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ABSTRACT

The research explores the rationale of applying Concurrent Engineering (CE)
philosophy to the construction industry. CE was considered based on its successful
implementation in other industries. In the manufacturing industry it is used to overcome
problems similar in nature to those of the construction industry, resulting from the
practice of the traditional 'over the wall' processes in product design and manufacturing
(construction). During the initial stage, the research evaluated current problems faced
by the industry, such as the high degree of fragmentation of industry structure and work
processes, adversanal relationships among project participants, lack of communication,
etc., and its effort to achieve improvement. The research also investigated the
theoretical background of CE philosophy, its application in other industnies especially
in manufacturing, the rationale for its application to construction, and current practices
within the construction industry similar to those encompassed within the CE
philosophy. CE consists of several basic principles, of which the teamwork was the

main focus of this research and i1s used as the main strategy to achieve CE

implementation for construction industry.

By using both quantitative and qualitative evaluation, the research determined that there

was no evidence to support that CE has been practised in construction as a complete

process, as it has in other industries. The research also established a number of factors
that support and inhibit collaborative teamwork in construction, and rank them
according to their relative importance. The rankings indicate the priorities for the
industry in order to achieve collaborative working, which is critical to CE
implementation. The main output of the research was the establishment of 'guidelines'
for implementing a Cross Functional Project Team (CFPT), i.e. the cross functional
teamwork concept based on CE principles, forming the main strategy to implement CE
in construction. The 'guidelines’ were developed based on the consensus opinion of
industry experts using the Delphi study technique. The findings from case studies were
used to validate these 'guidelines'. The research also developed a tool known as the
‘Matrix Measurement Guidelines - Toward CE in Construction' (MMG-TCEIC) to help
the industry to map the process toward achieving a collaborative teamwork concept

based on CE environments within construction projects.
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CHAPTER ONE

INTRODUCTION

1.1 Introduction

In the client's satisfaction survey report published by Construction Clients Forum

(Ridout, 1999) it was found that 58 percent of the respondents had experienced delays
in their project. In the same survey 32 percent of the respondents claimed that the

project exceeded the contract budget. With respect to the quality, only 10 percent
indicated that they had a defect free project, while 32 percent indicated that the project
was delayed by defects. The above survey results presented here are just examples of
concern over the performance of the construction industry. The need to improve

construction industry performance has been a common agenda in numerous reports and

conferences. The same concern has also been expressed in Construction Task Force
Report (Egan 1998). This report argued that too many construction clients were
dissatisfied with overall performance. It also set the target of reducing construction cost

and time by 10 percent annually and reducing defects by 20 percent per year. A further

recommendation made was on the need to make the construction process to be more

explicit and transparent to the industry and clients.

Latham (1994) set the target of 30 percent real cost reduction by the year 2000. This
reflected the inefficiency of the construction project. Gray (1996) in 'Value for Money'
argues that UK's workers are as productive as any other workers elsewhere but quotes
from Horner et al. (1989) that lapses in productivity arise from task complexity and
organisational failure. He also comments on the delay of information flow to the supply
chains within construction project in UK compared to Japan and US. He argued that in
the UK, 70 percent of information is supplied to the suppliers afier the project has
commenced. This practice indirectly affected the processes at the site. Lynn (1996)
quoted from Sir John Egan's views in his article which described the construction
industry as not only inefficient but also "deaf" to how it has fallen behind its

competitors.



In a wider context, the construction industry has also been associated with many other
weaknesses. The highly competitive nature and specialisation of the industry has failed
to provide the platform for close co-operation among project participants. Each of the
participants has their own agenda and objective toward the project (Nam and Tatum
1992, Bedelian 1996). Each of the participants involved has absolute loyalty to their
group and not to the ultimate client. They will try to minimise the risk of being wrong,
therefore finger pointing and assigning blame is a familiar practice in construction

(Williams, 1995). The adversarial nature of the relationships among the project

participants has been commonly quoted by researchers such as Hinze and Tracey
(1994), Tarricone (1992), Harding (1996) and Puddicombe (1997). Albanese (1994)
reported that from the research survey carried out on 60 large construction firms, 20 out
of 28 responses received agreed that “owner-contractor working relations can be best
described as adversarial and uncooperative”. He also said that the design/construction

process is characterised by adversarial working relationship among owners, designers

and constructors. A similar image of the UK construction industry has also been
indicated in other literature including Latham (1994), NEDO (1988), and CIPS (1994).
A study measuring mutual confidence between three parties' i.e. the clients, contractors
and professionals in UK construction industry by Munns (1996), found lower levels of
trust shown toward contractors and the clients. He concluded that this indicated a

potential source of future conflicts.

One of the main reasons believed to be the cause of the inefficiency of the industry
today results from the traditional way of delivering the construction project. The
construction industry involves a large number of participants in projects that are usually
complex. This complexity has increased significantly over the past decades and likely
to continue to do so into next century (Froese and Waugh, 1991). Due to this
complexity, the industry developed the traditional approach of dividing the project into
smaller tasks and assigning it to the project specialist, the architect, the engineer and the
contractor as a means of addressing the complexity of the process (Fisher and Froese,
1996). The most significant result of this division of functional tasks is the separation of
design and construction. Kostoff (1977) claimed that the idea of separating the function

of design and the construction function account for the functional specialisation in

response to the increasing complexity of the industry. According to Latham (1994) this



traditional approach is the route with which the UK's construction industry is most
familiar. However, he asserts that the traditional approach is where many of the
problems emerged through lack of co-ordination between design and construction. Egan
(1998) also criticised the traditional process, which is based on a fragmented structure
and referred to the separated process as inefficient and promoting a confrontational
culture. Another related problem is poor communication. This situation arises from the
fragmented nature of the industry and results in inefficiency in the project delivery

process (Howard et al., 1989).

As a response to the weakness and inefficiency associated with the traditional practices

in delivering construction projects, several efforts have been undertaken within the
industry to overcome the persistent problems despite the continuous popularity of the
traditional system. These efforts to improve the industry include: using alternative
forms of procurement like design and build; project management contracts; partnering
approach; improving the relationships within the supply chain; and increasing reliance
on information technology to improve project communication. Consistent with needs of
the construction industry and its clients, this research is dedicated towards investigating
the potential of applying an alternative approach to delivering the construction project.
The research focuses on the aspect of improving the construction process by the

concept of collaborative teamwork within a CE environment.

1.2  Research background

It is argued that any effort to improve the traditional way of delivering a construction
project will be more effective if it is able to address the key issues related to the

fragmentation of the work process. This can be achieved by:

1. changing the existing serial and fragmented construction process into an integrated
and simultaneous approach;
2. improving the current concept of collaborative teamwork from the existing practice

by creating more opportunity for cross functional project information sharing;



3. creating the platform to enable the team members to have enhanced roles that can
contribute to the design and to have their requirements considered in the design

process; and

4. enabling the clients requirements to be addressed by the team.

The background of this research emanates from these fundamental issues. Other
industries such as manufacturing have initiated changes in their industry by addressing
these four fundamental issues. The importance of these issues has also been discussed
in all major reports within construction industry. Egan (1998) recognised the need to
make radical changes to conventional processes through which the construction projects
being currently delivered. He also identified the importance of setting the objectives
and targets consistent with the client's perceptions and the importance of developing the
integrated team. Gray (1996) advocated the use of integrated design and process in his
report "Value for Money' as a strategy to achieve better value for construction. Latham

(1994) strongly emphasised the need to broaden the design team to include non-

traditional designers members like sub-contractors, specialist contractors, service
engineers and public health consultants. Consistent with the need to address these

fundamental issues, this research proposes that the construction industry should
implement the 'Concurrent Engineering' (CE) philosophy as an alternative approach to

the existing traditional practices within the industry.

CE is a management philosophy originated from manufacturing (Smith 1997). A
detailed description of the CE philosophy and the rationale of its implementation in

construction are presented in Chapter three. As an introduction, CE is defined here

according to Winner et. al (1988) as:

“A systematic approach to the integrated, concurrent design of products and their
related processes, including manufacture and support. This approach is intended to
cause the developers, from the outset, to consider all elements of the product life cycle
from concept through disposal, including quality, cost, schedule, and user

requirements”

CE comprises of the following basic elements as quoted by Smith (1997) from Jo et. al
(1993):



o the increased consideration of manufacturing process in product design;

o the formation of cross functional team to accomplish the development
process,

e the focus on customers during the development process; and

o the use of lead time as a source of competitive advantage.

Even though the term 'Concurrent Engineering' is less familiar in construction the

industry has inadvertently already become familiar with some elements that are parallel
with CE philosophy, especially within recent major innovative projects. However there
is no evidence to support the notion that CE has been fully implemented within

construction as in other industries such as manufacturing. The concept relating to the
application of CE in construction has generated some interest in recent literature.

However, unlike that in manufacturing communities, the discussions are still very

limited.

In the existing literature, the discussions on CE implementation to construction fall into
two major key areas. First, the literature on the potential and opportunity of CE
implementation in construction for example Love and Gunasegran (1997), Kamara and
Anumba (1997), Kamara et. al (1997), Houvila et al. (1997), Baxendale et al (1997),
and De La Garza et. al (1994). The other area of discussion relates to the topic of using
Information Technology (IT) to support data integration in CE environments within
construction are e.g. Hannus et al. (1997) and Amor and Clift (1997). The research on

CE application to construction also mainly focus on developing appropriate process

modelling methodologies and using IT to integrate data in CE environment. Examples

of such research effort include CONCUR (Los and Storer 1997) and ToCEE (Amor and
Clift 1997). Kamara (1999) studies the implementation of CE to construction by
focusing on the client requirements. To date, most of the literature published in the
effort to study the viability of implementing CE to construction is not fully supported

by data but simply expresses from the theoretical point of view the importance of CE to

construction.



The issue of the importance of CE to construction had been expressed either directly or
indirectly within the literature and reports. Kamara et al. (1997) describe the goals and
objectives of CE as very appropriate to the construction industry in meeting the
challenges that the industry currently faces. De La Garza et al. (1994) advocate that CE
has the potential to "reoptimise, reenergise, and refuel" construction industry. Egan
(1998) recognised CE as one of the techniques from other industries for improving
efficiency and quality. Latham (1994) also indirectly implied the importance of CE to
construction when he stressed the important roles of the multidisciplinary team and the
integrated design process, two of the important issues that are addressed by CE
philosophy. Evboumwan and Anumba (1997) signify the need for the integration of
major key players in multi-disciplinary team for any construction project to meet the
challenge of today's competitive climates. They further propose that to achieve these,

requires a major paradigm shift within the industry.

1.3 Research aim and objectives

The main aim of the research was to propose the application of Concurrent Engineering

(CE) philosophy to the construction industry by using a collaborative teamwork

approach.

The following objectives were set within the scope of this research:

1. To investigate the practice of work process and teamworking within current

construction projects.

2. To identify the concepts and philosophy of CE.

3. To identify the methodology of CE implementation in other industries.

4. To identify the benefits and problems faced by organisations when implementing
CE.
5. To assess the rationale and the potential benefits of implementing CE to

construction.



6. To assess the presence in construction of elements that are parallel to CE and that
are being practised within the current construction project and evaluate their level of

achievement.

7. To establish the guidelines for the industry to form the cross functional project
team (CFPT)), i.e. the collaborative teamwork based on CE principles as an

approach to achieve CE implementation in construction.

8. To develop a tool which can help the industry to map the process of the construction

project towards achieving the CE environments.

1.4 Research methodology

The research employed both qualitative and quantitative methods. Creswell (1994)
defined qualitative study as "an inquiry process of understanding social and human
problem based on building a complex, holistic picture, formed with words, reporting
detail views of informants, and conducted in a natural setting”. He defines quantitative
study as an inquiry based on “festing a theory composed of variables, measured with
numbers, and analysed with statistical procedures in order to determine whether the
predictive generalisations of the theory hold true". However it was not the aim of the
research to adopt any single approach between the two. The research also adopted the
triangulation strategy to investigate convergence among different sources of
information. Fellows and Liu (1997) described triangulation as a process of applying
two or more research methods to investigate the same thing. The method adapted in
this research is also guided by the approaches used by the previous researchers in this

similar construction management organisational related field of research.

The process to understand the relationship and applicability of CE to construction needs
to be resolved carefully. Therefore, the research was developed through several stages.
During the first stage the research the agenda demanded a better understanding of
research issues and the underlying theories relating to them. The methodologies used in

this stage were the literature review and the semi-structured interviews. The source of



data for the literature reviews generated from multiple sources such as: journals and
books from construction and manufacturing areas; theses search; Internet; media
articles; and conference proceedings. The semi-structured interviews were carried out
with the personnel from construction and manufacturing industries. The discussion on

the interviews is presented in chapter six.

In the second stage, the research focused on testing the findings that had been
developed earlier. To achieve this, quantitative data was collected using postal

questionnaires survey methods. One hundred and sixty questionnaire forms were sent to

the contractors' and consultants’' organisations within United Kingdom. The detail
discussion of the questionnaire survey results is presented in chapter six. The data

collected were analysed using appropriate statistical methods. The findings from this

stage of research set the foundation for the development of the guidelines to implement

CE to construction.

The third stage involved an evaluation of the proposal to implement CE in construction.

The research established guidelines toward the formation of the collaborative teamwork
concept in construction and the supporting tool for the industry to map the process
toward achieving CE environment. The main source of data to develop the 'guidelines’
was acquired with a specific focus group of thirteen experts, which are known in this
research as 'the panel of experts'. The panellists are the individuals, with experience and
knowledge in various fields of UK construction industry. The methodology used in this
process was an adapted Delphi Technique. The detailed description of this technique is
explained in chapter seven. The guidelines developed in this research were validated
using the case studies. The development of the supporting tool known as Matrix
Measurement Guideline-Toward CE in Construction (MMG-TCEIC) was developed
based on the data gathered from the previous stages and tested using case studies on
four major construction projects. Discussion on the MMG-TCEIC and case studies are
made in chapter eight. Figure 1.1 shows the overview of research process through each

stage, the methodology used and the nature of data collected.
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Figure 1.1 Research process
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1.5 Summary of research achievements

The research explored the potential of applying Concurrent Engineering (CE)
philosophy to construction. The CE philosophy offers an alternative approach of how
to deliver the construction project with respect to collaborative teamwork, work process
and an orientation towards the customer. These are undoubtedly the most important
aspects of improvement that the industry is currently struggling to achieve. This
research has undertaken the preliminary work to justify the requirement and rationale

for CE implementation and to evaluate the presence of CE elements within a

construction environment. This research has established evidence and facts about the

following aspects:

e Qualitative evidence of traditional construction process and the current state of art
on how collaborative teamwork 1s achieved within construction industry, and the

factors that support and inhibit its achievement.

e The evaluation of the philosophy of CE and its practical implementation within

manufacturing industry.

e The profile of involvement of contractors in project design development and the
comparison of the level of involvement between contractors sub-groups using

traditional contract and D&B, as well as the sub-contractors and those using

partnering approach.

o Comparison of the experiences of the contractors, sub-contractors and consultants
as well as those using partnering approach towards project exposure, authority, and

communication.

» The ranking of factors that promote collaborative teamwork and the comparison of

the ranking between contractors and consultants groups.

o The ranking of factors that inhibit collaborative teamwork and the comparisons of

the rankings between contractor and consultant groups.

11



Further research effort focus on formulating the strategy to implement CE to

construction and develop a tool to map the process toward CE within the construction
project has also been produced. These all represent important contributions to the

construction industry. Each of these will be briefly discussed here.

Guidelines to implement CE to construction

The guidelines developed take into consideration the need to adapt CE practice and
become consistence with the construction industry environments. The main parameters

of the guidelines proposed encapsulated the following aspects:

a) The inclusion of the team members at various stage of design development
b) Team characteristics

c) Team leadership

d) Clients role

e) Team roles in project design development
f) Leadership in project design

g) Design development decision process

h) Project information sharing

—~ Type of information needed to be made available for key members

~ Type of IT tools to support project information sharing

i) Strategy to achieve team formation at the outset of the project
j) Organisational structure to support project teams
k) Physical working environments to support team integration

I) IT leadership requirements

Development of Matrix Measurement Guideline

"Matrix Measurement Guideline - Toward CE in Construction " (MMG-TCEC) is the

tool developed 1n this research to help the industry to map the process of achieving CE.

This tool has been developed to suit current construction industry practice. This tool has

12



been tested through case studies of four major construction projects. By using this tool
to map their current achievement toward CE, organisations can develop a strategy to

improve their achievement on the next project by focusing on areas that require more

attention.

1.6 Organisation of the thesis

The thesis is organised in nine chapters. A brief summary of each chapter is provided

here:

Chapter one introduces the background of the research, its aim and objectives. It also

discusses the methodology used, the contribution of the research and finally how the

entire thesis has been organised.

Chapter two presents an overview of the construction industry. It reviews the industry
background and the challenges faced. The practice of the traditional construction
process and its related issues are also addressed and discusses on current efforts to

improve industry performance.

Chapter three focuses on the discussion of the philosophy Concurrent Engineering
(CE). A definition of CE is provided and its major elements discussed in detail. The

concept of the Cross Functional Team (CFT) is introduced and elaborated. The
discussion continues with the experience in CE implementation by other industries

especially manufacturing. The benefits and the problems in CE implementation are

presented.

Chapter four focuses on discussion that relates CE to construction. The argument to
rationalise CE philosophy to construction is presented. Comparison is made between
the traditional construction work process to the concurrent process according to CE
principles. The importance of Cross Functional Team as a strategy to implement CE to

construction is explained. The chapter also discusses the presence of the elements that

are parallel to CE that are currently practised within construction industry.

13



Chapter five elaborates in detail on aspects of the design and administration of the data
collection in this research. This includes the literature search, industry interviews,

industry wide questionnaire survey, Delphi studies, and case studies.

Chapter six analyses the data gathered from the industry interviews and industry wide

postal questionnaire survey. The findings, and the conclusions derived from the data are

reported.

Chapters seven analyses in detail the findings from the Delphi study and discusses the

development of the guidelines to implement CE to construction.

Chapter eight presents the development of the Matrix Measurement Guideline -
Toward CE in Construction (MMG-TCEC). Also discussed the findings from case

studies.

Chapter nine concludes the results of the research. Discussions are made on the

contribution of the research and then recommendations are made for future research.

Figure 1.2 shows the flow the chapters of this thesis.

14



il - pialini shnliniiulrdras-m sy - A lireie- o v, - - v et skl ety Al
H
L]
| ]
L |
L ]

el W e A N R S A
-
| |
]
]

Review of literature

CHAPTER ONE: Introduction
Background, Aim and Objectives,

Methodology, Contributions

CHAPTER 3: Concurrent Engineering

CHAPTER 2 :Construction industry overview Definition, B‘asic Elen:nents, .
Background, Traditional process, Problems faced, Implementation experience in other

Initiatives for improvement

CHAPTER 6 : Data Analysis-Interviews
and Postal Questionnaires Survey

Interviews, Industry wide postal
questionnaires survey - result analysis,

conclusion derived

industry, benefits, problems,
implementation strategy and concept of
Cross Functional Team.

CHAPTER 4: Concurrent Engineering in Construction
Rationale for CE application to construction, Presence of

element parallel to CE in construction, Cross Functional Team
as strategy to implement CE to construction

CHAPTERS

Data Collection : Strategy and administration
Interview, Industry wide postal survey questionnaire,

Delphi studies, case studies

CHAPTER 7: Delphi Studies
Two round Delphi surveys analysis, which

lead to the development of conceptual
model of CE implementation to
construction

CHAPTER 8 : Matrix Measurement Guideline -
Toward CE in Construction and Case Studies
Development of tool to measure the achievement toward
CE environment within construction project. Findings
from four case studies on major construction projects.

CHAPTER 9: Conclusion and Recommendation

Research summary, conclusion, contribution and
recommendation,

Figure 1.2 Thesis outline

15

T e T P F T P F T T R Y Y RN P E R TR LY L Y AN TR LN LRI L RN AL TR e L L L L L et Ry o g g L L L b L L B T T R



CHAPTER TWO
CONSTRUCTION INDUSTRY OVERVIEW

2.1 Introduction

This chapter presents an overview of the construction industry. The main focus of the
chapter is 'the traditional construction process' which dominates current industry
practice in organising and delivering the construction projects. Various issues
pertaining to 'the traditional construction process' such as: it's definition; process model;
and it's limitations and various problems associated to it are explored. The chapter also
discusses various efforts within construction industry to improve the industry

performance together with their limitations.

2.2 Background

Construction industry is an important sector in any developed country economy. In UK
construction represents eight percent of gross domestic product (GDP) (Latham 1994).
The growth of construction industry depends greatly on wider economic performance.
If the economy is strong, there will be a strong demand for construction projects.
Demand will fall otherwise during a general recession period. Construction projects
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vary H_@gﬂ_n_;_g_mall refurbishment work to large, billion pound projects like the Channel
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Tunnel (Harvey and Ashwbﬁ 1993).Theindistry is characterised by a large number
of participants and has a highly fragmented structure. The major stakeholders of the

g gl e — e o ay

MHL e oy o e bl iy = ol ki - ey 4L [P

industry represent different organisations including large public hsted companies,

o e L e e o

——E e e e

p gt T WA Y T a——
e g ey e . e B = e .
A A —— -,

which may employ more than a thousand workers. Many small compames are self-
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employéd workers or companies who employ two workers. These organisations also
represent different trades. They may be categorised as follows: consultants; contractors;

sub-contractors; project managers; suppliers; and specialists.

An important sectors in national economy, the UK construction industry has been

criticised for its performance for the past decades. A series of reports have reflected

16



such concerns. These include the Emmerson Report (Emmerson, 1962), Banwell Report
(Banwell, 1964), The Wood Report (Wood, 1975), Latham Report (Latham, 1994) and
Egan Report (Egan, 1998). Numerous academic papers have discussed the issues
related to the problems faced by construction industry either in UK and other countries.
These issues already been mentioned in chapter one, will be elaborated here. In
response to criticism and with the desire to develop improved work methods within the
industry, various alternative approaches from the traditional way of delivering the

project have been developed by the industry. Most of these centre on developing

alternative procurement approaches or improving the business relationship among

project participants.

There is no doubt that the construction industry has gained much benefit from such
initiatives. However the central issue now is the extent these initiatives have resolved
the problems faced so far? Will the improvement measures adopted within the industry
so far treat the roots of the problem or just the symptoms. Recent reports like Egan
(1998) and the results of surveys within industry do not convince us that considerable
improvement has been achieved. Cox and Townsend (1997) quoting from Harding
(1996) claim that there is growing evidence that the problems of fragmented, self-
interested and adversanial culture of the industry still persist. Therefore the effort to

: . - e e . :
search for solutions to cure the industry 'illness' is still an ongoing process. In this

research it is recognised that the root of the problems faced by the construction industry

today is related to the traditional construction process. The following sections will

explore this issue in greater detail.

2.3 Traditional construction process

2.3.1 Definition

There is no specific definition given to the term "traditional construction process" in the
literature. However it can be literally understood as the common practice inherited from
the long established custom of delivering the construction project. The word ‘traditional

is often associated with the common practices in construction such as procurement,

work process or project organisation. Terms like "traditional method of procurement”
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(Harvey and Ashworth, 1993), "traditional project"” (Ashworth, 1996), "traditional
contract" (Fisk,1992) and "traditional organisation of construction" (Halpin and
Woodhead, 1980) are often used in the text to describe the normal standard practice in
organising and procuring the project. Latham (1994) used the term "traditional
construction” in his report to describe the project which involved well established and
normal techniques of design and construction. He further stated that this traditional way
also involved the use of Standard Forms of Contract such as JCT 80 or ICE 5th and 6th.

el
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which is sequential and largely separated process of planning, design and construction.

In American the term design/bid/build (Konchar and Sanvido, 1998) or
‘design/award/build (Groton and Smith, 1998) is used to describe the traditional way of
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procuring projects. Williams (1995) applied the term ‘traditional” to express a similar
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Egan (1998) used the term "conventional construction process” to describe the process

concept of fragmentation of work process in construction project when he compared the

traditional process with the fast track design and build process. Larson (1997) applied

the term 'traditional’' to describe the nature of win-lose adversarial relationship and

compared it with the partnering approach.

The way the term 'traditional’ appears in the literature has two implications. First it is
used to describe the custom methodology of organising and procuring the project, and
second this methodology has inherent problems associated to it. For the purpose of this

thesis the term traditional construction process is defined as, "the methodology of
F*——-_*_* ‘\

procuring_(delivering) the construction Mon the fragmentation of work

process, whichis normally carried out in a sequential manner".

L I

2.3.2 Historical background of UK construction process

The background of UK construction industry can be formally traced back to the middle
of 13th century with the establishment of craft guilds (Dunican, 1984). The evolution
of the construction process started with the single point of control of design and
construction by a leader known as mastermason (Jergeas 1989). As the time passed,

new developments put constraints on the guilds system. These developments included:

the invention of new construction materials such as brick and Portland cement; change

of building legislation system which require the use of brick and stone after the incident
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of great fire of London; and industrial revolution in 18th century. These developments
resulted in an increase of the complexities and greater requirements for projects
(Jergeas 1989). To meet these challenges new fields of craftsmanship and design
personnel developed. The building craftsman become an entrepreneur who controlled
the smaller enterprises from appropriate guilds such as plumbing, carpentry and
bricklaying. This practice 1s similar to the modern concept of sub-contracting to deliver
the project. The period of 1780-1820 marks the change in the procurement system with
the development of the method of Gross Tendering (Dunican, 1984). In this system the
general contractor tendered the cost of entire project and would be responsible to
manage, and organise the entire workforce to deliver the project. According to Jergeas
(1989) the emergence of the role of consultant resulted from the process of separation

of the specialist designing sub-contractors. This need developed from the complexity of
the design requirement after the invention of Portland cement. This separation of the
design and construction function has become the significant identity of the "traditional
way" for delivering the project up to the present day. The fragmentation of the
construction process proliferates as the project complexity increases. The fragmentation

was complemented by the use of the traditional contract form.

2.3.3 Traditional construction process %&

There is no one model of the construction process. In UK's construction industry the
most commonly referred model 1s the RIBA plan of work (Ashworth 1996). The
typical phases of linear construction process based on RIBA plan of work is as shown
in figure 2.1. The architect and engineer will do the conceptualisation and design. The
planner and estimator (quantity surveyor) will estimate the cost, do the financial
planning and prepare project schedule. The constructor (contractors) will undertake the
construction work and the client is responsible for the maintenance function. The entire

process is control by the standard hierarchical management methods.
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Working drawings Tender stage Post contract
construction

Figure 2.1 RIBA construction process (Adapted from Ashworth 1996)

)&The project development process 1s divided into two general phases: pre-contract and
1;55? contract. The pre-contract activities are: client briefing; investigation; sketch
design; designs; working drawing; and tendering stage. Upon completion of the
tendering procedure, the project will follow with construction phase and maintenance of
the facilities. The whole development process (project life cycle) of the project is
executed in a sequential manner throughout the entire project life cycle. The
construction process model to show how construction work being organised based on
the linear relationship of each phase of project task has been the dominant practice of
the construction industry management text until now. Halpin and Woodhead (1980)

present one of such example as shown in figure 2.2., whereby each phase cannot

proceed without the full completion of its proceeding phase.
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Figure 2.2  Traditional organisational of construction (Halpin and Woodhead
1980)

Kwakye (1997) equally presents a model of traditional sequence of activities in
construction as shown in figure 2.3. He does not only presents the sequence of phases,

but also details of the inter-relationships between the major parties in each phase.
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Figure 2.3 Traditional sequence of activities in construction project

(Kwakye 1997)

In general the major participants of construction process consist of the client, design
consultants and the contractors. The Aqua Group (1996) states that the building team is

made up of the design team and construction team. The design team consist of the:

employer; project manager; planning supervisor; architect; quantity surveyor; structural
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engineer; building services engineers; and nominated sub-contractor. While the
construction team consist of: contractor (or principal contractor); site agent (or foreman,
described in the contract as the person in charge); nominated sub-contractors and
domestic sub-contractors; and clerk of works (which is appointed by the employer).

Fisk (1992) shows the typical traditional relationship in the project as in figure 2.4.

Iiﬂ'ﬂ“'m-“ﬂl

i Contractual

; rclat:onsh:p
Architect/Enginger | iesescesseesocssccecese. General
S—————_ | B @1+ ) 1 v {¢1 (¢)

;nnmnnnlmllﬂ—

Figure 2.4 Traditional construction contract relationship (Fisk 1992)

This relatlonshlp is fragmented further as each of these participants has their own sub-

Y ]

groups. For example the contractors normally have contractual relationship with sub-
contractors and suppliers. Clients may have separate relationships with project advisors
such as managers to look after their interest while the consultants may sub-contract
their designing responsibilities to the other consulting firms. The complexity of the
relationship between the project participants in a project will grow up as the project
become larger. In the traditional system, these participants of the project must co-
operate together and their commitment toward the project is manifested by the separate
contractual arrangements. Together they join the project team at different stages of the
project life cycle. The ‘team’ participation starts with the owner engaging the service of
the design consultant and then follows by the constructor during the post contract stage.
The team members are expected to share common project goals. The traditional

arrangement of project procurement system (project delivery system) has often been

23




credited for providing the greatest amount of competition, which results the lowest cost

(Miles, 1996).

2.4  Problems associated with the traditional construction process

Despite the benefits that the industry gains from implementing the traditional

construction process 1n delivering project there are also many problems associated with

this approach. The problems and weaknesses that are commonly associated with the

traditional system are discussed here:

2.4.1 Fragmentation of the industry

The issue of the fragmentation within construction industry resulting from the
traditional construction process can be viewed from two aspects. First is the
fragmentation of the process, which divides the work process. The most significant
division is in the separation of the design and construction phase. Second is the

fragmentation of the industry structure itself. Each of this issue is discussed separately

here.

2.4.1.1 Fragmentation of the process

The separation of the design and construction process is the most important feature of
the traditional construction process. The separating of these two important phases of the

project development 1s not only the practice of construction but also a common

approach in the traditional manufacturing process. Wi\\?in ma{mfacturi g the coricept of
separating the design and mar\ufactm'ing process has*been developgd based 'on the
X of labour" }.heory developed by\Frederick Ta§lor (Donelly et Al 1992). The

assumption made by Taylor was that each task in a job is separable and independent.

"divisio
This theory further developed by Henry Ford in the mass production of automobile

(Crowley 1996). However in late 1970's this approach was considered inappropriate.
Unlike construction, manufacturing industry was very quick to respond to the need for
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change by adopting the alternative approaches in design and production management

philosophy.

The practice of separating the design and construction process has resulted in many

setbacks to the industry performance. Sir Harold Banwell (1964) commented "/n no
other important industry is the responsibility for design so far removed from the
responsibility of construction". The separation of the design and construction function
has resulted in the "institutionalised, functionally separated, project structure that
affected all stages of the design-construct process and is still the dominant form today"
(Puddicombe, 1977). Wood (1975) claimed that the traditional separation of design and
construction diminished the advantage of contractor capability to contribute at the
design stage. He further commented that the inclusion of contractors within the
traditional method of procurement is too late for practical use of their advice and
experience toward design development. Evboumwan and Anumba (1996) make the

analogy of "over-the-wall" process to describe this fragmented process approach. This

concept is presented in figure 2.5.

mucrum QUAHHTT H&E conmaons
smlczs & MATERIAL
l CLIENT l ARCHITECT EIGINEER summn EHGIHEEI SUPPLIERS

Figure 2.5 Over the wall process (Evboumwan and Anumba 1996)

Svan (1994) also uses the same analogy to describe the same traditional manufacturing
process. In this process each completed process will be tossed over the 'imaginary wall’

to the other functional group within the linear process line for further action to complete

the whole task. In this system 1f any error is detected, the task will be tossed backward
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over the imaginary wall for rectification. The whole process is iterative and time and

cost ineffective.

The design phase 1s considered critical because the decisions made at this stage have

high a degree of influence toward the eventual project cost. Such concept are presented \/
in the figure 2.6 by Albano and Suh (1992) which they quoted from CII (1986).
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Figure 2.6 Ability to influence final cost (CII, 1986)

Design defects will escalate construction cost. However the difficulties will not end
there because it may take litigation to determine the cause and who shall pay for the
additional cost incurred (Sweeney 1998). The exclusion of the constructors at this stage
is not the only concern. It is also considered critical to have the input of other key

project members like the main suppliers, main sub-contractors and specialist

subcontractors within the design development phase.

26




2.4.1.2 Fragmentation of industry structure

The impact of the separation between the designer and the constructor has gone beyond
the limit of the separation of the functional departments. Construction is currently
dealing with separate companies of a divergent culture. Any effort to bring this
functional group together would result in culture clash and give negative impact to the
project (CMC 1991). The fragmentation of the traditional construction process
influences the way i1n which the industry is being structured today. A high degree of
fragmentation 1s often considered to be the nature of the construction industry (De La
Garza et al. 1994, Baumal 1997, Krippachne et. al, 1992). As an example of the

magnitude of the fragmentation in construction, the new Pittsburgh (USA) International
Airport construction involved 2,400 contractors, sub-contractors, fabricators, suppliers,

and vendors (Moorcroft 1993) while 125 firms were involved in the Mall of America
project in Minneapolis (Cosgrove, 1991). According to Latham (1994) in UK there

were approximately 200,000 contracting firms of which 95,000 are private individuals

or one person firms. Cox and Townsend (1997) contend that many main contractors do
not take the work directly and there is a greater use of labour only sub-contractors. This

type of sub-contractors normally has little or no training to undertake specific work.

The existence of the diversified trade expertise required for the construction project is
well recognised especially as construction projects are becoming more complex.

However the way the co-ordination is achieved effects the efficiency of the process

(Gray 1996). The fragmented nature of industry requires a platform to pull together all
project participants from various organisations. Love et al. (1998) argue that this is

difficult to achieve within the current traditional procurement system.

2.4.2 Adversarial culture

Cox and Townsend (1997) emphasise that the current industry structure has many
potential point for contlicts when each participants try to pass on the risk to others
within the work. Mendelsohn (1998) described the diversification of the goals of the

designers and builder as: "The designer wants a functional design that reflects his

philosophy and  the builder wants a buildable product within reasonable risk
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limitations. Krippachne et al. (1992) stated that the various parties that participate in a
construction are potentially confrontational with different individuals, goals and
objectives: "What the owner wants in a project may be very different to what the

designers intent is, or the motivation of the constructors."

Conlin et al. (1996) claim that construction industry in the UK has in recent years,
becoming highly adversarial. They supported their claim by quoting Newey (1992)
finding's that show a 100 percent increase in litigation in the period of 1973 to 1980 and

increase around 15% per annum in the period of 1980 to 1989. In their research on the

relationship between construction procurement strategies and construction contract

disputes which was conducted on 21 completed project, they concluded that the
traditional procured projects have the higher number of disputes which were related to
the: group conflicts; payments and budgets problems; project delay; and negligence.
Equally design and build projects tended to retain a higher number of conflicts in the

cases related to the quality and administration issues.

2.4.3 Lack of communication

Another issue that has been widely recognised as a major problem faced by
construction industry is related to the poor communication. This situation arises from

the fragmented nature of the industry and results in inefficiency in the project delivery
k-/:rrocess (Howard et al. 1989). Luiten et al. (1997) described how the communication
b

etween the project participants did not evolve at an equal pace and has thus resulted in

'islands of knowled LQQMeinschmidt et. al (1991) describe how the
separation of function and phased process has impeded communications, obstructed

understanding, led to claims and litigation, and contributed to the fragmentation of the
industry. Evbouman and Anumba (1996) assert that the key disadvantage of this
traditional practice is the inadequate communication between each of the players
involved in the project. This can result in: loss of information about design intent;
fragmentation of design data; and difficulties in maintaining data consistency. Love et
al. (1998) also claim that the traditional method of delivering the project hinders

effective communication and understanding between participants. Konchar and Sanvido

(1998) reinforce the argument of poor communication achieved within the traditional
project delivery system when they argue that interaction between the specialists within
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the project is extremely low particularly during the design phase thus leading to:

inefficient design; increased error and disputes; higher cost; and ultimately longer

schedules.

2.4.4 Breakdown in supply chain

Supply chain is defined by Christopher (1992) as "the network of organisations that

are involved, through upstream and downstream linkages, in the different processes

and activities that produce value in the form of products and services in the hand of the
ultimate consumer".  Agapiou et al. (1998) argue that in construction the
communication system established within the supply chain is being influenced by the
fragmented structure and the extremely competitive nature of the industry. Within this
system the relationship between contractors and suppliers 1s characterised by the need
to secure the lowest price for the material. The flow of essential information between
the relevant parties is very limited. Due to this limitation most of the decision within the
supply chain is made on the ad-hoc basis rather than systematically. According to
Agapiou et al. (1998) this can lead to two problems. First some of the materials are
purchased just before they are required and this can result in delay or interruption to
schedule. The second problem is dealing with the material procured in large quantity
without complying with the actual production requirements at site can lead to the
problem of transporting them to site, stocking and wastage. Gray (1996) claims that the
fragmentation impedes the opportunity for the industry to generate additional value
within production process. :rThe study by the CII (1999) of owner, contractor and
supplier relationships states\ that strategic procurement items which include complex
engineered equipment and systems that are essential for project performance are
frequently designed, manufactured and delivered by suppliers who are outside the

traditional circle of co-operation of and contractors.

Construct I.T (1997) suggests that by using IT, it could strengthen the communication
links and support collaborative work, electronic trading and effective communication
between the parties in the construction process. GroupWare system, Internet, and EDI
are considered important tools to support the communication requirements in the

construction supply chain system. However using IT alone is inadequate to improve the
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communication within the supply chain. There is also a need to recognise the role and
capability of the suppliers to contribute to the construction process. This must be

compounded with the effort to restructure the existing organisation structure so that it

can support collaborative teamwork environment for all parties iryolved within the

supply chain.

2.4.5 Lack of focus to client

One the misconceptions in the traditional construction process is that if clients accept
design and construction as two separate independent functions, this will raise the

quality of the work (Williams, 1995). However this idea prevents co-operation and
teamwork and is therefore not in the client's best interest. Clients normally get less than

the optimal design solution in this working environment where constructors and other

key project members are separated from the design function and denied the opportunity
to give valuable input during the design phase.

2.5 Improving the Industry

2.5.1 Introduction

The last few decades have witnessed an important change in the production industry
across the globe. The philosophy of mass production has shifted to a new paradi gm and

production philosophy. The focus in production is now directed towards fulfilling the
customer preference for a better quality and greater value for product. Competition has
become more intensified. The best example is in the automobile and electronic
industries where the American and the European manufacturers have had to face the
market challenge from their Japanese counterparts. Apart from the quality and
versatility of the product it has also become essential to reduce the lead-time to market
the product to gain the market niche. Towill (1997) describes this wave of change as a

revolution, which has resulted in many enterprises changing their business process. In
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this revolution new ideas and management philosophy have been embraced to replace

the traditional paradigm of a product driven and functionally organised work process.

These waves of change inevitably also have some influence on the construction industry
even though the change may not be as dramatic as in other industries. This phenomenon
may be explained by the nature of the construction industry itself, which is
characterised, by highly competitive environment, low profit margin, dealing with one-
off type projects and inconsistent demand. Within this environment the industry has
developed a cautious attitude toward adapting to any the new way of working. The
movement urging the industry to reconsider its adherence to the traditional inefficient
way of delivering construction projects is not a new effort. Awareness of the need for

the construction industry to refocus its process toward achieving a more collaborative
environment especially in the aspect of integrating the design and construction function
is shared both within and out with the industry. This is reflected in the theme of most
construction related reports such as Banwell Report (Banwell, 1964), Wood Report
(Wood, 1975), Faster Building for Industry (NEDO, 1983), Latham (Latham, 1994),
CRINE Report (1994) and Egan (1998). The industry has responded by offering
alternative ways to procuring the project. However the quest for improvement continues
as the industry strives to achieve the fundamental changes which can deliver the greater
efficiency in the work process, achieving better collaboration of project participants and
to realign the focus to client requirements. These requirements are seen as the major

challenge that the industry faces today. There are many factors that motivate the

industry toward the effort to improve the current performance. These include:

e the inefficiency of the traditional work process;

o the need to be more competitive locally and globally;

e increased use of IT tools to support more efficient communication;
e technological advancement in construction method;
e increased role of downstream project participants toward project design

requirements; and

e to improve profit margin by increasing work efficiency.
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In the UK the effort to improve the industry is being driven by the initiatives of the
public and private agencies as well as construction and client organisations. The
academic research community in the collaboration with the industry has also played
important roles in analysing the current industry achievement, benchmarking and

developing new concepts for applications. Examples of some of such effort are:

1. BAA leading roles in redefining the work process and improving the relation with

supply chain in their airport development project (Duncombe, 1997)

2. Construct 1.T.- Centre of Excellence - the industry led network of major clients,
consultants, contractors, suppliers, IT communications companies and universities

set-up to promote IT research in the UK construction (Construct 1.T. 1997).

3. Design Build Foundation - A forum to promote and improve integration of design

and construction to deliver customer satisfaction through single source of

responsibility (DBF 1997).

4. Construction Best Practice Programme - A programme funded by DETR and
steered jointly by government and Construction Industry Board. The programme

aim to identify current best practice and raise awareness of its importance and

ensure appropriate advisory and mentoring services to be made available (CBPP

1998).

5. Process Protocol (Pp) - A joint research effort by universities and industrial partners

in developing a Generic Design and Construction Process Protocol (Pp). Pp is a

common set of definitions and formats that serve as a basis to enable a wide range

of organisations in construction project to work together seamlessly (Kagioglou et

al. 1993).

A literature review of the main approaches to improving industry performance can be

categorised into several major themes:

e using an alternative procurement approach;

e using a partnering approach;
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e buildability or constructability programme;
e integration of the design and construction process; and

e applying new management philosophy originated from other industry.

Each of these themes will be discussed in the following section with respect to their
theoretical background, application and an analysis of how each approach could

fundamentally impact the traditional construction process.

2.5.2 Using an alternative procurement approach

The traditional approach in procuring the project still largely dominates UK

construction industry. The call for reconsideration of this approach began to develop

since the early 1960's. According to Harvey and Ashworth (1993) the catalysts for the

changes are:

i) Government intervention through committees such as Banwell Reports.
ii) Pressure group being formed to create beneficial change for their members,

most notably the British Property Federation.

iii) International comparfsons, particularly with USA and Japan, and influence of

Single European market in 1992.

iv) The apparent failure of construction to satisfy the perceived needs of its
customers, particularly in the way in which it organises and executes its
projeclts.

V) Influence of educational developments and research.

vi) The response, particularly in times of slumps in the industry, toward greater

efficiency.
vii)  Changes in the ways in which technologies are used and attitudes amongst the

professions.

viii)  The clients' desire for single responsibility.

The main variation of the approaches that has been practised within the industry
currently includes the design and build (D&B) and project management. There are more
than 30 contract forms available in UK and most of them developed within the scope of
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these three procurement approaches. The difference in these forms of contract lies
within the interpretation of the individual clauses and the various agencies that
developed them (Ashworth 1996). One of the procurement approaches that has the
capability to provide the platform to integrate design and construction function is the

design and built. Discussion on design and build procurement presented in the next

section.

2.5.3 Design and build (D&B)

Design and build (D&B) 1s the industry solution for the client who wishes to transfer
the design and construction liability to one organisation. D&B has gained the popularity
in US (Konchar and Sanvido 1998) as well as the UK. The Design Build contract is
defined as a procurement system in which an owner enters into an agreement with a

single firm to produce all planning, design, and construction with his own in-house

capabilities (Fisk 1992, Turner 1995). Therefore in this system the communication
barrier that exist between the designer and constructor team can be eliminated and the
integration of the design and construction team can be practically realised. The
advantage of this system is that it provides a single reference point for the client. The
system is also able to eliminate the tension between designer and contractor since both
members are supposed to come from single organisation. D&B can accelerate project
delivery time but to achieve this would require additional management staff, additional
pre-planning activities and greater co-ordination among team personnel (Retherford,
1998). However Groton and Smith (1998) argue that it is wrong to assume that D&B
contractors will protect the owner interest. In this system the owner can lose the 'checks
and balances' created with the typical contractor/architect arrangement. Quality
assurance can also be an issue (Mulvey, 1998). The owner will not get independent
advice on project problems and progress. Furthermore the idea of single point of
reference only means that the client has single point of reference for the management of
the project, it does not necessarily guarantee that the designer and the contractors must
come from the same organisation. In performing the task the main D&B contractor may
subcontract portions or the whole of the design or construction task to other companies

(Konchar and Sanvido, 1998). D&B does not guarantee immunity for the owner from
design defects (Sweeney, 1988). A current development in the D&B system is to
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introduce the concept known as bridging. In this system the owner will appoint an
independent project manager to look after his interest in the project (Mulvey, 1998).

Despite these, D&B has much potential to offer the industry to overcome the
shortcomings of the traditional construction process. D&B is one the best platform to
achieve the integration of the designer and the contractor within the project and earn the
benefits such as minimising administration bureaucracy and reduce project life cycle
time. If properly planned, a certain degree of concurrency in execution of the project
tasks can be achieved since the designer and the contractors are working in non-

adversarial environment. There 1s research evidence to support that D&B has

outperformed other procurement approaches in the project achievement of cost and
time. Table 2.1 shows the analysis of the comparative study by Kochar and Sanvido
(1998) and Reading D&B Forum between D&B and traditional (Design/bid/build) and
construction management procurement rates for unit cost, construction speed, delivery
speed, cost growth and schedule growth parameters. The actual study was more

comprehensive and reported in Kochar and Sanvido (1998).
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Table 2.1 Comparisons of the Design and Build performance with other
procurement approach (Kochar and Sanvido 1998).

U.S

DB CMR DB
versus versus versus

CMR DBB DBB
(Vo) (%)

Delivery speed 23 faster

Schedule growth 2.2 less

Note: DB = design/build; DBB = design/bid/build; CMR=construction management at risk; NA=not
applicable

Reading DB forum:

DB versus DBB
(o)

87 30 faster

e
1T

Multivariate model

1.5 less

12 faster

6 faster

13 faster | 33 faster

7.8 more | 5.2 less

NA
NA

2

9.2 less

2.5.4 Fast Track system

Fast track system is a management technique that is being practised within construction
industry with the objective to reduce overall construction time. This is achieved through
the integration of work procedure and process (Ashworth 1996). In this system, initial
construction will begin before actual facilities design work is finalised (Hendrickson
and Au, 1987). Williams (1995) suggest that fast track project should take less than
70% of the time it takes to undertake traditional projects. He further stated that for a fast
track technique to be successful better communication, trust and demand for teamwork
are essential. All participants, clients, contractors, engineers, suppliers must work
together, need to be thoroughly familiar with the scope of work. Any changes made to

the completed design work can be a hindrance in achieving the desired time saving.,

Houvilla et al., (1997) argue that fast track is a practical oriented approach without solid
conceptual or theoretical basis and rarely used in construction. The benefit of time

saving gained by using this approach 1s always offset by the additional cost, normally
incurred in the fast track project (Harvey and Ashworth, 1993). Ashworth (1996) argues
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that despite Fast Track System's ability to shorten the project time, this might be at the
expense of the other facet of cost and performance. He further argues that those aspects
may be very inferior to those achieved by the use of traditional methods of
procurement.. Williams (1995) states that one of the major disadvantages of this system
is the lack of the opportunity to optimise the design solution. Fast track can support

process change and concurrency in the accomplishment of project tasks but the prime

aim is the time reduction.

2.5.5 Integration

Nam and Tatum (1992) argue that the major factor that contril:;utes to the failures of the
conventional construction process can be attributed to incongruent goals and the
consequences of divergent behaviour by the participants in a project team. Puddicombe
(1997) wrote that this condition has been labelled by the prominent industry researchers
as "disintegration". Tatum (1990) suggests that integration as a method to link the
traditionally discrete phases of design and construction and this can be achieved
through the application of information technology. The term integration is defined by
Fergusson and Teicholz (1996) as: "the flow of knowledge and information in three
dimension: vertically (between industry function), horizontally (between discipline or
trades), and longitudinally (through time), by organisational (humanware) and
technical (software and hardware) modes of co-ordination. Howard (1994) defined
integration within the context of construction industry as: "the representation of
management and communication of information (data and knowledge) throughout the
life cycle of facility planning, design construction and management". Figure 2.7 shows

the conceptual representation of the three dimensions of the integration process.
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Figure 2.7 Three Dimension of integration (Adapted from Fergussion
and Teicholz, 1996)

Currently there are also many other initiatives being undertaken within the
construction industry to support a higher level of data integration between different
organisations for more efficient communication system and to achieve greater
concurrency in project implementation. Such efforts attempt to rationalise the
construction process to support greater flow of information, which ultimately aims to
provide a platform for greater information sharing ability among project participants.
Examples of discussions on project information integration and modelling for
construction can be found in the works of: Fisher and Froese (1996) on characteristics
of shared project models; Reinschmidt et al. (1991) on integration of engineering
design and construction; Froese (1996) on model of construction process information:
and Luiten and Tolman (1997) on automating communication in construction. Nam
and Tatum (1992) argue that the use of information technology alone is insufficient.
Puddicombe (1997) suggests that organisational integration is critical in order to
achieve the objective of information integration. Partnering is an example of the

integration process between the organisation and trades. One of the common IT tool
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that is used to support organisational integration is the GroupWare. In one of the
projects employed as a case study for this research it was observed that the project

team was heavily reliant on Lotus Notes GroupWare system to support communication

and data integration among the partnering members.

2.5.6 Partnering

The partnering approach has generated considerable attention in construction industry
recently. It is not a procurement approach but rather a means of transforming hostile,
adversarial owner-contractor relationship into more collaborative team (Larson, 1997).
The term partnering has been defined from the various perspectives viewed by authors.
In general, the following definition of partnering by Construction Industry Institute
(CII) has been cited by many authors such as Matthews et al (1996), Crowley and
Karim (1995), Wilson et al. (1995), Cook and Hancher (1990): "a long term
commitment between two or more organisations for the purpose of achieving specific
business objectives by maximising the effectiveness of each participant's resources.

This requires changing the traditional relationship to a shared culture to

organisational boundaries."

Sometimes terms such as 'teambuilding' are being used instead to express the same
process of bringing people together in the project with the joint objective for developing
a common mission statement of shared goals; building and development of trust and
commitment; and resolving conflicts (Albanese 1994). CBPP (1998) describes
partnering as innovative approaches in managing the relationship between organisations
in construction, which intends to go beyond the traditional relationship. The concept of
partnering was inspired from the manufacturing industry where the product assemblers
normally establish a long-term supply relationship with key first-tier component
suppliers. According to CBPP (1998) there are three types of partnering approach as

being practised in the construction industry. They are:

i) Long term agreement between clients and contractors.

ii) Long term agreement between main contractors and members of their supply

chain.
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iii)  Post-contract project-specific partnering.

Some of the benefits from partnering to construction industry as studied by Matthews
(1996) include:

e reduction of exposure to litigation by enhancing communication among all
parties;
¢ Dbetter time and cost control of the project;

e increased opportunity for a financially successful project because of non-
adversarial win-win attitude;
e more efficient communication; and

e improved decision making.

Many anecdotal accounts of projects that have experienced successful partnering have
been reported especially by major construction companies. An example is provided by
the construction of expansion to a new business building project for Marks and Spencer

in Chester (CBPP, 1988). The acclaimed benefits from the partnering programme,

which involved four major companies were:

e outturn cost could be fixed when only 5 weeks into the project;
o defect free building, on time and within budget; and

e open communication, trust and co-operation at all level resulted in speed and

efficiency in construction.

A study conducted by Larson (1997) to examine the relationship between certain
partnering activities and project success, found that specific partnering elements like
establishing problem solving procedures and provision for continuous improvement
were linked to cost control and meeting schedule. He also claims that partnering
activities were positively related to satisfying customer needs, avoiding expensive
litigation, and overall results. According to him the findings from his study supported
the arguments by the partnering advocates that partnering can contribute to more

productive, collaborative working relationship between owners and contractors.

However, he argues that partnering is a complex and dynamic process which is more
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than handshake. Therefore it requires understanding as to how different elements and
activities interact to influence project success. In another study Larson and Drexler
(1997) identify the barriers to project partnering. The study used an open ended mail

questionnaire with 187 respondents. The main results from the content analysis of the

responses identified the following barriers:

Failure to build true relationship of trust.

Many people with an instinctive suspicion of the other party due to past experience.
Difficulties to get rid of old habit ('Old habits die hard').

Too much reliance on legal protection and /advantages or loopholes in documents.
Synchronising goals in a big organisation or when numerous sub-contractors used.
Low bid method of awarding projects.

Failure to use plan.

Unfamiliarity or misunderstanding of partnering concept by upper management.

Failure to "walk the talk".

A S A A o

The concept of partnering is business oriented. What is achieved in the project is
strictly governed by individual experience and the ability to plan and control the
partnering process to ensure that each party involved adheres to their initial
commitment. It is argued here that partnering is good for the major organisation if it is
formed between regular group members. For the industry as a whole, where a majority
of its key players comprise small companies who undertake sub-contracting of the
works, the partnering process is not easy to achieve. Moreover partnering does not
have any specific principles rather than those developed by mutual understanding and
agreement. It 1snot a solid conceptual approach that has universally accepted principles
with very clear guidelines. Love et al. (1988) argue that cultural and behaviour barrier
might impede the benefits of partnering. Partnering cannot be fully realised if

implemented within the existing traditional procurement approach.

2.5.7 Buildability (Constructability) programme

Another approach taken by the industry in the effort to overcome the shortcoming of the
traditional construction process i1s by employing the constructability programme.

41




Constructability (also known as buildability) is a concept that has been developed in
recognition of the inherent shortcomings and limitations of the traditional owner-
designer-contractor relationship. The major feature of the constructability concept is the

infusion of construction knowledge and experience into activities preceding

construction so that it will result in efficient site operations (O'Connor et al. 1987).
Earlier research on the constructability concept was conducted by Construction Industry
Research and Information Association (CIRIA) in the 70's (Skibniewski et al. 1997).
CIRIA's definition of constructability is "the extent to which the design of building (or
other structure) facilitates ease of construction, subject to the overall requirements for
the completed (structure)”. The Construction Management Committee (CMC 1991) of
the ASCE Construction Division defines constructability program as “the application of

disciplined, systematic optimisation of the construction related aspects of a project

during the planning, design, procurement, construction, test, and start-up phases by

knowledgeable, experienced construction personnel who are part of a project team".

Francis et. al (1996) cite that the earlier studies found that the lack of integration of
construction knowledge into design process hindered the ability to construct. Also the

traditional contractual procedures that separate design from construction process was

seen as a major factors hindering constructability. The study carried out by Tatum

(1987) describes the benefits from constructability improvements to include decreased

construction scope, decreased construction difficulty and improve construction methods
and technology. The work on constructability in UK was narrowly focussed by
highlighting the techniques and details, with emphasis on productivity by design
rationalisation (CIRIA 1983, Griffith 1985, Gray 1983).

On reviewing the achievement of constructability program Mendelsohn (1997) raised
the issue of it applicability. He commented that for the constructability review plan to
be effective, generally it is necessary to first complete the plan up to a certain level
sometimes up to 90%. He proposed a revised constructability process that would
consider the inclusion of the construction expertise before any design is put to paper.
Another important issue that needs to be considered is who supplies the actual expertise
involved in the constructability process apart from the contractor? Suppliers, major
sub-contractors and the specialists are also important group of team members that

should be considered important stakeholders in design development process. Their role
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should extend beyond merely revising a near complete design or just strictly narrowed
to the technical aspect of construction only. Furthermore, it is argued here that the
implementation of buildability programme needs to be established on a proper platform.
Participation in the buildability process should be those who will be involved in the
implementation of the design. The current traditional process, is one of the critical
factors that may hinder the implementation of constructability programme. Fisher and
Tatum (1997) suggest that constructability knowledge should be formalised and made

available in the appropriate form. The use of IT is considered to be one of the

appropriate forms to support the implementation of constructability implementation.

2.5.8 New management philosophies

Over the past two decades many new management philosophies have emerged. Some of

these have revolutionised the manufacturing industry. These new philosophies have
mainly embraced on the concept of satisfying the increasing need of customers for

better quality and value. Highly competitive and volatile markets today also demand the

competing enterprise to offer their services or products within highly constrained time
scales if they want to secure their position in the market. Hammer (1990) stated that as
companies change their focus from producer to customer, “the watchword of the new
decade are innovation and speed, service and quality”. Under these constraints, many

enterprises have embraced new customer oriented management philosophies to improve

their performance and efficiency.

A review of the construction management literature shows the growing trend for
applying the concept of the new management philosophies adapted from other

‘ndustries to construction. Among the new concepts that have been introduced for

construction are:

e Business Process Reengineering (BPR)
e Lean Construction

e Concurrent Engineering (CE)

e Computer Integrated Manufacturing (CIM)
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However the research findings indicate that the construction industry is very slow in

adopting and applying these theories in construction (Betts et al. 1997). Many reasons

have been associated with this phenomenon. The most common reason for the delay to

accept the new paradigms is a belief of uniqueness of the industry (Kwak et al.,1995).
However Koskela (1992) indicated that the trend to perceive the uniqueness of the

industry is a psychological need common to other industries as well. Another reason

that is often quoted is the high degree of fragmentation of the industry (De La Garza et

al., 1994). This has resulted in the intense competition because of the large number of
specialised firms in this industry which in turn forces the companies to avoid risk and
adhere to the industry norm whenever possible (Mohan, 1990). Oglesby et al. (1989)

point out that construction firm owners are not aware of the economic payoff to be

derived from the appropriate use of modern management systems and not willing to

meet the additional cost that might be incurred from the change.

Some of the major new management philosophies are discussed in the following

section. (The detail discussion of the CE philosophy is presented 1n chapter 3.)

2.5.8.1 Business Process Reengineering

Business process reengineering (BPR) sometimes referred to as process reengineering
or just 'reengineering' is a concept popularised by Micheal Hammer (1990). It was first
presented as an argument for an alternative rationale in the application of IT to
transform the organisation rather than just a mere automation (Betts et al, 1997). The
term reengineering is defined by Hammer and Champy (1993) as: "fundamental

rethinking and radical redesign of business process to achieve dramatic improvements

in critical, contemporary measures of performance, such as cost, quality, service and

speed”.

The essential theme of BPR as discussed by Edwards and Peppard (1994) lies upon the

following principles:

e focus upon stakeholder;



e integrates functional specialisation of organisation;

e redesign the process;

e use of information technology as an enabler for change; and

e the critical roles of human resources.

BPR is general philosophy of changing the organisational structure and business
process. It is developed on the basis of the model of a stationary organisation.
Mohamed (1997) points out that the application of BPR is exclusively an ‘in-house’

operation, which experience minimum dependence and interference from external

factors. Therefore to realise its application in construction industry to re-engineer the

construction process requires an approach that encapsulates other concept such as

Concurrent Engineering or Lean Production (Love et al, 1997).

2.5.8.2 Lean Production

The Lean Production is a system developed over a 20 years period by Toyota Motor
Company in Japan and popularised by Wormack et al. (1990). The basic philosophy of
this system is to maximise profits by minimising waste. Lean Production philosophy is
regarded as a generalisation of various partial approaches to production such as Just in
Time (JIT), Total Quality Management TQM), Time Based Competition, Process Re-
design, World Class Manufacturing and Concurrent Engineering (Koskela 1997,
Schonberger 1990, Plossl 1991). The basic aim of Lean Production philosophy is to
avoid waste of time, money, equipment, etc. (Shingo 1992). Melles (1997) argues that
Lean Production does not really include new principles of management technique. He
states that the basic idea of applying Lean Production to construction is simply by
elimination of waste and non-productive task. Since the Lean Production philosophy is
generic in nature it is difficult to single out a specific application of it to construction as

a whole process. One of the interesting argument of Lean Production application to

construction is made by Crowley (1996):

"Many companies involved in construction particularly specialist

subcontractors already regard themselves as lean. Having cut costs to
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the bone, they feel that there is no more fat left to trim. Some have
restructured downsized and outsourced choosing to concentrate on

their preferred core business. And yet they are not achieving the

profits margins seen in manufacturing.”

Such arguments reflect the idea that applying lean philosophy to construction requires a

systematic management and production approach that must involve the whole process

and participants. Sub-contractors and suppliers must be included in such a system rather

than being instructed to deliver output especially under the traditional procurement

approach.

2.6 Summary

In this chapter the construction industry has been explored with respect to: its historical
background in UK current state of art of its traditional process; and the development
that is taking place to improve the industry performance due to the shortcomings of the

traditional construction process. The nature of the construction industry today either in
UK and many countries is described in the literature as highly fragmented and
characterised by adversarial relationship between the project participants. This
phenomenon leads to further problems such as: inefficiency of the work process;
highly competitive nature; breakdown of communication within the supply chain; lack

of focus toward customer; and poor project performance in term of time quality and
cost. The traditional construction process, which has been developed upon this

fragmented industry structure and process is considered as the root of these problems.

In response to this limitation of the traditional construction process several effort have
been made within the industry to improve its performance by: using alternative
procurement approaches like design and build; adoption of integration strategy like
partnering; and promoting new management philosophies like CE, BPR and Lean
Production. There is also effort to promote the use of the IT tools to enhance project
communication with the aim to achieve better collaboration within the industry. In
evaluating the effectiveness of these efforts, there are two important issues that need to

be addressed. First, how acceptable are these changes to the industry, which had been
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confined for decades within the 'traditional' culture? Second, is the strategy

recommended (or already being practised) adequately capable of solving the
fundamental issues of the traditional construction process which has been considered
as the root the problem that the industry is facing now? The lesson learned from the

effectiveness of the present experience to transform the industry traditional practice
toward a new paradigm of non-adversarial and working under integrated process

system can guide us toward developing a better strategy to be proposed for the

industry.

Design and build procurement system and partnering approach have been accredited as
a viable approach that is proven to improve project performance. Their application has
gained some momentum recently. Other new management philosophies like BPR and
Lean construction are still striving to gain the acceptance, probably because the lack
clarity and understanding of their concept which seem to be so generic in nature.
Various levels of information technology tools are being utilised by the industry to
support project communication even though the industry is still plagued by the belief

that they are costly to implement.

In analysing the existing industry scenario and the effectiveness of the effort taken to

improve the industry performance the following facts has been established:

o The limitation of the traditional construction process is well established.

e There is a desire within the industry to accept changes but this is happening in a

very prudent manner.

e Any initiative to reform the industry traditional practices need to have the
capabilities to change the two facet of the traditional paradigm i.e.; separation of
work processes and isolation of the team member into unrelated functional groups.
This can be achieved by elimination of the barrier that separate work process and

promotion of collaborative teamwork culture within the project.
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¢ The practice of D&B procurement approach within the industry shows evidence that
the construction project can be procured using a collaborative teamwork approach.
Even though the ultimate aim of D&B system is to provide single source
responsibility to the client, some degree of collaborative working especially between

designer and constructor can be achieved when working under the same

management.

e The acceptance of partnering approach within construction industry is another

evidence of the desire of the industry toward collaborative teamwork approach and it

can be practically implemented.

e Despite these evidences that support the view that projects using D&B or partnering
exhibit better performance compared to the traditional approach, but there are still

limitations in term of their capabilities to support process change. This is because

their implementations are still being influenced by the traditional culture of

construction process.

e The use of IT is gaining acceptance within the construction industry. However, IT
alone is inadequate to support process change if there is no organisational change

taking place to create the need for more information exchange between the project

players within the collaborative environment.

In analysing the limitation of the current effort to improve the industry raised above the

following issues become apparent:

o The is a need for further research agenda to consider alternative measures to

improve the industry performance.

o This effort must take into consideration of the limitation of the existing strategy in

promoting collaborative teamwork and changing the work process.

e Any new strategy to change the traditional construction process must not be built

upon the traditional platform of project delivery system.
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e However it is important to consider the approach which the industry is already

familiar with to be incorporated in the new strategy.

e The familiarity of the D&B concept, partnering and some of the application of IT

tools to support project communication can provide a good basis for the

introduction of the new strategy.

The analysis of the industry background and current initiatives as well as the limitation
that exist within the current approaches to improve the industry's performance provides
a good insight of the actual requirements needed to develop a new strategy. These
findings also support the research agenda to introduce the adoption of Concurrent
Engineering (CE) philosophy to construction. The detail aspects of CE philosophy will
be explored in the next chapter (chapter 3). CE 1s a well established management
philosophy and its development was dictated by the need to change the practice in the
traditional manufacturing process. Therefore considering the limitation of the current
approaches, CE seems to be the most appropriate strategy to be explored and

rationalised for its application within a construction industry environment.
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CHAPTER THREE
CONCURRENT ENGINEERING PHILOSOPHY

3.1 Introduction

Concurrent Engineering (CE) 1s one of the new emerging management philosophies
that have a strong potential to be applied to construction. The importance of CE

philosophy is that 1t prescribes how to realign the traditional way of work processes
based on a fragmented and sequential product development system into a new paradigm

of integrated life-cycle process using a multidisciplinary teamwork approach. This
chapter evaluates in detail aspects of CE philosophy from the manufacturing industry
perspective, where CE was originally developed. The rationale of applying CE to

construction will be discussed 1n the next chapter (chapter 4).

The first part of this chapter explains the theoretical background of CE, the rationale for
its development and its principles. Comparison is made between the traditional
manufacturing process and concurrent process to develop better understanding of the
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