depends on statistical data from the
meticulous recording of the stoppages of the in-plant items and components in order to

develop models for predictive failures. Information generated then facilitates
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development of statistical models for pfedicting failure and thus enables preventive
measures to be undertaken via a planned maintenance policy (Clifton, 1974). | |
The major drawback of predictive maintenance is that it depends heavily on information

-and the correct interpretation of the information.
2.6.2.2 Preventive Maintenance (PM)

Preventive maintenance is maintenance éarried out at pre-determined intervals, or
corresponding to prescribed criteria, and intended to reduce the pro'babil»ity of failure or
performance degradation of an item (Kelly, 1997). It iS a. set of activities that are
performed on plant equipment, machinery, and systems before the occurrencé ofa
failure in order to pfoteét them and to prevent or eliminate any degradaﬁon in their
operating conditions. Mann (1976) identified the following as potential benefits of a
Preventive maintenance program: _

i.  Minimum maintenance cost: Maintenance can be planned, standards can be used .

and materials can be obtained prior to the start of the work order.

il.  Maintenance can be performed when it is convenient to the operations and to
maintenance: Decisions can be made as to when, in the production cycle, it is
most advantageous for equipment to be removed from service. In addition, the
work can be done when it is most convenient to maintenance from the
standpoint of availabilify of materials, equipment and per’sobnnel.

iii.  Ability to contract maintenance: When a number of preVentive maintenance jobs
can be "packaged," it becomes feasible for maintenance management to have the
alternative of cbntracting the work. |

iv.  Less downtime. 1f the job can be engineered prior to the removal of the

" equipment from service, the time that the equipment is out of service can be
minimised. ' |
v.  Minimum spare parts inventory: If it is possible to maximize preventive
maintenance, the work can be anticipated and Spares can be obtained from the
' snpplier. This minimizes the number of spares that must be puréhased and stored"
in anticipation of emergehCy maintenance »
vi.  Less disruption through emergency maintenance: Where the work order is

anticipated, the sequence of operations can be better documented so that future
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work orders, of similar nature, can be written with more knowledge than if the
job had been an emergency one which was not documented.

vil.  Less standby equipment is needed: When it is possible to anticipate maintenance,
equipment can be taken out of service at a time convenient to operations" zind
sténdby equipment need not be used. | l

vill.  Less overtime is neéde_d: Preventive maintenance makes it possible to plan and
. schedule maintenance jobs with a greater degree of accuracy, and knowing how
long the job should require reduces overtime. ‘ o

-ix.  Increased safety: Rules of safety can be better applied to anticipéted work than |
to work which is emergency in nature.

X. Less pbllution: Many of the emergency problems that result in flaring of smoke-
prodixCing chemicals are eliminated by preventivé maintenance. 4 |

Researchers subdivided preventive maintenance into different kinds ‘according to the

nature of its activities:

1.. Routine maintenance _includes those maintenance activities that are repetitive and
periodic in nature. It usually involves day to day operational activities to keep the plant

operating such as lubrication, cleaning and small adjustments (Srivastava, 2009).

2. Running Maintenance is a planned preventive maintenance activities that can be
carried ouf whilst the facility is in service (Clifton, 1974). It includes those maintenance
jobs that are done while the machine or equipment is running andb they normally
represent those activities that are pérfonnéd before the aétual preventive activities take

place.

3. Opportum’ty maintenance is a set of maintenance activities that are performed on a
machine or a facility when an unplanned opportunity exists during the period of

performing planned maintenance activities to other machines or facilities.

4. Window maintenance is carried on a machine or equipment when it is not required for

a definite period of time.

5. Shutdown preventive maintenance is a preventive maintenance in which set activities

are carried out when the production is in total stoppage situation.
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2.6.2.3. Improvement Maintenance (IM)

- This type of maintenance aims at reducing or eliminating the need for méintenance
entirely. These include: | - |

- 1.. Design-out maintenance is a set of activities that are used to eliminate the cause of ‘
maintenance, simplify maintenance tasks, or raise machine pe'rfonnanée from the
maintenance point of view by re-designing those machines and facilities which are
vulnerable to frequent occurrence of failure and their'long term rebair or replacement
~cost is _\}ery high. According to Kelly (1984), design-out aims to eliminate the cause of
maintenance. Clearly, this is an engineering’design‘pr(')blem but it is often part of the
maintenance function's responsibility. Design-out is appropriate for items of high
maintenance cost which arises either because of poor maintenance, poor design or
operation outside design specification. '

In many cases design-out is aimed at items that were not expected to require any
maintenance. Therefore such a policy can only be implemented effectively if an

information system exists which facilitates the identification of sﬁch items (Kelly, 1984).

2. Engineering services involves the use of engineering services such as construction,
construction modification, removal and installation and rearrangement of facilities in

order to reduce or eliminate maintenance.

3. Shutdown improvement maintenance is a set of improvement maintenance activities

that are performed while the production line is in a complete stoppage situation.
- 2.6.2.4. Corrective Maintenance (CM)

British Standard 3811:1993 Glossary of terms defined corrective mainténance as:
"the maintenance carried out after recognition of fai{ure and intended fo put an item
into a state in which it can perform a required function." _ |
Patton .(1994).deﬁned corrective maintenance as 'unscheduled maintenance or repair
actions, performed as a result of failure or deficiencies, fo restore items to a specific
condition’, |

In this type of maintenance, actions such as repair; replacement, or restore are carried

out after the occufrence_of a failure in order to eliminate the source of the failure or ’_
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reduce the frequency of its occurrence. Corrective maintenance arises not only when an
1tem fails but also when 1nd1cated condition by condition momtorlng It is only after the
maintenance causing event that the influencing factors (cause of failure, cost of
replacement or repair, avéilability of resources, cost of availability, etc) can be assessed
and the type of repair determined (Kelly, ‘1 984).
The main objectives of this type of maintenance are:

® to maximise the effectlveness of all critical plant systems

o the elimination of breakdowns

o the,eliminatiorr of unnecessary repair; and

o the reduction of the deviations from optimum operating conditions.

There are basically two forms of Corrective maintenance:

1. Remedial maintenance is the set of activities that are performed to eliminate the
“source of failure without interrupting the continuity of the productien process. Remedial
maintenance is usually carried out by taking the item to be corrected out of the
production line and replacing it with reconditioned item or transferring its workload to -

its redundancy.

2. Deferred maintenance is a set of corrective maintenance activities that are not
immediat,eiy initiated after the occurrence of a failure but are delayed in such a way that

“will not affect the production process.

3. Shutdown corrective maintenance -in this form of corrective maintenance, the

activities involved is only performed when the production line is in total stoppage

situation.

Corrective maintenance defers from preventive maintenance in that mamtenance can
only be carried out after a failure has occurred, but its activities are usually planned and -
regularly performed to keep plant's machrnes and equipment in optimum operating
- condition. Correctlve malntenance activities usually follow four 1mportant steps:

1. Fault detection

2. Fault isolation
3. Fault-elimination

4. Verification of fault. ,
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The fault elimination and verification stages involve several actions such as adjusting,
aligning, calibrating, reworking, removing, replacing or renovation. In order to achieve
an effective corrective maintenance, the following prerequisites should be adhered to: |
1. Accurate identification of incipient problems
2. Effective planning which depends on: .
| o the skllls of the planners
o the availability of well developed malntenance database about standard
time to repair
e acomplete repair procedures
e the required labour skills; and
e specific tools, parts and equipmeht.

3. Proper repair procedures |
4, Adequate time to repair

5. Verification of repair
2.6.2.5. Total Productive Maintenance (TPM)

Total Productive Maintenance (TPM) is a maintenance program, which involves a
unique concépt for maintairﬁng plants and equipment. The goal of the program is to
markedly increase production while, at the same time, increasing employee morale and |
job satisfaction (Venkatesh 2007). Bamber, ef al. (1999) explained that TPM is a
company-wide ‘approach to plant, equipment or asset care that involves the active
participation of more than just the mamtenance department worklng on malntalnmg and
improving the overall equipment effectiveness. Swanson (2001) dubbed TPM as an
aggressive maintenance strategy as it goes beyond efforts to avoid equipment failures
through preventive and predictive maintenance strategies. S

TPM is a maintenance philosophy of maintenance management developed in Japar'lese'
manufacturing plants to support the implémentation of just-in-timev manufaéturiﬁg,
advanced manufacturing technologies and to support efforts;vat improving product -
qualityL According to Swansoh (2001), TPM activities focus on eliminating the "six -
major losses". These losses include equipment failure, set-up and adjustment time,

idling and minor stoppages, reduced speed, defects in process and reduced yield.
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Venkatesh (2007) identified the following below as the most important objectives for

introducing TPM:

e Avoid wastage in a quickly changing economic environment.

e  Producing goods without reducing product quality.

e Reduce cost

e Goods send to the customers must not be defective.

Acbording to Nakajima (1988), the concept of TPM includes:

1. maximizing equipment effectiveness (overall efficiency)

2. establiéhing a thorough system of preventive maintenance for the equipment's

entire life span.

implementing it by various departments in a company

4. 1t is based on the promotlon of preventive mamtenance through motlvatlon

management involving small-group activities.

Table: 2.4 Features of Total Productive Maintenance

Adoption of life cycle approach for improving the overall performance

Motives of 1.
™M of production equipment
' 2. Improving productivity by highly motlvated workers, which is achieved
by job enlargement
3. The use of voluntary small group actlvmes for identifying the cause of
failure, possible plant and equipment modifications.
Uniqueness of | The major difference between TPM and other concepts is that the operators are -
™M also made to involve in the maintenance process. The concept of "I (production
operators) Operate, You (maintenance department) fix" is not followed
1 TPM . 1. Achieve Zero Defects, Zero Breakdown and Zero Accidents in all
Objectives functional areas of the organisation '
: 2. Involve people in all levels of the organisation.
3. Form different teams to reduce defects
Direct 1. Increase in productivity
benefits of . 2. Reduction in customer complaints
™M : 3. Reduction in the manufacturing cost by 30% v
4. Satisfying the customers needs by 100% (Delivering the right quantity at
the right time, in required quahty)
5. Reduce accidents
Indirect 1. Higher confidence level among the employees
_benefits of 2. Aclean, neat and attractive work place
™M 3. -Favourable change in the attitude of the operators.
: 4. Achieve goals by working as a team.
5. Horizontal deployment of new concept in all areas of the organisation.
6. Sharing knowledge and experience.
7. The workers get a feeling of owning the machine.

(Source. Venkatesh, 2007)
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Table 2.4 gives a summary of the motives, uniqueness, objectives, benefits of TPM.

Maintainability improvement and maintenance prevent‘ionl are two team-based TPM
activities (Swanson, 2001). In maintenance prevention teams work to improve
- equipment performance through improved eQuipment design. The maintenance function
WOrks with engineering dep.artment during the early stages of e‘quiprrient design. This

ensures that the equipment designed and i'nstailled are easy to maintain and operate.
2.6.2.6. Reliability-centréd Maintenance (RCM)

Moubray (1997 pg.7), defined Reliability-centred maintenance as "a procéss used fto

determine the maintenance req'uir.ements of any physiéal asset in its operating context."
Gurumeta (2007) dcﬁned RCM as "series of activities generated on the basis of a
systematic evaluation to develop or optimize a program of maintenance. It incorpofates
logical decisions to find the operational and safety consequences of failures and

identifies the mechanisms responsible for the above mentioned failures."

RELIABILITY-CENTRED
MAINTENANCE

DEFAULT ACTIONS v
eFailure finding, redesign, run-to-failure

PROACTIVE STRATEGIES . .
* FMEA & Age Exploration

CORRECTIVE MAINTENANCE PREVENTIVE MAINTENANCE | - |  PREDICTIVE MAITENANCE

» Random failure pattern
* Not subject to wear -

* PM induced failures

~ * Scheduled on -condition
tasks

» Subject to wear

¢ Consumable replacement

¢ Inconsequential ¢ Failure pattern known

eUnlikely to fail . ] eTime

* Redundant 2] e Scheduled restoration**
21 e scheduled discard

o Small items
* Non-critical

**overhaul
Figure 2.5 RCM and other maintenance types. (Source: Adapted from Gurumeta, 2007)
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Generally speaking 'RCM is a process used to determine what must be done to ensure
that any physical asset continues to do whatever its useré want it to do in its present
operating context. RCM consists of structured processes to determine the equipment
maintenance strategies required for any physical asset to ensure 1t continues to fulfil its
1ntended function(s) in present operating conditions. The goal of RCM according to Eti,
et al. (2006) is to determine what is qutlcal components in any process are and, based
on this information, design a customised preventive/predictive maintenance stfategy as
shown i in Figure 2.5. The analysis of RCM bases on a detailed Failure Mode and Effect
Analy51s (FMEA) and according to Gurumeta (2007) includes:
e Probability of failure
o Reliability system calculations.
‘Most traditional lists of failure modes include:
o Deterioration due to wear and tear
e Human error (on the part of operators and maintainers)b ‘
e Equipment or component design flaws.
A detailed analysis of these modes in an industry will yield an enormous number of
failure modes. Each of these failures affects the organisation in one way or the other.
They also affect the operations, the product quality, customer service, safety or the
environment. According to .Moubray (1997), a great strength of RCM is thét it
recognises that consequences of failure are far more important thén‘ their technical
~ characteristics. In fact it recognises that that the only reason for doing any kind of
proactive maintenance is not to avoid failures per se, but to avoid or reduce the
consequences of failure. These failures are classified as follows: |
e Hidden Jailure consequences: Hidden failures have no direct impact, but they
expose the organisation to multiple failures with serious, often catastrophic,
consequenceé. | |
e Safety and environmental consequences: A failure .has direct - safety
consequences if it leads to injury or fatality. It has environmental consequences
if it could lead to a breach of any corporate, regional, national or international
environment standard. "
e Operational conseqi;ences: A failure has operational cdnsequences if it affects
production (output, product quality, customef service or operating costs in

addition to the direct cost of repair).
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-Non-operational consequences: Evident failures which fall into this category

affect neither safety nor production, so they involve only the direct cost of repair.

Mqubray (1997) identified the folloWing failure management techniques to avoid failure:

Proactive tasks: These are tasks under taken before failure occurs, in order to
prevent the item from getting into a failed state. They embrace what is
traditionally known as 'prédictive and preventive' maintenance. These also

involvek scheduled restoration and scheduled discard and scheduled on-

- condition tasks. Scheduled restoration entails remanufacturing a component or

overhauling an assembly at or before a specified age limit, regardless of its
condition at the time. | ’

Default actions: These deal with failed state and chosen when it is not possible

~ to identify an effective proactive task. Default actions include failure-finding,

redesign and run-to-failure.

It should be noted that RCM is not necessarily a type of maintenance but a strategy

which is used to avoid maintenance using the core maintenance types like preventive

and predictive maintenance.

2.6.2.7 Risk-based Maintenance (RBM)

Fora facility to extend operating life of aging equipment safely and cost effectively,

implementing the latest inspection and maintenance stratégies is a must (Anderson,

| ‘2002).' Risk based inspection has its roots in process safefy’ management and mechanical

integrity programs and is gradually becoming accepted as good engineering

. maintenance practice for implementing inspection and maintenance programs.

Risk-based maintenance methodology is based on integrating a reliability approach and

. arisk assessment strategy to obtain an optimum maintenance schedule and aims to

reduce the overall risk of the opé;ating facilities (Khan & Haddara, '2004, McCalley et
al, 2003; Aruhraj & Maiti, 2007). According to McCalley, ef al. (2003), RBM is

considered a form of RCM with the following attributes:

‘The condition information is used to éstimate equipment failure probability

Failure consequences are estimated and utilised in the prioritization of the

maintenance tasks

‘Equipment failure probability and consequence at any paﬁicularly time are

combined into a single metric called risk.
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* Equipment risk may be accumulated over time interval (e.g., a year or several
years) on an hour-by-hour basis to provide a cumulative risk associated with
each piece of equipment | ' ‘

~ o The prioritization (and thus selection) of maintenance tasks is based on the
amount of reduction in cumulative rlsk that is achieved by each task.

e Scheduling and selection of maintenance tasks is performed at the same time
since the amount of reduction in cumulative risk depends on the time a task is
1mplemented _ _

Risk-based mamtenance framework according to Arunraj & Maiti (2007) comprises of -
. two main phases: - '
1. Risk assessment

2. Maintenance planning based on risk.

Anderson, (2002) defined risk assessment ‘as the procéss of gathering data and
analysing information to develop an understanding of the risk of a particular process'.
The majcr aim of RBM is to reduce the overall risk that may result as a consequence of
unexpected failures of operating facilities. The inspection and maintenance act1v1t1es are
prioritised on the bases of quantified risk caused due to failure components, so that the
total risk can be minimised using rlsk-based maintenance. The hlgh-rlsk components are
inspected and maintained usually with greater frequency and thoroughness and are
maintained in a greater manner, to achieve tolerable risk criteria (Arunraj & Maiti,
2007). '

Arunraj & Maiti, (2007), suggested that RBM methodology consists of six modules:

1. Hazard analysis. Hazard analysis is done to identify the failure scenario. The
failure scenarios are developed based on the operational characteristics of the
system, physical conditions under which operations occur, geometry of the
system and safety arrangements. -

2. Likelihood assessment. The objective here is to calculate occurrence. of the

~ undesired event.- The frequency of failure or failure probability for defined
period of time is calculated in this step. ' '

3. Conséquence assessment. The objective here is to quantify the potential
congequences of the credible failure scenario. The consequences are production
loss (performance loss and operational loss), asset loss, environmentat loss and

health and safety loss.
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4. Risk estimation. Based on. the result of consequence analysis and the
probabilistic failure analysis, the risk is estimated for each unit.

5. Risk acceptance. The computed risk is compared againét the risk acceptance
criteria. If any unit/component risk exceeds the acceptance criteria, maintenance
is required to reduce the risk.

6. Maintenance planning. Mainténancc planning is adoptéd to reduce the risk
2.6.2.8 SHUTDOWN MAINTENANCE

Figure 2.4, shows three forms of shutdown main_tenahce: preventive, improvement and
corrective shut down maintenance. This is the form of maintenance that can only be
carried out when the equipment or facility is out of service. It is a planned maintenance
strategy  that can be carried out on a-unit (usually called overhaul) or the entire
production facility commonly called Turnaround maintenance. |
Turnaround maintenance (TAM) is a common feature in continuous process plants.
TAM is essential to maintain consistent productivity, increasing reliability, reducing
" maintenance costs due to corrective maintenance and hlanaging resources more
effectively (Pokharel & Jiao, 2008). Plant maintenance is becoming increasingly
sophisticated as techniques for optimising when and precisely what maintenance work
in- a plant is being | adopted. Achieving imprdved levels of equipment
reliability/availability and reducing costs is a key objective of maintenance function.
Achieving a cost effective plant shutdown. is an integral part of the focus on reducihg

routine maintenance costs.

2.7. SUMMARY OF THE CHAPTER

The chapter presented insightful literature on.maintenance .-in,r_nanufacturing industry.
The manufacturin_g industries d‘epend'_ on some fixed assets (machines and equipment) to
transform raw materials to finished products. These fixed assets degrade w1th age, usage, .
environmental conditions, and operators' skills and so on. The maintenance function is
required therefore not only to avoid complete failure of the unit but also to ensure it
 continues to do what their users want them to do. The chapter also explained how the
variousrtypes of maintenance strategies evolved from reactive maintenance to proactive

maintenance. Maintenance objectives were identified. Apart from profit (financial
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benefits), this chapter showed organis'ational and technical advantages, human and
customer relations issues are also benefits of a good maintenance system to the

orgainisation; Finally, the chapter identified and explained the various types of

maintenance. ' , |
In a typical manufaéturing organisation, however, the various maintenance types are

combined to develop a strategy that will be most cost effective and ensure the other

benefits of a good maintenance system are achieved.

From this chapter, it is evident that shutdown maintenance is a proactive maintenance

strategy and a common feature in manufacturing or}ganisations.-lt is also apparent that
irréspective of the proaétiye maintenance type used, a timé will come when the

equipment will need an overhaul. In continuou_s mamifacturing, to overhaul major

equipment calls for the total stoppage. of the plant, thié is the essence of Turnaround

- Maintenance (TAM).
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3.0: TURNAROUND MAINTENANCE IMPLEMENTATION
3.1 AIMS "OF THE CHAPTER

In chapter 2, Turnaround maintenance (TAM) is identified as one of the maintenance
strategies in process plants to maintain consistent productivity, increasing reliability,
reducing maintenance costs due to corrective maintenance and managing resources
more effectively. This chapter introduces the main research area. It starts with the -
explanation of the concepts of TAM projects, outlining the need for carrying out TAM
and relating TAM management to project management. Also this ché_pter presents the .
problems associated with TAM implementation. It will also address the issues of TAM
success measurement criteria and identify the critical success factors of TAM project

implementation. The chapter concludes with the chapter summary. -
3.2 TURNAROUND MAINTENANCE

To achieve corporate performance - whether measured in terms of. shareholders vnlue;
revenue growth, ‘proﬁtability or customer satisfaction - cernpanies must maximize the
performance of fixed, or capital assets that have a direct and. significant impact on
achieving corporate objecti‘ves (Duffuaa. & Daya, 2004).These fixed assets which
include: plant;l equipment and ‘machinery deteriorate due to their use and exposure to
environmental conditions. If these conditions are allowed to ifnpact unchecked, a
facility can become unserviceable and even bﬁngs the facility to a standstill. We have
seen in Chapter 2 that organisations devise different maintenance_étrategies involving
different maintenance types to ensure that physical assets continue to do what their
users want them to do. One of these maintenance strategies is Turnaround maintenance

" (TAM) or Turnarounds.
3.2.1 What is Tunnarnund Maintenance (TAM)?

TAM is mainly concerned with the engineering activities (maintenance and projects) =
that are carried out when all the operations of an engineering facility is shut down.
According to Duffuaa & Daya (2004), TAM is 'a planned general outage of equipment

and assets that are an enterprise's major means of production or service delivery for the
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purpose of essential maiﬁtenance and statutory checks that cannot be done while the
equipment or assets are in operation'.

‘Lenahan (2006) on the other hand defined a TAM as ‘an engineering event during
Which new plant is installed, existing plant overhauled and redundant plant removed'.
Generally, Turnaround maintenance is a planned periodic shutdoW’n or outage of a plant
to perform maintenance, overhaul and repair operations and to inspect, test and replace
process materials and equipment and project jobs which can only be done while the
facility is shutdown. v
According to Duffuaa & Daya (2004) and Lenahan (1999), during turnaround
maintenance, the followi‘_ng jobs are carried out:

1. work on a facility which cannot be done unless fhe whole plant is shutdown
2. work which can be done while the equipment is in operation but requires a
lengthy period of maintenance work and a large number of maintenance
personnel; and _ | V
3. defects that are pointed out during operation, but could not be repaired, are
maintained during turnaround maintenance.
Other jobs done during this period include; electriéal power diétribution system
inspections, re—calibration of controlé and pneumatic systems for optimum performance
and projects. The project jobs are usually in the form of Plant upgrades; tie-ins of new
facilities or lines and modification jobs. TAM projécts are thé most expensive and time
consuming maintenance projects because during this period there is loss in production

‘as well as the cost of the turnaround itself. The positive- impacts are obvious; though
they are often overlooked. These positive impacts according to Mclay (2003) are:

o Increase in equipment asset reliability
¢ Continued production integrity |

e A reduction in thé risk of unscheduled outages or catastrophié failure.v ,
3.2.2 Need for Turnaround Maintenance

Theré are se‘veral business reasons for a TAM project; they include operator safety,
environmental regulation compliance, capacity increase, yieldenhancement; feed stock
changes and debottlenecking (Buckner, 2005). | | |

By statutory requirernent some equipment in most process plants need to be inspected

and some safety units tested and certified periodically. Such equipment are mainly.
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pressure units such as boilers, heatve'xchangers, piping, reactors, compressed air
receivers and even storage tanks. This regulatory reqoirement is usually administered by
a local government authorised inspector who may stipulate an internal inspection
frequency. as a condition of mairrtaining Vthe operating permit (Mclay, 2003).The
turnaround maintenance in most cases is planned around thrs exercise. .In glassl
“manufacturing and other similar plants however the tumaround is planned during the re-

lining of refractory on the furnace and refuelllng in the case of Nuclear power p]ants

Levitt (2004) identified six categories of reasons for carrying out a TAM project which
are basically down to improved performance of the plant (in one form or another) or
compliance with law: | ' ‘
1. Market demand; One reason for a TAM is changes in market demand (new products-
or need for increased capacity) in order to: | |

a. Meet a competitive challenge |

b. Meet an expanding market

c. fOpen a new market.
2. Profit enhancement -This involves efﬁc1ency 1mprovements to save money or reduce
the cost of maklng the existing products ‘ A '

a. Operational efficiency |

b. Energy efficiency |

c. Reduced scrap or increased yield. | o
3. Maintenance need; Maintenance need (replacing worn out assets) is one of the most
| common drivers for TAMs. These needs might be based on PM inspections, Non-

destructive tests (NDT), maintenance history and in,some situations manufacturers‘

specifications. In kthese circumstances TAM is used to:

a. Increase reliability - | |

b. Increase repeatability

c. Increase or aﬁgment life sparl'.
4. Customer's request; Customeris requests can lead to a need for the plant's up-grade
(process 1mprovements like automation to reduce the number of operators) for increased
production might drive a TAM to:

a. Increased throughput

b. Increase quality.
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5. Technological Advances; TAM can be used to up-grade the plant facility by
ihtegrating technological advancements. This will lead to process improvérhénts; (to
improve Yields, improve quality, and incréase efficiency) which ulﬁmately creates
significant profit opportunities. | |

6. Laws change: Changes in government 'adrriinistrations (different ruling party,
different agency directors) can lead to changes in legal requirements. Thesé changes
like regulatory changes, safety improvements and consent decrees can changé quickly.
For instance many process plants in recent times have had multiple TAMs to adapt the

plant to new air, water or land pollution rules (Levitt, 2004). -

McQuillan; et al. (2003); explained that turnarounds are an accepted feature in operation
in Process plants and that tﬁmarounds have direct impact on the overall plant reliability.
The benefits of optimizing the work done durihg a turnaround include:

e Reducing the probability of breakdowns between turnarounds

e Protecting futur¢ process performénce at design throughput/energy efficiency. |

e Increasing the interval between shutdowns

.o Reducing the dliration of each shutdown.
| Continuously postponing turnarounds will eventually result in a failure and safety
- »inci‘dents. Such failures results to unplanned shutdowns, which would take more time to

- repair and will be extremely eXpensive (Bijvank, 2004; Mclay, 2003). To avoid such

scenario, turnarounds are usually scheduled in advance.

- 3.3 TURNAROUND MAINTENANCE IMPLEMENTATION

Turnaround maintenance implementation encompasses -all the processes involved in
~ getting all the engineering activities (maintenance and projects) incl'uding installation,
repairs, running, testing, and making necessary changes and projects jobs carried out as

expected.

Due to the complexity of the process and the resources involved, the tools and
techniques of project management is uniquely adaptable to activities associated to TAM

" (Brown, 2004; Whittaker, 1992; Pokharel & Jiao, 2008).
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3.3.1 TAM as a Project management strategy

The main difference between project management and general management relates to
the definition of a project and What it tends to deliver to the client and stakeholders.
According to PMBOK, a projéct is: "...a temporary endeavour undertaken to create a
- unique product or service. Tempbrary means that every project has a deﬁhite end.
Unique means that the product or service is different in some distingitishing way from
all similar prbdubts or services." , o

- APMBOK however stated that a project is: "... a uni.qvue, transient endeavour
undertaken to achieve a desired outcome”. : |
Stated differently, it means that a project is a temporary endeavour with a finite
completion date undertaken to create a unique product or service. There are bas1cally .

two major characteristics of a project.

o Temporary Endeavour; To be tempdrary signifies that there is a disérete and
definable commencement and conclusion; the management of a project requires

| tailored activities to support this characteristic, as such, a key indicator of
project success is how it performs against its schedule%that is, does it start and

end on time.

o Unique Deliverdble; The uniqueness of the deliverable, whether it is a product,
service, or result, requires a special approach in that there may not be a pre-

‘ éxisting blueprint for the project’s execution and there may not be a need to
repeat the project once it is completed. Uniqueness does not mean that there are
not similarities to other projectsb, but that the scope for a particular project has
deliverables that must ‘be produced within constraints, through risks, with
specific resources, at a specific place, and wit}tin. a certain period; therefore, the

‘process to produce the deliverable as well as the deliverable itself is unique. -

Considering the above deﬁmtlons and charactenstlcs of a project, it is eV1dent that TAM

- is aproject w1th

s Temporary endeavour - starting when the plant is shutdown and ends with. the

plant start-up.

» Unique deliverable - its desired out come is to improve the plants operations.
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Other distinctive features of a project identified by Burke (2003) which are also inherent
m a TAM implementation are:
e Astart andfi nish (although they may be difﬁcultto define - the start may have
“crystallised over a period of time and the end may be slow phase out)
o Alife-cycle (a beglnnmg and an end, with a number of distinct phases in
| between)

e 4 budget with an associated cash flow
o Activities that are essentially unique and non-repetitive

o Use of resources, which may be from different departments and need co-
ordinating

o 4 single point of responsibility (i.e. the project manager)

e Team roles and relationships that are subject to change and need to be developed,

defined and established (team building).

' Project management strategy is therefore very suitable for managing TAM. Project

Management is defined in several ways;

PMBOK stated that; "Project management is the application of knbwledge, skills, tools,
and techniques to project activities in order to meet or exceed stakehblder needs and

expectations from a project”’

For APMBOK, "Project management is the process by which projects are defined,
planned, monitored, controlled and delivered such that the agreed benefits are
realised. .... and- further stated that 'Projects brings about change and project

management is recognised as the most efficient way of managing such change".

Fellow, et al. (2002) however gave a more elaborate definition; "Project Management is
the art of directing and coordinating resources throughout the life of a project, by using
modern techmques to achieve predetermined objectzves of scope, cost, time, and quality

and partzczpants expectation”.

~ In other words PI‘O_]CC'[ management is the discipline of orgamzmg and managing
‘resources in such a way that these resources deliver all the work required to complete

the project within defined scope, quality, time and ‘cost; a project is a temporary and
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one-time endeavour undertaken to create a unique product or service, that brings about

~ beneficial change or added value.

From the above deﬁnitions, it means that apart from_ the scope, time, cost, safety and
quality, the project must also satisfy some'perfofmanee expectations: beneficial
change/added value (participantsl expectations) and this yaries from one project to
another. This clearly identifies that the purpese of the project is to meet the -
stakeholders' needs and eXpectatiens. It is therefore a fundamental requirement for the
Project manager to establish who the stakeholders are (besides the client) and analyse
' their needs and expectations to define, at the onset, the purpose of the project, its scope

of work and objectives.
In TAM projects, the stakeholders'/participants’ expectation includes:

'3 Bringing the plant to their original health
e Making plant safe to operate till the next outage.
e Improving efficiency and throughput of plant by suitable modification. |
e Reducing routine maintenance costs.
e Increasing reliability/availability of equipment during operation. ,
The above expectations have to be achieved on time, within cost and meet all the quality
requirements in a safe manner and with no environmental impact for a Turnaround

project to be considered successful.

3.3.2 TAM Project Implementation Process

TAM project process consists basically of foﬁr phases (Mclay, 2003; Lenahan, 1999';
Duffuaa & Daya, 2004; Bijvant, 2004). Though the nomenclature may differ, but for the
- purposes of this research project the phases are: Initiation, Planning, Exeeution and
Closure. These four phases forms a never ending cycle,.implying that the closure phase
of one TAM marks the initiation phase of the next TAM (Lenahan, 1999; Oliver, 2002;
Bijvant, 2004; Levitt, 2004) as shown in Figure 3.1.

3.3.2.1 Initiation Phase

This phase starts from the moment the senior manager flags up the necessity to start

considering the requirements for the forthcoming TAM project (Lenahan, 1999). During
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this phase all the strategic issues to Ee addressed and the activities required to move the
process to thé point where it can actually be planned and prepared are defined in detail
(Lenahan, 2006). It is the period during this phase that the key pefsonnels are appointed
and the management team formed. During this stage, the TAM team should meet with
the policy team to define clearly the ground work for the upcoming'TAM (Oliver, 2001
& Lenahan, 1999). The meeting should consider the type and nature of TAM such as
significant capital items, time until the next TAM; and other factors affecting the wbrk ‘
content. The initiation phase is used to identify the initial work items to Be carried out.
~ Among the deliverables of this phase are:
o Preliminéry worklists
e Basic cost estimates

Estimated duration

"o Turnaround preparation milestone; and

o manpower forecast for turnaround planning resource

INITIATION

CLOSURE
; s J

PLANNING
PHASE

EXECUTION
PHASE

Figure 3.1 TAM Project life cycle.
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3,3.2.2 Planning Phase

Having identified the workvto be accomplished and ‘t‘he scope of work that can be
completed with time and money allotted, the next is Planning phase (Brown, 2004).
This is the major phase of the TAM process. The normai TAM features a high volume
of work carried out by a large number of people working under time and access
cconstraints. The basic objective of planning is to ensure thaf the right job is done safely
at the right time and assigned to the right people (Duffuaa & Daya, 2004; Lenahan,
1999). According to Raiche (1997), the planning stagé is both a time of getting
organized and one of e‘ducating'all_the people who will be invblvéd in the Turnaround.
In this phas¢ the issdes includes:

1. .Planning ‘

2. Scheduling

3. Generating contrbl documents

4. Contingency.
The planning phase usually contains elements of uncertainty because it involves some
prediction of unknown conditions (of plant itéms) Which, in turn, can involve
everything from-informed technical assessment to 'finger crossed' guesswork (Lenahan,

. 2006).
3.3.2.3 Execution Phase

This phase follows the planning phase and 'ideally starts once the project plan has been
approved and base lined. This is the period when the planned work is carried out and-
" monitored against the event schedule, duration, cost, quality and safety requirements
(Lenahan, 2006). This phase starts as feed is reduced, then stopped, and includes
plant/unit shﬁtdown, prep'araﬁon of site for entry by workers (staff and contract),
- worklists execution and verification and ﬁnally start-up as covered in the detailed plan

‘(Oliver, 2003).
3.3.24 C_losure Phase

Lenahan (2006) i.dentiﬁed two key elements in these phase:
1. Ensuring that the plant is handed back in a fit condition
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2. The de-briefing of every member of the Turnaround organisation.

" This phase covers de-mobilisation, documentation, and cost reports and perhaps most
importantly, lessons learned that can be carried forward to the next TAM (Oliver, 2001). ~
This is the period of formal hand-over of the plant by TAM manéger to the Plant -
Manager. According to Lenahan (1999); the TAM manager arranges a final site

inspection with the Plant Team. This is to ensure that:

all agreed work has been completed

"~ all traces Qf TAM have been removed

o the plant is clean and tidy; and

» any damage done during the turnaround has been repaired.
Finélly is the TAM report, which is the TAM manager last activity and of course the
final activity‘ of the TAM process. The final repbrt should be a cogent document that is
an accurate description of what was done, what needs to be done and what did this all
cost (Brown, 2004).The next action is to decide the date for the first meeting of the
policy team for the next TAM, and the first document which should be considered at

that meeting is the report from the previous TAM '(Lenahan, 1999).
3.3..3 Problems of successful implementation of TAM Projects

As explained above, project managemént mevthod-ology can be adapted to rﬁanage TAM
projects. However, Ertl, (2005) stated that the maturity of the projé_ctmanagement
discipline in process industries for turnarounds is still very poor and stagnant at best.
The main problém of TAM,project impleméntation is that organisations are still
| implementing TAM as EPC (Engineering, Procurement & Construction) projects _(Ertl,
- 2005). One of the greatest' challenges to TAM managers is realizing that turnarounds are
different from EPC projects and hence have their own unique characteristics and
demands (Ertl, 2005; Oliver, 2002, 2003; Levitt, 2004; Lenahan, 1999). These unique
characteristics mean that the factors affecting TAM projects success as well as how they
impact on TAM projects are different from that of EPC projects. These features also
>' “imply that TAM projécts are wrongly evalﬁated as the success measurement criteria
should be different from what is currently used. These elements as shown in Figure 3.2
are wron'gly applied to TAM projects and hence are the major problems of TAM

projects successful implementation.
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TAM SUCCESS TAM CRITICAL "UNIQUE"
MEASUREMENT SUCCESS FACTORS FEATURES OF TAM
CRITERIA PROJECTS

PROBLEMS OF TAM
IMPLEMENTATION

Figure 3.2: Major Problems of TAM project implementation.

3.4 FEATURES OF A TURNAROUND MAINTENANCE PROJECT

lAs identified above Project management is applicable to TAM management. There arev
however operational differences that set thém apart from other Engineering projects. It
has been identified from the literatures that the major'ca‘use of TAM project failures is
that organisations still manage TAM like other EPC projects. Below are the special
features of TAM project which organisations should be aware of to assist in the
implementation of TAM projects aﬁd the basic differences befween TAM and EPC

projects are shown in Table 3.1

According to Lenahan (1999), whilst most other projects centre around creating
something new, or the addition of something new to existing entity, TAM is concerned
mainly “with the replacement, repair or refurbishment of items which have

malfunctioned in some way, or are worn, corroded or damaged.

TAM. projects occur in a very short time (Motylenski,- 2003) and require the
mobilization of hundreds or tho'uéands of workers and a large quantify of materials and
equipment on site, the completion of a substantial work scope _(includihg >WOrk the need
for which emerges during the event) and the demobilization of the men and equipment,
all in a short time (Lenahan, 1999). This short duration makes the measuremeﬁt of time -

in hours and shifts (Ertl, 2005; Levitt, 2004).
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Table 3.1 Comparison of EPC and TAM projects,

- ENGINEERING, PROCUREMENT &

:’ TURNAROUND MAINTENANCE (TAM)
 PROJECTS ~

. CONSTRUCTION (EPC) PROJECTS

Creation of something new or the addition of
something new to an existing entity

Concerned mainly with the replacement,
repair or refurbishment of items which has

- malfunctioned or are worn, corroded or
damaged

Usually well defined scope, from:
a. drawings
b. specifications
c. contracts
d. permits, memos, etc

" Usually loosely defined scope, from:-
a. past turnaround experience
b. inspection reports ,
c. operations, maintenance requests
d. historical estimates |

Scope is static. Few changes occur during
execution

Scope is dynamic. Many changes occur as
inspections are made.

Can be planned and scheduled well in advance

Planning and scheduling cannot be finalized until
scope is approved, generally near the shutdown. -

Projects are organised around costs

Turnarounds are work order based .

codes/commodities.

Generally do not require safety permits to
perform work - '

Turnaround work requires extensive permitting

Man-power staffing requirements usually do
not change.

every shift.

Man-power staffing requiremenfs change during
execution due to scope fluctuations.

Project schedules can be updated either
weekly or monthly

Turnaround schedules must be updated every
shift, daily.

Projects measure time in days, weeks and
months

Turnaround measure time in hours or.shifts

Project usually has end point

No clear defined end point.

Project scope are usually all mandatory

Turnaround scope is flexible. Usually a large % of
work can be postponed to a later wmdow of
opportunity if necessary.

Project schedules are uncompressed. Schedule
acceleration can be used to correct slippages in
the critical path.

Turnaround schedules are compressed. There

‘may be little or no opportunity to correct the

critical path by accelerating the schedule.

(Source: Adapted from Ertl, 2005; Levitt, 2004 & Lenahan, 1999)

Another feature of TAM project is the work scope. A large portion of the scope of work

is not usually known until right up to the beginning of TAM (Ertl, 2005; Levitt, 2004,
Lenahan, 1999; Oliver, 2001, 2002). This is because the scope of work changes as the

~ equipment is disassembled. This scope fluctuation causes work force staffing changes
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* during the TAM execution (Ertl, 2005 and Levitt, 2004). As a result of these scope
changes, planning and scheduling cannot.be finalized until the scope is pinned down

' and approved. This usually occurs late in the process (Ertl, 2005 and Levitt, 2004).

TAM work scope is usually loosely defined and are usually from past turnaround

experience, inspection reports operations requests and historical estimates.

TAM projects are characterised by many.unrelatéd jobs as a result of multiple sources
of work items (Levitt, 2004). Input of these work items is obtained from projects,
process/prodvuction, quality assurance, dperations, maintenance, engineering énd safety
departments. (Oliver, 2003; Williams, 2004, Motyle_nski, 2003; Lenahan, 1999; Duffuaa |
& Daya, 2004). This résults in some cases Aof one job per work order and leads to many
one-step activities (Levitt, 2004). E,xtensi\‘/e safety permitting is needed for every shift -

because of this un-related jobs nature of TAM tasks.

TAM schedules are usually compressed. There may be little or no opportunity to correct
the»critical path by aécelerating the schedule. The compressed work basis for executing
TAM means that all team members have less time to analyze and react to chénging
priorities. Problems that go unchecked can signjﬁcantly impact the chancesfbr reaching .
the time and budget goals. As a vconsequence, there is a mﬁch greater need for using the
schedule to drive the project execution in a TAM project (whereas it is sometimes used
mostly as a bpntractual tool in EPC projeéts). It ‘,is critical for all schedule.and progress

information to be highly visible, timely, comprehensive and accurate. _

Another poiht according to Levitt (2004) is that TAM has no cleaf defined end point.
This is because there is always more work to be done. This work scope ﬂexvibility
results in a large percentage of work being postponed to a later window of opportunity

if necessary (Ertl, 2005).

3.5TAM PROJECTS IMPLEMENTATION SUCCESS EVALUATION

~ Project evaluation is essential to understand and assess the key aspects of a project that
make it either a success or a failure. The success or failure of a projéct is influenced by
a large number of factors and many times it is hard to measure them objectively
- (Wohlin &‘A_ndrews, 2001). These factors can only be adequately identified wheﬁ the
success criteria is properly defined. Inadequacy in measuring the project outcome can
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_ contribute to it not being managed effectively. According to Naughton (2004); "If we
are to predict and effect the direction of our projects, we must know where to correct, -

what to correct, a_nd how much to correct”.

Despite efforts by organisations to ensure successful implementation.of TAM projects,
there are still several reports of failures. One argument could be that Organisations
seems keen to adopt factors to achieve success, sucli as methodologies, tools,
knowledge and skills,. but continue to measure the TAM outcome using the wrong
criteria. If the measurement criteria were the cause of the reported failures, continuing

to use those will simply repeat failures of the past.

Project success is a topic which is frequently discussed and yet rarely agreed upon. The
concept of project success according to Liu & Walker (1998) and Chan & Chan (2004)
can mean so much to so many different people because of varying perceptions, and
leads to‘disagreements about whether a project is successful or not. Chan & Chan (2004)
further‘ stressed that deﬁnitions of project success are not universal but are dependent on
the nature of the project type, size and sophistication, project participants and -
experience of owners. Applying the measurement criteria of EPC projects (as currently
done) to TAM projects can therefore be misleading considering their differences as
identified in Section 3.4. TAM project success measurement criteria are therefore
necessary not only to assist in identifying the factors that affect TAM project success

but also to ensure a correct evaluation of the TAM project outcome.

Traditionally, the success of a project is assessed using internal measures such as
technical and operational goals, and meeting schedule and budget. Chan & Chan (2004)
defined criteria for project success as the set of principles or standards by which
favourable outcomes can be completed within a specification. Pinto & Slevin (1987)
pointed out that projeci implementation incorporated four basic facets. They pointed out
that a project is generally considered successful if it:

e comes in on-schedule (time criterion) |

. is executed within budget (monetary criterion)

e achieves basicaily all the goals originally set for it (effectiveness criterion)

e is accepted and used by the client for whom the project is intended (client

satisfaction criterion.
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'According to recent studies project success is much more than the success of project
‘implementation success. According to Shenhar; et al. (1997), it has been recognized that
~several other measures should be used to define project success. These measures reflect
extemal effectiveness: the project's impact on its customers and on the developing

organization itself.

Table 3 2: Literatures on PrOJect success measurement criteria

Pro;ect success measurement crrterra

Micro and Macro view points of Project success;
Lim, et al., (1999) 1.Completion criteria: time, cost, quality, quality, performance & Safety
2. Satisfaction criteria: Owners, users, stakeholders & general public
Four Levels of Projects success: :
1. Project Management success: Cost, time & quality
Haughey, (2007) 2. Repeated project management success: Predictable outcomes
v 3. Project success: Benefits Realised
4. Corporate success: Strategies implemented, value added.
Two dimensions of success: ‘
Westhuizen, et al., | 1. Project management success: within time, budget, specification, stakeholder
(2005) satisfaction & quality project management process.
‘ 2. Project product success: Product or added value success, user satisfaction,
individual impact & organisational impact. '
Four Dimensions of Project success:
1. Project efficiency (Short term measure): Completed on time, within the
specified budget
Shenhar, et al., 2. Impact on customer (Related to the customer and/or user of the result):
’ (1997) Meeting performance measures, functional requirements, technrcal
requirements.
3. Business & Direct success (Measures performance) time, cycle tlme, yleld &
quality and total improvement of organisation performance.
4. Preparing for the future (long term dimension): Preparlng organisation &
technological infrastructure for the future
Three staged Project success:
, 1. The process (doing it right): cost, time, quality, efﬁcrency
Atkinson, (1999) | 2. The system (getting it right): Benefits to stakeholders involved in the project;
Criteria from project manager, top management, customer-client and team
‘member; Resultant system.
3. The benefits (getting them right): Impact on customer; Business success.
. : Six Criteria of Construction project success measurement.
Ashley, et al., 1. Budget performance 2. Schedule Performance. 3. Client satisfaction.
(1997) .| 4. Functionality. 5. Contractors' satrsfactron 6 Project manager/team
satisfaction. :
Consolidated framework for measuring Project success.
Chan & Chan, 1. Cost. 2. Time 3. Health & safety 4. Participants' satisfaction 5. User
(2004) expectation/satisfaction. 6. Environmental performance 7. Commercial
: profitable/value. 8. Quality :
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From the literatures reviewed on various engineering projects (see Table 3.2), TAM v
project success can be evaluated using three main broad components (as shown in
Figure 3.3): '

- e Management success - a measure of project >r‘nanagement efficiency.
e Perception of stakeholders - an éssessment of the perception of the Client/Top
management, Project team members, and the users of the 'product’ of the project.

e Resultant benefits to the business - a measure of the benefits to the organisation.

accruable from the 'product’ of the project.

Management success:

- Completed on time

- Within budget ' . :

- Quality-(T: echmcal Specmcatlons)
—Safety Taneiy
- Enwronmental performance i
- Functaonal requ«rements

—

|Perception of Stakehoiders:
- Client/Top management
F—— ->‘ satisfaction/expectation
- Participants Satisfaction .
- User satisfaction/expectation

Resultant Beneflts o

| »| Performanoe expe atlons ;
L Added value

- Busmess suocess

Figure 3 3: Proposed TAM Project Success measurement model (Source
developed for this research).

3.5.1 Management Success evaluation
3.5.1.1 Time (Duration)

Time is the duration for completing the TAM project. Durations of TAM projects are
very dynamic and are verykdifﬁcvult to estimate. Unlike in EPC projects where scope
* variations are minimal, scope changes is a common feature in every TAM project.
- Despite all strategies that are put in place to estimate and forecast the scope of work,

 there are always clements of surprises. If the new scope as a result of emergent work
imparts on the critical path, the duration might be pushed forward, thereby causing time
overruns implying TAM project failure. Is this a good measure? Motylenski (2003),

~ Levitt (2004) and Oliver (2001, 2002) stated duration as a measure of TAM éuccess, but
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did not define the duration. Motylenski, (2003), considered finishing the TAM project
within the duration expected. This definition does not give a good measure of duration
as 'expectation' varies from one person to another depending on who is assessing the

project.
3.5.1.2 Cost

Cost is another important TAM project success rrieasurement' criterion (Motylenski,
2003, Levitt, 2004 and Oliver, 2001, 2002). Cost is defined as the degree to which the -
general conditions promote the completion of the project within the budget. Again this
measurement if considered as in EPC projects will be misleading considering that scope
of work changes (additions) resulting in the incréaée in cost. Situaﬁons may arise that
despite all the estimates made, the cost may overrun the budget. This cost overrun may
be as result of extra resources e.g. equipment .hires, spares or contract cost adjustments
to cope with the emergent scope which was not considered' earlier. If this scenario is not
“’cohsider‘ed properly, thq cost used in evaluaﬁng the TAM project. success may be

misleading.
3.5.1.3 Quality

Quality is another basic criterion that is heavily referred to by previous researchers in
EPC projects. Project quality mearis meeting customers need fully for the end product,
reducing the reworking of non-conforming tasks, keeping customers informed of the

progress of the project (Tukel & Rom, 2001).

~ However, the assessment of quality is rather-subjective. In the construction industry,
quality is defined as the totality of features requiréd by a product or service to satisfy a
given need; fitness for purpose (Chan & Chan, 2004). In a TAM project, vql'Iality isa
measure of the adherence to standard operating procedure (SOP) and technicél
speciﬁcations for darryihg out a job. These procedures ensure strict'cor_npliance of all
tasks to Engineering standards. Commissionihg incidents (Motylenski, 2003, Levitt,

- 2004 and Oliver, 2001, 2002) is a measure of the quality of the TAM project.
3514 Fuhctionality of the Equipment |

‘There would be no point in undertaking a project if it does not fulfil its intended
function at the end of the day (Kometa, ef al., 1995). The importance of functionality
cannot be over-emphasised. The indicator correlates with the expectations of the TAM
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project participants and can best be measured by the degree of conformance to all
technical épeciﬁcations. Quality, technical performance, and functionality are elosely
related and are considered impdrtant to the Client/Toﬁ management and the TAM
project participants. Plaﬁt Start-up incidents (Motylenski, 2003; Levitt, 2004 and Oliver,

2001, 2002) is also measure of how the functional requirement is met in a TAM project.

3.5.1.5 Safety

Health and safety are considered as the degree to which the general conditions promote
the completion of a project without accidents or injuries. Absence of personal injuries
and no facility incidents is one of the characteristics of a successful TAM ‘project'
(Motylenski, 2003).0One measure of all industrial work is sefety, and this is acutely true
during shutdowns. The goal is no one is hurt or killed (Levitt, 2004). In the duclear
power plants, radiation dose exposure is measured and compared with budgeted levels

(IAEA, 2006).
3.5.1.6 Environmental Performance

Environmental impact is a ,meesure of TAM project management success (Metylenski,
2003; Levitt, 2004 eind Oliver, 2001, 2002). TAM projects generate large Volumes of
waste. that must be properly identified, labelled, stored and eventuall.y disposed of
"(CAM, 2003). The Technical committee which was formed by Internationél
Organisation for Standardisation developed a series of standards, which are known as
ISO14000 series. It contained 21 standards and guidance documents on environmental -
- management and provides a benchmark of proper environmental managementkpfactice.‘
In 'the UK, the Envirbnfr1ental Protection Act.” 1990 sets out the framework for
integrated pollution Control and proce‘és authorisations. The emission limit_s‘applicable
to the chemical industry are stated in the Environmental Agency process guidelines.
These guidelines are used to assess the Erivironmental Impact Assessment (EIA) of a

given TAM project.
3.5.2 Perception of Stakeholders

The impact of the TAM project on the stakeholders is a measure on how the

stakeholders evaluate the TAM project outcome. Here the stakeholders include:

e Client/Top management

e Project participants : the TAM project team, the contractors, vendors, etc
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o .The users; the plant operators, maintenance’team etc.
The Client/Top management is con51dered as the owner of the business and usually
: evaluates TAM project outcome on the management success criteria and the impact to
the business. On completion of TAM project, the owner of the business is usually'
satisfied if the'management process is a success and _expeéts’that the technical and.

business objectives of carrying out the TAM project should also be met at the long run.

The Project participants (TAM management team, contractors, TAM workers); TAM
project participants' perception of success varies with the individual participant. They

commonly share project management outcome as a criterion for success.

- For the users (plant operators), their main mode of TAM success measure is in the
operational performances of the equipment and the plant being safe to operate till the

next outage.

The maintenance team considers a TAM project on the level of breakdown frequencies

(failufe levels) in the plant.

3.5.3 Resultant Benefits

The resultant benefits of TAM project on the organisational business is a measure of -
how the TAM pI‘O_]CCt affects the operations of the plant. This is actually the measure of
the 'product’ of the project. In other words this is a measure of how the objectives of

TAM project are met. The objectives TAM project as stated earlier includes:

e Bringing the plant to their original health

e Making the plant machines safe to operate

¢ Improvement on efficiency and throughput of plant by sultable modlﬁcatlon .

e Reduction of routine maintenance costs |

. Increasing the reliability/availability of equipment during operation

e Upgrading technology by introducing modern equipment and techniques.
‘Unfortunately, most of the objectives can only be assessed long after the conclusion of
the project. Duncan (2004) gave some suggestions on some projects that have simiiar
prdblems of evaluation. The Project Management team should determine what it can
_inﬂuence towards the end results (Duncan, 2004), and suggested some project type and

success measures as shown in Table 3.3.
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Table 3.3: Project type and success measurement criteria (Source: Adapted from
Duncan, 2004). '

Serial,

 No

fBrojectType  ° ~ SuccessMeasurement

.Consumer Product Unit Manufacturing cost’

2 Web-based Software Application 100% compliance with public standards
3 Information Technology Training

From the above it is very evident that there is no clear-cut mode of measurement of

TAM project outcome:

Organisations mostly are using‘cornparative performance metrics to compare the
TAM project activity performance instead of assessing each project individually.
The Duration (time) measurement does not take into consideration the additional
duration due to emergent jobs which impacts on the critical path, which must be
donie to ensure the overall objectivev‘of the project being realised.

The Cost (budget) measure is silent about the cost associated to emergent jobs
which must be done to ensure realising the objective of the project.

Again there is no comment in the literatures of how to measure the benefits to
the organisation of the entire project itself. It is true that most of the objectives
ofa TAM project can only be realised long after hand-over to the operations, but
there is need for organisations to agree on some form of measure at the end of

the project towards the TAM objectives.

This research work will, considering the above develop a framework to assist

organisations to measure the outcome of their TAM projects effectively.

3.6 CRITICAL SUCCESS FACTORS (CSF) OF TAM PROJECTS
IMPLEMENTATION

Critical Success Factor (CSF) is a business term for an element which is necessary for

an organization or project to achieve.its mission. Project success factors define those
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factors if not done right will result in a failed.project. They are required and necessary
for successful execution and improved team communication, focus and energy (Witt,
2002).

| Despite the extensive research.in recent years on the critical success factors of project
implementation, there is little agreement on the causal factors of project success. Av
major reason is the widespread assumption that a universal theory of project
management can be applied to all types of pro-jects.’According to Dvir, ét al. (1998),
project success factors are not universal to all projects. This implies that different
projects exhibit different set of success factors. It is therefore necessary to consider
projects success factors according to the project under review noting its peculiar
features. The knoWledge of TAM project critical success factors is therefore imperative

to ensure its successful implementation.

Important to the understanding of the process of Project management is an examination |
of the underlining factors critical to the implementation process. Researchers in Project |
' Management field have generated several lists of critical factors in an attempt ' to
understand project implementation success. Some researchers have presented theoretical
and empirical frameworks that identify project implementation success factors. Table
3.4 shows a list of some attempts by different researchers to determine critical success

factors of project implementation.

Table 3.4 List of literatures on critical success factors of Project implementation

SOURCE e[ T R CRITICAL SUCCESS FACTORS (CSF):

Ruben and Seellng Techmcal performance as a measure of success. PrOJect manager's experlence has
-(1967) minimal impact but the size of previously managed project does affect the manager s
’ performance

Adequate basis for Project; Right Project manager; Top. Management support; Adequately
defined tasks; Adequate Project management techniques; Adequate use of management

Avots (1969) “techniques; Planned pro;ect close down Commitment to pro;ect
. Sayles & Chandler Project manager s competence; Scheduling; Control systems and responsrbllmes,
(1971) Communication; Monitoring and feedback; and Continuing involvement in the project.

Define goals; Selection of organizational philosophy; General management support;
Organize and delegate authority; Selection of project team; Allocate sufficient resources;

Martin (1976) Provide for control and information mechanisms; and require planning and review.

Clear goals; Goal commitment of the project team; On-site project manager; Adequate
funding to completion; Adequate project team capability; Accurate initial cost estimates;
Minimum start-up difficulties; Planning and control techniques; Task -social orientation;
and Absence of bureaucracy. :

Baker, et al. {1983).
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Project summary; Operational concept; Top management support; Financial support;

_Cleland and King
(1983) Logistic requirements; Facility support; Market intelligence; Project schedule; Executive
: development and training; Manpower and organisation; Acquisition; Information and
communication channels; Project review. '
Make project commitment known; Project authority from top; Appoint competent Project

Locke (1984)

Manager; Set up communications and procedures; Set up control mechanisms ( schedules,
etc); and Progress meetings.

Morris and Hughes
(1986)

Realistic goal; Competition; Client satisfaction; definite goal; Profitability; Third parties;
Market availability; The implementation process; Perceived value of the project.

Ashley, et al. (1987)

Management, Organization; Communication; Scope and Planning; Controls,
Enwronmental Economic, Polltlcal and social; Technical.

Morris and Hughes,
(1987) -

PrOJect reqwrement/objectlves, Communlty/Customer involvement; Technical tasks;
Politics; Financial contract legal problems; Adequate spending; Implementation problems;
and Trouble-shooting. .

Schultz, et al. (1‘987)

Clearly defined goals; Sufficient resource allocation; Top Management support; Project
Plans and schedules; Competent Project Manager; Competent project team members;
Adequate communication; Feedback capabilities and Responsiveness to clients.

Pinto and Slevin (1987)

Project objectives, Top management support, Project planning, Client consultation;
communication; Personnel recruitment; Technical tasks; Client acceptance; Monitoring
and feedback; and Trouble-shooting.

Cooper & Kleinschmidt
(1995)

Top management support; Personnel recruitment; Adequate spending; Project strategy;
and High quality processes

Tukel & Rom (1995)

Top management support; Client consultation; Preliminary estlmates, Availability of
resources; and Project manager's performance.

Pinto & _Kharbanda
{1995)

Mission at the forefront; Early & Continual Client consultation; Technology; Scheduling
system; Project Team; Top management-Support and continual what if? Approach

Belassi & Tukel (1996)

Project Manager's Management skills; Project Team; Size & Value; Uniqueness of project
activities; Density of project; Life cycle; Urgency, Top Management support; Project
organizational structure; Functional manager's support; Project Champion; Political,
Economical, social and technological environment; Nature; Client Competitors; Sub-
contractors.

" Clarke (1999)

Communications; Clear Objectives; Breakdown actlwtles Using project plans as worklng
documents. :

Turner (1999)

Project Plan; Top management support; Personnel Recruitment; Monitoring and feedback;

Adequate spending; Technical tasks; Communication; High quality processes; Ownership;
and Goal commitment project team )

Johnson, et al. (2001)

Project Plan; Top management support; Personnel Recruitment; Customer involvement;
Project requirement and objectives; Project strategy; Ownership; Realistic expectations;
Smaller Project milestones ‘

Poon, et al. (2001)

Project objective; Scope; Project manager; Project Team; Planning; Control; Work
package; Communication; Information Management; Top Management; HSE.

Clearly defined goals; Competent project manager; Top management support; Competent

Frese & Sauter (2003) | project team members; Sufficient resource allocation; Adequate communication channels;
= Contro! Mechanisms; Feedback capabilities; Responsiveness to client; Client consultation;
Technical tasks; Client acceptance; Trouble-shooting. :
Sommer (2003) Strategic Plan; Executive sponsorship; Technology evaluation; Customer involvement;

. Scope; Pilots; Testing; Planning; Roll out time; Training; Change to business; Risk analysis.

Torp, et al. (2004}

Project Organisation; Contract strategy; Project planning & Controlling; Stable framework
Conditions; Stakeholder management; Technical factors; Nature and market conditions;
Objective management; Top management support; Interface towards surrounding
projects; and Management of Design '
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Clear links between the project and orgamsatlon key strategic priorities; Clear Senior
management ownership and leadership; Effective engagement of with stakeholders; Skills
and proven approach to project management risk management; Breaking

implementation into manageable steps; Evaluation of pkoposals, Understanding of and-
contact with the supply industry at senior levels in the organisation; Effective prOJect
team integration.

OGC (2005)

Strong project executive leadership and alignment; Clear measurable goals; Actionable
business case and performance measures; Clearly defined roles and responsibilities; Well

-Witt (2006) _designed execution and continuous improvement plan.

The following factors as identified in the literatures of generic projects (Table 3.4) are

known to have direct impact on the success or failure of TAM projects.
3.6.1 TAM project manager (TAM mahager)

As Project manager's experience and competence is critical to the outcome of genéric
projects, (Ruben & Seélihg, 1967, AVOts, 1969; Locke,>_1984; Tukel & Rom, 1995;
Belassi & Tukel, 1996; Clarke, 1999; Johnson, ef al., 2001; Poon, et al., 2001), th¢ V

TAM manager has a'lot to contribute to the success or failure of a TAM project.

The TAM project manager's role is very critical to the success of TAM project. The -
requirement of his skill is multi-dimensional, which includes interpérsbnal, technical
and administrative skills. He is responsiblé for organising, co-ordihating, controlling
and motivating the entire TAM project team to perform their duties. | .
The TAM ‘manager builds the TAM organisation and appoints specialists whd make up
the TAM management teafn (Duffuaa & Daya, 2004; Lenahan, 1999; Levitt, 2004;
Edwards, 1998). According to Duffuaa & Daya (2004) and Lehahan (1 999); forTAM to
be sucéessﬁ.tl the TAM manager should possess the following character traits:

.. Leader_ship,vtearn building and negotiation skills

e A good working knowledge of TAM typé projects

e Planning and co-ordinating ability

e A flexible approach to complex problems

. - The ébility'to work effectively under pressure

. A strongly sense of humour. |
In addition to the above, Levitt (2004), noted that the TAM manager must have major

expertise in Turnarounds, Project Management techmques, maintenance job planning,
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basic maintenance englneerlng and loglstlcs A minor in safety, process management

and accountlng is useful.

3.6.2 Top (Corporate) Management support

The Top management support has been shown to be a necessity towards the success of
all projects (Avots, 1969; Locke, 1984 Frese & Sauter 2003; Sommer, 2003; Torp, er
al., 2004; OGC, 2005).

In TAM projects the neeessity 40f( Top management support is even more obvious. At
some point' in time the top management will initiate the process which will eventually
lead to a plant TAM. The Top management prqvides the underlying gﬁidance and
support needed by the organisation to ensure a successful and effective TAM
(Motylenski, 2003). |

Due to the complexity of jobs and strategic decisions involved in TAM, the top
_rnan‘agement. usually appoint a policy team to oversee the TAM project (Levitt, 2004;
Lenahan, 1999; Motylenski, 2003; Oliver, 2001, 2002, 2003). The team provides funds
establishes constraints, sets objectives, establishes polices, and monitors progress of the
plannmg, execution and completion of the TAM project.

Haber, ef al. (1992) identified critical TQp management functions to include decision-
making for prioritization of goals, oversight through presence, clearly defining roles and
“responsibilities, allocating resources, including financial and personnel, provisions for
proactive outage 'scheduling and planning and developing a mechanism for
organisational learning. The empowerment of the TAM manager is also an important
function of the Top management. to ensure the TAM manager has the necessary
authority to ensure adequate management of the project (Haber, et al, 1992 and

Edwards, 1998).

'3.6.3 TAM Project Goals & Objectives

Clear definition of project goals and objectives have been emphasised in many

literatures as a critical success/failure factors of generic projects ,(deke, 1984; Tukel &
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- Rom, 1995; Clarke, 1999; Morris & Hughes, 1987; Schultz, ef al., 1987; Pinto & Slévin,
1987). ' ‘

For a TAM to be successful the organisation must draft clear turnaround goals and
objectives consistent With guiding principles and overall plant objectives. The

0bjectivés should address: budget, anticipated upcoming run length, downtime duration,

starting date, estimated man-hours and any other appropriate item (Motylenski, y

2003).The objectives according to Raiche (1997) should include key milestone items

that everyone can relate to. The objectives and goals must be established early for the

entire operation. Objectives should be concise and measurable as well as applicable to

each phase of the shutdown. Examples of objéctives according to Lowell (2002) include:
e Limit hcw or growth work to less than 25% of total shutdown work

o 85% >0f ‘shutdown work Will be determined by inspection and condition

monitoring versus historical data | |

e Zero safety incidents by contractors or plant work force.

- 3.6.4 TAM Project Team

The composition of the project team has direct impact oh the success or failure of
generic projects. (Martin, 1976; Baker, et‘al.,1983; Schultz, et al., 1987; Pinto. &
'Kharbanda,1995; Clarke, 1999; Poon, ef dl., 2001; Torp, ef al., 2004; OGC 2005;
Johnson, et al., 2001). |

For a TAM to be successful, a well motivated and competent team should be selected.'.
Duffuaa & Daya (2004), Gupta, et al. (1997) and Oliver, (2001), insist that the most
suitable people should be selécted with gréat care to forge the Strongest possible
organisatiori‘(management or core team) for controlling the event. According to Mclay
| (2003), the TAM team should 'repres.ent _al]vare‘as of responsibility: administration,
operations, engineering, and maintenance; health, safety, and environment (HSE);
quality assurance (QA); procurement, planning, and scheduling; and turnaround
supervisiéﬁ. In addition the contracfor representatives should also be included in this
TAM team (Lenahan, 1999). -

Oliver, (2001, 2002) stated that when naming members of the TAM project team, an -
vassessment of their ability to work as a team should be made and where needed
appropriate training should be given. Further he maintained that it is very necessary to

define the roles and responsibilities of each member to avoid conflict.
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3.6.5 TAM Project Plans/Schedules

Project planning and schedules has been identified and established as critical to the
success or failure of generic projects (Baker, ef al., 1983; Ashley, et al., 1987; Schultz,
etal., 1987; Pinto & Slevin,'1987; Belassi & Tukel, 1996;).

Planning has been identified as being absolutely critical to successful shutdown
maintenance (Zhao, et al., 2006; IAEA, 2006; Duffuaa & Daya, 2004; Lenahan, 1999;
Levitt, 2004; Brown, 2004).

TAM planning involves many different issues, such as coordination of available
resources, scheduling, safety concerns, and reguiétory and fechriical fequirements for all
activities and work undertaken before and during the outage (IAEA, 2006, Randles, ef
al., 1983). In addition to the above, Lenahan (1999) included cost estimate (budget
plan), quality plan and communication and briefing packages as part of the planning
- process. Planning, according to Duffuaa & Daya (2004) and Oliver (2001, 2002), covers
also the following important activities:
e the shutdown start-up logic

the shutdown network

the start-up network

the critical path program; and

work scheduling which is usually generated using project management software.

The need to integrate the entire work into the plan cannot be over-emphasised because
failure to do so is one of the most common causes for TAM to overrun both budget and |

duration (Oliver, 2001, 2002).

TAM planning‘ is Categorized into three; long range planning strategy, medium and
short term strategy (IAEA, 2002, 2006). |
Long-term plans or long-range bitszfness strategic plans are necessary for a successful
| TAM project »(LeVitt, 2004; Oliver, 2003; IAEA, 2006; Krings, 2001; McLay, 2003). In
the long range planning (IAEA, 2002, 2006) the plant establishes the occurrence and
duration of outages according to equipment ageing, need for back fittings and
refurbishment. The long term plan optimises plant availability, total outage duration and

cost estimates. Long range plan is the tool for controlling the scope of each outage.
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Without long.range plans, major repairs and inspections often do not get adequate
attention until it is too late to properly prepare for their execution (Krings, 2001). It also,
* according to Oliver (2001, 2002, and 2003), provides the mechanism for integrating
TAM schedules and budget into overall corporate plan. Lohg ranges are for 5 - 10 years

~ and include preliminary cost and budget estimates within the constraints of the expected
scope of supplies'and services (IAEA, 2006). » | ‘

A middle term plan according to IAEA (2002, 2006) is used to co-ordinate the outages
of all plants and take into account market needs. It is more detailed than long term
planning and may cover a time of 2 - 5 years. A middle term plan estimates the material
‘and human resources needed and‘ incorporates medium-sized backfitting/refurbishment
activities in compliance with industry standards and changes in regulétory requirements

" (IAEA, 2006). o B

The short term plan is develdped using the long term plan as starting point. In addition
to the major repairs, the short-term plan, according to Krings (2001), must include .
| detailed lists. and estimates for the smaller less costly repair works and as budget and
shutdown plan enter the épproval process, it should be very clear on what the up-

coming TAM will accompiish. v

- A unique milestone plan is usually prepared for each TAM project. The milestone plan
indicates all major activities that need to be developed prior to execution for process

operations, maintenance, inspection, project and management (Motylenski, 2003) |
To cover for emergent work which is a feature of TAM, contingency plaﬁning has to be
- included in the planning. This is an activity that builds extra time, money and resources

into a plan to cover for emergent work (Duffuaa & Daya, 2004).

3.6.6 Communicétions

‘Communication has been shown to be a necessity for managing projects successfully
(Sayles, ef al.,1971; Cleland & King, 1983; Locke, 1984; Ashley, ef al., 1987; Schultz,
et al., 1987; Pinto & Slevin, 1987) | |

Effective communication is even more critical to the successful implementaﬁon of
TAM (Lenahan, 1999; Duffuaa & Daya, 2004; Haber, ef al,, 1992; Edwards, 1998;
IAEA, 2002, 2006; Raiche, 1997; Ertl, 2005; Levitt, 2004; Motylénski, 2003; Orendi, et
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al.; 1992). According to (Ertl, 2005), because of the compressed time frame associafed
~ with TAM, there is less time available to everyone in the TAM team to overcome the
~ problems caused by poor communication. Considering the amount éf work which is
carried out with large number of people from different contractors, vadequatéb
communication. plays a central role in reducing delays, conflicts and accidents (Duffuaa
& Daya, 2004). IAEA (2002, ~200.6) emphasised that effecﬁve ‘mechanisms to
communicate the status and progress of TAM should be in place and reporting the
results of TAM activities should be an integral part of TAM execution and not regarded
as optional. Haber, et al. (1992) identified three major comrhunication dimensions
which are to be managed properly to ensure TAM success. These are: |

J int‘ra.departmental communication

¢ interdepartmental communication; and

e external communication.

Orendi, et al. (1992),emphasised that multi disciplinary team to plan and review the
" outage is a wayv of confronting and solving vintgrdepartmental conflicts that may occur
during an outage if only one group plans the outage. For a successful TAM; it is
necessary to keep contractors, top management, project team members and all others
involved in TAM infbrmed on the progress. It is also important to coordinate their work
areas and obtain feed back from them on the work échédule (IAEA, 2002, 2006;
Lenahan, ‘1999; Duffuaa & Daya, 2004; Orendi, ef al., 1992). This according to Orendi,
‘et al. (1992) ensures that probléms encountered are paramount for timely resolution and

minimising unexpected risks. |
3.6.7 Organisation/ Organisational structure.

The organisatidnal structure for carrying out a project is a major factor to its suécess
(Cleland & King, 1983; Ashley, et al., 1987; Belassi & Tukel, 1996; Clarke, 1999)..

As in all pfojecfs, organisation is critical to the success of TAM projects. According to
Duffuaa & Daya, (2004) the most suitable people with adequate skills should be
selected with great care to forge the strongest possible organisation for controlling the
project. The shape and size of TAM organisation will be determined by addressing the
' following questions: ' | ' '

1. Who will manage the turnaround?
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2. Who will carry out the work? -
Lenahan, (1999) identified the following options avallable for TAM management
1. Select one of the company's own management or engineering staff
2. Bring a consultant management team
3. Bring in a main contractor to manage and execute the bulk of the work.
And these six options on who will do the work:
1. Employ one main contractor, who will execute all work packages ‘
2. Ernploy on main contractor, executing general tasks, plus specialists contractors
3. Employ one main oontractor who employs, and manages subcontractors for a |
number of packages
4. Employ several contractors executing specific pockages of work
5. Rely on contract agencies only to provide manpower, the .company' supervising
it and all other resources itself
" 6. Use one's own resources and supervision. .
The optimum organisation according to Duffuaa & Daya (2004) would ‘blend the
following: - | ' |
K Plant personnel who possess local knowledge
o TAM personnel, skilled in planning, coordination and work management
o Technical personnel who possess engineering design and project skills
e Contractors and others who possess the skills and knowledge to execute
the work. |
Due to complexrty of TAM projects, the organrsatronal model that has, so far worked
best is the hierarchic pyramid (Lenahan 1999, Brown 2004).
Any existing orgamsatlonal structure devised for the day to day act1v1ty in a company is
'wholly inadequate for the coordinated act1v1ty required  during a shutdown, as
departmental hierarchy does not respond qulckly enough to problems encountered
~during shutdown execution (Brown, 2004) Levitt (2004) stated that shutdown
organisation should ensure that: '
e All function are covered by someone
o There is enough depth to be sure that more than 1 or 2 people understarld the
technical issues of the shutdown ' |
° There is minimal duplication of functions
e The organisation is flexible and can respond to new conditions particularly
during the execution phase |
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e The size of the shutdown is matched by the size of the staff to manage it

o The organisational structure supports coordinatibn, communication and quick
decision making

* Roles and responsibilities are defined and communicéted clearly

e Communications systems are sound and complete.

3.6.8 Technical Tasks

Technical tasks as a factor for the successful implementation of generic projects has
been established (Ashley, ef al., 1‘987; Morris & Hughes, 1987; Pinto & Slevin, 1987,
Belassi & Tukel 1996; Poon, ef al., 2001; Sommer, 2003).

Most of the jobs done during shutdowns are very technical in nature. Some of these jobs
require highly skilled man-power resources and special tools and equipment. According
_ to Lenahan (1999), these skilled man-power resources include coded Welders, versatile
instrumentation technicians, machine ﬁtters; specialists' vendors such as installers and
services of digitél control systems and inert entry crews. |
For a successful TAM it is very imperative to ensure the availability of these highly
skilled man-poWér resources with their tools and equipment during the event.
To ensure this, the following facts according to Lenahan (1999) must be established:

. The various providers of such resources

e Numbers likely to be available from each source dufing the event

e Any factors that will affect resource availabilities _

e The lead time required to hire each resource

e Alternative providers if the primary source dries up

e The lead times for increasing or replacing resources

e Differentials in pay scales for man-power resources from different suppliers.
3.6.9 Personnel Recruitment

Key Personnel must be recruited, selected and trained to form the project team for
technical as well as 'logistical' support in implementing projects. (Schultz, ef al., 1987;
Pinto & Slevin, 1987; Belassi & Tukel, 1996; Turner, 1999).
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A suecessful: TAM depends on the personnel aséefnbled to manége it and those to carry
out the actual tasks. First and foremost the organisation should recruit/appoint a
competent and experienced manager as the TAM manager.' The TAM manager will. in
- turn assemble the TAM project team. The TAM manager with his management team
should have adequate TAM management skills and experience in order to manage and
guide the others involved in TAM to a successful event. Lack of adequate skilled
perSonnel is one of the constraints in TAM projects (Thorstensen, 2006). Even if the

pe'rsonriel are available, Lenahan (1999) idehtiﬁed the following measures -will

minimize uncertainty: o |

e arrange for the personnel at the earliest possible date

check qualifications

if possible, test competence in the épeciﬁc task required

e monitor and record performance and retain for reference
The lack of one scarce skilled personnel on the critical path task can extend the duration

of the TAM event.
3.6.10 Contract Strategy

The contract strategy adopted for a particular TAM project can affect its outcome;
success or faihire (Lenahéri, 1999; Duffuaa & Daya, 2004; Levift, 2004; Brown, 2004,
McQuillan, et al., 2003; Motylenski, 2003; Edwards, 1998; Lowéll, 2002; IAEA; 2002,
2006). Lenahan ( 1999) stated that the reasons for using contractors during TAM project '
include: '

. Experience and professionalism

e Some contractors are specialized in certain areas

e Productivity, cost and efficiency. |
Oﬁe of the difficulties historically faced by company managers has been the type of
contract strategy to adopt. The use of one managing contractor to plan, prepare and
execute TAM is usually preferred over the strategy of using a combination of individual 1
organisations, but this can expo’se the client organisation to a lot of risks as the main
contractor will always not accept responsibility when things go wrong (Edwards, 1998).
| However, Edwards (1998) advocated for a rathef different approach to contract
érrangement - using a TAM specialist. In this arrangement the management of TAM
becomes the responsibility of the client organisation supported by the specialist.
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Lenahan .( 1999) identified the following as the main factors influencing the selection of
contractors: » | |

e the work scope ahd how it is packaged

e the design of the TAM organisation .

e the type of contract to be awarded

e the availability of contractors. '
Levitt (2004) include the following as reasons for hiring a contractor for an outage:

e To reduce elapsed time of an outage |

e availability of enough personnel in-house

o lack of appropriate licence for some jobs

- o lack of specialised equipment, and specific chémicals or materials
e work that can be moved off-site should be done by contractors so that it will not
strain resources or infrastructure. : :

Lenahan (1999), Duffuaa & Daya (2004), Levitt (2004) and Brown (2004) identified 5
contract strategies: |

e Single contractor managed coﬁtract /

e Management fee and reimbursed labour contract

o Fixed-price packages

e Call off coﬁtract (on bscheduled rates)

e - Day work rates. |
In addition to the above, construction management contract can be adopted (Levtt, 2004;
Brown, 2004). This type of contract requires the contractor to divide the work into trade
| segments and hires trade subcontractors. Incentive-type contract providé for bonuses to
be paid to a contractor for cdmpleting the jbb ahead of time and penalties for late
completion (Brown, 2004). In making a choice of a contractor, Lowell (2002) stated
that for successful TAM projects, orgénisatidn should identify confractors which have
the best record for successful execution of shutdowns, those which. have proven work
processes and integrated planning and scheduling procedures. Analyses of the
contractor with best safety records, thé lowest rework statistics and the most responsive

supervisors should be chosen.

IAEA (2002, 2006) and Lowell (2002) suggested that it is usually a gdod practice to set
up long-term contracts with partnership agreements including the contractor taking full

ownérship for specified outage tasks with contracting service cbmpanies - contracting
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'specialists. These specialists pfovide breakthrough results by incorporating best
practices, work processes and experienced supervision gamefed from variety of process
industries. Their experience shortens planning time, increases technical specification
compliancé, increases asset reliability and provides their clients with full ré.nge of

services not necessarily found in one specific industry.
3.6.11 Logistics

The business of logistics in the context of TAM is the organisation of the reception on
site, the storage or acco‘inmodation_, thé maintenance and the rhobilization of every item
required for the TAM project (Lenahan1999, Duffuaa & Daya, 2004). Logistics concern
the dispositiori of the many thousands of items, largé and small, that are required by -
technical teams to perform their activities in a timely manner. Logistics therefore affects

. everyone employed on the Turnaround ah_d hence TAM project outcome.

According to Levitt (2004), in addition to the above, logistics must have an information
system to know the status at present and at some target time in future. Receiving'and
' managing all objects and substances come under logistics. Site logistics must therefofe
be planned and prepared with rigour equal to that imposed on technical planning; this is
crucial to fhe success of the turnaround (Lenahan, 1‘999). Poor logistics c‘an ruin the best

devised technical plan and thereby prevent the achievement of the TAM Vobj ectives.

Another critical element of logistics iS the plot plan (Lenahém, 1 999; Levitt, 2004). Th‘e‘
plot plan shows thev location of every item important to the success of TAM (Levitt,
2004). - '

Lenahan (1999) noted that a good logistics plan will afford the logistics officer the
opportunity to control supply. A bad or nbny-existent logistics plan may l(;ad to

confusion at best and chaos at worst.

3.6.12 Scope

In other projects scope issues: are not very critical in project implementation, though
organisations should still be aware of any scope creep (Poon, ef al., 2001; Sommer,

2003).
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One of the special features of TAM project is the fluctuation-of the scope of work. A
large proportion of the work scope is not usually known until right up td the beginning
of the project (Ertl, 2005; Levitt, 2004; Lenahan, 1999; Oliver, 2001, 2002). This
 situation arises because of the scope changes as equipment is dismantled. As scope
changes, all scope dependent issues like cost, duration, spares, equipment and personnel
also change. Other scope-related probléms afise because of multiple .sources of work

items such as capital projects, process needs, inspection requirements, operafional needs |
and maiﬁtenance. For a Turnaround to be successful, these work items should be
integrated to form an integrated plan and scope (Oliver, 2003; Williams, 2004;

Motylehski, 2003). Clark & Hayes (2003) mai‘nta_ined that if this is not done,

significant sum of money will be wasted on TAM through redundant scope, labour

inefficiencies, multiple mobilisations and demobilisations and schedule issues.

TAM projects consist ofa mix of maintenance tasks and project wdrk. The list of fhese
activities according to Duffuaa & Daya (2004) can be d_ivided into the following
.categories: o |
e Projects
' Major maintenance tasks such as the overhaul of a large maéhine_
e Small maintenance tasks

e Bulk work such as the overhaul of a large number of small items such as valves.

3.6.13 Environment, Health & Safety’ |

Environment, Health & Safety has been identified as a critical success factor in the
implementation of a project (Ashley, ef al, 1987; Poon, et al, 2001). According to
Poon, et al. (2001), the natural environment (e.g. the weather) and the political
environment (legal requirements requested by the regulatory bodies)' are factors that
need to be considéred in carrying out a project. Further they stated that legislative health
and safety measures should also‘ impact on the success/failure of a project.

In TAM projects, adequate systems shou_ld be put in place to ensure the safety of the
personnel in the plant during its execution. TAM préjects introduce a large number of
personnel into the plant with a large number especially the contract workers not having
any safety training. Even some that must have safety training might never have been

exposed to such environment. Safety trainings and "awareness programme should
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therefore be organized to all turnaround teams. Safety policy statement, safety
communication networks and safety Working .routine must be established to ensure
 safety of the personnel. Safety working routine consists of the following elements
(Duffuaa & Daya, 2004): | '
e work permit
e work environment
. fhe worker
e the task specification
e material and substances; and
. tpols and equipment. .

‘Not including support .services such as safety tfaining and management,b industrial
.hygiehe monitoring, lead and asbestos testing, and environmental monitoring as part of
a turnaround can have a serious impact on scheduled activities as unanticipated delays
push the completion date out further and further (CAM, 2003). In the domain of nucléér
power plants; risk and safety management are sine qua non conditions and theréfore the
planning and scheduling system has to enforce safety constraints guaranteeing that‘ the
state of the plant is safe at any time during the outage (Gomes, et al., 1997). '
A turnaround is a hazardous event. It introduces a large number of people into a
confined area, to work under pressures of time with hazérdous equipment. In
recognition of the greater risk of loss, accordi_ng to Lenahan (1999), the targets set for

safety on TAM must be uncompromising - zerd accidents, incidents and fires.
3.6.14 Technology

Another- factor affecting the outcome of TAM project is the 'technology aVajlable to the
organisat_idn ih managing and executing the project. Technology plays a majorvro_le in
the planning/scheduling, communication and job execution itself. Information
technology software for Project management and Asset management (CMMS) are |
major contributions to the effectiveness of planmng and scheduling of TAM project
activities. Upstream CIO (2005) reported that organlsatlons need to 1ntegrate asset and
resource management system; "Through mtegratzon, actual resource usage across
multiple projects tracks better to the original plan, resource requirements are
understood well in advance of TAM or Work order completion dates, and prOJects work

orders are delzvered on schedule’.
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This integration results ih reduction in TAM implementation cost, reduction in man-
-power requirement and reduction in shutdown duration. In the case study carried out on '
Kuwait National Petroleum Company, KNPC, an integrated system of Maximo
extended Enterprise; Oracle e-BusineSs Suite and Primavera, according to Upstream
CIO (2005) resulted in a savings of about $21 .46millioh per year. Generally the benefits -
of syStem integration inclﬁde: _

e On time completion of work orders and TAM

o" Increased productivity

e Correct alignment of tasks with craft |

e Professional reports and graphics.
Having adequate technology to carryout the tasks also has a direct benefit towards the
success of TAM projects. Many larger tasks in process plants involve cleaning of tanks
and pressure vessels..UtiliZing and preparing for the use of Cleaning-in-Place (CIP)
technology offers potential time savings (Thorstersen, 2006). In pipe repair work for
instance, Huntsman Olefins6 at Wilton Intei'national, during their 2002 shutdown
introduced 'Axial Swage' Pipe Connection Technology. The technology according to
McQuillan, et al. (2003), provided a significant reduction in workload and a savings
estimated at 6,500 man-hours. A'ccordin.g to Levitt (2004), technology is playing an
increasing central role in shutdown management and team coordination. Various o
- technology enhancement gadgets in recent times have improved the success rate of

' TAM projects. | '

“These according to Levitt (2004) include:

e E-mail and e-mail sent to cell phones .

"o Intranet .web portals with most shutdown information including updated
schedules, Gantt charts and work lists | ‘
o Wireless netWorking to 1ép tops and personal digital assistants (PDA's)

o CMMS sending data on jobs and job status to PDA's.
~ 3.6:15 Monitoring and Feedback

Monitoring and feedback has been identified as a factor for project success (Sayles &
Chandler, 1971; Schultz, et al., 1987; Pinto and Slevin, 1987; Belassi & Tukel, 1996;
Poon, et al., 2001). ‘
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For a successful TAM project, there is need for adequate rhonitoring and feedback. As
noted in the features of TAM projects, the schedules are usually compressed. Problems
that’ gb unchecked can have signiﬁcaht impact on the time and budget‘ goals. It is
therefore absolutely necessary that the progress of TAM be monitored precisely and
continually throughout the entire execution of the project (IAEA, 2006). Progress needs
to be phecked -against - milestones that we-re‘ identified during planning phase.
“Information on work progress must be prepared and made available to relevant
personnel on a regular basis. Deviations from procedures or from critical paths or
milestones that are not being achieved need to be reported immediately during the

outage to enable appropriate decisions and necessary actions to be taken.
3.6.16 Adequate Resource Allocation

Ad’equate‘resource allocation has been identified in the literatures as a critical success
~ factor for project implementation (Martin, 1976; B'aker, et al, 1983; Schultz, ef al.,
1987; Tukel & Rom, 1995; Poon, ef'al., 2001). These resburces includes; personnel,
equipment, materials, money etc. Inadequacies in the provision and their allocations in |
TAM projects leads to time ovérrun (Levitt, 2004). |

It is therefore very ne@éssary'to ensure that not only that the résourqe is available but

should be in the right quantities.
3.6.17 Troubleshooting: |

Troubleshooting is é.nother critical success factor for project implementation (Pinto &
Kharbanda, 1995; Frese & Sauter, 2003) because problems arise in almost every project.
Problems arise in every TAM projects. Apart from problems related to the scope
changes, there are bound to be problems that are not planned for to arise. The TAM
“manager and his team should therefore make adequate arrangements on how to handle

such issues.
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3.6.18 Regulatory Bodies:

One of the reasons of Carryihg out a TAM project is to satisfy safety statutory issues
(Mclay, 2003). Information should be pfovided to, and fully agreed with, the regulatory
body before the work scope freeze, not only with regard to those activities that are work
and inspection specific, but also for general activities (IAEA, 2006). This is because last
moment and/or misinterpretation of regulatory requirement may. lead to outage
extension. Information discussed might include any statutory regulatory requirements,
concerns of regulatory body, lessons learned and other feedback. IAEAI (2006) stated
below an’ example of how tasks were classified by one nuclear power plant operating
organisation, when consxderlng regulatory body requirements:

a) Class 1: Mandatory for execution of a restart as a result of licence requirements,
or technical or availability needs.

b) Class 2: Desirable that the task be performed but, if executed, it should be done
under regulatory supervision. Task may be shifted to another outage because of
time constraints or other reasons, after a safety demonstration;

c)- Class 3: Task has no safety relevance. If the task is shifted to another outage,
that decision need be made only by the operating organisation.

- Such categorization has advantages, especially for the restart permission process,
because both‘.parties involved have clear agreement, prior to the outage, about required

~work scope.
-SUMMARY - Critiéal success faétors

‘The ‘factors identified above that affect the outcome of TAM projectv as seen above can
be grouped into two: Organisational and Managerial factors and their interaction is
shown in Figure 3.4. The Organisational factors involve those factors associated with
what the organisation need to put in place to enable the managerial factoré to be
‘managed effectively for TAM success. The Managerial fé.ctors ‘on the other hand
include those factors that can be handled effectlvely by the TAM prOJect manager and

his team to ensure TAM success.
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Figure 3.4. The Interaction between T'AM Critical success factors.

Organisational Factors
The orgamsatlonal factors as identified above include:
e TAM Philosophy: This w111 set up the ‘TA process and estabhsh long-term
strateglc TA plans
e Clear TAM project Goals and ObjCCtIVCS
e Selection of a Competent TAM manager

. Top Management Support.

Managerial Factors

The succeés of all the other factors: managerial factors will depend mostly on the
competence, knowledgé and skills of the TAM manager selected. There is therefore the
ﬂeéa for organisations to ensure that the right candidate is selected to manage the TAM

if success is to be achieved.
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- 3.7 SUMMARY OF THE CHAPTER

The chapter explained TAM as a critical maintenance strategy in process plants.
Though project management techniques can be used to manage TAM projects, the
chapter has identified some peculiar features of TAM that sets it apart from other
- projects (especially EPC). The major problems facing organisations in implementation
of TAM projects were identified from literatures as they implement TAM projects using
EPC methodologies. Two. major factors affecting TAM project .implementation were
indentified as; wrong success evaluaﬁon and lack of discerning TAM critical success
factors (CSF). Detailed literature review explained the various success measurement .
~ criteria that can be applied tol TAM projecte. Three modes of‘ SUCCESs measures were
identiﬁed_; rﬁanagement success, Perception of stakeholders and the Resultant benefits
of TAM to the organisatioq. : ‘ | |

The Qarious CSF for TAM projects and how they impact‘ on TAM projects were
extensively ‘ekplained, These CSF are categorized into  two: b‘organisational

(organisational-dependent) and managerial (management-dependent) factors.
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© 4.0: TURNAROUND MAINTENANCE PROJECT MANAGEMENT
4.1 AIMS OF THE CHAPTER

As explained in Chapter 3, the tools and techniques of project management is uniquely
adaptable to activities associated to TAM. Also from Chapter 3, it has been shown that
the critical success factors (CSF) of TAM project_imp'lementeition are 'o_f two main
categories; Organisational and Managerial factors. Top among the organisational factors
is the selection of the TAM manager, who in-turn influences the management success of
the TAM project. This. chapter will identify the elements. which will assist the
organisation to select the most effective.individual who will be able to manage the
pfoject successfully. The ehapter will also identify TAM management methodologies.
that will enhance the successful implementation of TAM projects. The chapter Will be

concluded with a chapter summary.

4.2 SELECTIO‘N OF A TAM MANAGER (TM)

The factors as identified that are critical for the successful implementation of TAM
projects are mainly managerial factors. The success of a TAM project therefore depends
to a large extent on the TAM management process and hence the TAM 'manéger.
~ Though much has been written on how to improve the process of TAM project
management less is known about the sorts of skills and challenges that specifically

characterize TAM managers and the management team.

TAM manager selection is one of the most critical decisions facing Top management of
all yorganibsations in engineering facilities in the implementation of TAM projects. Some -
managers work best on long-duration projects where decision making can be very slow;:
' others may thrive on short-duration projects (such as TAM) that can result in a constant-
pressure environment (Kerzner, 1992). In their work on critical success/failure factors in
projects; Bellassi & Tukel (1996) confirmed that the Projecf Manager's managerial
Skill_s are the most critical success factor in the implementation of projects. Most of
TAM project failure is contributable to the choice of the project rnanager. Yet

organisations appoint the TAM manager without proper assessment.
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In this section, we will review the duties of a TAM manager and hence assess the
personal qualities, skills,b knowledge and competencies that is required of him to be able

to manage a TAM project successfully.
4.2.1 Duties of a TAM Manager in the different TAM project phases

The TAM manager (or Turnaround Manager; TM.) is the Project Manager of a TAM
project. The TM is the person who has the overall responsibility for the successful
planning and execution of a TAM project (Barry, 2008). As in all projects, the roles and-
responsibilities of TM cut across. all the phases of the project from TAM initiation,

- Planning, Execution and Closure phases.

Initiation Phase

During the Initiation phase, the TM duties according to Lenahan (1999) are as follows:

e Convening the initial meeting of the working'Policy team (Top_ Management)
and chairing.all subsequent meetings o o

o Advising Policy team on specific TAM requirements

e Ensuring the collection and collation of basic data

e Selecting and managing the TAM project team.
The TM is also responsible for the development of organisation chart for the Project
(Kerzner, 1992). To ensure a successful event, the TM while selecting the TAM
management team-should select the most suitable personnel, considering their skills,
knowledge and competencies (Duffuaa & Daya, 2004; Gupta, etal.,, 1997, Oliver, 2001).
The TM also defines responsibilities to each member of the team (Oliver, 2002).
Contractor(s) and vendors selection is also the TM rresponsibilify during this phase.
Another critical responsibility of TM which impact on TAM success is the validation of
the scope (Lenahan, 199‘.9). This validation is to ensure that only maintenance jobs that

can only be done when a plant is shutdown are added in the work list.

 Planning Phase |

During this phase, the TM is responsible for developing a plan to accomplish the
objectives of a TAM project with his management team (Bushman, 2007). Including the
team in the plan ensures a more comprehensive plan than when it is done alone. This

also ensures commitment of the team to achieve the plan especially as team represents
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all areas of responsibility: administration, operations, engineering, maihtenance;‘heélth
and safety & environment (HSE), Quality assurance (QA), procurement, planning and
scheduling and contractor representative (Mclay, 2003; Lenahan, 1999; Duffuaa &
Daya, 2004). The TM during this phase is in charge of organising, optimising, finalising
and presenting the following plans to the Policy team for discussion, approval an.d\
action (Lenahan, 1999): | | | ) '
‘e TAM schedules

o Safety plan

) Qualify plan

o Cost estimates

. Comﬁﬁunication and briefing package.

In addition to the above, the TAM according to Oliver (20.0'1) is responsible for creating:

~* Logistics plan
o Additional work approval process as a result of emergent work
~ » Human resources plan
e Risk plan.
~ Finally the TM generates the control documents which will be used in the management

of the TAM project.

Execution Phase

According to Kerzner (1992), the roles of TM during this phase 1nclude
. Directing all work on the pI’Q]CCt that is required to ensure that targets and TAM
 objectives are met. 4 B |
o Assist in the resolution of differenées or probleins between departments or
groups on assigned jobs. | | |
e Foster and develop a spirit of project team effort.
e . Monitor project activities for compliance with company purpose and philosophy
and general cor-porate‘policies. |
In addition to the above, the TM should ensure: - |
_. e Organising assistance for the plant team during the plant shutdo’wn.
e Managing the daily conduct of the TAM"
o Delegating specific responsibilities, tasks and‘a'ctivities
. Chairing the daily control meetings
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e Reporting significant issues to the policy group
o Setting priorities and trouble shootihg
o Negotiating changes in resources and work scope

e Organising assistance for the plant team during start up.

Closure Phase ,
During this phase, the TM responsibilities include:
e Demobilizing of resources and equipment, and organising the cleaniﬁg of the
site , |
‘e Co-chairing debrief sessions with the plant manager

e Collating all information and writing the TA final report.

From the above, it can be seen that the changing phases of the lengthy event, the one

 constant key figure is the TM (Lenahan, 1999).
4.2.2 Possible errors in choosing a TAM manager

Organisations operating engineering facilities most of the time appoint the TM
mistakenly. This mistake in no small measure causes the failure of most TAM projects.

Below are some of the issues they mistakenly consider to appoint a TM.
Maturity

‘One_ of the fundamental mistakes of the Top management in selection of a TAM
manager is the wrong definition of maturity. Maturity in Project management generally
comies from exposure to séveralftypes of projects in a variety of project office positions.
Most Top rhahagement mistake this to mean age. It should be noted that managing
construction projects or other form of EPC projects for several yeafs does not mean the
individual is matured to take up a TAM project (Kerzner, 1992). Each project specific
area requires different kinds of skills, knowledge and competencies for its

accomplishment successfully.
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'Rigid’ Tactician

Applying 'inflexible' tactics to subordinates can lead a TAM project to fail as they will
be demoralised. The TAM manager must give his subdrdinéte sufficient freedofn to get
the job GOne. Selection of hard-hearted tactician to lead a TAM project, who believes in -
continuous supervision and giving direction, will result in the individuals being
unhappy. A line employee who is 'give'n 'freedom' by.'his line manager but suddenly
finds himself closely supervised by TM will get frustrated and will reduée his input.
'Employees must however be tréined to understand that supervised pressure will occur in

time of crisis.
Technical Expertise

Most often than not, top management of most engineering facilities appoint their
technical line managers to run TA. Technical.specialists may not be able to divorce
- themselves from the technical side of the house and become TAM project managers
rather than .pro'ject doers. A TAM project management leadership requirés more than |
_just technical competence but encompasses the ability to manage a team (Kloppenburg
& Petrick, 1999). Relationship skills complement the effectiveness of hard (technical)
skiils, because project outcomes are achieved through people, using their knowledge
and creativity‘ not through the mere use of techniques (Bourne & Walker, 2004).The _
greater the TM's technical expertise, the Bigher the propensity that he will overly
“involve himself in the technical details of the project. This makes it more difficult for
the TM in delegating technical tasks responsibilities as he will over.involve himself in

the technical details of the project (Wilemon & Cicero, 1970). i
New Exposure
- Organisations run the risk of TAM failure if an individual is appointed a TM simply to -
gain exposure. Some organisations tend to rotate their technical line personnel to

manage TA in order for them to gain the TAM management experience and exposure

(Kerzner, 1992).
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Company Exposuvre

The mere fact that an individual have worked in the various technical_ divisions of the
company does not guarantee that they will make good TM. Their working in the various

divisions: engineering,'maintenance and project do not still qualify him as a good TM.
4.2.3 Desirable Personal qualities of a TAM manager

‘The roles and réspons_ibilities of a TAM manager as oﬁtlined above confirm the critical
~ role of TM to the success/failure of TAM project. Apart from the skills, knowledge and
competencies needed to manage TA successfully, there are other personal qualities
which a TM Should possess to enable him manage a TAM successfully. However many
books he reads, however many courses he attends, the evolving TAM manager is still
essentially, a human being. It is his human qualities that will in the end determine his
stature in the profession (Walton, 1984). These attitudes (CIC, 2002) or personality
traits (Lenahan 1999) are the personal 'state of mind or emotional condition' -of the
person. These 'human skills' of project managers have the greatest influence Q‘n' project

management practices (El-Sabaa, 1999).
Shared Vision

An effective TM is often described as having a vision of where to go and the ability to
articulate it. Ac‘cording to Kerzner (1992), the TM should have clear project leaders.hip ,
and direction. This means a good leader to succeed in managing TAM projects should
'posbsessAvision, thrive on change and be able to extend boundaries. Visionary leaders
enable the project team members to feel they have a real stake in the project. They
‘empower people to experience the vision on their own. They are also supportive but
practical and offer opportunities to create their own vision to explore what the vision
will mean to their jobs and lives, and envision their future as part of the vision for the

organisation (Barry, 2008; CIC, 2002).
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A Good Communicator

The ability to communicate with people at all lévels is oné of the critical attributes of a
TM (Griffith & Watson, 2004) and required to ensure.TAM project success. The TAM .
project is characterized by a compressed timek frame with large number of activities
going on at the same time. It is theréfore very imperative that the TM should be a good
communicator to ensilre all s_taikehdlders are kept informed of the progress of the event
(Ertl, 2005).TAM project leadership calls for clear communication about goals,
responsibilities, performance, expectations and feedback (PMI, 1996; APM, 2005).
There is a great deal of value pla.ced on Opeimess and v‘directness. The TM must have the
ability to effectively negotiate and use persuasion when necessary to ensiire the success

of the team and the project.
Integrity, Loyalty and Honesty

Personal integrity' is one of the imp.ort,ant personal attributes a TM should possess. This
is because the TAM project manager's actions not just his words, sets the modus
operandi for the team. Good leadership demands commitment to and demonstration of

ethical practices. Creating standards for ethical beha\iidur for oneself and living by these |
standards, as well as rewarding those who exemplify these practices are responsibilities :
of project leaders. Leadership based on integrity represents nothing less than a set of
values and dedication to honesty with self and team members. The TAM manager
should also be honest, respect superiors and engagements. He should also endorse the
organisation's pblitics and values and also place the organisation's interest before his

own (Pettersen, 1991).

Enthusiasm

TAM project team members will appreciate the TM with enthusiasm, with a bounce in
their step, with a can-do attitude. TAM team members tend to follow leaders with
passionate interest in or eagerhess to do something, not those who give reasons why
soinething cannot be done. Enthusiastic TAM leaders are committed to their goals and

express this commitment through optimism. Leadership emerges as someone expresses
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such confident commitment to a project that others want to share his optimistic -

expectations.
Empathy

A good TAM project managef must possess empathy. Although empa_thy and sympathy
are similar, they are in fact mutually exclusive. While sympathy is an emotional affinity
in which whatever affects one cOneSpondingly affects the other and its synonym is pity;
‘empathy is the ability to identify, recognize, perceive and understand somebody else's
feelings or difficulties. There is ﬁsually appreciation by the workers (subordinates) .
“when the leader acknowledges them with an apparent and distinct vision that they have
" life outside of work. For successful TAM prejects, the TM should have empathy with
stakeholders and with project team's aspirations, aims and objective (CIC, 2002). This

should also be extended to the contractors and end users requirements.

Competence

Leadership competence does not however neceseafily refer to the TAM leaders'
technical abilities in the core technology of managing TAM. As project managemeﬁt
continues to be recognised as a field in and of itself, TAM leaders will be chosen based
on their abiiity to successfully lead others rather thah technical expertise as in the past,
It should be noted that expertise in leadership skills is only a dimension in coxﬁpetency.
APM (2005) confirmed that having a precedence of winning track record is the surest

way of being considered competenf.
Ability to delegate Tasks.

Trust is an essential _elemeﬁt ih the reletionship of a TAM project leader and his team.
The TM must deinonstrate his trust in others through actions and delegation of duties; »
how much he checks and controls their work and how the TM allows his subordinates to
participate. Individuals who are unable to tfust oiher people often fail as leaders and

forever remain little more of micro-managers, or end up doing all the work themselves. |
For a TAM to‘be successful, the TM must have the ability to delegate tasks to his

subordinates.
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Cool under Pressure

In a perfect situation, TAM project would be delivered on time, under budget and with
no major problems or obstacles to overcome. In reality however, all TAM projects have
~ problems, a TM With a hardy attitude will téke these problems in stride. TAM projects
are characterised of cémpressed time frame with a lot of workers to carryout hundreds
- of tasks at the same time. While under this stressed situations, the TM should bé able to
consider it as interéstirig. ‘Successful TM's should feel they can influence the outcome

- and see it as an opportunity.
Team Building ability .

A team builder can best be defined as a strong person who provides the substance that
holds the team together in common purpose toward the right objective. In order for a :
team to pfogress‘ from a group of strangers to a single cohesive unit, the leader must
understand the process and dynamics require‘d fér this transformation. The TM should
understand thé drivers and the objectives of all key indiViduéls on the project and be
ablé td use theories of team building and motivationl for the benefit of the successful
implementation of the project (CIC, 20'02).‘The TM must also have an understanding of
the different team -players styles and how to capitalise on each at the proper time for the

problem at hand (Barry, 2008).
Problem Solving Abilities

Although an effective TM is said to share problem-solving responsibilities with the
team, but the team mémbers tend to have more respect for the TM each time he resolves
a problems. In TAM projects as in all projects problems do arise in various forms and
the TM should have the necessary ability on how to résolve problems ranging from job-

related to human related problems.
Open-mindedness and Tolerance to Ambiguity.

Another pefsonal attribute required by a TM is that he should be open-minded (CIC

2002). Team members feel at ease working with a TM who is ready to listen and
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consider their own ideas in resolving an issue. Open-mindedness allows the TM to feel
free from any prejudice and receptive to new ideas from his subordinates and the Top
management and allows him to share and consider others input before taking decisions.
According to Pettersen (1991), an effective project manager should have the propensity
to change plans; approaches, strategies, policies, or pfactices according to the demands

of the situatiqn.

Personal Quélities

To be able to lead his team, the TAM manager needs to evolve into a 'total' man
(Walton, 1984). To do this he should consciously resolve, everyday to cultivate self-
disciplines relating to all levels of being, namely:
1. At the physical level:
e bodily care, Cieanliness and health
2." At the emotional level:
o Cheerfulness, compassion
e Imperturbability, serenity and poise.
e Able to control emotions
3. At the concrete mental level:
e Impartiality, ihtegrity in thought and action
. Wili-propelled thinking, concentration, precision and penetration.
4 At the creative and intuitional level:
e creative thought and imagination expressed in action
5. Total' level: | |

e A balanced life lived as an opportunity to serve mankind

Other character traits required for a TM includes:
e Being supportive to his subordinates to motivate them in carrying out their jobs
and hence ensuring the success of the TAM event. | ' |
o The TM should also be patient and not hasty in taking decisions to ensure the
right things are done. |
o The TM should be one who has determination and persistence to ensure that

the jobs and hence the TA project is carried out successfully.
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¢ Personality - the TM must have an impressive personality so that team
members, associates and peers look up to him and pay attention to his requests
(Poon, et al., 2001).

Interest in:the job

Having an interest in the job is also a major personal quality required of a TAM
manager. Pettersen, (1991) stated that intrinsic motivation for the work itself and its
different activities along with the interest in the working conditions are also a desired ‘

attribute needed for a successful management of a TAM project.
Need to achieve-and be proactive

For a successful TAM 'manager, he must have the need to excel and constant desire to
do better. To achieve something unique and having the belief in the ability to influence

events around him should be one of the qualities of a TAM manager.

4.2.4 Skills, Knowledge & Competencies for managing TAM projeCts

Project Management is bofh flexible and changing and‘appears to provide a promising
- answer to the challenge of modern organisational complexity. However, this form of
management, more organic than functional, has its less advantageous point too. It seems
to be accepted in the field that project managers who evolve within a context made
more difficult by the variety and complexity of its activities- a context characterised by
disorder, ambiguity, and disjunction between formal authority and responsibility - need
to develop skills different from those of their colleagues in the functional management.
Consequently, it becomes extremely important for the organisation to take these
particular requirements into account when selecting a manager that will be able to bring
the project to a Suc_cessful conclusion (Pettersen, 1991). |

The job of a TAM manager is demanding, complex and varied requiring the juggling of
several issues .coneurrently. Though traditional project management competencies'are |

critical for TAM success, eommnnication between team members and the entire‘ '
network is vital to support a shared understanding of project and its goals. Managing

TAM projects successfully therefore requires a. mixture of skills along with the -
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capability to understand the situation and people and then-dynamically integrate

“appropriate leadership behaviours (Pant et al, 2007).

Table 4.1: Management Skills and Knowledge for Refurbishment P'rojects

1. Leadership

20. Programme
maintenance

39, Organization of
communication systems

58. Sources of finance

2. Communication .
(oral/written)

21. Tenant welfare

40. Managing job stress

59. Employment legislation

3. Motivation of others

22. Public relations

41. Recruit/select:
manual labour

60. Client/consumer
protection law

4, Health and safety

23. Recruit/select:

42. Employee training:

61. Promotion and transfer

: subcontractors manual labour
5. Decision making 24. Employee training: 43. Plant planning and '62. Employee
supervisor/foreman control welfare/counselling

6. Forecasting and planning

25. Competitive tendering

44, Negotiate: supplier .

63. Negotiate: govt bodies

. 7. Site organization

26. Analysis of project
risks/uncertainty

45, Creativity

64. Advertising and
promotion

8. Budgetary control

27. Programme design

46. Career development
and appraisal

65. Market research

9. Supervision of others

28. Identifying personal

47. Decanting buildings

66. Termination/dismissal:

strengths/weaknesses management
10. Team building 29. Employee training: 48. Company accounting | 67. Negotiate: trade unions
management

11. Quality control and
assurance

30. Site security

49, Company (strategic)
planning

68. Termination/dismissal:
manual labour

12. Managing time

31, Productivity
maintenance and control

50. Construction law

69. Company law

13. Materials planning and
control

32. Negotiate: client

51. Property insurance

70. Use of computer
technology

14. Manpower planning
and control

33. Costing and estimating

52. Organization
structure

71. Organization culture

15. Setting objectives and

34. Competitor awareness -

53. Termination/dismiss:

.72. Planning law

goals ) subcontractor
16. Conducting meetings 35. Managing change 54, Job 73. Managing other
. , analysis/specification national culture
17. Managing 36. Recruit/select: 55. Code of 74. Demotion and
conflicts/crisis management - practice/working rule retirement
) agreement

18. Recruit/select:
supervisor/foreman

37. Negotiate: main
contractor .-

56. Termination/dismiss:

supervisor/foreman

75. Foreign language

19. Delegating
responsibilities

38. Negotiate:
subcontractor

57. Contract drafting

(Source: Adapted from Egbu, 1999)

Egbu (1999) developed an appropriate body of management skills and knowledge fof

. Construction refurbishment projects. According to his ﬁndiﬁ'gs of the 75 types of

management skills and knowledge (as shown in Table.4.1), the six most important for

construction refurbishndent projects are leadership, communication (oral/written)

motivation of others, health and safety, decision making, forecasting and planning.




Table 4.2. Project Management skills for genéi‘ic projects

Source  Project management Skils..

Analytical thinking, organisation, leadership, communication, interpersonal,

Bushman (2007) “problem-solving, time management, human resources

v Mobilizing, communication, coping with situations, delegating authority,
El-Sabaa (1999) _planning, organising, strong goal orientation, technical knowledge, project
knowledge, computer skills, understanding methods, processes and

procedures; technology required. .

Probl_ém-solving; judgment and practical sense; decisiveness; -planning and
organiéation; control; strategy and ofganisation know-how; specialised
Petterson (1991) knowledge; delegafioh of responsibilities; team structuring; considerafion

' towards team members; Developmeht of team members; Teamwork,
flexibility and cooperation; resolving conflicts; oral communication;

interpersonal influence; persuasion and negotiation

Technological understanding, project economics and evaluation; personnel
Walton (1984) management; system design and maintenance; planning and control;

financial; procurement; public speaking and teaching. -

Team building; leadership; conflict resolution; technical expertise; planning;
Kerzner (1992) organisation; entrepreneurship; administration; management support;

| resource allocation

El-Sabaa (1999) identified three groups of skills for sucCessfﬁl implementation of
projects: Human skill, conceptual and organisational skills and Technical skills.
Construction Industry Council, ’CI'C‘ (2002) developed a comprehensive list of the
attributes of a project manager forvconstruction projéc.ts. These includes; the attitude
(state of mind or emotional condition), Skills (an observable behaviour or input) and
Knowledge (an uhderstanding or underpinning grasp). Other researchers have also
developed some management skill set for generic projects as shown in Table 42 '

The manageméht skills as shown in Tables 4.1 and 4.2 clearly show that specific
management skills/knowledge is needéd for the successful managemeht of specific
projects. As shown in chapter 3, TAM projécts have peculiar characteristics that set
them apart from other engineering projects. To manage a TAM projeqt successful,
TAM-project-management-specific skills’/knowledge are required by the TAM manager
and the team. From thé'literatufes reviewed,v the following skills, knowledge and

competencies have been identified as requirement for TAM management success.
' % : '




. Team Building Skills

“One of th¢ management skills/knowledge needed for a successful TAM project is the
ability of the TAM manager to build and maintain a cbhesive TAM team. Team
building, whether formal or informal is a process of 'finding a common ground' between
parties who may or may not have prior working relationship (Buckner, 2005). The TAM
team represents all areas of responsibility: administration, operations, engineering, and -
maintenance; = health, safety, and environment (HSE); quality assurance (QA);
procurement, planning, and scheduling; and turnaround supervision (Mclay, 2003)-
including the contractor representatives (Lenahan, 1999). To be effective the TAM
manager must provide an atmosphere conducive to teamwork (Kerzher, 1992). The
healthier the atmosphere within the team, the greater the‘]ikelih‘ood the team will

perform effectively (Pinto & Kharbanda, 1995) to ensure TAM success.
Leadership skills

An absolutely essential prerequisite for TAM project success is the TM's ability to lead
the team within é relatively unstructured environment (CIC, 2002; Bushman 2007,
Petterson, 1991; Egbu, 1999). It involves dealing effectively ‘with managers and
supporting personnel across functional lines with little or no formal authority (Kerzner,
1992). The essence of leadership lies in the ability to use it flexibly. This means that not
all subordinates or situations merit the same response. Under some circumstances an
autocratic approach is appropriaté; other situations will be far better' severed by adopting
a consensual style (Pinto & Kharbanda, 1995). In TAM projects, with increaée in
contract labour, together with a corresponding increase in ffagmented specialised work
and the difficulties associated with labour on site, the ’leadership skill is even more

necessary.
Conflict Resolution Skills,

The ability to cope with unexpected, changes, conflicts and crisis is needed in TAM
project management. As mentioned earlier the TAM team involves individuals from the
~ different departments in the organisation including the contractors. In reality therefore

there is usually interpersonal tensions naturally resulting as a result’ of putting
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individuals from diverse backgrounds together and requiring them to coordinate the-
TAM activities. The result of differentiation among functional departments
demonstrates that conflict undef these circumstances is not only possible but
unavoidable (Pinto & Kharbanda, 1995). The ability of a TM to recognize a c’onﬂictihg

situation and resolving it efficiently is therefore very critical to a TAM success.
Planning Skills

Planning has been identified as being absolutely critical to a successful shutdown
maintenance (Duffua‘a & Daya, 2004; Lenahan, 1999; McLay; 2003; Williams, 2004,
Krings, 2001; Gupta, ef al., 1997;; Levitt, 2004; Brown, 2004; Buckner, 2005). The
TAM manager should not only have the ability to identify objectives and priorities,
establish work timetables and orgénize resources to achieve the objectives but the
ability to define tasks and work methods (Pe_ttc_:rson, 1991). Considering the changes in
work scope that is a common feature of TAM (Ertl, 2005; Levitt, 2004; Lenahan, 1999;
Oliver, 2001, 2002), the TM should ’}‘iave adequate planning skills to cope with their

planning.
Organisational Skills

Organisational,skills are particularly impdrtént during the TAM inifiation stage when
the TAM manager establishes the organisation by ihtegrating personnel from different
disciplines into an effective work team (Duffuaa & Daya, 2004). It requires more than
mere constructing a TAM organisational structure. At a minimum, it requires defining

the reporting relationships, responsibilities, lines of control and information needs

o (Kerzner, 1992). In addition, the T™M should have the- ability to build formal and

informal collaboratioh networks and to implicate others to reach objectives (Pinto &

Kharbanda, 1995).
Time management SKkills

Time management skill is critical to TAM project outcome. The nature of a TAM
project with a high level of uncertainty in the work scope, lends itself to project time

overrun. The TM should therefore have the ébility to prioritize, delegate and manage
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time effectively (Bushman, 2007) to ensure the project is delivered within the time

;:onstraint.
Negotiation skills

Negotiations involved in TAM project are of different dimensidns. Egbu (19‘99)
identified six different negotiation skills/knowledge as very critical for the successful
implementation in refurbishment projects. In TAM pfojects the TM should have the
ability to negotiate with:

e The Cohtractors' - main contractor or sub-contractors ,

e Suppliers or Vendors

 Equipment Manufacturers representatives

e Government Agencies - Regulatory bodies

. Inspectibn Agencies

e Trade unions

Each of the group above requires different negotiation skills/knowledge.

Forecasting skills

TAM projects is characterised of a lot of unforeseen jobs due mainly on the Scopé
variations when the equipment are opened for repairs (Ertl, 2005; Levitt, 2004; Lenahan,
1999; Oliver, 2001, 2002). Th¢se scope changeé imparts directly on the resources which
ultimately affects cost and duration. In this kind of environment of uncertainty,
increased variation to work scope and costs likely to escalate at short notice, the

skills/knowledge associated with forecasting is very necessary for TAM success.

Motivation Skills

TAM projects” occur in a very short time (Motylenski, 2003) and require the
mobilization of hundredé or thousands of workers and a large quantity of materials and
equipment on site. For successful project delivery, long working week and overtime
‘work is a common feature of TAM projects. These lead to low morale and productivity

of TAM project work. To this end, the skill’knowledge of motivating others is needed.
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Managém’ent Support Building skills

The T™ is surrounded by a myriad of organisations that either‘support or control his
activities. An understanding of these interfaces is important to project rhanagers as it
~enhances  their abiIity to build | favouréble relationships with senior maﬁagement
(Ker_zner, 1992). The TM should have the ability to mahage the political and power
difnensions within and around the project team, as failure to understand and control the
political process has been the downfall of many good projects (Lovell, 1999). Kerzner
(1992) identified four key variables that influence the TMfs ability to create favourable
relationships with senior management: -

e his ongoing credibility

e the visibility of the project

e the priority of the project to other organisaﬁonal undertakings

e His own accessibility.
‘Resource Allocation skills

The ability of the TM to allocate resources is a necessity towards achieving a successful
TAM project. The resources which include man, money and materials if not adequately
allocated as at when due can lead to TAM project overruns (bLevitt, 2004). This
- skill/knowledge is very obvious in TAM projects especially due tovch.anging scope.

Communication/Presentation bskills-

Public .spe‘aking and teaching together with chairmanship of meetings are common jobs
of TMs. TM are involved in a lot of meetings; with the TAM team and the Top
ménagement (Policy team). In each group the TM makes presentations on the status of
the project; the need for resource approvél from the pr management and more input in
the case of TAM team. In either case the skill of clear presentation of issues is a
necessity. The TAM manager should therefore have the ability tb communicate clearly,

effectivelyyand regularly (Bushman, 2007).k
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Decision Making Skills

TAM project work is characterised by high risk, uncertainty and high numbers of
variation orders to the works. Working under such situations and at the same time
~ attempting to échieve_the stipulated' time bfor project cpmpletion, TMs would have to
_ make impfofnptu and sound decisions. The skill’/knowledge of decision making is

therefore very necessary.
Health, Safety & Environment

Safety and environmental incidents have been identified as measures of TAM project
success (Motylenski, 2003;‘ Levitt, 2004; IAEA, _2006). For a successful TA, it is
therefore imperative that the »TM should be knowledgeable of the safety and
environmental impact laws of the jobs to be done as well the environmental laws in
their area of operation and their applicability. In the UK, TM would need to be
A knowledgeabie and conversant with the 1988 regulation on Control of Substances

Hazardous to Health (COSHH).
Use of Computer Technology

In the modern day, the knowledge and skill Vi_n computer is important to managé TAM
projects. Apart from its use in dissemination of information, softwares have been_
- developed to enhance m.anaging of projects. Microsoft Projects and Pfimavera have
been known world wide as very useful in project management planning, scheduling and
control. In additibn, Corﬁputer maintenance management sysfems (CMMS) can now be
integrated with project management softwares (such as primavera)‘ to manage TAM

projects (Upstream CIO, 2005).
- Technical Skill/ Knowlédge

Thé TAM manager should have adequate Technical skill/knowledge. The TM should
have a good working knowledge of TAM type projects (Duffuaa & Daya, 2004; and
Lenahan, 1999). In addition to the above, Levitt (2004), noted that the TAM manager

must have major exbertise in Project Management techniques, maintenance job
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planning, basic maintenance engineering and logistics. The acquisition of sufficient
knowledge of the technology of the project is necessary to enable the prOJ ect manager to

understand all aspects intelligently (Walton, 1984).
Control skills

Control requires the continuous reporting of work done (monitoring), the assessment of
its time and cost (Walton, 1984). It also comprises the ability to maintain that everyday -
activities are in line with objective and project deadlines and to ensure follow-up and
make corrections if necessary (Petterson, 1991). For TAM success it.is critical that the

TM should posses this control skill.
Contractual Skill/Knowledge ‘

As stated earlier contfacﬁng out job in a TAM project is unavoidable (Lenahan1999;
Levitt, 2004, Brown, 2004 McQuillan,v et al, 2003, Motylenski, 2003; Edwards, 1998;
Lowell, 2002; IAEA 2002, 2006). TAM projects involve various forms of contract.
irrespective of the type used, it is required that the TM should have specific knowledge
of the various procurement methods and related forms of contract needed in the
~execution of a TAM project. He should have the necessary sklll/knowledge to know the
best form of contract for a partlcular situation. TM should also have the capability of the

legal 1mpllcat;ons of every form of contract to avoid conflicts and unnecessary claims.
Regulatory Processes Skill/Knowledge

One of the reasons of carrying out a TAM project is to comply with safety regulations
(Mclay, 2003). The T™M should therefore have a good knowledge of all statutory
regulatory requirernents required during the Project and their timingks to avoid time
~ overruns. These includes ac'cording to IAEA (2006);

d) licence requirements, or technical or availability needs

e) Desirable that the task be performed but, if executed, it should be done under

regulatory supervision.
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Quality Management Skill/knowledge

Quality management involves quality planning, quality control and quality assurance.
For a successful TAM project the TM should have the skill to handle these quality

constraints.
Risk management skills

Shutdowns are big events in the life of a plant. The size itself without any other factors
constitutes a risk for the organisation (Levitt, 2004). TAM projects constitute a lot risks.
‘The TAM manager should have the skill to identify, quantify the risks and the adequate

response to handle the risks.

Administrative skills

Administrative skills are essential for TAM managers. The Project manager must be
expenenced in administrative duties such as planning, staffing, budgeting, scheduhng
and other control techniques (Kerzner, 1992)._ In dealing with technical personnel, the
problem is seldom to make people understand administrative techniques such as
budgeting and scheduling, but to impréss upon them that costs and schedules are just as
important as elegant technical solutions. Some helpful tools for the manager in
administration includes; the meeting, the report, the review and budget and schedule

controls.
Human Resources Management skills

‘TAM involves the coming together of lot of people from diverse backgrounds towards
achieving a successful project. The TM must undérstand the drivers of all their team
members and how'these may be ‘achieved within the context of the project and -
endeavour to build productive relationships with all key members of the project team
(CIC, 2002). The TAM manager must be familiar with the basic principles of all

relevant rules and regulations.
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- Table 4.3 List of Personal Attributes, Management SKkills and

Knowledge/Awareness for successful TAM projects.

Personal Attributes, Attitude

Management Skills

Knowledge and Awareness

& Traits
;Shared Vision o .| Team building Health and safety regulations (Site safety rules)
; Good commun!cator Leadership Project Management techniques

. lntegrlty, Loyalty and Honesty

Conflict resolution

Organisation of communication systems

Enthuslasm

Planning

Setting objectives and goals

Empathy

Organisational

Technical Knowledge .

s Competence 5

- | Time management

Regulatory processes

,;Abilrty to delegate tasks,

‘|- Negotiation

Contractual Knowledge

“Cool under pressure S

| Forecasting

Tendering Strategies

Team bwldmg abllity

Motivation

Site security

\'Prob!em solving abilities«” :

Management support

Open—mindedness and

"Tolerance to ambtguity“y'; = : |

Resource allocation

,Supportlve; e

Communication/presentation

‘f‘fPatlent

Decision making

Determlnation

] Health, safety & Environment

flnterest in the jOb

Use of computer

« Need to achieve and be i

: proactwe

| Technical

=!I control

Quality Management

Risk management

Administrative

Human Resources management

Budgeting and budgetary control

. Budgeting and budgetary control

Budgeting for the cost of a TAM project is one of the functions of the TAM manager.

He should therefore have the necessary skill’knowledge for budgeting and budgetary

“control. In TAM projects because of the fluctuations associated with the scope, it is

therefore apparent that the TAM manager should understand this and develop a budget

" that ensures a successful TAM.
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ATTRIBUTES

|

PLANNING - -

MOTIVATING

FORECASTING

COORDINATING

COMMUNICATING

DIRECTING ORGANISING CONTROLUING
LOGISTICS COMMUNICATION COéT
QUALITY TIME
RISK MGT METHODOLOGIES WORKS
PROGUREMENT CONTRACT
dibinee | RS | Y oo

» _._> —— DIRECT
wm e  —— FEEDBACK
— — —p  —— INFLUENCE

TAM PROJECT

: \ OUTCOME
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CTAM svucc'éss ;
L HICRITICAL:
- FACTORS

Flg 4.1 Interaction between TAM Manager's Skills, Attributes and Functlons with

Management Methodologies and TAM project outcome.
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Summary of the Qualities of a TAM Manager

The skills, knowledge and personal attributes required to manage TAM projects as
-identified from the literatures are shown in Table 4.3. These skills, knowledge and
personal attributes enable the TAM manager to carry out TAM management functions

- using TAM specific management methodologies more effectiVely. This has direct
impact on the success or failure of TAM as shown in Figure 4.1. Engineering facilities '
operators needto assess the skills and attributes of individuals before their appointment
as TAM manager. This assessment will also enable them to appoint a ' |
contractor/‘consuyltant or specialist to manage the TAM project in the absence of an in-

house manager with the relevant skills and attributes.
43 MANAGEMENT METHODOLOGIES FOR TAM PROJECT SUCCESS

As identified earlier, most of the factors affecting the successful implementation of a
TAM project are managerial factors. Inefficient management methodology has been
identified as a major cause of TAM projects failures (Ertl, 2005). How best can the

TAM manager and his team members manage the project to ensure success?

According to Ertl (2005), the discipline of project management enjoys different states of
‘maturity acrbss different industries and further st.ated that; "The maturity of project
management discipline in process industries for Turnarounds is sttll very poor and
stagnant at best There appears' to be little, ‘if any, development or dialogue of the
dzsczplme within the field'

One of the greatest challenges of TAM managers is reahslng that TAM pro_]ects are
dlfferent from EPC (Engineering, Procurement and Englneerlng) projects. They requlre.
a specialised pro_]ect management methodology. The PMI has published a gulde to the
Project Management Body of Knowledge (PMBOK);

'The primary purpose of this guide is to identify and describe that subset of the PMBOK
which is generally accepted. Generally accepted means that the knowlédge and
practices described are applicable to most projects most of the time, and that there is a
widespread consensus about their value and usefulness. Generally accepted does not

mean that the knowledge and practices described are or should be applied uniformly on |
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all projects; The project team is always responsible for determining what is appropriate

Jor any given project’.

It is therefore imperative that the TAM managers should note the obvious differences
~ between TAM projects and EPC projects and hence the need to determine the
appropriate . manag_ement methodology using the PMBOK guidelines. The following
management methodologies as identified from the literatures are applicable to TAM

projects..

4.3.1 Scope Management

Scope management is the process By which the deliverables and work to produce them

are identified and defined (APM, 2005). PMI (1996) explained that project scope

management includes the processes required to ensure that the project includes.all the . |

work required, and only the work required to complete the project successfully. This is
- the greatest -challenge facing organisations 1n TAM project management. Scope
managernent in TAM Virtually passes through all the phases as outlined by PMBOK:
Scope initiation, Scope planning, Scope Definition, Scope Verification and Scope

change control.

Scope initiation is the process of formally recognizing the need to carryout a TAM
project. Input about these work items is obtained from projecfs, process/production,
quality assurance, operations, maintenance, engineering and safety departments (Oli{ler,
2003; Williams, 2004; Motylenski, 2003, Lenahan, 1999; Duffuaa & Daya, 2004).
Operations may continue to identify potential scope for the TAM until the last minute

(Ertl, 2005).

Planning for the work scope isa problem in TAM projects because the entire scope is
not usually known till all the equipments are opened and inspected. As a result of scope
changes, planning and scheduling cannot be finalized until the scope is pinned down
and approved. This usually occurs late in the process (Ertl, 2005; Levitt, 2004). One
result of this situation is that TAM budgets are rarely based upon a complete, detailed

_ plan; TAM budgets. unlike EPC projects are often based upon conceptual estimates,
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extrapolations of past TAMs, or incomplete planned scopes that are compensated with

large contingency (Ertl, 2005).

Scope definition involves subdividing the major project deliverables into smaller more
manageable components in order to:

e Improve the accuracy of cost, time and resource estimates

e Define baselme for performance measurement and control

o Facﬂltate clear respons1b111ty ass1gnments

‘Scope verification or validationv is very critical in. TAM projects. The validation process
s empioyed to ensure, as far as possible, that the approved work scope contains only |
what is necessary to, maintain or enhance the'reliability‘of the plant and which cannot
.~ be done at any other time (Lenahan, 1999). This also eliminates the possibility of
duplication of work items because of multiple sources of work item. TMs should |
therefore devise means of validating the work scope to ensure only shutdown dependent

jobs are done and also avoiding duplications.

In TAM the scope will change - sometimes dramatically. It is therefore 1mperat1ve for
the management of TAM projects to be prepared or plan on how to manage scope
changes. As equipment is opened, cleaned and inspected, the extent of required repairs

| can be determined, planned, cost and either approved or tabled for future'window of
opportumty Every add-on to the schedule should be processed with a defined procedure
for evaluation/approval (Ertl 2005).

4.3.2 Time Management

Time'management in a TAM project includes the processes required to ensure timely
completion of the event. One of the signs of low maturity in TAM ’project management
is the state of the planning and scheduling that is intended to form the foundation of the
management process. Ertl (2005) emphasised that a successful TAM management
methodology must set high standard for the planning and scheduling to be successful.
PMI(1 996) identified the foIIOWing processes for Time management:

. Activity Definition | '

e Activity sequencing
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e Activity duration Estimation
* Schedule development
e Schedule control.. _
Activity definition, sequencing and duration estimates of a TAM project is Very
dynamic unlike in EPC projects. This therefore calls for a different management
methodology in other to achieve success. Planning activities that are overly broad in
scdpe are one of the obstacles of using schedule for any meaningful purpose. This is
because according to Ertl (2005):
. Théy are difficult to estifnate with confidence
o They can mask details that the planner neglected to consider
e They preclude a detail critical path analysis where more detail may allow
refinements in the logic
o They detract from the accuracy of progress estimates (estimating percentage
complete 1s more difficult).

"For successful time managementk, activities must be clearly defined, and should be
measﬁrable. This means that anyone should be able to determine if a particular activity
(as defined) is in progress, or completed. Activities must be deﬁn'ed every time there is
a break or change in work content. |
Baseline line schedules (other than critical and near critical paths) are meaningless fof
TAMs once they start. For TAM projects, it is expected that as inspections are

_performed, a changing scope (and therefore priorities for constrained resources/non-
time-critical work) often poor schedule compliance (for unavoidable circﬁrnstances)
will force the schedule for noﬁ-time-critical work to change from update to update.
TAM managers have a lot of discretion with regards to scope management schedules.
While there will be portions of the scope aside from the critical path wofk that mus'tl be
executed within the instant project, a significant portion of the scope may usually be
postponed to future,TAM or maintenance opportunities. |
Because of the 'dynamic nature of TAM, it can be counter productive to employ soft
logic and resource levelling schemas that level the schedule. Both techniques are
designed to produce a static plan for execution that is not practical for TAM, although it
works well with EPC project‘s.' What is the best Way to carry out the resource levelling
in TAM projects, considering the constant tifne-con'suming of using the soft logic to

- cope with changes/updates to maintain meaningful schedule once deviations from

schedules occur.
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4.3.3 Cost Mahagem’ent

Creating budget for a project is relatively straightforward if the exact work scope is
known (and will not change over fhe life of the project) and the unit costs of resources,
goods and services are known.(UnfortUnately,,this is almost never in the case of TAM
(Lenahan, 1999). _ | ‘ | V
The cost is usually hedged around uncertainties-due mainly to changing work scope and
contingencies. Many TAM projects have fa'ilure predetermined, should budgets be
based upon detailed plan. At the end of executing a TAM project, the final scope
usually encompasses several categorles of work accordmg to Ertl (2005)
~ e Known scope (planned/estlmated) |

 Anticipated repairs (may or may not have been pIanned/estimated)

. Uhanticipéted repairs ( not planned/estimated) |

e Unauthorised work ( not blanned/estimated)

. Cancelled work (planned/estiméted but culled during execution).

Prior to execution, the TAM ’may have a budget set inclﬁding known scope, anticipated
repairs and some contingency for the remaining iterﬂs. Because most indirect costs (not
'neceSsarily material costs though) are keyed off the direct labour costs, the key to
* successful cost control in a TAM is execution control (keeping resources productive)
and scope mahagement (balancing add-ons against- non-critical work). Under these
situations it is very difficult to have a realistic budget for the TAM project and this can

result to project failure.
4.3.4 Quality Management -

Project quality managerhent includes the processes required to ensure that the project

will satisfy the needs for which it was undertaken. Poor quality work has been identiﬁed

as one of the causes of outage extensions (IAEA 2006) Accordlng to (PMI, 1996)

quality entails several aspects: '

e Quality planning - identifying which quality standards are relevant to the prOJect
and determining how to satisfy them.

* Quality assurance - evaluating overall project ﬁerformance on regular basis to

" provide confidence that the project will satisfy the relevant standards-
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. Quality control - monitoring specific project results to determine if they comply
with relevant quality standards and identifying ways to eliminate causes of
unsatisfactory performance.

Quality planning is an issue that is usually poorly addressed by TAM organisations (Ertl,
~ 2005). To assure quality, the requirements of every task must be correctly specified and
‘then performed to that speciﬁcation (Lenahan, 1999). . '

For successful TAM projects, the organisation should establish quality procedures to
cover the three aspects as identiﬁed 'aboveto ensure the objective of the TAM projectvis

achieved and on tini_e too.
4.3.5 Human Resource. Management

According to PMI (1996), project Human Resource Management includes the processes
required to make the most effective use of the people involved with the project.
This involves:
e Organisational Planning - identifying, documenting, and assigning project roles
and responsrbllltles and reporting relatlonshlps
‘. Staff Acquisition - getting the human resources needed assigned to and worklng _
on the project
e Team Development - »developing individual and group skills to enhance project

performance.

The greatest challenge that turnarounds present over EPC projects is the management of -
the human resource pools. This is true at a macro (overall staffing levels) and micro
(delegation of work to labour pools) level (Ertl, 2005). Considering the diverse nature of
the different individuals involved in TAM project, the TAM manager must have team

building skills to ensure all work together towards ensurlng success.

* Adequate Human resource management is paramount to the success of TAM projects as
humans, coordinate, manage, ordinate, perform, process, decide, approve, and carryout

all the activities aimed at ensuring the successful completion of the project
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4.3.6 Communications Manvagement

One of the single most irnpoi“[ant,_ aspects to successful turnaround management is
communication. Because of the compressed time frame, there is less time available to
everyone in the turnaround team to | overcome the problems caused by poor
“communication (Ertl, 2005). Co.nsidering the amount of work which is carried out with
large number of people :fro&n diffe‘rentvcontr‘actors, adequate communication plays a
central role in reducing délays, éonﬂicts_and accidents (Duffuaa & Daya, 2004). IAEA
(2002, 2006) emphasised that effective mechanisms to communicate the status and
’progres-s of TAM should be in place. Further the reports stated that repdrting the results
of TAM activities should be an integral part of TAM execution and not regarded as

optional.

Project communications Management includes the processes required to ensure timely
and appropriate generation, collection, dissemination, storage and ultimate disposition

of projeét information (PMI, 1996). The processeks include:

o Communication planning - ’dete'rmining the infonnatioﬁ and communications
vneeds of the stakeholders: who needs what information, When will they need it,
and how Awillvit be given. » | |

e Information distribution - making needed information available to project
stakeholders in a timely manner.

o Pérformaﬁce reporting - collecting and disseminating perfdrmance information.
This includes status reporting, progress measurement and forecasting.

. Adminisirative closure - generating, gathering and disseminating information to

formalize phase or project complétion.

It is thcrefore desirable for TAM success adequate communication management

technique should be put in place; planned and executed properly.
4.3.7 Risk Management

~ All projects are inherently risky, because théy are unique, constrained, complex, based
on assumptions and_pefformed by people. As a resultv, project risk management must be .
“built into thé managefneht of projects, and should be used throughout the project life
cycle (APM, 2005). | '
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TAM projects usually entail a high degree of risk. Because the scope of work is only
partially known, managers must prepare for the possibility that the effort to clean or
repair equipment may exceed estimates and expectations when the equipment is opened
and inspected for the first time (Ertl, 2005). Other sources of risks in a TAM pfoject‘
according to Levitt, (2004) include; late changes into shutdown, essential staffing being
- unavailable, delays in delivery of critical spares (particularly sole source), labour action
or information pickets, items to be delivered during the shutdown; 'weather,- acéidents, ,
sabotage, design erfors and omissions,- first time jobs, misunderstandings, poor

estimates, lack of skills, poor communications and contractors financial problems.

For adequate risk management, PMI (1996) summarized the Risk Management system

as follows:

o Risk identification - determining which risks are likely to affect the project‘and
| documenting the characteristics of each.
e Risk Quantiﬁcation - evaluating risks and risk interactions to assess the range of
_possible project outcomes.
e ' Risk Response development - defining enhancement stéps for opportunities and
respon‘ses to threats. | » | ’ '
e Risk response Coﬁtrol - responding to changes in risk over the course of the

project.

It is imperative for TAM success, therefore that the TAM, manager should have the

skill’knowledge in managing risks in a TAM project situation.
4.3.8 Health, Safety and Envifonment Management

~ APM (2005) defined Health, safety and environmental management as the process of
determining and applying appropriate standards and methods to minimise the likelihood
of accidents, injuries or environmental impact both during the project and during the

operation of the deliverables.

A TAM project is a hazardous event. It introduces a large number of people into a
“confined area, to work under pressures of time with hazardous equipment (Lenahan,

1999).For a successful management of a TAM project, the planning function of any
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TAM must develop a safety plan and environmental plan' (Lenahan, 1999; LeVitt, 2004;
Brown, 2004). ‘

Most of the time TAM project works are combinations of maintenancel and project
(construction) works. This makes TAM ‘inherentvly more - dangerous th‘anb routine
' maintenahce work or construcﬁbn work.' Levitt (2004), identified the following as sOmé
of the reasons that make TAM projeCts more dangerous (to peopleA, property and

environment):

o There are new people in the plant (contractors)
o The work scheduled is not nofmally done (tank entry)
e More of the work is at a héight than with normal niaintenance
e The work is larger work (construction) |
. EQuipmént 'is‘ open ahd disassembled (fhe hazard is normally inside so that
operations workers on the outside are protected)
o The work site is not Stable, and new hazards are being introduced everyday.
e There are induced hazards ( cutting, burning, open lines and tank entry)
e There is pressure to complete the work on time (the compaﬁy is losing money |
: everyday) ' ’
o The heavy overtime causes fatigue
e Many days are worked without time off :
e Work continues around'the clock
"~ o There is extreme danger right after start-up due to errors in design or execution
of modifications and repairs. | '
Considering the nature of un-related jobs, extensive safety permitting is needed for
TAM projects unlike in EPC projects. UK and EU legislation demands that health and
safety risk assessment and-management are carried out for most commercial activities,
inciuding projects (APM, 2005). In the UK, the Environmental Protection Act 1990 sets
out the framework for integrated pollution Control and process authorisations. The
emission limits applicable to the chemicallinduétry are stated in the Environmental
Agency process guidelines. These guidelines are used to assess the Environmental

~ Impact Assessment (EIA) of a given TAM project.

TAM managers should put appropriate management methodology in place to ensure

that the safety of the personnel involved in the TAM project.
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4.3.9 Materials Procurement Management

Materials Procurement Management refer to the cdmplete process of bidding,
purchasing, delivering and storing supplies needed for the TAM project. Materials can
account for 25 - 35% of a total TAM cost (Motylenski, 2003). Material managemént is
not just a concern during the execution of the TAM, decisions ' about material
procurement and utilization is required during the planning and scheduling stages of the
project. This implies that the availability of materials greatly influence the

implementation of the TAM project. The benefits of an effective materiél management |

include:

e Reduction in materials delay
e Timely availability of materials consequently leads to improved productivity
e Improvement in spares inventory management which leads to decline in interest

charge thereby saves cost. -

Not just getting the materials, there must be a quality assurance system to ensure that
the quality of the materials received conforms to specification as poor quality material

results in’poor quality of Work which causes TAM duration extension (IAEA, 2006).
4.3.10 Contract Management
TAM projects are usually dependent on the use of contractors.

Levitt (2004) identified the folloWing as reasons for hiring a contractor for an outage:

e To reduce elapsed time of an outage |

e availability of enough personnel in-house

e lack of appropriate licence for some jobs

o work that can be moved off-site should be done by contractors so that it will not

strain resources or infrastructure.

Ih addition, Lenahan (1 9'99) stated that the reasons for using contractors during TAM .
project inélude:‘

e Experience and professionalism

e Some contractors are specialized in certain areas

¢ Productivity, cost and efficiency.
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The contract management includes application of appropriate project r‘nanagement. ‘
processes to the contractual relationship(s) and integration of the outputs from these
Aprocesses into the overall management of the project (PMI, 1996). PMI (1996) further

explained; "The legal nature of the contractual relatzonsth makes it imperative that the
project team be accurately aware of the legal zmplzcatzons of actions taken when

administering the contract".
- Lenahan (1999); Duffuaa et al (2004); Lev1tt (2004) Brown, (2004) identified 5

contract strategles
o Slngle contractor managed contract
. Management fee and reimbursed labour contract
o Fixed-price packages
e Call off contract (on scheduled rates)
e Day work rates. | |
Proper analyses need to be done to ensure that the appropriate contract strategy is

adopted to ensure the successful delivery of the project.
4.3.11 Logistics Management

The business of logistics in the context of TAM is the organisation of the reception on
site, the storage or accommodation, the maintenance and the mobilization of every item
reqﬁir'ed for the TAM project (Lenahan, 1999, Duffuaa & Daya, 2004). It also includés
the procurement of equipment (e.g. hiring of material handling equipment).The logistic
activity ensures that the right thing is in the right place at the right time and in a fit o
- condition to perform its function. Site logistic'must be planned and prepared with rigour |
equal to that imposéd on technical planning: this is crucial to the success of TAM

project (Lenahan, 1999).

4.4 INNOVATIONS TOWARDS OPTIMIZING TAM PROJECTS
MANAGEMENT '

Considering the failures associated with TAM projects, several attempts (innovations
and models) have been made to optimize the implementation of these projects in the

diverse engineering facilities.
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‘Despite these innovations, there are reported failures of TAM projects. A critical review
and evaluation of these innovations is therefore necessary if a significant contribution
towards ensuring the successful implementation of these projects is to be'achieved. This
evaluation need to be carried out to identify and ascertain; the strengths/cohtributions as
well as the weaknesses/limitations of these current innovations. This information will
assist in the deVelopment of a best practice framework which will incorporate the

strengths of these innovations and also advance ways of resolving their limitations.

Below are some of the models that have been developed towards solving this problem.
These attempts are very recent and this goes a long way to showing that the problem of

TAM project optimization is still real in the engineering facilities.
‘4.4.1 RAPID Project - (MARINTEK Review No. April 2006)

Statoil (a Norwegian integrated oil and gas company) in 2003 engaged MARINTEK to
challenge TA strategies and execution of maintenance that requires shutdown. The
project is called RAPID, which stands for Remove Activities, Prolong Interval and
Decrease duration. This project was cafried out as part of an improvement campaign

that focused on increased production and reduced maintenance and operational costs.

Rem()ve activities ,
Removing activities reduces the scope of the TA and opens the possibility of shorter
turnarounds. Some of the solutions/results provided ére: o
1. Work scope challenge - a systematic approach to challenging the scope of work.
The methodology was programmed and implemented in the maintenance
management administration using CMMS - SAP. . ’
2. Utilization of unplanned pfoduction shutdowns - when an unforeseen shutdown
occurs, some maintenance work can be done, instead of scheduling every thing
for TAM. B | |
3. Improved or new inspection methods - mapping of methodologies that are

capéble of verifying the technical condition of equipment without having to

open it.
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4. Improved or new methods to perform 'hot work' during operation - surveying
'hot work' technology, e.g. welding habitats, hot tapping, various methods of
cold cutting/grinding etc. 7

Prolong Intervals
Under this heading condition mon1t0r1ng of equlpment is made very important. ThlS
aspect also included mapping methods for temporary repair of minor faults in pipe work

with a view to making it last until the next repair opportunity.

Decrease duration v
The doration ofa turnaround is usually determined by critical jobs (critical path). Some
of the solutlons/results prov1ded are:
1. Methodology fo challenge critical jobs - This is done by restructuring the tasks
and improve maintainability, this reduced the TAM duration considerably.
2. Mapping of Cleaning in Place (CIP) technology - considerable time can be
saved ‘by introducing cleaning of most of the pressure vessels wi_thout bringing

them down.
‘4.'4‘.2 RAM Approach - (Gupta S.K & Paise J.E Sun Oil Co. Ohio, 1997).

The use of reliability, availability and maintainability analysis techniques to develop a
comprehensive turnaround scope was developed by Gupta S.K and Paise J E both‘. of
Sun oil Co. Ohio USA. This was developed in other to optimize TAM scope and its
execution so that turnaround costs, duration and frequency are reduced while the plant's
produotion availability is improved. This approach defines the minimum scope required
for a turnaround that \lvill provide the desired Reliability, Availability and
Maintainability (RAM) of the units until the next scheduled TAM project. This was.
achieved by carrymg out a thorough assessment of the units and by economlcally
| ]ustlfylng every scope item. Some key advantages of this RAM approach are:

e Systematic approach with very little or no chance of missing items of concern.

J .-Analysis,, results, recommendations and decision. were documented for future

reference. . | |
o Irivolvement throughout organisation (operatiohs, technical and rﬁaintenance) in

the process - a team approach.
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e Thorough aSsessment of the unit based on RAM principles by the stakeholders
. Economic justification “
e - Total buy-in from the organisation
. Identiﬁes and defines future data collection requirements
_e Establishes a baseline assessment and a process to continually improi/e RAM of

the units.
4.4.3 MACRO Project - (John Woodhouse 2002)

The MACRO (Maintenance Cost Risk Optimization) is a project sponsored by UK
government, Halliburton Brown & Root, Yorkshire Electricity, The National Grid
' Company and the Woodhouse Partnership. Other members included petrochemical,
transport, utilities, manufacturing, process companies and relevant professional bodies.
According to Woodhouse (2002); | |
MACRO has yielded a suite of methods for cost/risk/pefformance trade-off decisions - -
such as optimal maintenance or inspection intervals, equipment renewal or upgrade
Justification, shutdown strategy, spares requirements elc. '
In each of these areas a blend of innovative, risk-based evaluation techniques was
~ developed alongside structured guidance 'rules’. In summary, the 1nnovatrons developed
by this project are to prolong intervals of Shutdown by:
e Improving the design of the equipment components that are subject to failure. |
e Improving risk-based evaluation techniques on equipment.
The result of this study in many instances increased the Shutdown intervals by 100%

and hence a significant savings.
" .4.4.4 ROMAN - A Planning Tool - Gomes, et al, (1997)

ROMAN (Rome Lab Outage Manager) is a planning and scheduling tool developed by
Rome Laboratory, the Electrical Power Research Institute, Kaman Science and Kestrel
Institute for outage management This is developed based on the problem experienced
-by planners in the outage projects because it incorporates safety and risk constraints,
ROMAN's main irinOv‘ation compared to the current state of art of outage management
tools is its integrated approach to outage management automatically enforcing safety
| constraints_during‘the planning and scheduling phase. Another innovative as'p_'ect .of
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ROMAN is its integration of more robust schedules that are feasible overtime windows.
In other words ROMAN generates a family of schedules by assigning time inteﬁals as
start times to activities rather than single point start times, without affecting the overall
duration of the project. ROMAN has been proven successful since it clearly extends the -
current functionality offered by existing software tools for outage management.
e It incorporates all the technological constraints currently used fer automatic -
generation of schedules.
o It offers the additional capability of generating schedules enforcing safety
" constraints.
e It generates more robust schedules guaranteeing feasibility over time windows.
e It generates schedules very fast -‘the current versjon' of ROMAN handles up to
2000 activities and it takes approximately 1 minute. '
e The schedules generated are potentially better than current solutions eince’ new

possibilities are explored.
4.4.5 Integration #pplications speeds Turnaround projects -

. Kuwait National Petroleum Company (KNPC) worked with MRO software and
Primavera to develop an integrated system that encompassed project management,
enterprise asset management and financial ‘systems at different sites. Explalnmg further
Jason Kasper of Asset performance Networks (2005) stated; "Through integration,
actual resource usage across multiple projects tracks better to the original plan,
resource requtrements are understood well in advance of turnaround or work

completion dates, and projects and work orders are delivered on schedule"

4.5 FINDINGS FROM THE INNOVATIONS

Most of the works currently done on the optimization of TAM projects are based on:
e Reduction in the TAM Work scope.
‘e Reduction in the duration of TAM Project.

e Prolonging shutdown intervals.

Despite the above innovations, management of Turnarounds itself is still poor. Ertl
(2005) stated about TAM management methodology; 'The maturity of the project
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management discipline in process industr’i'es for turnarounds is still very poor and
stagnant at best'.

Considering the negative ifnpact of TAM prbjects to the organisation and the ecohomy,
Ertl (2005) stated; 'Considering the stakes, it is high time for the industry, to raise the
bar in the maturity of their turnaround management meihodology'. |

Identifying plant shutdown maintenance projects as still an enigma in many
organisations; Woodhouse (2002) commented of TAM projects; "Much efforts has gone
into the efficient planning and delivery of the work involved, but relatively little
‘guidance exists for deterrﬁining what work is worth doing in the first place, and how
this should be clustered into appropriate packages to share shut down opportunities. A
sufprising number of organisations (particularly in the utilities and service areas of

operation) still do not even know how much a shutdown costs them".

From fhe above, it is evident that the current innovations have not addressed the
problem of TAM implementation failures adequately. These innovations have not
~ addressed the issue of: | |

e Managing TAM projects to ensure success

e Human resource needs especially the TAM manager who is required to have the

necessary management skills to ensure TAM management success
o« TAM speciﬁc Management methodologies o

It is envisaged that the above problems will be reduced if not eliminated through:

¢ Defining and establishing success measurement criteria

Establishing the critical success factors of TAM projects.A

Establishing TAM manager selection criteria

Establishing efficient and effective management methodology for TAM projects.
And finally developing a framework for the successful implementation of TAM projects

in engineering facilities.

4.6 SUMMARY OF THE CHAPTER

- The chapter presented how problems associated with managing TAM successfully. can
be addressed. The chapter started with the selection of the TAM project manager. It
identified the functions of a TAM manager over the four TAM phases and some of the
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errors in the selection 6f a TAM manager. The personal attributes needed for a TAM
- manager to ensure TAM suc‘ce.ss were highlighted. Management skills/knowl'edge' areas
needed by TAM maxiager (and TAM team) for TAM managemént were also identified
~and explained. The chapter went further to bexplain that enginéering facilities operators
need to assess the skills and attributes of individuals before their appoinfment asv TAM
manager. This asseésrnent will alsd enable them to appoint a contractor/consultant or
speciaiist to manage the TAM project in the absence of an in-house manager with the
relevant skills and attributes. The TAM specific methodologies were‘t identified. The
chapter explained that project techniques put up by Project Management Institute is
only a guide; specific management methodologies for TAM should be adopted noting
its peculiér’ features. The chapter identified these methodologies. The chapter finally
covered some ihnovations carried out across the globe to improve on the management
of TAM projects. The chapter concluded by noting that the problem of managing TAM

project successﬁi]ly is not yet addressed by the current innovations.

116



- 5.0: RESEARCH METHODOLOGY

5.1 AIMS OF THE CHAPTER

The chapter describes and explains the methodological approaches adopted for this
research. The chapter starts with the explanation of research, the research process and
the methodological framework of the research. It also provides logic and the rationale
~ for the selected approaches. The 'chapter»identiﬁes the conceptual theoretical framework
for the research including a critical analysis of the research desigq adopted for this

research study.

5.2 INTRODUCTION

The word research is used in everyday speech to cover a broad spectrum of meaning,
which makes it a decidedly confusing term. This term has been defined by differenf
scholars. | |
Leedy (1996) deﬁned research as "a systematic process of collecting and analyzing
informdtion (data) in order to increase our understanding of the phenomenon with
which we are concerned or interested". | |
Further Kerlinger (1970) stated that research is ~a:systematic, controlled, empirical and
critical investigation of hypothetical propositions, al)out presumed. relations among -
natural phenomena. '
Amaratunga, ef al. (2002) explained tllat:_

e Research is a process of enquiry and investigation

e Research is systematic and methodical; and

e Research increases knowledge.
Generally research is a step-by-step process that involves collecting-andexamining
~ information (data) in order to improve our knowledge and understanding of the social -
world. - o | E
Blaxter, et al. (2003) explained that even a brief review of writings on research will
~uncover a lengthy and potentially baffling list of kinds of research. These include:

e pure, applied ahd strategic research | ‘
e - descriptive, explanatory and evaluation research
o market and academic research |

o exploratory, testing-out and problem-solving research |
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e covert, adversarial ‘and collaborative research; basic, applied, instrufnental,
participatory and action research. v |

The basic characterlstlcs shared by the different kinds or views of research are that they

are, or aim to be, planned cautious, systematic and reliable ways of finding or

deepening understandmg (Blaxter, et al., 2003).
5.2.1. The Research Process
The research process is the overall scheme of activities with which scientists engage in

order to ascertain knowledge; it is the paradigm of scientific inquiry (Nachmias and

-Nachmias, 2000).

/ Problem

Generalisation

*~ Hypothesis/ Research
Question -

Research Design -
Measurement

Figure 5.1: The main stages of the research process (Source, Nachmias & |
Nachmias, 2000 pg. 20).

Data Analysis

" Data Collection

As il»lustrat‘ed‘in Figure _5.1, the research process consists of seven main stagés; problem,_
hypothesis/Research question, research design, measurement, data collection, data
* analysis and generalisation. Each stage according to Nachmias and Nachmias (2000)
affects theory and is affected by it as well. Leedy (1996) identified veight distinct
characteristics of av research-process' as follows;

1. Research originates with a question.

2. Research requires a clear articulation of a goal

- 3. Research follows a specific plan of procedure
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4. Research usually ‘divides the principal problem into more manageable sub
'pfoblems. A | |
5. Research is guided by the specific research problem, quéstion, or hypothesis.
6. Research accepts certain critical assumptions. v '
7. Research requires the collection and interpretation of data in attempting to
resolve the problem that initiated the research. . |
8. Research is by its nature, cyclic; or more éXactly, helical. -
The most characteristic nature of a research process is its cyclic nature (Nachmias &
Nachmias, 2000; Blaxter, ef al., 2003). It usually starts with a problem and ends with a
tentative empirical generalisation. This cyclic process continues indefinitely, reflecting
the progress of a scientific discipline. The nature of the cycle however varies between

research designs.
5.2.2 Deductive and Inductive Thinking

In logic, we often refer to the two broad methods of reasoning as the deductive and
“inductive approaches.‘ Figure 5.2 shows the difference between these two research

concepts schematically.

Conceptual framework
(Theory, literature)

Data - » : Research
Analysis Proposition : question/hypothesis

- Empirical observation | V‘

Inductive Deductive

Data collection

" Figure 5.2: Representation of Research Process; Inductive versus Deductive (Source:
Adapted from Blaxter, ef al., 2003 pg. 7)
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5.2.2.1 Deductive Logic

D.eduétivc logic begins with one or more premises. According to Leedy & Ormrod
(2005), these premisés are statements or assumptions that the researcher initially takes

to be true. A deduétiveiapproach involves the testing of already established ideas,

theories and hypotheses using data collected for this purpose. It works from the mofe_

general to the‘ nﬂofe specific. Deductive (aka "top-down) approach begins with a
conceptual framework based on a theory or ideas from the literatures about a topic of
interest. This framework is then Anarr(_)wed down into more specific hypothesis or
~ research questions that can be tested or ahswered(This then narrowed doWn even
further so that ‘obsewations or data to address the hypotheses or the research quéstion
~ can be collected. This will ultimately lead to the testing the hypotheses or answering the
research q_uestibns with. specific data - a confirmation (or not) of the conceptual

| framework.
'5.2.2.2 Inductive Reasoning

Inductive reasoning begins not with a pre-estab.lishec'l truth or assumption but instead
with an observation (Leedy & Ormrod, 2005). An inductive approach involves deriving
ideas and opiniOns directly from research data to enhance 'uhderstanding of an issue or
situation. This works the other way (when compared with the deductive Vapproach),
moving from specific observations or data to a broad_er generalisations and theories.
Inductive (aka "bottom-up") approach begins with specific observations and measures,
begin to detect patterns and 'regularities, formulate some tentative hypothesis or research
questions that cén be explored and ﬁnaily ending up in the development of some

general conclusions or theories.

Typically, the inductive approach is more open-ended and exploratory, especially at the -
beginning and hence involves a - qualifative methodology. Deductive approach is
narrower in nature and is concerned with testing or cénﬁrming hypotheses and utilises
quantitative methodology. Even though.a particular study may look like it is plirely
deductive (or inductive), rﬁost social research involves both inductive and deductive

reasoning at some time in the project. The starting point of research separates deductive
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~and inductive research, after the initial stages, all type of research becomes an

‘interaction between the deductive and inductive research (Gummesson, 2000).
5.2.3 Research Philosophy

'Philosophers of science and methodologists have been engaged in a long-standing
epistemological debate about how best to conduct a research. According to Amaratunga,
etal (2002) this debate has centred on the relative value of two fundamentally different
and competing schools of thought or inquiry paradi gms
1. Logical positivism uses quantitative and experimental methods to test
hypothetical-deductive generalisations. |
2. Phenomenological (interpretive ocience) inquiry uses qualitative and naturalistic
approaches to inductively and holistically understand hurhan experience in'l.the

context-specific settingé.

Baer (1979) stated that a philosophicalA system undergirds the choice of a methodology.
Qualitative and quantitative methods are derived from entirely different perspectives of
philosophical paradigm (positivism and phenomenology); the researcher should have a
clear understanding of the inherent differences between them. These are outlined in

Table 5.1.

Table: 5.1 Characteristics of Philosophical paradigms.

~ Positivism .~ ... |~ . Phenomenology .

Outside Observer; separate from phenomena Intertwines observer and phenomena

: Many different but equal truths dependent
Seeks causal relationship upon the purpose of the researcher

' Seeks understanding of the meaning of the
Seeks one truth to explain a phenomenon of interest | phenomena of interest

Quantitative; context stripping assumptlons and : Qualitative; holistic analysis
methodologles : :

Increased reliability. , Increased validity

(Source: Adapted from Shih, 1998).
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5.3 RESEARCH APPROACHES

Research may be categorised into two distinct types: qualitative and quantitative as

shown in Table 5.2. The former according to Amaratunga, ef al. (2002) concentrates on

words and observations to express reality and attempts to describe people in natural

situations. In contrast, the quantitative approach grows out of a strong academic

tradition that places considerable trust in numbers that represent opinions or concepts. -

Table 5.2: Comparison of Research Paradigms - strength ahd wea_knessves.

Theme.

Strengths -

Weaknesses

Positivist (quantitative
paradigm)

- They can provide wide coverage
of the range of situations.

- They can be fast and economical

- Where statistics are aggregated
from large samples, they may be of
considerable relevance to policy
decisions. '

- The methods used tend to be

rather inflexible and artificial

- They are not very effective in
understanding processes or ‘
the significance that people attach
to actions.

- They are not very helpful in
generating theories

- Because they focus on what is,

-or what has been recently, they

make it hard for policy makers to
infer what changes and actions
should take place in the future

Phenomenological
(qualitative paradigm)

- Data gathering methods seem
more natural than artificial.

- Ability to look at change
processes over time.

- Ability to understand people's
meaning. .

- Ability to adjust to new issues and
ideas as they emerge.

- Contribute to theory generation

- Data collection can be tedious and
require more resources.

- Analysis and interpretation of data
may be more difficult.

- Harder to control the pace,

_progress and end-points of research

process.
- Policy makers may give low
credibility to results from qualitative
approach ' v

Source: (Amarétunga, et al, 2002. pg. 20)

5.3.1 Quantitative Research

Quantitative research designs are characterised by the assumption that human behaviour

can be explained by what may be termed "social facts" which can be investigated by

methodologies that utilise "the deductive logic of the natural sciences (Amaratunga, et

al, 2002). Quantitative research sometimes gets more respect, reflecting the tendency to

regard science as related to numbers and implying precision. Quantitative research is

regarded as "objective" in nature. Naoum (1998 pg.39) defines quantitative research as:
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"An enquiry into a social or human problem, based on testing a hypothesis or -
t‘h'eory ‘cOmposed of variables, measured with numbers, and analysed with
statistical procedures, in order to determine whether the hypothesis or the
theory holds true'. | _
Generally, it employs strategies like surveys, structured interviews and other modes of
research resulting in statistically significant contributions. Quantitative approach is
_seIected under the following circumstances when (Naoﬁm, 1998):
e Factsabouta concept, a question or an attribute are required, and
o Collection of factual evidence and study of the relationship between these facts
is desired in order to test a particular theory or Hypothesis.
In quantitative research the data collected takés the form of measurements or counts
which is statistically analysed. The process of quanfitative research follows standard
procedures, methods, forms of analysis and reporting results of the research undertaken.
This standardisation maximises objectivity. - |
A quantitative research design has always. been concerned with defining an
epistemological methodology for determining the truth-value of propositions and allows
flexibility in the treatment of data, in terms of comparative analysis, statistical analyses'
and repeatability of data collection in order to verify reliability (Amaratunga, et al.,

2002).
5.3.2 Qualitative Research

Qualitative is considered "subjective" in nature. Nachmias and Nachmias (1996) hold
 that qualitative research attempts to understand behaviour and institutions by analysing
values, rituals, symbols, beliefs and emotions. The approach emphasises meanings,
experiencés (often verbally described), description and so oh (Naoum, 1998). Blaxter, et
al. (2003) explained that qualitative research is concerned with collecting and analysing
information in as many forms, chiefly non-numeric, as possible. It tends to focus oﬁ
‘ exploring, in as much detail as possible, smaller numbers of instances or examples
which are seen as being interesﬁng or illuminating, and aims to achieve 'depth’ rather
than 'breath'. o

‘Qualitative research offers insights and understandings of participants, which is
unobtainable by quantitative research, but more than just non-numerical research, it

~ aims to study the subject in their naturally occurring environmenf and hence generate
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non-biased data. It describes in words, rather than numbers, and the qualities of the
subject through observation. Methods. of qualitative research include st_ructuredv and
unstructured interviews, .group interviews and focus groups. Qualitative methods can
highlight key themes or patterns emerging in the prOJect which are used to comprehend

and manage data and used to develop and test hypothe31s
5.3.3 Comparing q‘uantitative and qualitative research.

From the above, a number of contrastihg features of quantitative and qualitativé
research are obvious. The difference between each one, according to Naoum, (1998)
may be somehow quantifiable but such measurements will not convey the importance
and special impact of some over others. '

Although Table 5.3 shows. distinctive features of the two apprdaches, the relationship
between theory/concepts and research strategy in terms of verifying the theory/concept
against proffering theory to emerge from the data is not as clear-cut as is sometimes

implied (Naoum, 1998).

Table 5.3: The attributes of qualitative and quantitative research pafadigms.» ‘

Qualltatlve paradigms o Quantutatlve Paradlgms

Advocates the use of qualitative methods , ‘ Advocates the use of quantltatlve methods
Concerned with understanding behaviour from Seek the facts/causes of social phenomena
‘actor's own frames of reference | | ' '
Naturalistic and uncontrolled observation Obtrusive and controlled measurement
Subjective L Objective
Close to the data: the 'insider' perspective Removed from the data: the ‘outsider' perspective
Grounded, discovery-oriented, exploratory, Ungrounded, verification oriented, reductionist,
éxpansionist, descriptive, inductive v inferential and hypofﬁetico-deductivé
Process-oriented : Out-come oriented

| valid: "real", "rich" and "deep" data . : Reliable: "hard" and replicable data
Ungeﬁeralizable: single case studiesv Genéralizable: multiple ca;se studies

| Holistic Particularistic
Assume a dynamic reality Assume a stable reality

Source: (Cook & Relchardt, 1979 pg-10)

Blaxter, et.al.; (2003) identified the following similarities between qualitative and

quantitative research:
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1. While quantitative research may be mostly used for theory testing, it can also be
used for exploring an area and generating hypotheses and theory.

2. Similarly, qualitative research can be used for testing hypotheses and theories,

“even though it is mostly used for theory generation. -

3. Qualitative data often include quantification (e.g. statements such as more than,
less than, most as well as specific numbers). |

4. Quantitative approaches (e.g. large scale surt/eys) can collect qualitative (non-
nurneric) data through open-ended questions ‘

5. The underlying philosophical positions are not necessarily as distinct as the

stereotypes suggest
5.3.4 The Mixed-Methods Research

According to Hesse-Biber & Leavy (2006), mixed-method research usually refers to the |
use.of both the qualitative and quantitative methods in one study. Amaratunga, et al.
(2002) stated that there is a strong suggestion within the research community that
research, both quantitative and qualitative, is best thought of as complimentary and
should therefore be mixed in research of many kinds. Das (1983) (as 51ted in
Amaratunga, ef al., 2002) states that:

"...qualitative and quantitative methodologies are not antithetic or divergent, rather
they focus on 'different ‘dimensions of the same phenomen'on.' Sometimes, these
dimensions may appear to be confluent: but even in these instcinees, 'whe‘re they
apparently diverge, the underlying unity may become visible on deeper penetration...
The situational contingencies and objectives of the researcher would seem to play a
decisive role in the design and execution of the study".

»Bryman (1988) feels that common technical problems facing reseafchers in relation to
| quantitative and qualitative approaches need greater recognition. The empha51s on their
epistemological separateness runs the risk of failing to give due attention to these
common problems. The recognition of mutual technical problems may also invite a
questioning of whether the quantitative and qualitative research traditions really are as

far apart from each other as the enistemological argument may be taken to imply. |
Amaratunga et al, (2002) further explained that mixed-methods research is a reference
to a combination of research methods - thus the use of qualitative and quantitative

techniques together to study the topic - which is powerful for gaining insights and
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results, and for assisting in making inferences and in drawing conclusions. Figure 5.3

shows a typical mixed-method research approach.

- . QUANTITATIVE DATA
\ 4 y
ANALYSIS AND TESTING © . ANALYSIS,
(STATISTICAL?) - TESTING?

THEORY AND LITERATU
(PREVIOUS RESEARCH)

A\ 2N \ 4
'RESULTS ‘ :
(RELATIONSHIPS).

(PATTERNS, ETC)

Y. .
CAUSATION/EXPLANATION (DISCUSSION)

\4
" INSIGHTS AND
RENCES

ECOMMENDATIONS

Figure 5.3: Mixed-method research process (Adapted from Amaratunga, ef al.,

2002)

Myers & Haase (1989) suggest four guidelines for integrating the qﬁalita,tiv.e and
quantitative research approachés. The guidelines:- -
1. Specify that the world should be viewed as a whole, an interactive system with
patterns of information exéhan’ged between subsystems or levels of reality.
2. Assert that both subjective and objective data should be recognised as legitimate
avenues for gaining understanding. | ‘
Call for both atomistic and holistic thinking to be used in design and analysis.
4. Specify that research participants should include not only those who _aré‘ subjects

of methodology, but also those who administer or operate the methodology.
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From the above it is éVident that many studies do not adhere to the 'purist' letter of their

paradigm, so that qualitative studies use words such as frequency, proportion, smaller

and larger, implying some form of measurement, and quantitative studies often insert

subjects' impressions and opinions in their own words. Thus few studies are strictly

quantitative or qualitative in nature. Bryman (1988) suggests where the approaches may

be usefully employed together:

1.
2.,

The approach can aid decisions regarding the number of cases to employ
Quahtatlve research can be used to facilitate quantitative research by acting as a
precursor, highlighting important aspects for a later survey

Quantitative research can be used to facilitate qualitative research to generalize
ﬁudings to a large sample, or to identify groups who warrant in-depth qualitative
study ‘ | o |
The apprdaches can be combined so that methods from one paradigm filI the

gaps left by the others

Qualitative research may facilitate interpretation of relationships between

variables

The two approaéhes may be combined so that 'macro' and 'micro' levels of the
objects under study are exam‘ined

The approaches may also be combiued to allow the examination of both
structure and process, the researcher's én_d the Subject’s perspéctive, allow cross-

sectional and longitudinal data to be collected, and both to genérate and test

theory.

Hesse-Biber aud Leavy, (2006) identified five specjﬁcreasons why researchers niight

adopt a mixed-method approach. These incluvde:'

I

Triangulation: This stratégy involves using more than one method to study the

~ same research question. Here the researcher is Iooking for a 'convergence' of the

research findings to enhance credibility of the research findings.

Complementarity; In this strategy the researcher seeks to gain a fuller
understanding of the research problem and/or to clarify a given research result.
Mixed-method is employed in the servi¢e of assisting the researcher's total

understanding of the research problem.
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3. Development; This is a case whereby 'results from one method help develop or
“inform the other method |

4. Initiation,' Another reason cited for using mixed-methods is that of 'initiation’,
‘whereby a given research studies' findings raise questions or contain
contractions that require clarification. A new study is than initiated to add new
insights to the understanding of the phenomenon under investigation.

5. Expansion; Expansion is initiated to 'extend the breadth and range of the study'.

Figure 5.4 illustrates four basic models of mixed-method research. The most significant
of the fbur possible ways of a mixed-method research is the model 4, when the two
methodologles are used equally; often the results from each approach are used to Cross-
validate the study ﬁndlngs (Steckler, et al., 1992). In this case researchers analyse the
results of each method separately and decide if the results from each method suggest the
same conclusions. If they do, then the researcher's confidence in the. resuits and
conclusion is strengthened. If they do not, the researcher tries to understand why, and
" tries to determine which results are more valid. This procedure is termed triangulation

of methods (see Section 5.3.5)

" Jick (1979) identified four advantages of using a mixed-method research approach.

. These are as follows: ‘

1. It allows researchers to be more confident of their results. It can also stimulate
the creaﬁon of inventive methods, new ways of capturing a problem to balance
with conventional data-collectionvmethods. | |

2. Mixed methods can also help to uncover the deviant or off-quadrant dimension
of a phenomenon. Different view points are likely to produce some elements-
which do not fit a theory or model. Thus bld,theories are re-fashioned or new
theories developed.

3. The use of mixed-method can also lead toa syrllthesis'or integration of theories.
AThlS may also serve as the crltlcal test, by virtue of its comprehensweness for-

' competxng theories.

4. Another beneﬁt is the important part played by qualitative methods in the

mixed-method approach. The researcher is likely to sustain a profitable

. closeness to the situation which allows greater sensitivity to the multiple sources’
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of data. The convergent approach utilises qualitative methods to illuminate

"behaviour in context".

'MODEL 1

Qualitative methods are used to help develop quantitative measure and instruments

p————
o,

. - : /v’_’ \&
: }__» QUANTITATIVE . '-—Nl RESULTS

 QUALITATIVE

MODEL 2

Qualitative methods are used to help explain quantitative findings

. // WMMMN\
QUANTITATIVE F—»{ RESULTS 1\ .

QUALITATIVE

MODEL 3
Quantitative methods are used to embellish-a primarily qualitative study

A

RESULTS

MODEL 4
Qualitative and quantitative methods are used equally and parallel

e

e o \\

Figure 5.4: Integrating Qualitative and Quantitative Research Methods

~ (Source: Steckler, et al., 1992)
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- 5.3.5 Triangulation

Triangulation is a commonly used technique to improve the research validity. Burns

(2000) defines triangulation as: -

"The use of two methods of data collection in the study of some aspects of human

behaviour."

Amaratunga, ef al. (2002) explained that triangulation is  the combination of
methodologies in the study of the same phenomenon. The assumption in triangulettion is
that the effectiveness of triangulation rests on the premise that the weakness in each
"method will be compensated by the counter-balancing strengths of 'another.
Triangulation techniques explain more fully, the richness and complexity of human -
~ behaviour by studying it from more than one stand point and/or ‘using variety of
‘ - methods. Exclusive reliance on one method méy bias or distort the investigation. Burns
(2000) stated that triangnlation is interpretive research and will naturally produce
different sets of data. More the methods contrast with each other, the greater the

confidence about the ﬁndmg
- Shih (1'998) identified six types of triangulation:

1. Iﬁvestigator Triangulation: a research team or thesis/dissertation committee who

have a shared interest in the topic under study, as well as diverse perspectives

“and areas of expertise with regard to the top, or two or more "research trained"
investigators with d_ivergent backgrounds (who) explore the same phenomenon.

2. Datd (source) Triangulation: the use of multiple data sources with similar foci to

- obtain diverse views about a topic for the purpose of validation. _

3. Theory Triangulation: use of multiple perspectives to interpret a single set of
data. This can occur in either theory testing or theory generating studies.

4. Method Triangulation: involves the use of more than one research method or
data collection technique to study a single phenomenon.

5. Unit of analysis Ti riangulation: is related to person dimension of data sources.
This is partlcularly suited when obtaining data on individual behav1ours and
perceptions, as well as interactions between 1nd1v1duals .

6. Analysis Trzangulatzon: refers to the use of more than one strategy to analyse the

same set of data for the purpose of validation.
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5.4 METHODOLOGICAL FRAMEWORK ADOPTED FOR THIS RESEARCH

Research is a process through which we attempt to achieve 'syst'ervnatically (and with the |
support of data) the answer to a question, the resolution of a problem or a greater
understanding of a phenomenon. This process is frequently called research methodology
(Leedy, 1996). The core concept underlying all research is its methodology. The -
. methodology contfols the study, dictates the acquisition of the data, arranges them in
logical relationships, sets up a means of refining the raw data, contrives an approach so

that the meanings that lie below the surface of the data become manifest, and finally

issues a conclusion or series of conclusions that lead to expansion of knowledge. The =

entire process is a unified effort as well as an appreciation of its components parts.
Research mét_hodology has two primary functions according to Leedy (1 996); |

e To control and dictate the acquisition of data

e To corral the data after acquisition and extract meaningfulness from them.
For this research study, aims and objectives as presented in Chapter One indicate that
the study revolves around understanding the problems that are involved in the
managemerit of TAM projects and proffer solutions to .them. It is therefore an
exploratory research study with principal aim to develop a framework for organisations
operating process industries for the implementation of TAM projects effectivély,

efficiently and successfully.
5.4.1 RESEARCH STATEMENT

The economic importance of engineering facilities especially the process industries to
the economy of any nation and the well being of the populace cannot be over-
emphasised. In other to remain profitable, organisations transfer their operating costs
‘onto their products. If the operating costs go up the prices ‘most of time rises. One the
major contributors to operating cost is maintenance cost, the availability and reliability
of the plant assets (plant, machinery, equipment, systems etc.). | |
From the literatures, it has been identiﬁéd that one of the maintenance sttategies which
organisations use to improve on these areas is Turnaround Maintenance (TAM) Project'

(Ertl, 2005; Duffuaa & Daya, 2004; Lenahan, 1999; Mclay, 2003).

Findings from the literatures show that organisations are still finding it difficult on how

to implement TAM project succeésfully. A major cause is that organisations dre still
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managing TAM projects like other EPC projects (Ertl, 2005; Oliver, 2002, 2003; Levitt,
2004; Lenahan, 1999) and hence assumes that the critical success factors and success
measurement criteria of EPC projects are applicable to TAM projects. However, it
should be }noted that neither project success‘factors nor project snccess criteria are
universal but are dependent on project type size and sophistication (Dvir, et al., 1998,

Chan & Chan, 2004)

Coupled with these, Ertl (2005) stated about TAM proj ect:management,‘ 'The maturity of
- project management discipline in process industries for Turnarounds is still “very poor
and stagnant at best'. There appears to be little, zf any, development or dialogue of the
' dzsczplme within the field'.

Supporting the above assertion,.Woodhouse (2002), complained of TAM prejects, ‘A
surprising number of organisations (particularly in the utilities and service areas .'of

operation) still do not even know how much a shutdown costs them'.

In addition, recently, Vichich (2008) confirmed that an average TAM project exceeds
cost and schedule targets by more than 20% and 83% of turnarounds do not satisfy all

performance expectations. -

Despite these problems, no empirical work has been done on how to implement TAM
project successfully. Most of the works are on the optiniizatibn of TAM projects

throngh:

"o Reduction in the TAM Work scope
. ‘Reduction in the duration of TAM Project_
e Prolonging shutdown mtervals .
‘This research work is novel as itis aimed at developing a framework that will ensure
that TAM projects are implemented efficiently, effectively and successfully. This will
be carried ‘out by identifying and establishing:

1. The success criteria for TAM projects
2. The factors responsible for success/failure of TAM projects
. 3. Management skills needed to ensure TAM success
4. Specific- Management methodologles to ensure TAM success.
The novelty of this study is to identify and estabhsh the above issues and hence deve]op

- a framework to ensure TAM project 1mplementat10n success.
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5.4.2 RESEARCH QUESTION

- The research question. is the most critical part of the research - it defines the proposal,
and guides the researcher's argufncnts and inquiry, ahd provékes the interest of the
reviewér‘ 1S, 2001). ‘Designing and defining the research questions are probably the
most-important step to be taken in a research study (Yin, 2003; Stake, 1995). When one
gets the research question right; it suggests not only the field for study, but also the
methods for carrying out the research and the kind of analysis required b(Baxter, et al,
2001).'Reseafch questions need to meet a number of requirements. They. according to

Ritchie, er al., (2003), need to be:

clear, intelligible and vunambiguous
e focused, but not too narrow
e relevant and useful, whether to policy, practice or the development of social
theory | |
e informed by and connected to existing research or theory, but with the potential
- to make an original contribution or to fill a gap; and
o feasible, given the resources available. _
Thus in designing and development of this research questions, the researcher recognises
the functions of research questions as identified by Punch (1996): |
e Research question help to organise the project and gvive a direction and
coherence of research method and design to be employed
) Delim.itation of research works énd shows the boundafies
o Keeping the research focussed during the project |
e Helpin frameﬁwork development for writing up the project

e Indicate and give direction on the research data needed to be collected.

After critical literature review and pilot studies carried out the main research question

for this research thesis is:

"How best can organisations -operating engineering facilities ensure the successful

- implementation of Turnaround Maintenance Projects?"

Essentially the research is about establishing the causes of TAM project failures and

developing a framework to ensure the successful implementation of TAM projects.
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In order to achieve the above, the following questions need to be addressed:

o  What are the conditions that make a TAM projéct successful or a failure?
» What are the critical success factors for TAM project Implementation?
o  What are the maﬁagement skills A’needed to manage TAM syccessfully? '

o What are the management methd_dologies applicable to TAM projects to ensure
success? S , |
‘Marshall and Rossman (1999) explained that research questions need to be flexible, so
that data gathering can respond to increasingly refined research questions, especially in
qualitative approach, which is uniquely suited to uncovering the unexpeéted and

exploring new avenues.

‘5.5 SELECTION OF A RESEARCH APPROACH

A major issue that confronts researchers is the decision on what kind of research should
be done: should it be qualitative or quantitative should both the elements be present
- (Walker, 1997)? The methodology selected should be the one that will be the most

effective to collect the data needed to answer the research question.

5.5.1 Guide to the selection of Research approach

Shih (1998) suggested four issues which need to be fully and carefully evaluated before

choosing an appropriate research approach:‘ '

1. Philosophical paradigm and goal of the research _

Qualitative and-quantitative methods are derived from entirely different perspectives of
philosophical paradigm (phenomenology and positivism), the researcher éhou}d have a
clear undérstanding of the inherent differences between them. The strengths and

weaknesses of each position must be continually considered.

2. The nature of the phenomenon
The nature of the phenomenon is particularly critical in quélitative studies. In order to
use an idea about a phenomenon as a methodological guideline, it is necessary first to

have a good understanding of the phenomenon.
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3. The level of research question

As explained above, the research question drives the research. They are like objectives,

rather than aims whereby they should contain within themselves the means for assessing

their achievement. The research question governs the decision whether to utilise

quantitative, qualitative or mixed-methods.

4, Practical consideration

Though the paradigm have some impact on the research, but the selection of the type of

research_ approach should be guided in part by the demands of the research based on a

‘common-sense' melding of the wise and efficient use of resources and practical goal of

the research.

Leedy & Ormrod (2005) suggested a number of guidelines (see Table 5.4) to assist in

the selection of an appropriate research approach.

Table 5.4: Guide for the selection of a Research approach.

Use this approach if:

Quantitative

Qualitative -

You believe that:

There is an objective reality

that can be measured

There are multiple possible
realities constructed by

different individuals

Your audience is

Familiar with/supportive of

quantitative studies

Familiar with/supportive of

qualitative studies

Your research question is

Confirmatory, predictive

Exploratory, interpretive

The available literature is

Relatively large

Limited

Your research focus

Covers a lot of breath

Involves in-depth study

Your time available is

| relatively short

Relatively long

Your ability/desire to work with people

is

Medium to low

High

Your desire for structure is

High

low

You skills in the area(s) of

Deductive reasoning and

» statistics

Inductive reasoning and

attention to detail

Your writing skills are strong in the area

of:

Technical, scientific writing

Literary, narrative writing

Source: Leedy & Ormrod (2005)
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| 5.5.2 Research approach adopted for this research

After a thorough review of the nature of the phenomeﬁon (TAM project
implementation), the aims & objectives of the research and the research questiohs, it is
obvious that neither qualitative nor quantitétive approach alone will be suitable for this
research. The research questions require both conﬁrmafory and exploratory approaches .
to be adequately answeréd.‘ : |

Based on the above, the mixed-method approach is identified as the most appropriate,
and hence is adopted for this research study. This choice decision is further supported

below:

1. Qualitative approach

Thé research work for this'project is focused on organisations and their processes,
cultures and strategies. Clearly, it fequires a deeper understanding of the intentions
undeflying the action. As explained above, for this type of research enquiry, the
qualitative approach makes sense as is most suitable for exploratory rese‘afch, and also
‘tends to attempt to deduce answers to 'how?' and 'why?' questions (Walker, 1997). It is
also evident in view of Cassell & Symon'(1994)v that qualitative methods are more
appropriate to the »kind of research questions focusing .on organisational processes,' as
well as outcomes, and trying to understand both individual and group experiences at
work. Marshall and Rossman (1999) and Gur_nmess()n (2000) agree that qualitative
methodology provide powér_ful tools for research in mariagement subjects, including
general management, organisation, corporate strategy, and more. Moreover the main
research question for this thesis will be best addressed in a natural setting, using
exploratory approaches. Marshall and Rossman (1999) emphasised the - strength of
qualitative methodology in such studies for the following types of research: .

e Research that delves in depth into complexities and processes

o Research that seeks to explore where and why policy and local knowledge

'an_d practice are at odds o
e Research on informal and unstructured linkages and processes in
organisations o | |
e Research oﬁ real, as opposed to stated, drganisatio'rial goals

e Research that cannot be done experimentally for practical or ethical reasons.
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Leedy & Ormrod (2005) noted that cjualitati\ie research studies typically serve one or

more of the following purposes:

1. Description; They reveal -thek nature of certain situations, settings, processes,
relationships, systems or people ,

2. Interpretation; They enable the researcher to (a) gain new insights about a piarticular
phenomendn, (b) develop new concepts or theoretical perspectives about the
plienomenon, and/or (c) discover the problems that exist i)vithin the phenomenon. |

3. Vériﬁcation; They allow the researcher to test the validity of certain assumptions,
claims, theories, or generalisations within real-world contexts.

4. Evaluation; They provide a means through which a researcher can judge the
effectlveness of partlcular policies, practices, or innovation. _ |

Amaratunga et al. (2002) explained that qualitative research data focus on naturally

occurring, ordinary events in its natural settings, so that there is a view on what "real

1ife" is like. Another complementaryv feature of qualitative data which makes it

necessary for this study is their richness and holism, with strong potential for revealing

.complexity. Such data provide descriptions that are vivid, nested in a real life context

and have a ring of truth. Qualitative data, with their emphasis on people's "lived
experience", are fundamentaliy well suited for locating the meanings people place on
events, processes and structures of their lives; their "perceptions, assumpticns,
prejudgements, presur)positionS" and for connecting these_ rneanings to the social world
around them (Amaratunga, et al., 2002).

The Qualitative Research approach was used in this study to determine how TAM

projects can be managed successfully.

2. Quantitative approach

In order to determine how organisations operating engineering facilities can manage -
TAM projects successfully, there are some questions (research sub-questions) that need
to be answered. The answers to these questions will form a good background with
which to ascertain how this project can be handled.

_Considering these research sub-questions and explanations -above, it is evident that a
deductive approach (quantitative res}earch method) is required in this study before the
inductive approach. .

Quantitatlve data are not abstract but are hard and rehable they are measurements of

tanglble countable, sensate features of the world (Naoum, 1998) Tt is worthy to note
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that the quantitative reseérch process is directed towards the development of testable
hypothesis and theory which are generalisable across settings and in contrast this
methodology is more concerned with how a rich, complex description of the specific
“situations under study will evolve (Amaratunga, et al., 2002). According to Naoum
(1998) quantitétive research should be selected under the foilowing circumstances:
| 1. When the facts about a cohcept, a question or an attribute is .req‘uired ‘
| 2. When factual evidence and study of relationship between these facts in order to .
test'a particular theory 6r hypothesis. ' o "
The quantitative research approach was used in this study to determine and establish:
' 1.  Stuccess measurement criteria of a TAM project | |
2. Critical success factors of a TAM project implementation
3. Mahagemcnt skills needed to manége TAM successfully
4

. The management methodologies applicable to ensure TAM project success.

From all the above, it is Very evident that the choice of mix-method research approach is

- most appropriate for this research prbj_ect.
5.6 SELECTIO_N OF RESEARCH STRATEGIES

As shown above, a mixed-method approach is best suited for this research. There are
however different research strategies applicable to both the qualitative'and quantitative
approaches. To ensure that the best research strategy is chosen a thorough review of the

- various strategies are explained as follows:

5.6.1 Qualitative Research Stra't_egiesk

- Qualitative data is a source of well-grounded, rich descriptions and explanations of
processes in identifiable local context (Amaratunga, et al., 2002). The strategy of
¢nquiry comprises the skills, assumptions, and practices used when moving frorﬁ one
paradigfn and a research design to the collection of empirical materials (Denzin & o
Lincoln, 2000). Qualitative research can be conducted in different ways.

Lcedy & Onnrod'(2005) identiﬁe’d five common qualitative research strategies as

follows:
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Table 5.5: Characteristics of major types Qualitative strategies
Design ~Purpose Focus Method of Data | Method of Data
: : S ; ni . Collection - Analysis
Case Study To understandone | One case ora few . Observations . Categorization and
person or ‘| cases within . Interviews interpretation of data in
situation{or its/their natural . Appropriate written terms of common
perhaps a very setting documents and /or themes
small number) in . audiovisual material - | . Synthesis into an overall
great depth ‘ portrait of the case(s)
Ethnography | Tounderstand how | A specific field site | . Participant . Identification of
e behaviours reflect in which a group of | observation significant phenomena
the culture of a people share a . Structured or and underlying structures
group common culture unstructured and beliefs.
interviews with . Organisation of data
“informants". into a logical whole (e.g.,
. Artifact/document chronology, typical day).
collection '
Phenomenolo | To understand an A particular .In-depth, . Search for "meaning
gical experience from phenomenonasitis | unstructured - units" that reflect various
Study the participants' typically lived and interviews. aspects of the experience
points of view perceived by . Purposeful . Integration of the
"human beings sampling of 5:25 meaning units into a
individuals . "typical" experience.
Grounded To derive a theory A process, . Interviews . Prescribed and
Theory study | from data collected | including human . Any other relevant systematic method of
in a natural setting actions and data sources coding the data into
interactions and categories and identifying
how they result . ‘interrelationships
from and influence . Continual interweaving
one another. of data collection and
data analysis
. Construction of a theory
from the categories and
interrelationships.
Content To identify the | -‘Any verbal, visual, . Identification and . Tabulation of the
analysis specific or behavioural form | possible sampling of frequency of each

characteristics of a
body of material

of communication

the specific material-
to be analysed

. Coding of the
material in terms of
predetermined and
precisely defined
characteristics

characteristic.
. Descriptive or inferential

| statistical analyses as -

needed to answer the
research question

Source: Leedy & Ormrod, (2005) pg 146.

o Case Study

e Ethnography

e Phenomenological Study

‘o Grounded Theory study

e Content Analysis

The purpose, focus, method of data collection and method of data analysis for these

qualitative research strategies are shown in Table 5.5.
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Marshall & Rossman (1999) groﬁped the Qualitative research strategies into core and
secondary methods. - '

| Core methods include:

1. Participation in setting

2. Direct observation

3. >In-de}.)th interviewing_ and

4. Analysing documents and material culture.
The secondary or specialised methods include life histories and narrative enquiry, films,
videos, and photographs, kinesics, proxemics, unobtrusive measures, questionnaires and
surveys, projective fechniqués and psychological techniques. The research question as
discussed earlier determines the appropriate reséarch strategy to be adopted. Denzin &
Lincoln (2000) suggests that research strategiés are merely tools; it is the researchers’
reéponsibility to select the strategy that is most suited to answer the research questions
from the variety of qualitative strategies and knowing their strengths. As shown in
Table 5.5 each qualitative strategy offers a particular and unique perspective that
illuminates certain aspects of reélity more easily than others and produces a type of
results more suited for some applications than others. For the purpose of this research, ;

case study was found to be the most appropriate qualitative strategy.

5.6.2 Quantitative Research Sti'ategies

Quantitative research is an approach that has been the dominant strategy for conducting
| social research. According to Bryman (2008), quantitative research can be construed as
" aresearch strategy that emphasises quantification in collection and arialysis of data and
that: - | | |
e entails a deductive approéch_to the relatiOnship between theory and research, in
which the accent is placed on the testing of theories
e has incorporated the practices and norms of the natural scientific model and of
~ positivism in particular; and ’

e embodies a view of social reality as an external, objective reality.' :
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Table 5.6: Comparison of the different Quantitative research strategies

‘Kinds of Quantitative |
- Research . -~ |

. Research =’

Type of Quantitative

Brief explanation of characteristics

Cause-and-effect
Research

Pure Experiment

Enables manipulation of an independent variable in
order to see the effect on the dependent variable

Quasi Experiment

Same as above except that there is no randomization
of subjects between levels of the independent
variable.

Ex-post-facto or
causal-comparative.

Causal relation could be established by causal-
comparative method although not as strong as the
experimental method.

Time series design

Cause-and-effect relationship established by a series
of observations based on a defined duration between
observations. These are recorded for a group of
subjects before and after.

Descriptive Research

Survey research

Focus on the description of a phenomenon

Correlational research

Examines the extent to which differences in one
characteristic or variable are related to differences in
one or more other characteristics

R & D type of research

The focus is on development of a prototype and a
validation process to justify its usefulness.

Evaluation research

The focus is on evaluating an event by means of the
above types of research and to make judgement

about its usefulness

Source: Adapted from Ismail (2005)

Ismail (2005) identified two major kinds of quantitative research strategies based on

with or withoﬁt cause-and-effect relationships (see Table 5.6). A cause-and-effect

relationship type demands experimental, ex-post-facto method or probably a time series

design for longitudinal observations. A non cause-and-effect relationship requires a

plain descriptive research describing about the pattern of relationships among the

variables. These according to Ismail (2005) are; survey, correlational, R&D type and

evaluation research. Considering the above quéntitative research strategies, the survey

research is identified as the most suitable for this study.

According to Yin, (2003) the selection of a research strategy depends on:

1. Type of research question posed

2. Extent of control an investigator has over actual behavioural events, and

3. Degree of focus on contemporary as opposed to historical events.

Table 5.7 shows the relationship between the above conditions and the research strategy.
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Table 5.7: Relevant situations for Different research strhtégies

 Strategy = | Formofresearch | Requires controlof Focuseson =
7 SRS question . | Behavioural events? | Contemporary
' o : : s Events?
Experiment How, why? Yes " Yes
‘Who, what, where, how , No Yes -
Survey many, how much? '
_ Who, what, where, how ‘ No : Yes/No
Archival analysis many, how much? )
History _How, why? No No
Case Study * How, why?. No ' Yes
(Source: Yin, 2003)

In summary Table 5.7, also confirms that;bSurvey and case studies strategies are most
suitable to answer the 'what' and 'how' research questions respectivelyaﬁd also for a
research that focuses on contemporary events like a TAM project implementation. From
all the above it can be seen that Survey research (quantitative) and Case stu‘dies

(qualitative) are most appropriate for this research.

5.7 CASE STUDIES

The basic case study entails the detailed and‘intensive analysis ofa single case (Bryman, -
2008). Stake (1995) explained case study as the study of the particularity and
complexity of a single case, coming to understand its activity within important
circumstances. Some knoyvn studies in sociology are based on this kind of design.

According to Yin (1994) their use in many situations, include:

e Policy, political science and public administration research
e Community psychology and sociology

¢ Organisational and management studies'

e City and regional planning research -

¢ Business administration, management science and social work.

The case study according to Amaratunga & Baldry (2001) is a research strategy which

focuses on understanding the dynamics present within Single settings.
Yin (2009, pg 18) defines case study in two ways:
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1. The first part begins with the scope of the study,

"A case study is an empirical inquiry that investigates a contemporary phenomenon in
depth and within its real-life context, especially when the boundaries between

phenomenon and context are not clearly evident."

2. The second part covers other techmcal characterlstlcs 1nclud1ng data collection and

data analy51s strategles

"The case study inquiry copes with the technically distinctife situation ii; which there
“will be many more variables of interest than data points, and as one result relies on.

maltiple sources of evidence, with data needing to converge in a triangulating fashioﬁ

and as another result benefits from the prior development of theoretical propositions to

: gutde data collection and analyszs

Case studies typically involve the observation of an individual unit aﬁd the emphasis
tends to be upon an intensive examination of the setting. Bryman (2008) identified these |
as situations where case studies have been used. These include research on; a smgle
commumty, a single school, a single family, a single organisation or management in -
organisations, a person, and a single event. There isa tendency to associate case studies
with qualitative research, but such identification is not appropriate. It is however true
those exponents of case study design often favour 'qualitative methods, such as
participant observation and unstructured interviewing, because these methods are
viewed as particularly helpful in the generation of an intensive, detailed examination of
a case (Bryman, 2008). However, Simon (2009) explained that what defines a case .

study is its singularity - of the phenomenon being studied.
5.7.1 FEATURES OF THE CASE STUDIES METHOD

Case study research includes both single and multiple-case studies (Yin, 2009). Though
it has been tried to distinguish between these two apprdaches (and have used such terms
‘as the comparative case method as a distinctive forfn of multiple-case studies), single
and multiple case studies are in reality but two variants of case study designs ( Hamel,
et al., 1993). A major key strength of the case study method involves using multiple
sburces and techniques in fhe data gathering process (Soy, 1997). Simon (2009) .

identified the following as the key strengths of a case study research:
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"~ e Case study using qhalitative methods in particular enables the experience and
the complexity of programmes and policies to be studied in-depth and |
ivnterpreted precisely.

" e Case study can document multiple perspectives, explore contested view-points,
and demonstrate the influence of key actors and interactions. It can explain hcw

and why things happened ‘ ‘ | ’

o Case study is useful for exploring and understandlng the process and dynamlcs
of change. _

e Case stud'y' is flexible, that is, neither time-dependent nor constrained by method.
It can include a range of methcds, whatever is most appropriate in understanding
the case.

e Case studies written in accessible language, including vignettes and cameos of
people in the case, direct observation of events, irrcidents and settings, allows
audiences of case study reports to vicariously experience what was observed and
utilize their tacit knowledge in understandlng its srgnlﬁcance

e (Case study has the potential to engage participants in the research process

~ In case studies, Stake (1995) identified that the major conceptual responsibilities of the

researcher 1ncludes

e Bounding the case, ccnceptualising‘the object of study

e Selecting phenomena, themes or issues tlrat is, the research question
e Seeking pattems of data to develop the issues

o Triangulating key observations and bases for interpretation

e Selecting alternative ihterpretations to pursue

e Developing assertions or generalisations about the case.

In case studies, it is very advarrtageous to start with a theoretical framework or theory to
guide the collection-of data and its analysis. This according to Simons (2009) provrdes
security, focus and makes analysrs comparatlvely straightforward. Theoretical

_ framework is also needed to avoid the twin dangers of being overwhelmed by data and
being drawn into narrative rather than theory building. Building a theory from data
(grounded theory) has an advantage of being grounded, but this can take more time and
is not always easy to generate a theory from contrary, ambiguous, complex, qualitative

data (Simons, 2009)'aﬁd Glaser & Strauss (1967) advocated for an initial framework,
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which is then tested against the data gained in the study. Even for studies where the _
-existing knowledge is poor (espe01a11y in purely exploratory study) Yin (2009)

emphasised that case study should be preceded by statements about what is to be

explored, the purpose of the exploration and the criteria by which the exploration will

be judged.
For case studies, Yin (2009) proposed five components which are especially irhportant;

1. The study's questions, the research questions framed as 'who', 'where', 'how', and
'why' determine the relevant strategy to be used It must be clarified and stated
succmctly before movmg on.

2. Its propositions, each proposition directs attention at something that should be
examined within the scope of the study

3. Its unit of analysis is concerned with defining what the case study really is. The
unit of analysis in a case study could be an individual, community, an
organisation, a nation-state, an empire or a civilisation (Tellis, 1997)

‘4. The logic linking the data to the propositions and
The criteria for‘interpreting the findings are not well developed in case studies

however they are represented in the data analysis and report.
5.7.2 CASE SELECTION

The choice of a case for the study is a critical decision in any case study. In choosing a
case, Simons (2009) identified a numbertof factors that must be put into consideration:
e type of case to be conducted
o location of the case
o the case that will yield most understanding, and

e travel time and cost.

It may be useful to select cases which are typical or representative of other cases, but a
sample of one or a sample of just a few is unlikely to be strong representation of others.
Case study is a non sampling research (Stake, 1995). Since the objeetive of a case study
is to achieve the greatest possible amount of information on a given problem or
-phenomenon, a representative case or abrandom sample may not be the most appropriate
strategy. This is because according to Flyvbjerg (2006), the typical or average case is |

often not the richest in information. Flyvbjerg (2006),’advocated for information-
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oriented sampling as the best approach to case selection. Table 5.8 summarises the

various forms of sampling. In information-oriented sampling caées are selected on the
basis of expectations about their information content. This is a form of non-probability

. sampling termed purposive, purposeful or criterion-based sampling, that is, a case is |

selected because it serves the real purpose and objectives of the research for gaining

insight and understanding into a particularly chosen phenomenon. This sort of sampling,

according to Burns (2000), is based on defining the criteria or sf[andards necessary for a

* unit to be chosen as the case. A blue print Qf attributes is constructed and the researcher

locates a unit that matches the blueprint recipe. | |

In this research study, inforﬁ;atibn—oriented sampling was used in the case selection.

The details of the selection criteria used for this research is claborated in Chapter 7.

Table 5.8. 'Strategies for the selection of samples arjd cases for a Case study.

Type of Selection Purpose

A. Random selection To avoid system biases in the sample's size is decisive for
generalization
1. Random sample To achieve a representative sample that allows for generalisation

for the entire population.

2. Stratified sample To generalize for specially selected ‘sub-groups within the
pdpu.lation ‘
B. Information-oriented To maximize the utility of information from small samples and
selection A : single cases. Cases are selected on thé basis of expectations about

their information content.
1. Extréme/deviaht cases To obtain information on unusual cases, which can be especially
problematié or especially good in a more closely defined sense
2. Maximum variation ~ To obtain information about the significance circumstances for
cases case process and outcome, e.g. three or fqur'casés that are very
v different on oAne dimension: size, form of organisation, location, |
_ buaget. '
3. Critical éases To achieve information that permits logical 'deductions of the type,’
‘ if this is (not) valid for this case, then it applies‘to all (no) cases'. '
4. Paradigmatic cases To develop a metaphor or establish a school for the domain that

the case concerns

Source: Flyvbjerg (2006)
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5.7.3 QUALITY OF CASE STUDY RESEARCH DESIGNS.

‘According to Yin (2009), the quality of any given research can be judged according to

the following four tests:

Table 5.9: Tests and techmques for establishing validity and rehablllty in case

study Research

Case study Correspondmg ) . | Phaseofresearchin
2 desugn Desugn Tests ~Case study techniques whlch techniques
- tests i . oceur

Conflrmablhty

. Use Multiple sources of evidence

Data collect|on

Construct (corresponding to . Establish chain-of evidence. Data collection
Validity objectivity and . Have key informants review draft case Research's diary and report
neutrality of positivism) study report ‘ writing
. Do within-case analysis, then cross- .Data analysis ‘
Internal Credibility casé pattern matching '
Validity . Do explanation-building Data analysis
. Assure internal coherence of findings Data collection and data
and concepts are systematically related analysis |
.Use replication logic in multiple-case
External Transferability studies v Research design
validity ’ .Define scope and boundaries of -
reasonable analytical generation forthe | Research design
research A
.Compare evidence. with extant literature | Data analysis
.Give full account of theories and ideas Research design/ analysis
Reliability Dependability . Assure congruence between research

issues and features of study design

. Develop and refine case study protocol
. Use multiple researchers

. Record observation and actions as

concrete as possible

. Record data, mechamcally develop case

study database

. Assure meaningful parallelism of

findings across multiple data sources.

. Use peer review/examination

Research design
Research design
Data collection

Data collection

Data collection

Data collection

Data analysis

Source: Adapted from Riege (2003); pg 78-79
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a. Construct validity
b. Internal validity (for explanatory or causal studies only and not for descriptive or
exploratory studies) '
c. External validity
© d. Reliability. |

Because a research design is supposed to represent a logical set of statements, the
researcher also can judge the quality of any given design according to certain logiCal
tests. Concepts that have been offered for these tests include trustwOrthinéSs, Credibility,
confirmability, and data dependabilityi There are several techniques which can enhancé
~ the validity and reliability in case study research Table 5.9 shows the tests and the

techniques for establishing validity and reliability in a case study research.

5.7.3.1 Validity

The checks and balances of random sampling, of standardised and reliable instruments
are missing in case studies. Mainly available according to Burns (2000), are the
techniques of triangulation plus the commitment to seek deliberately to disconfirm one's
own interpretations. As with tests, the validity of the case depends on the purpose to

which it is put. The following are validity tests inherent to case study:

1. Construct validity _ , _
This test is especiélly challenging in case study research. Critics of case studies often
point to the fact case study investigators fails to develop a sufficiently operational set of
- measures and that "subjective” judgements are used to collect the data (Yin, 2009).
- According to Riege (2003), the corresponding design test for construct validity is
confirmability. This assesses whether the interpretation of data is drawn in a logical and
unpreju(iiced manner. Three ways have been identified for improving construct validity.
a. Use of multiple Sources of evidence in data collection phase (Bumé, 2000; Riege,
2003 and Yin, 2009). |
- b. Establishmeht'of chain of evidence in the data collection phase (Burns, 2000;
Riege, 2003 and Yin, 2009). o
c¢. Reviewing of draft case study reports in the report-writing phase (Riege, 2003)
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2. Internal validity

Internal validity deals with question of how well the findings match reélity; According
to Yin (2009), internal validity is mainly a concern for explanatory case studies where
the researcher is seeking causal relationship, whereby certain conditions are believed to
lead to other conditions, e_is distinguished fromv"spurious relationships. However, if the
major assumption underlying qualitative research is that reality is ever-changing,
subjective in interpfetation and hdlisﬁc, and not a single fixed entity, then it is not
feasible to try and measure congruence between data collected and some notion of
reality (Burns, 2000). ‘ -
Riege, (2003), identified credibility of the ﬁndings as the corresponding design test for
internal validity and suggested three ways of increasing internal validity in a casé study
research:

a. Use of within-case analysis, the cross-case and cross-nation pattern matching in

the data analysis phasve |

b. Display of illustrations and diagrafns in the data analysis phase, to assist

| explanation building in the data analysis phase o

c. -Assurance of internal coherence of findings in the data analysis phase, which

can be achieved by cross-checking the results. :

Burns (2000) suggests that internal Validity has been assessed by a number of strategies,
such as friangulation, re-checking with pafticipants as to observer interpretations made,

peer judgment, and longy-term observation.

" 3. External Validity ‘ _
According to Riege (2003), external validity is all about transferability or generalisation
in conventional quantitative research. This test is achieved when the research shows
similar or different findings of a phenomenon amongst similar or different respondents
or organisations that is achieving analytical generalisation. The géneralisation is |
however not automatic, a theory must be tested by replicating the findings. Once such
direct replications have been made, the results might be accepted as providing strong
| support for the theory (Yin, 2009). Here a major insight is to consider multiple cases as
- one would consider multiple experiments, that is, to follow "replication” logic.
To increase external validity, Riege (2003), recommended the following techniques:

a. Use of (literal and/or theoretical) replication logic in fnultiple case studies in the

research phase
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b. Definition of the scope and boundaries in the research design phase, which help
to achieve reasonable analytical generalisations ‘rather,than statistical
gerieralisations for the research in the research design phase _

c¢. Comparison of evidence with theextant literature in tlle data analysis phase, to
clearly outline’contributions and generalise those within the scope and

boundaries of the research, not to larger population.

5.7.3.2 Reliability

'. The objective of a reliability test, according to Yin (2009) is to be sare'thaf,. if a later
investigatcr followed the same procedures as described by an earlier investigator and
conducted the same case study all over again, the later investigator should arrive at the
same findings and conclusions. In other words, the purpose of this test is to show
indications of stability and consistency in.the process of inquiry. The underlying issue
here is whether the procedures or techniques used in the process of study are conSIStent )

‘and dependable (Rlege 2003). The following are identified by Riege (2003) as
techniques that can improve the reliability of a case study research:

Giye full account of theories and ideas for each research phase

b. Assurance of congruence between the research issues and features of the study
des1gn in the research phase
Record observations and actions as concrete as possible

d. Development and re_ﬁnement of the case study protcc’ol in the research design |
phase can be achieved by conducting several pilot studies te‘sting the way of
questioning and its structure k

e. Use of a structured or unstructured case study protocol

f. Use multiple researchers who continually communicate about methodological
decisions. | ’

g. Record data mechanically, for example, by the use of tape recorder

h. Development of a case study data base at the end of data collection phase, to
proy_ide_ a characteristic way of organising and documenting the mass of
collected data _ _

i. Assurance of meaningful parallelism of findings across multiple data sources

j. 'Use peer review/examination.
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' Finally, Bumsv(2000) maintains that to improve reliability and enable others to replicate
your work, the steps and procedures taken in the study must be clearly explicit and well
documented. Further details of case studies and the case studies design used in this

research are explained in Chapter 7.

5.7.4 SOURCES OF EVIDENCE

Yin (2009) identified six commonly sources of e{fidence in case studies. These includes:
documentation, archival records, interviews, direct observations, participant-obser\}ation .
and physical artefacts. The strengths and weaknesses of these six major sources are |
shown in Table5.10. These six sources of evidence are reduced to three main methods:
~of data collection - interviewing, observing and document analysis (Simon, 2009). For
this research study, data were collected from these main sources. As shown above the
use of these multiple sources of evidence improves the construct validity of the data

collected from the case organisations.

5.74.1 Documehtation

Documentary information is ‘likely to be relevant to every case study tepic. Yin (2009)
identified the following documentary evidence as being liseful for a cased study:
o letters, memoranda, e-mail correspondence and other personal documents, such
as diaries, calendars, and notes
e agendas, announcements and minutes of meeting and other written reports of
events | '
o edministrative documents - proposals, progress reports, and other internal
records | |
o formal studies or evaluations of the same "case” that one is studying; and
® news elippings and other articles appearing in the mass media or in community

newspapers.
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Table 5.10: Sources of Evidence in case study Research: Strengths and

Weaknesses

Source of Evidence

Strengths

Weaknesses

Documentation- -

e Stable - can be reviewed

* Unobtrusive - not created as a resulf
of the case study

* Exact - contains exact names,
references and details of an event

* Broad cdverage - long span of time,

many events, and many settings

* Retrievability - can be difficult to find
* Biased selectivity, if collection is -
incomplete »

* Reporting bias - reflects (unknown)
bias of author.

¢ Access - may be deliberately

withheld.

Archival Records

¢ [Same as those for documentation]

¢ Precise and usually quantitative

* [Same as those for documentation]

e Accessibility due to privacy reasons

Interviews _-’Targeted - focuses directly on case ¢ Biased due to poorly articulated
study topics A questions
» Insightful - provides perceived causal | * Response bias
~inference§ and‘explanations * Inaccuracies due to poor recall
' e Reflexivity - _interviewée gives what
| interviewer wants-to hear.
Direct * Reality - covers events in real time * Time - consuming
observations ] Contektua'l - covers context of * Selectivity - broad coverage difficult
"case"". without team of observeré.
. Reflekivity - event may proceed
differently because it is being
observed.
e Cost - hours needed by human
observers. '
Participant e [Same as above for direct ¢ [Same as above for direct
observation observations] observations]
¢ Insightful into interpersdnal * Bias due to barticipant-observer's
behaviour and mbtives ' manipulation of events '
Physical artefacts « Insightful into cultural feétures o ¢ Selectivity
| ¢ Insightful into téchnical-opé'rations * Availability

Source: Yin (2009) pg 102

Burns (2000) explained that it is essential to remember that these documents may not be

accurate or lack bias, and that they have been written with specific audience in mind for
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spec1ﬁc purpose. In fact documents must be carefully used and should not be accepted
as literal recordings of events that have taken place. For case studies, the most important
use of documents is to corroborate and augment ev1denc¢ from other sources (Yin, 2009;
Burns, 2000). Yin (2009) outlined the following as some of needs for the study nf
documents in a case study research: |
e Documents are helpful in verlfymg the correct spellings and titles or names of
orgamsatlons that might have been mentioned in an interview
e They can provide specific details of issues and events, and
e Inferences can be made from documents. These however should be treated as
clues worthy of further investigation rather than as definitive ﬁndings because
the inferences could later turn out to be false leads.
During the case studies conducted for this research, reports, minutes of TAM meetings
and other organisationél documents related to TAM projects were collected. More
information about the case organisations were'gathered through the company internet

sites and brochures. Different industry-wide information database were also used.

5.7.4.2 Interviewing

| IntervieWing - verbal questioning - is one of the most common methods of data
collection (Sarantakos, 2005) and qualitative researchers rely quite extensively on it.
The qualitative research interview seeks to describe and the meanings of central themes
" in the life world of the subjects (Kvale, 1996). Khan & Cannell (1957) described
- interviewing as a conversation with a pnrpose. Typically, qualitative in-depth interview’sl
are much more like conversations than formal events with predetermined response
categofies (Marsliall & Rossam, 1999). Interviews are particularly.useful for getting the
story behind a participant's experiences. The interviewer can pursue in-depth
information around the topic. The interviews should be a gu.ided conversations rather
than structured queries, according to Yin, (2009) Slrnons (2009) suggested that
interviewing has four major purposes:

1. To document the interviewee's perspective on the topic or to find out what is in

and on the mind of someone else .
2. Is the active engagement and learning it can promote for the interviewer and the

interviewee in identifying and analysing issues
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3. The inherent flexibility it offers to change direction to pursue emergent issues, to
probe a topic or deepen a response, and to engage in dialogue with participants .
. 4. The potentlal for uncovering and representmg unobserved feeling and events _
' that cannot be observed.

Interviews are essential, as most case studies are about people and their activities. These
need to be reported and interpreted through the eyes of interviewees who provide
important insights and identify-other sources of evidence. Most commonly, case study
interviewers use unstructured or open-ended form of interview, so that the respondent is
more of an informant than a respondent. The case study investigator needs to be -
cautious about becoming too dependent on one respondent and must use other soufces
of evidence for confirmatory and contrary evidence. However, at times a more
structured interview may be held as part of a case study. This could involve sampling
procedures and survey instruments. But it would form only one source of evidence,
.rather than the only source of evidence as in a survey (Burns, 2000). In Chapter 7,

detalls of the interviews conducted in this research are pr0v1ded
5.7.4.3 Participants and non-participants Observation

~ Both participant and non-partlclpant observation can be used in case studles (Burns,

2000). . , '

Participant-observation is a special mode of observation in which the investigator is not
merely passi'ye obServer. Instead may assume a variety of roles within a case studyv
situation and may actually participate in the events being studied (Yin, 2009). The
major problems associated with participant-observation are concerned with potential
bias. The investigator may become too closely invol\}ed and lose detachment, or assume
advocacy roles detrimental to unprejudiced reporting.

On the other hand, a non-participant 'observaition (or direct observation) stands aloof
-from the case beingb studied. There is usuélly an'opporturiity for direct observétion in a
cése study since the study takes place in the natural éetting of the "case". According to
Yin (2009), if the phenOmenon of interest is nof purély historical, some relevant
behaviours or environmental conditions will be available - for observatlon Such

observatlons serve as yet another source of evidence in a case study.
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During the site visits of the case organisations, some direct observations were made on
some of the critical equipments and in one situation the visit coincided with one of the

organisational TAM project event. Details are explained in Chapter 7. N
5.8 SURVEY RESEARCH

Survey research involves acquiring information about one or more groups of people
perhaps about their characteristics, opinions, attitudes, or pfevious .experience's by
asking questions and tabulating their answers (Leedy &. Ormrod, 2005). Alternatively
 survey research is the method of collecting information by asking a set of pre-
formulated questions in a predetermined sequence in a 'str‘u'cturedbquestionnéire to a
sample of individuals drawn so as to be representative of a defined populaﬁoh. The
ultimate goal is to learn about a large population by surveying a sample of that
population, -

Blaxter, et al. (2003) identified the followihg characteristics of a survey research;

e Questions are designed so that answers from individual interviews can add
‘together to produce results whivch apply to the whole sample
o The research is based on interviews with a representative sample of respondents
o The questions are designed to be unbiased
~e Surveys lend themselves to future replication-
e Large surveys can often be broken down.
The major weakness of a survey research however, is that it relies on breath rather than

depth for its validity.
5.8.1 Survey Methods - Self-completion questionnaires

There are basically three methods on gathering data with 'svurveys: self—completion
questionnaires, personal interviews, and telephone interviews (Nachmias & Nachmias,
1996; Leedy & Ormrod, 2005). Evaluation of these three survey methods is shown in
Table 5.11. |

* Considering the above evaluation criteria, the self-completion questionnaire is identified

as being most appropriate for this research project.
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Bryman (2008) identified two major modes of self-éompletion questidnnaires

administration: The internet and the Postal mail questionnaires.

Table 5.11: Evaluation of the three Survey Methods

~ Criterion. = | Personal Interview | self-completion
Cost v | ' High B | A‘Low - Modérate ‘
Response Rate , . High v Low . High
Control of interview situation High Low Moderate
Applicability to geographically dispersed | - Moderate High - Moderate
populations v | '
Applicability to heterogeneous " High Low ‘ High
_populations o _ |
Collection of detailed information - High » Moderate Moderate
Speed Low : Low ‘ High

Source: Adapted from Nachmias & Nachmias, 1996.

5.8.1.1 Internet Questionnaires:
There has been considerable growth in the number of surveys being administered online.
According to Bryman (2008), these internet questionnaires are mainly distributed

through e-mail or the web (web surveys).

1. E-mail Questionnaires
This can be seen as the electronic way of administering questionnaires. The |
Questionnaires are sent directly to people via e-mail. People are then expécted to
complete the questionnaire on their computér and return the compléted questionnaire
back to you, again, via e-mail. Although a less common strategy, you may send a
questionnaire via e-mail in Whi(:h the recipient will print it off to fill out before sending
it baék to you by post. E-mail (electronic mail) is becoming an increasing popﬁlar
rhetho_d of survey information dissemination and is fast becoming an alternative to
postal mail survey. The following has been identified as major drawbacks to e-mail
questionnaires: |

e The questionnaifes can only be distributed when the e-mail addresses of

respondents are correctly known
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e People may treat the questionnaire as SPAM (or jurik mail) and conséquently
you could end up with a number of complaints from annoyed people (damaging
your image) |

e Misunderstood questions cannot be explained

e Questionnaires may be returned incomplete.

2. Web-bdse_d survey Method |

In recent years, some researchers have adopted using the internet for data coliect_ion,
This is called web-based survey methods or world-wide web survey research. This is
usually done ‘by putting a questionnaire on a website and invite people who visit the site
to respond (Leedy & Ormrod, 200-5). Commercial websites for data collection are now
availablé. According to Leedy & Ormrod (2005), two of the most widely used websités
for online sﬁrizeys are Zoomerang (zoomerahg.com) and SurveyMonkey

(www.surveymonkey.com).

The major advantage of online questionnaire is population access. Large numbers of
people now have access to the internet and in particular the www (Schmidt, 1997) and
when the desired sample is large, the web-survey offers a better reach. It also saves time

and is far more cost-effective than mailed queStionnaires.

The following limitations of the web-based survey have been identified by Schmidt
(1997): '

e Incomplete Responses; One of the potential problem with survey research is
incomplete form submissions, and this is more obvious in Web-survey. Here
most of the respondents may not be interested in the reSearch, and may simple
Visit the website without-any intension of contributihg a complete data.

e Un acceptable Responses; whether due to entry error or intent to supply
incorrect information, respondents may supply unacceptable data. For instance,
text may be entered where a numeral string was requested, or vice versa.

o  Multiple submi&sions; Also whether‘ due to entry error, intent to foil the survey,
or just out of curiosity, respondents may submit their set of responses more than
once |

o Securityv and data integrity; on the web, there is nothing preventing anybody
who has access to your site from downloading and examining the source for the
HTML pages that you present. In other to foil your survey results, nothing
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prevents others from sending data to your CGI (Common Gateway Interface) for

processing.

Leedy & Ormrod (2005) suggest that virtually in any study, the people who participate
~ in an online research project will not be representative either of a particular group of
people or of the overall population of human beings, insisting that participants will be

limited to the people who;

" a. are comfortable with computers
b. spend a fair amount of time on the Internet
c. enjoy partaking in research studies

d. Have been sufficiently enticed by the research topic to participate.

‘Also, in cases where a questionnaire can be’completed by anyone who has access to the |
internet, many respondents are apt to be college students who are earning course credit

for their participation. Such sample will surely be biased to some degree.
5.8.1.2 Mail Questionnaire

Mail Questionnaires (or the postal mail questionnaire) are one of the most widely used
social research te_chniques. There are a number of different ways in which
questionnaires can be administered. They can be sent by mail to intended respondents,’
who then complete and return them themselves (Blaxter, ef al., 2003). The mail
~ questionnaire is an impersonal survey method. For this study, the mail questionnaire
‘was used as agéinst the internet questionnaires. The following were also considered:

1. Cost _ | _ | |

Economy is ohe of the most obvious appeals of mail questionnaires. The mail
questionnaire does not require a trained staff of interviewers; all it entails is the cost of
planning, sampling, duplicating, mailing and providing stamped, self-addressed
envelopes for the returns. The lower .c'ost is particularly evident when the population
~under study is widely spread over a largé geographié area. Under this condition the; cost
of trévelling for interviews or lengthy telephone interview could become prohibitive
(Nachmias & Nachmias, 1996).

2. Greater Anonymity .

The absence of the interviewer also provides greater anonymity of the feépondent.

According to Leedy & Ormrod (2005), participants can respond to-questions with
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assurance that their responses will be anonymous; thus they may be more truthful than
they would be in a personal interview. ‘
3. Reduction in bias error ,
The use of mail questionnaire reduces biaéing errors that might result from the.pe.rsonal
kcharacteristics of interviewers and variability in their skills. Personal interview
situations are frélight with possibilities for bias due to the nature of intéraction between
the interviewer and the respondent. | '
4. Considered answers and consultations
Mail questionnaires are also preferable when questions demand a considered answer or
E if answers require respondents to consult personal documents or other people.
5. Accessibility A »
Mail questionnaires permits wide geographic contact at minimal cost. When ‘su.rveys
requires wide coverage and addresses a population that is dispersed geographically,
interviewing would involve high level travel cost and large investments of time. -

Other strengths of mail questionnaire according to Burns (2000) include:

e Errors resulting froni the recording of respoﬁses by interviewers are reduced

o The respondent is free to answer in their own time and at their own pace

e Fear and. embarrassment, which may result from direct contact,‘ are avoided

o The problem of non-contact with the respondent (i.e. the respondent is -
unavailable when the interviewer is available) is overcome.

e Each respondent receives the identical set of questions, phrased in exactly the
same way. The absence of an interviewer, or third party, contributes to the

-standardisation of responses, as variations in voice inflections, word emphasis,

or the use of probes, are eliminated. Better standardisation, particularly through

the use of structured instrument, means higher reliability.
Some of the disadvantages of mail questionnaires identified include:

e Need to make the questions simple
¢ No control over who fills out the questionnaires

e Low response rate.

In this study these weaknesses were recognised and adequately addressed as follows:
e The questions were made very simple |
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. Qnestionnaires were sent to organisati.ons for distribution to the relevant
~ competent personnel |
o The personnels were required to identify their position in the organlsatlon on the
questlonnalre

e Follow-ups were made to ensure a good response. -

5.8.1.2 Questionnaire Designs .

The foundation of all questionnaires is the question. The survey questionnaire is guided
by the research questions and is.the data collection tool. Therefore it sits between the

- research questions and the research strategy and process of data collection (Punch,
12003). The questionnaire must translate the research objectiVes into specific questions;
answers to such questions will provide the data for ‘hypothes,is testing; Survey questions
may be concerned with facts, opinions, attitudes, respondents' motivation, and their
level of familiarity with a certain subject. Most questions however, can be classified in
'elther of two general categories: factual questions and questlons about subjective

experlences (Nachmias & Nachmias, 2000)

Factual questions

Factual questions are_deSigned to elicit objective information from the respondents
regarding their backgrounds, environments, habits, and the like. The mest common type
of factual question is the background question, which is asked mainly to provide |

information that can be used to classify respondents.

- Questions about Subjectii)e Experiences
Subjective experience involves the respondents' belief, attitudes, feelings and opinions.
a. Attitudes are general orientations that can incline a person to act or react in
ascertain manner when confronted with certain stimuli. Nachmias & Nachmias
A - (2000) explained that attitudes can be described by their content (what the
attitude is about), their direction (positive, neutral, negative feelings about the
object or issue in question), and their intensity (an attitude may be held with

greater or lesser vehemence).
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b. Respondents are frequently asked about their beliefs. This can take the form of
- whether the respondent believe that certain matters are true or false (Bryman,
2008). | |
. Bryman (2008) also suggested that respondents may be asked questlons about
normative standards and values. Here respondents may be asked to indicate what
principles of behaviour inﬂuenee them or they hold dear. |
- d. Questiohs can also be asked about knowledge. These questions caﬁl be employed

to 'test' respondents' knowledge in an area.

Types of Survey Questions

" The content of the questions is another one important aspect of constructing survey
quesﬁonnéires. 'Nachmias & Nachmias (2000) explained that the structure of the
questlons and the response categories that accompany them should also be consxdered
Basically there are three types of question structures: closed-ended questions, open-
‘ended questions and contingency questions. '

Ina closed-ended question, respondents are offered a set of answers and asked to
choose the one that most closely represents their views. Closed-ended designs enable
researchers to produce aggregated data quickly, but the range of possible answers is set
by the researcher and not the respondents, aric_i the richnesé of potential responses is |
. lower (Boynton & Greenhalgh, 2004). Their major drawback according to Nachmias &
Nachmias (2000) is that they may introduce bias, either by forcing the respondent to '
choose from given alternatives or offering the respondents alternatives that might not

have otherwise come to mind. ;

Open-ended questions on the other hand are not followed by any specified choice and
the respondents' answers are recorded in full. Here there is not one definite answer to

the question as respondents are given the opportunity to answer in their own words.

The choice of questions according to Nachmias & Nachmias (2000) depends on a

number of factors. These include:

1 The objecnves of the questionnaire.
Closed-ended questions are suitable when the Ob]eCtIVC is to lead the respondent
to express agreement or disagreement with explicit point of view. If the
objective is to learn how the respondent arrived at a particular point of view, an
open-ended question is more appropriate. |
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2. The respondent’s level of information about the topic in question:
Open-ended questions provide opportunities to ascertain a lack of information -
on the part of the respondent, whereas closed-ended questions do not.

3. The extent to which the topic has been thoitght through by the respondeht.‘
The oﬁen-ended question is preferable in situations where respondents have not
crystallized their opinions. Using a closed-ended question in such situations
involves the risk that in accepting ene of the alternatives offered, re‘spondents
may rnake a choice that is quite different from the opinion they would otherwise
have expressed had they gone through the process of recalling and evaluating -
their past experiences. , | o

4. The ease with which respondents can communicate the content of the answer or
the extent to which respondents are motivated to com_municaté on the topic: -

- The closed-ended question requires less motivation to communicate on the part

of the respondent, and the response itself is usually less revealing than in the

case of the open-ended question.

Generally, the benefit of closed-ended questions is that they are easy to standardize, and
~ data gathered from closed-ended questions lend themselves to statistical analysis. The
major down side is that they are more difficult to write than open-ended questions. ThlS
is because the researcher must design choices to include all possible answers a
respondent could give for each question. There are five basic types of closed-ended

questions formats. These are explained in Table 5.12.

Table 5.12 Types of Survey Questions and their best uses.

Type of question... o Best Used for.
1. Open-ended Breaking the ice in an-interview; when respondents’ own words are
important; when the surveyor doesn't know all the possible answers.
2. Closed-ended Collecting rank ordered data; when all response ch0|ces are known; when
quantitative statistical results are desired. »
a. Likert-scale To assess a person's feelings about something.
b. Multiple-choice When there are a finite number of options (remember to instruct
respondents as to the number of answers to select).
¢. Ordinal . . To rate things in relation to other things. _
d. Categorical When the answers are categories and each respondent must fall into

» exactly one of them.
e. Numerical "+ Forreal numbers, like age, number of months, etc.

Source: Adapted from Waddington (2000).
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Closed-ended questions using Likert-scale (scale of 1 - 5) were adopted for this research.
These were used to assess the perceptions of the respondents on the various propositions

in the questionnaire.
5.8.1.3 Avoiding Bias

One of the niajor short coming of mail questionnaire is response bias. Bryman (2008)
- identified the following as possible issués in questionnaire 'cons_truction that should be
avoided to prevent response bias: |
. L Ayoid ambiguous terms: avoiding terms like 'often’ or 'regularly' as measures of
frequency | | '
Avoid _double-barreiled questions: asking of two things in the same question.
~ Avoid a general questién '

Avoid long questions; questions should be clear, precise and relatively short

wok e

Avoid a leading question; as it suggests to the respondent that the researcher

expects a certain answer

o

Avoid questions that include negatives

7. Avoid technical terms
5.8.2 RELIABILITY AND VALIDITY OF SURVEY RESEARCH

- The quality of survey research is assessed by the reliability and validity of the

measurement.

5.8.2.1 Reliability

Reliability, according to Sarantakos (20015) means the ability of an instrument to
produce consistent results whenever it is repeated even by another researcher. It is
concerned mainly with the question of whether the results obtainéd in a study are
repeatable. Hence Bryman (2008) stated that reliability refers to the consistency of a
measure. There are two prominent fa_ciors involved when considering whether a
measure is reliable: |

o Stability, This consideration entails ensuring that a measu