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Abstract

A challenge in Lean Construction is how to make it applicable when there is a
high degree of complexity and uncertainty. In many construction projects there
are changing project requirements, unigue products and a need for actions that are
highly focused on meetingustomer/client expectationSuch scenarios require
managerant methods that are characteddy being flexible andble to react to
change. The aim of thisthesis is to introduce a methodhat has such
characteristics. Project Magement,Lean and Agileparadigms are merged
through the application of the fission and fusion approach of nuclear physics. This
research is facilitated through a sequential explorative method. In the first
instance, interviews with 22 practitioners iretlields of constructiorproject
managementLean and Agile have been conducted. Then a quantitative self
administered questionnaire with 213 useful responses has been utilised to validate
the transferability of the interew findings.It is concluded thatean is not ideally

suited to dealing with the dynanmature of construction project8gile methods,

which were developed to cope with the high levels of uncertainty inherent to IT
projects, are more flexible and able to react to change. Hencengtifigile-

based methods might be the key to the successful utilization of Lean in
construction.Thereforea management method based on combining Lean and
Agile approaches has potential. Such an approach needs creative thinking to
develop a solution that isfdif er en't to that of ALeagi |l eo
Agile methods in the execution phase sequentially, through using a decoupling
point model to separate the tw®his thesisintroduces anew paradigmn which

such a decoupling or separation does not pd&ee. Rathemroject management,

Lean and Agile have been merged together to develop a new holistic and strategic
framework The paradigmpresented in thighesisisteme d A Agi Lean Pr o

Managemert .
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Chapterl Introduction

1 Introd uction

Gann (1996) and Crowley (1998) argue that the construction industry can lear
from other industries. This is not a new idea. But if one considers the high
complexity and the uncertainties which construction projects are facing,

A [ .it migHt well be that management techniques that improve performance in

other industries are natadily transferable to this context, if construction follows

a different logic then it might even be a mistake to try to adopt management
techniques applied in other contexts ( Duboi s anpkb2dGadde, 2002

AgiLeanProject ManagemenPM] is the resulof a synthesis between PM, Lean
and Agile. It is derived fromeading paradigm®f other industries, but it is
tailored for construction. The teriAgiLean PMd has beerfor the first time
coined by the researcher of this work and his first supervidme. following
sections will give an overview about the research context, problem and aim. After

this the scope of this work aghort guide about the thesis will be provided.
1.1 Research context

Construction is one of the oldest disciplines of human endeg®itz, 1994).

The management of construction projects has been already carried out since the
first time people have worked together to construct facilities (Walker, 2007). Over
the centuries, the construction sector faced a lot of new technical challenge
which have been managed well as more and more new projects are completed
(Ritz, 1994; Dubois and Gadde, 2002). However the focus was mostly on the
technical chHengesj.e. in constructing the project (Dubois and Gadde, 2002), as
yet there is little doumented knowledge of how people interactgth these
processes (Walker, 2007). Furthermore Walker (2007) found out that the focus of
the writers over the ages has been upon the construction projects themselves,
particularly on aesthetics, the use of neaterials, technological developments

and the impact of construction facilities on the environment. The management and

organisation of projects has received less attentadier, 2007.
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Gidado (1996, p . 2 1 4ontinousdemandsdr fspeedtinh e r
construction, cost and quality control, safety in the work place avoidance of
disputes, together with technological advances, economic liberalization and
globalization, environmental issues and fragmentation of the construction
industry have rsulted in a spiral and rapid increase in the complexity of

construction processes

Hence construction projects can be classed as complex projects; and complex
projects call for new management paradigms (Williams, 199@&atér attention
to the further @velopment othe management of construction tasks and processes

is required (Walker, 2007)While setting the focu®n new ways which allow

t

h a

copingwi t h todayés highly complex construc

paradigm cal | ed #f L e heaame highlys topicaiover theo pasi two
decadesT o d ay L e aanedpencigief (flow, Value, pull, minimizing waste
etc.) have become the paradigm for many manufacturing (and service)
operation® (Lewi sp, 952000, The term fALeano
researchers of the Massachusetts Institute of Technology, who focused on the
significant performance gap between Western and Japanese car manufacturers
(Bhasin, 2005).

Lean me aantsrd farin of.production system, one capable of producing
more andbetter vehicles in less time, in less space and when using fewer labour
hours than the mass or craft production systems that procéed it B aahd ar d
Howell, 2003%, p. 120), i.e. to add value without waste (Liker, 2004).

The general approach of the Leammagement philosophy is to eliminate waste
(Womack et al. 1990; WomaaindJones, 2003Liker, 2004)

To enable Lean to work in construction, the view of construction has to be
changed. Projects have to be seen as temporary production systems (Ballard and
Howell, 2003).

AWhen those systems are structured to

and minimz ng wast e, t hey apreo jseaeits frojeat b e

-2-
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management differs from traditional project management not only in the goals it
pursues, but also in the structure of its phases, the relationship between phases
and the part.i ci(pallandtasd Howell, 2068p.H19p ha s e 0

Hence, projects have to be viewed as temporary production systems, in order to
create a stable platfornThis stake platform will allow categorition of tasks;

they can be divided into value adding, n@iue adding and waste activities
(Koskela, 2000). This enables the pursuit of perfection within the project
(Womack and Jones, 2003).

However,even if he constructed facility is static in its nature, the environment of
construction projects is highly dynamic. This dynamism is created because of
unknown factors, which in turn cause changes (Collyer and Warren, 2009). Hence
considering that constructiongjects will change over their project life cycl&e

any otherproject, leads to the understandithgt the dynamics in a construction

project cannot be avoided. This is in contrast with production, which comprised of

a static environment (Eccles, 198Where Lean originated fromThe unique

nature of construction activities presents certii@mmas for implementing Lean

in construction. Firstly, Lean is good in statienvironmentswhere a high

repetition and a low varietgxist as it needs a stableagfiorm where processes

can be forecasted and optimised (Andersson et al., 28@6pndly, lean is not

good in dealing with highly dynamic environments where low repetition and a

high variety exists, which iastheteiymi c al of
room for flexibility due to the focus on perfectiore ] 6 ( Ander son et a
289).

Advances of the theory of Leaoonstructionhave not been reflected by
widespread adoption of Lean aonstructionpractice. Indeed the industry is still
struggling to implement the complex combination of Lean thinking, principles
and tools to much of constructiwalated activity.It is this complexity that
perhaps explains why it has not been widely implemented in the construction
sector. Lean in constructionas introduced by Koskela (1992), four years after

the term fALeano was introduced by Krafec
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developments in production with those in construction indicates that the
construction industry has not reached the same levatgementation and usage
of Lean. This suggests that there might be barriers to implementing Lean in

construction which need further investigation (Mossman, 2009).

To address some of the limitations of Lean in construction new paradigms linked
to Agile mangement methods are receiving more and more attention in the
sector.The concepts of agility are not new to manufacturing (lacocca Institute,
1992), nor to IT (Agile Alliance, 2001), but are in their infancy within
construction (Owen and Koskela, 2006a).eTéevelopments in manufacturing
and IT took place independently (Kettunen, 2009) and according to Owen and
Koskela (2006a) originated from the Deming Cycle. The origin of Agile
management methodologies in construction can be linked to the Agile
developmerg in both manufacturing and ITOgen et al., 20060wen and
Koskela,2006a; Owen and Koskela, 2006l Agile management paradigms,
however, are generally associated with the same conekjat) is thata rigid or

static project planning cannot cope watlllynamic project environment.

Neverthelessthe PM disciplinehas to deal withtwo environmental typologies.

On the one hand it is highly dynamic, but on the other it becomes increasingly
static as the project proceedSidwell, 1990) This has ld to he focus on
combining Lean and Agile paradigms together sequentially (Naylor et al., 1999;
van Hoek, 2000; Masedones et al., 2000; Goldshy et al., 2006), which is called
ALeagi |l eodo ( NaThedaemandfor Leadile camelth®ogh yiewing the
whole supply chain (van Hoek, 2000yhe current rarket place within which
organigitions are operating consiststefo environmental typologies.rOthe one

hand demand being relatively stable, predictable and with variety low (Atiken at
al., 2002) On the otler hand, demand being volatile and the customer requirement
for variety high (ibid.). Therefore researchers who are involved in supply chain
management disciplines tried to benefit from the relative strengths of Lean and
Agile management paradigms througking them sequentiallfNaylor et al.,
1999; van Hoek, 2000; Masealones et al., 2000; Goldsby et al., 20069.
facilitate this,theid e c ou p | i odgd wasodeveloped by Naylor et al.
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(1999).The decoupling point is the point at which the supplyrckaitches from

one paradigm to the other (Masdanes et al., 2000). Hence, Lean and Agile
paradigms should not be seen as competing, but rather as overlapping, paradigms
when considering the whole supply chain (Narasimham et al., 2006). However,
conceps of agility are stillimmature for constructiofOwen et al., 2006) and
therefore Leagile construction is in the very early stages of development.

1.2 Problem statementand research question

Tah et al. (1993) and Nassar et al. (20@5well adveng (2012)argue thatpoor
performance in terms of time and cost overruns is a common issue in construction
projects. Corfe (2011) explains further that there is a need for performance
improvementbecause a construction project is exposed to different pressures by
its environment. These pressuiE be related tglobalisation and competition,
external market influencessk and uncertainty, and the continuous desire of the
clients to get more value for less mor(@prfe, 2011) Hence thee is anincrease

in the level of the complexity of conatition processes (Gidado, 1996).
Construction projects face meanwhile new problems, which are more complex.
Paradoxically, these problems are still managed with management methods,
which are not upo date anymoreTherefore there is a need for new management
practices, which will improve performance whplanningand constructig the
project (Pan et al., 2007).

In search for such new management practices, the industry got attracted to Lean
construction. Because, aly proponents of Lean argued that the result of Lean
construction is a new delivery system which can be applied to any kind of
construction- see, for example, Howell (1999). This would include complex
projects with high degrees of unt@nty and time compressed schedules.
However, the practical achievements of using Lean in construction do not always
reflect those stated in theory. This can be related to the debate Hie
implementation of Lean anstruction, which is extremely onedsd (Green,
1999a; Green, 1999b; Green and May, 2003). There are barriers and limits of

using Lean in construction, which have been already identified in manufacturing
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outside of Japan and barriers which are unique for construction. Instead of
changing thenature of Lean so that it is better aligned with construction, the Lean
movement has focused onaenceptualising the nature of construction, with the
general approach being to make construction more like prodytiimam, 1994;
Egan, 1998Wolstenholne, 2009.

Changes and uncertainty, or changes caused by uncertainty in the project life
cycle create a dynamic environment in constructidtanufacturing in turn,
consists on a static environment and dynamic prodis has been realised by
Ballard and Howell (1998) who stated that for construction projects Lean
production is insufficient, as well as by Egan (199818), who argued that the

il [ parallg] is not with building cars on the production line; it is with designing
and planning the productioof a new car modél. T o k e eHypetliivee Gur u
Ballard and Howell (1998; 2004) argue that Lean construction differs from Lean
production in a way that it is able to deal with the dynamic nature of construction
projects, but complexity needs to be regtliBallard and Howell, 1997)hanges

are not welcomedGabriel, 1997)and the industry needs to be defragmented
(Egan, 1988)all that just to push for Lean in construction.

An alternative approach may be toemphasize construction as projecd® a

Lean management approach needs the ability to react to change and become more
flexible. This is not currently the focus of Lean construction approaches, as it
requires a stable platform where processes can be forecasted with a high degree of
certainty and &nce can beptimised. Winch (2006) argues further that if Lean
construction has the requirement of viewing construction projects as temporary
production systems, then the carkthis temporary production system should be

based on uncertainty management.

Lean construction, therefore, might be improved with the inclusion of Agile
paradigmsAgile PM methods focus on the team as an important expertise factor,
aiming to satisfy the client and react to uncertainty (Chin, 2004; Hunt, 2006; Dyba
and Dingsoyr, Q08).
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As a resultthe construction industrfiaces two ways to implement Leddne is to

change thecharacteristics of theonstruction industryso that Lean is more

applicable The other is to change Lean. The first approach is to reduce the
constructiorpr oj ect s compl exity and the second
to be able to deal with thathis studyproposes the second approach. Dealing

with complexity is related to being more flexible, more Agile. Therefore Lean

needs to be more Agile if it wigs to reach the same amount of acceptance in

practice as it has achieved in theory.

To do this there is a need for a methduch islabelleda s A AdPMd.e alnn t hi s
sense the term AAgi Leano is carefully <ch
suchas fALeagil eo. i L e @egandtrectiorphasearsd thAnghasl e i n
a decoupling point to switch to Lean in the execution phase (Naim and Barlow,

2003). The notion of M@AAgilLeano is that t
situations, includig t hrough the execution phase, L

become more irregular, rapid and agile e nce A AQgi Leano.

By undertaking a synthesis of PM, Lean and Agile, the research question is as

follows:

How can auniversal andunifying strategic famework based on PM, Lean and
Agile begenerate@

The combination of PM, Lean and Agile which is conceptualised in this research
project as AAgi Lean PMO eli minates waste
change. This new innovative management nebtbould be the best way of

dealing with the complexity in construction projects in order to achieve maximum
performance in futureFigure 1-1 gives an overview of the proposed new

management method.
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Figure 1-1 synthesis ofAgiLean PM

AgiLean PM is underpinned by universal PM methodologies, such as those from
the Project Management Instity@MI] on the strategic level. At ¢hoperational

level it synthesiss modern management pagads, such as Agile and Lean. This
ensures that the whole project view is taken. It enables the right paradigm to be
chosen depending on the requirements of the project. The outcome is the

management of project uncertainty in an effective and efficienharan
1.3 Research aim and objectives

The aim of this research project is to develop a unifying strategic framework for
managing construction projects, Tahich is

achieve this aim the following objectives have been derived:

Obijective 1. To assess the suitability of Agile manufacturing and Agile
IT paradigms to construction.

Objective 2. To identify the strengths and weaknesses of traditional PM,
Lean and Agile in relation to the management of complex
construction projects.

Objective 3. To explore the perceptions oattitional PM, Lean and

Agile among industry practitioners.

-8-



Chapterl Introduction

Objective 4. To analyse the influence of moderating variables, such as
country context and party involved on the perceptions of
traditional PM, Lean and Agile.

Objective 5. To develop a framework for the management of cempl
construction projects based on PM, Lean and Agile
principles.

The relationships between the objectives can be illustrated through the following

figure.

Objective 5

Objective 2
Objective 3
Objective 4

Objective 1

Figure 1-2 relationship between research objective

As illustrated inFigure 1-2, objective oneis the underpinning objective of this
research. The assessment will tell if further considerations in objective two and
consequently three should be on Agile manufacturing or AgileTHe first
objective will be achieved through reviewing the literature. The columns of this
research are the objectives two, three and four. Objective two will focus on
identifying the strengths and weaknesses of the different management paradigms.
This will be facilitated through the literature review and through the collection of
qualitative interview data from the practitionersthe fields of PM, Lean and
Agile. Qualitative data, however, is criticised that it is unstructured and unreliable
(Denzin andLincoln, 2005). To validate the transferability of the qualitative data
collected a gquantitative survey will be conducted in objective three, which is

based on the interview finding8M, Leanand Agile have been reported in a more
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general manner. There$ been little research specifically focused on comparing
the perceptions about PM, Lean and Agile in a country context and between the
parties involved in construction, i.e. is Lean perceived the same in Europe as it is
in North America, or ifAgile perceved by the architects in the same way as it is
by the contractors, and so forth. This gap will be addrasseljective four with

the questionnaire. The outcome of objective four will give an indication about the
universality of the AgiLean PM frameworkinally objective five will synthesise

PM, Lean and Agileand enable answeringhe research questioithis will be
achieved through the translation of the nuclear fission and nuclear fusion

approaches
1.4 Research scope

The scope of this research is prinhaon developing the concepts and principles

of the AgiLean PM framework. This research does not provide methods for
implementation, but rather wants to keep the AgiLean PM framework more

uni ver sal and generic. A fAc gntedifierentt i on p
individuals (Ritz, 1994). Therefore themre many ways of categorising or

classifying construction projectslowever, within the scope of this research, the

focus will be on dynamic projects. According to Collyer and Warren (2009)
dynamicprojectsarecharacterisetdy their uncertainties, which exceed the known

factors. Hence the more unknown factors a project consists of, the more dynamic

it is. AgiLean PM is made to be a strategic framewdrthis research needs to be

associated withan party involved in construction
and contractordés side), then i sasthbi s r es
parties there are more related to the strategic level and have a holistigbaatv

the project lifecycle.
1.5 Guide through the thesis

This thesis is divided into seven chaptdiise current chaptentroduced the field
of research and defined the aim and objectives of this study. The second chapter

will provide an overview about the recent developmen®Mf Lean, and Agile

-10-
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through conduct ofa literature review. The third chapter will discuss the

philosophical approach of this work. This chapter is followed by the research
method. Then in chapter five, the findings of the collected data will be presented
Chapter six covers the framework development. Finally conclusions will be drawn

and the contribution to knowledge will be stressed in chapter seven.
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2 Literature Review

This chapterof the thesisaims to obtain a deep understanding of the salient
conceps of PM, Lean and Agile and wants to identify the strengths and
weaknesses of thos&o facilitate this, the followingsectionsaim to critically
review, compare, and contrast the relevant literature in the above mentioned
fields. The literature revieworsisted of reviewing PM, Leamgile and Leagile
literature. The focus was on key literature from the past and current developments
in those different management field@&ferencedave been integratasithin the

narrative to support the discussion.
2.1 Overview about Construction projectsand PM

In this sectiona succinct review of the salient literature about construd®ivh
will be provided To highlight the dependencies and relationships, adtom

approacthas been chosene. going from abstract to ddtai
2.1.1 |lllustration of the current environment of construction PM

Construction consists predominantly of a project based environment (Catrillo
al., 2013). Alzahrani and Emsley (2013) argue that the successful completion of
construction projects is an impant issue for the society, because the physical
development of construction projects, i.e. bridges, roads, skyscrapers and
infrastructure projects, reflects the economic growth of the country. Paradoxically,
Tah et al. (1993) and Nassar et al. (2005)yval as Meng (2012¢laborate that

poor performancein terms of cost and time overruns iscammonissue for
construction projectddence projecperformancamprovement seems something

which is unavoidable for construction projects (Zhang el 2013)

The current environment of construction projects is characterised witicraase
of project complexity. Ochieng and Price (2008) and Ochieng et al. (2013) related
the increase of complexity to the globalised environment, which construction

projects ardacing nowadays. This globalised environment resaltaulticultural

-12-
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project teams with team members from different cultures and countries
(Ochieng2008). In the construction environment, each party has accepted the
temporary nature of the constructiorojgct and is solely focused on the own
interests (Ochieng et al.,, 2013). Hence cultural differences in a globalised
construction environment can cause more conflicts, and misunderstandings, which
can consequently result in poor performance (ibid.). Anotimeresting
observation which can be made is that the culture of the industry becomes similar
between different countries. For instance éfi al. (2012) reflect principle
characteristics of the construction environment between China (Hong Kong) and
the UK, which are similar. Ochieng et al. (2013) showed similar characteristics
betweenKenya and the UK. Hence the constructiemvironment which was
perceived as something local, acts more and more global and shows similar
characteristics worldwide. This egohs why scholars refer in their publications to

the constructiorenvironmentin general and do not put anymore the country
context behind, i.e. construction in UK, construction in Kenya, or construction in
the USA.Given this generalisation of the constiion environment, views and
perceptions about the construction environment can be used in a general manner,

too.

Hence Polat and Donmez (2010) experienced that the construction industry is
characterised by extreme competitiveness and low profit matdgomakkera et

al. (2010) report the increase of client expectations, where the clients expect more
service quality and more value for less monégng and Kao (2012) emphasised
that construction projects face difficult situations during execution, haveg man
interfaces, many stakeholders and are also influenced by external factors (for
instance external market influenceldence thecurrentconstruction environment

is changing rapidlyHwang and Ng, 2013), because it is exposed to different

forces.This is ilustrated inFigure2-1.

-13-
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Increasing
customer
expectations
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construction environment
1 f 1 t ¥ 1 1 1 1/}
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influences

Increase of Increase of
stakeholders interfaces

Figure 2-1 lllustration of the construction environment
The forces illustrated irFigure 2-1 result in that the project compléxiis

Globalisation

External
influences

= force

increasing. Hence the w@es of project complexity are wide ranging as for
instance described by Ochieng et al. (20E3he continual need for improved
speed, cost, quality, safety, together with technological advances, environmental,
issues and &igmentation throught the construction industry, have contributed to

the increased complexity of construction projécts

However, the construction environment is changidgigng and Ng, 2013nd

the construction projects are exposed to different uncéesiand risks (Cruz and
Marques, 2013). The ideas behind traditional PM, which is bound to control and
monitoring, are changingoo (Labelle and Leyrie, 2013)Hence even if the
construction environment can be meanwhile generalised to different country
contexts Li et al.,2012 Ochieng et al., 2033construction projects are perceived

as socibconstructs, which are unprotected to change, risk and uncertainty (Cicmil
et al., 2006; Morris, 2010).
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2.1.2 Construction projects and their industry
According to Bznnett(2003)constructions big business.

iThe i ndustryds significant i mpact on the
reviewing constructionds proportion of t
well as the number of people employed in constradis a proportion of the total

workforce and the number of construction firms compared with the total business

in all industrie® ( Be nn @.83)t , 2003,

It is also one of the kegconomiesn the United KingdonfUK], as theshare of

the gross domestic paduct [GDP] is about 6.8%ffice for National Statistics,
2013).The whole of the European construction industry is highly fragmented with
medium and small sized compani@sgan, 1998;Walker, 2007, which is in
contrast with other sectord&Eccles, 1981 Winch, 1989; Egan, 1998; Walker,
2007).

However constructionhas a project charactdBennett, 1983;Knoepfel and
Burger, 1987; Winch, 200¥ochenaefer et al., 2007Toor andOfori, 2008
Carrillo et al., 2013 i.e. construction is mostly characteridegithe management
of projects In order to provide the readeiith the contextualmeaningsof the
used terminologies, such aegnstruction, project, construction project, &d, it

is worthgettingan understanding of teeand their relationships.

Accoarding to the Project Management Institute [PNRBPOS8, p. 442) a project is

il [ éa]Jtemporary endeavour undertaken to create a unique product, service, or

resul® A quite similar definition can be found at the Association for Project
Management [APM]2006 p. 150, wher e a pr oj ecunique,s def i n
transient endeavour undertaken to achieve a desired outcofte German

standard DIN 69905 (2009) as well as the British standaB&Si 60731:2010

(2010) define the main characteristic of a projed a transient and unique

endeavour. Furthermore the British standard 602910(2010,p. 4) has defined

the following princi@l features and characteristics to projects:

-15-



Chapter2 Literature Review

1. Their duration is usually predetermined (finite) with definite start and end
dates

2. What happens during the undertaking of a project invariably affects the
subsequent events both inside and outside the organisation

3. The project organisation is often temporary and can sometimes change
through the project lifecycle

4. All projects are undertakein an environment of risk and uncertainty

5. Projects are seldom carried out in isolation, and can often interact with

other projects and organisational entities

AConstruction projecto as a ter m, means
(Ritz, 1994).Woudhuysenand Abley (2004) relate this to the fact that every

human is or will be in some way involved in building, hence everyone has an

opinion about construction and its industry. Santél®00, p. 102) defines a
construct i oasthesumfpkrned adiiyitiés] material or otherwise,

of an organization to convert an idea or a design for engineering or construction

work to fulfil human or economic needs within limits of quality, cost and

duratioro . Ot her resear cher son prajecte througho def i n
categorisation of different construction project typRgz, 1994; Bennett, 2003;

Winch, 2003) Bennett (2003) divides the construction industry into two very

broad categories, which are general building construction and engineered
construction. General building construction includes residential, commercial,
institutional and industrial buildings, i.e. in which the design is prepared mainly

by architects (ibid). Engineering construction includes highway construction,

dams, tunnelspipelines, marine structures, bridges, i.e. in which the design is

rather prepared by engineers than architects, because the focus is more on
functionality rather than aesthetics (ibidkochendefer et al. 007)argue that

there isalso arelationship bate e n fAlBeaRIiINnct i ono and ACons
Project Typeo, when c atThigi®illustrateadwiththe onst r u

following figure.
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The figure originally presented here
cannot be made freely available via LIMU
Digital Collections because of copyright.
The figure was sourced at:

Kochendoerfer, B., Liebchen, J. H., &
Viering, M. G. (2007). Bau-Projekt-
Management - Leitfaden des Baubetriebs
und der Bauwirtschaft (3rd ed.), p. 5.
Wiesbaden: Teubner Verlag.

Figure 2-2 construction project categorisation (Kochendoeffer et al., 2007 p.5)

Figure2-2 shows that each construction project has a large impact on society and

the wider environment. In this respect there are numerous parties who can affect

or can be affected by the outputs and outesmf aconstructionproject(Eccles,

1981; Gann, 1996; ChinymndOlomolaiye, 201Q)which makes the management

of construction projects a complex task.

2.1.3 Complexity of construction projects

Not all projects are difficul{Boddy and Paton, 2004put projects or project

processes are those that usually deal withlyighistomised products, ill defined

uncertain and sometimes changiagtivities (Slack et al., 2008)Slack et al.
(2008,p. 108)ar gue t hat

because each unit of output is large with many activities occurring at the same

time[ . .Furfhe@moreconstruction projects are amongst the most complex of all

project

processles

projectundertakings (Winch, 198®accarini, 1996 Winch, 2003;Raiden et al.,

2004; Winch, 2006) and are one of those projects which are plagued most by

uncertainties (Tah and Carr, 20083 well as are onef the most hazardous
industries worlewide (ILC, 2003 Sackset al, 2009).Gidado(1996) argues that

the complexity of construction gexts can be divided into two categories, on the

ar

one hand the managerial perspective and on the other the operative and

technological perspective. The complexity of the managerial perspective, when

realising a construction project is related to the folfeiiactors (ibidp. 217):

1 Management is unfamiliar with local resources and the local environment

1 Lack of complete specification for the activities at the construction site
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1 Lack of uniformity of materials, work and teams with regard to place and

time (evey project is unique)

The complexity of the operative and technological perspective is related to the
following (ibid, p.217):

1 The number of technologies involved in a task, repetition of their roles and
interdependences
1 The rigidity of sequence betweesm trarious main operations

1 The overlap of stages or elements of construction

Cox and Goodmann(1956) Eccles(1981) and Vrijhoefand Koskela (2000) as

well as Duboisand Gadde(2002) argue that there is also high complexity in
logistics, when realising aoastruction project, because the requirements for
delivering the variety of materials is changing from project to project, which
works against routine working. If it is an overseas project there are many
additional problems such as market situations, kadgé and languag&Valker,

2007 Badenfelt, 201}l The increasing client expectations resulted in specialised
niche markets with a lot of different types of workman and a high variety of
experts (Eccless, 1981; Walker, 200This high variety of project @rticipants
resulted in multiple feedback Ipe and nodinear relationshipgLee et al., 2006)
consequently ending up with the management of firms rather than functional
scope management (Eccles, 19B&ve and_evitt, 1984; Winch, 1989; Walker,
2007). Walker (2007) argues that the complexity of construction projects will
continue increasing, because the demands of the clients in regard to the
functionality, aesthetics, the capital and running costs, environment and
sustainability as well as the scheduldl increase. This is related to factors such
as i fechnolodical developments, globalisation, uncertain economic
conditions, social pressures, political instabiditfWalker, 2007 p. 2). Basically

the complexityof construction projects can be redtto dynamic pblems of the
construction processe@®accarini, 1996; Gidado, 1996)esulting in that the
construction sector is representing one of the most dynamicstrial

environmentgRaiden et al., 2004)
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2.1.4 The dynamic construction environment

Evenif the constructed facility is static the environment of construction projects is

highly dynamic (Sidwell, 1990) T h e term Adynamico i s c h
Aconstant changeo ( Oxf op.&@8)HurteetinaoPMary The
context,Jaafari(2001,p.89)d e f i ne d d y neahibiting vasying dégreés]

of uncertainty over timg i.e. itisapr oj ect di mensi othe repres
extent to which a project is influenced by changes in the environment in which it

S ¢ 0 n dQwliyar and Warren, 2009, p. 355) Hence the dynamism of

construction projects can be related to changes caused by uncefander
(2001,p.81) def i ned asrthe eariabibty ohfature odGtdordds where

probability distributionscannotbe constructedl , c omlysrskgawpep | i es A é]
when there is repetition and replicability. Uncertainty applies when there is no

prior knowledge of replicability and future occurrences defy categorisation

Hence uncertainties create changaskinson et al., 2006)and those charg

create a dynamic environmemthich can be related to h e -diictwonpd p |l anni ng
of construction projects (Winch, 1998; Koskelad Vrijhoef, 2001; Bertelsen,

2003) Thisi s i n contr asiup planting apprdach (Sadatet, t o m
1986; Koskelaand Vrijhoef, 2001). The top down managememnt planning

approach has been criticised by Winch (1998) as well as Koakel&rijhoef

(2001) fornot promotingnnovative solutions for construction, because a problem

solving strategy cannot be applied, as it hwhe bottom up approach (ibid.).

However, PM is understood agshe management of changéSabriel, 1997;
Voropajev, 1998; Saynisch, 2008nd changes make the top down approach
suitable for construction, because a project faces mamknown factors
(Pickering, 2004; Collyer and Warren, 20@heffield and Lemetayer, 20)1.3.e.
uncertaintiegLove et al., 2002 Atkinson et al., 2006 which cannot be planned
in detailat the beginning of the projefRodrigues and Bowers, 1996; Chapman,
1998; Atkinson eal., 2006 Cui and Olsson, 2009; Denyer et al., 2011; Sheffield
and Lemetayer, 20)3Thereforethereis a relationship between the number of
unknownsand thedynamismsof a construction project, which has been illustrated

by CollyerandWarren (2009)n Figure2-3 as follows:

-19-



Chapter2 Literature Review

The figure originally presented here cannot be made
freely available via LIMU Digital Collections because of
copyright. The figure was sourced at:

Collyer, S., & Warren, C. M. (2009). Project management
approaches for dynamic environments. International
Journal of Project Management, 27(4), p.356.

Figure 2-3 relationship between uncertainty anddynamism (Collyer and Warren, 2009,p. 356)

Hence the above figure shows that themore changes caused by unokvn
uncertainties a project is facing, the more dynaniicbe the project (Collyeand
Warren, 2009)The sources of uncertainty are wide ranging and have an effect on
the project (Atkinson et al., 2006Rosel (1987p. 251) identified the following

changeswhich might be caused by uncertainties construction project:

1 The uniqueness of each project
Changing designer teams consisting of architects and engineers and
formed only for that project

1 Awarding of unknown contractors, where decisions wehg made
because of the lowest tender price

1 The uncertainty about the qualitative, quantitative and physical
performance of the successful tenderers and their staff

1 Ground conditions
Changing material costs

Weather conditios

One way to deal withthe dynami environment of construction projects is to

make it static through freezing the design and rejecting change d¢@idhger

and Warren, 2009However, many changes are caused by the client, bechuse

new ideas and the lack of noticing the project conckping different phases

(ibid.; Levanderet al, 201]). Levander et al. (2011) related thistothé i ent 0 s
difficulty to gather the right informatignbecausein most cases construction
clients are not familiar with building. This might be the reasdny there is a gap

between the neefdr information by the client and the submitted information by
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the PM (Turnerand Muller, 2004) This means that the informati@xpectedby

the client does not match with the submitted information byPtdewhich might

result also in distrust (ibid.). However, considering that construction projects have
powerful clients (Ankrah et al., 2005he resultis that the dynamic nature of
construction projects cannot be made easily static, because the customer
satisfaction wold suffer from thisBourne and Walker, 2005) his consequently
makes change management a key elemeftiv{Love et al., 2002 Wu et al.,
2005).Changs can occur in the project or in its environment and are normally
not expected(Voropajev, 1998) Knowledge plays an essential role when
managing the changing demands of construction psof8enaratne and Sexton,
2008) However, considering that each project is unique in its circumstances
(Loosemore, 1999; Toor and Ofore, 20WU&bs and Liu, 201)lthe result is that

the knowledge and experience cannot be directly transferreather projecs
(Winch, 1989 Pender, 2001 Over time the uncertainties of a project will get
reduced, because more knowledge will be gained, which will also result in there
beinga reductionn changegPender, 2001)However there is still the dess for

il € toomto manoeuvrg édq, to be able to adjust the
life cycle (Olsson, 2006p. 66). Hence it can be consequently concluded that there

is also aned for being flexiblevhen undertaking a construction project.

Flexibility will help the project team to cope with unexpected probl@malker
and Shen, 20020sipova and Eriksson, 2013; Cruz and Marques, 2013
Furthermore it will help to simplify the biding process and reduce cycle times
(Sacks et al.,, 2010)Being flexible is related to communication, because
communication plans in the project have to be establjskledh will allow the
detection of change@MI, 2008) This requires feedback channelihin the
construction projecfRodrigues and Bowers, 1996yhich have been illustrated

by Kartam (1998) and are shown below.
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The figure originally presented here cannot be made
freely available via LIMU Digital Collections
because of copyright. The figure was sourced at:
Kartam, N. A. (1998). Making effective use of
construction lessons learned in project life cycle.
Journal  of  Construction  Engineering  and
Management, 14(2), p. 15.

Figure 2-4 feedback channels in pj ect life ¢ycle (Kartam, 1998, p.15)

Thosefeedback channelim Figure 2-4 will result in lessons learned during the
constructi on pr egntgoustyimprava theeprojec{Kartara, a n d
1998) Furthermore they will warrant the understanding of the interrelstips
between the taskRodrigues and Bowers, 1996jowever, besides the flexibility
achieved through communicativfeedback channels, Rodrigues aBdwers

(1996) as well as Chapman (1998) relate the ability to cope with the dynamic
environment of condgiiction projects to the use of RM system, because the

management tools are dynamic, as they are able to respond to new information.
2.1.5 Universal PM systems

Previously the researcher reflected the definition of a project and a construction
project. Almost H definitions of the term project refer to this combination of

A [ éuhiqueness, defined objectives, limited time cycle, and three fold constraints
(cost, time, and qualitg) (Williams, 2005, p. 497) Wysocki (2006, p. 8)

categorised projects in four broackas, which is illustrated Figure2-5 below:

The figure originally presented here cannot be made
freely available via LIJMU Digital Collections
because of copyright. The figure was sourced at:
Wysocki, R. K. (2006). Effective Software Project
Management, p. 9. Indianapolis: Wiley Publishing.

Figure 2-5 project types(Wysocki, 2006,p. 8)
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The above categorisation &¥ysocki (2006) covers projects which are linear
(defined goal and solution), iterative (defined solution but no defined goal),
incremental (defined goal but no defined solution) and adaptive (no clear goal and
solution). nstructionPM deals mainly with linear projects (ibidhccordingto

Liu and Wang (2007})inear projectsare characterised byhe configuration of
several activities into separated phases (units), performing the work sequentially.
Universal PM systems are also mainly under the umbrella of linear projects
(Larman and Basili, 2003; Owen and Koskela, 2006a). Two international
professionalorganisations dominate and representkhewhow and knowledge

of universalPM systemgSaynisch, 2005. 559), which are listed below:

1 The International Project Management Association (IPMA), which is more
European oriented

1 The Project Management Institute (PMI), which is more-dri&nted.

The IPMA is subdivided into further nationd®M associations, like the

Association for Project Management [APM] in the UK, German Project
Management Association [GPM], Cys Project Management Society [CPMS]

or the Turkish Project Management Association [TrPMK}ternational Project

Management Association, 2012)he IPMA focus of thighesiswill be on the

APM and its Body of Knowledge [BoK]because it is widely used different

countries and is the most common oBeth, PMI and APM have defined Bodies

of Knowledge [BoKs], what is considered as core knowledge for the management

of projects(Williams, 2005) The PMI 6s BoK wuses five ph
project life cyle and divides the knowledge into nine areas which need to be in

place when managing a projg&MI, 2008) The | PMA6s BoK for t
APM (2006) gives seven sets which are subcategorised into 52 areas of
knowledge. ConstructioRM Practitionersareusing these BoKs for achieving full

professional status foPM (Winch, 2006).The geographical location is more
determining the kinaf certification, because local Baave more reputation in

their area(Saynisch, 2005)This research will use bothPM and PMI BoKs,

because it wants to benefit through exploring both univébsystems.
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2.1.6 Construction project management

Mainly three parties are involved in a construction projettich are the owner,

the designers and the contractors (Nassar et al5)2B@ch of thesendividuals

have their own objectives and threats when realising a construction piect
1995) In morecommonsituations, it is the case that the owners have not the
required skills and qualifications for undertaking their projecttheir own(Reve

and Levitt, 1984) Therefore ownersre normally hiring a project manager to
manage the design and the construction processes of the project (ibid.; Low, 1998;
Sommer, 2009)ConsequentlyPM is an overall discipline, in which the project
manager i's r espoorvseirballd fsourc ctelses [féJdel i v
physical development within constraints of cost, schedule, quality and safety
requirements (EdumFotwe and McCaffer, 200Qp. 111) This definition of
constructionPM reflectsalso the normadlefinitionsof PM. The APM definePM

a s fithe @rpbcess by which projects are defined, planned, monitored, controlled
and delivered such that the agreed benefits are realig&BM, 2006,p. 2). A

quite similardefinitionis stated by th®MI, where they describdeM asii [ é&He
application of knowledge, skills, tools, and techniques to project activities to meet
the project requiremendgPMI, 2008,p. 6). Hence all definitionsemphaise the
importance of meeting the project requiremeitsentral role of thePM is to
manage the partigavolved in construction EdumFotwe and McCaffer, 2000;
Kochendoerfer et al., 200Lpnergan, 2009). Kochepérfer et al. (2007) found

out that all the parties involved in constructalaohave differen perspectivesn

the project aims and objectivekhey argued further that the owner will always try

to achieve the maximum in quality and functionahtyhe lowest costs and risks.

The same applies analogously for tdesignersbut with the differencéhat the

focus on better solutions might cause higher costs. The focus of the contractors is
on costs rathethanother factors. This has been illustrated through the following

figure.
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The figure originally presented here cannot be made
freely available via LIMU Digital Collections
because of copyright. The figure was sourced at:
Kochendoerfer, B., Liebchen, J. H., & Viering, M. G.
(2007). Bau-Projekt-Management - Leitfaden des
Baubetriebs und der Bauwirtschaft (3rd ed.), p. 54.
Wiesbaden: Teubner Verlag.

Figure 2-6 weighting of project aims and objectivegKochendoerfer et al., 2007p. 54)

Figure2-6 emphasises thalhe aims and objectives of all parties invoNeVe to

be balanced bythe PM to reach the optimumK@chendoerfer et al., 20D7
Sommer(2009) argues that the task of tAM is to take the tasks of the owner.

The tasks of the owner are to define the target for the purpose and scope of the
construction project briefcreation of the project structure and determination of
contract typologis decision making and securing of decisiongnitoring of

time, cost and quality targetensuring the financing and marketing (ibid.).
Further focuswill be on project organisational issyess it seems more relevant

for theresearctaim and objectives.

2.1.6.1 Organisational structure

The people involved make projects complicated and not the technical problems
which the projects are facin@kmen and Oztas, 2010The extended use of
subcontracting allowed on thene hand to transfer risks and achieve more
flexibility, but on the other it made the project coordination more complex
(Raiden et al., 2004 onsidering that the cliemippointsa project manager to act

as his agent (Revend Levitt, 1984; Low, 1998; Kochemdrfer et al., 2007;
Sommer, 2009)the resilt is that thePM has a more integrative characteow,

1998; Lenfle, 2011) which has been illustratetbr construction projectsas

follows:
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The figure originally presented here cannot be made
freely available via LIMU Digital Collections
because of copyright. The figure was sourced at:

Low, S. P. (1998). back to the basics: biblical wisdom
for effective construction project management.
International Journal of Project Management, 16(4),
p. 210.

Figure 2-7 the project management g@proach (Low, 1998,p. 210

Figure 2-7 shows that among other thingse task of thé®M is to integrate the
design and construction in order to achieve the aims and objectives of the client.
Hence effectivePM can be only achievedf there is cooperatiotetween the
design team and the building team (Low, 1998). There are several ways of
organising a construction proje(Bennett, 1983; Sidwell, 1990APM, 2006;
Girmscheid, 2007PMI, 2008; Sommer, 2009). APM (2006) and the PMI (2008)
distinguish between uhctional, matrix and pure prgect organisational
structures. Sommer (2009) on the other hand distinguishes between hierarchic,
group dynamic and organisationalonolithic The effectiveness of the project
organisation depends on different factors (Betynl983; Sidwell, 1990APM,

2006; Girmscheid, 2007°MI, 2008; Sommer, 20095idwell (1990,p. 162)
relatedthe effectivenessf the project organisation dnh e t@dhmolpgy of the
project, its size, the project environment, role and relationshipsaon members,

and the degree of management comntrdostly the pure project organisational
structureis preferred in constructio(Girmscheid, 2007)According to Toor and

Ofori (2008)this results in the focus of managing the teams and the day to day
work, rather than leading the project participants to long term objectives.
Ho we v e rprojedt fnandgement requires that projects are seen as being sub
divided into separate tasks each of which can be made the responsibility of a
separate team ( B e 183§ which isachieved on the one hand throutle
project organisational structueend on the othethrough structuring the project
(APM, 2006;PMI, 2008; Sommer, 2009)
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2.1.6.2 Project Structure

The role of the project organisation is to integrate the septgains into one unit

in order to achieve a good project performance (Bennett, 1988; 1998;
Lenfle, 2011). The aim of the project structuseto provide for those in the
project organisation a common framework for communicatinfprmation
regarding cost, scope and schedule (Ayas, 1986Arrigo and Smith, 1996;
Kochendodfer et al., 2007). This is achieved through breaking the project down
into smaller manageable tasksPM, 2006; Winch, 2006PMI, 2008) The work
brealdown structurdWBS] is a tool br this O'Arrigo and Smith, 1996). The
APM (2006,p. 34) articulated thelifference between a WB&da product beak

down structurePBS as follows:

1 The PBS defines all the products (deliverables that the project will
produce. The lowest level of a PBS product (deliverable).

1 The WBS defines the work required to produce the deliverables. The
lowest level of detail normally shown in a WBS is a work package.

Hence aWBS is organising the work with a small task oriented hierarchal listing
of activities (D'Arrigo and Smith, 1996). This results in different levels.
According to Globerson (1994) as well Kechendo€er et al. (2007he first

level of the WBSis the project; thesecondevel might refer to the functions or
components; the third level ilutles all further attributes. There are also different
types of WBSqGloberson, 1994APM, 2006; Kochendoerfer et al., 2007 MI,
2008) In the context of constructioRM the most commonly usedre object
oriented WBS, activity oriented WBS and logic (na% activity and object)
oriented WBS(Kochendodfer et al., 2007). When to choose which type of WBS
depends on the project and its organisational stru¢@il@berson, 1994; Ayas,
1996) The commonality of the different WBS types is that each level repies

an objective of the project for a managing yAyas, 1996) The work packages

of the WBS can be correlated to the people from the organisational structure and
responsibilities can be clearly defin@d'Arrigo and Smith, 1996;APM, 2006)
However, aWBS is not a static system. Given that a project changes over time
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(Voropajev, 1998)and considering that the WBS is reflecting the project scope
(PMI, 2008) results consequently in the change of the WBS according to the
altering needs and constraintheEe changes require changiPlyl systems for

different project situations during the life cycle of a proj&ibberson, 1994)
2.1.6.3 The project life cycle and situationgdroject nanagement

All projects go through different phases and through a typicakyiéée (Riz,
1994).Figure2-8 shows the different phases of construction projects and the level
of effort required in each respective phaSEhe construction project team is a
living organism, at each phase in the project-tifele it transforms in structure

and styl® (Sidwell, 1990) Jaafari (2001) distinguishes here between strategic
PM, which sets the aims and objectives from a life cycle perspective as basis for
further decision making; and activity baset where the focuss more on the
processes in a respective operative phase. The focus of the researcher will be on
the strategid®M where the whole life cycle (as shown kigure 2-8) will be

considered.

Y
14

Level of effort (Monetary terms, labour hours)

| | | | |
Idea | Definition | Design ! Execution ! Closing !

v

Operation

Figure 2-8 project life cycle

! Content dopted from Ritz (1994) ar@MI (2008) and Bennett (2003), Figure is own Figure.
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It is the aim of thestrategicPM to achieve the project objectives through the
different project phases (Association for Project Managers, 20@8)shown in

Figure 2-8. The PM needs to define, with its existing workshop tools, the aims
and objectives of the clienfThis will enable the determination tifie project
success criteria, as project success is perceived differently by different individuals
(Chan and Chan2004). The successful completion of a project can be
conceptualised in different wayDeWit (1988) differentiates between PM
success and project success. PM successife es on t he manragement
Tr i a;mgeétiegaost, time and quality obje@s/(Atkinson, 1999). PM success

can be seen as a part of the project success. But the project success considers more
factors than the Iroiifriangle, such as stakeholder satisfaction, performance of the
end product or service, and motivation (deWit, 198BaiCand Chan, 2004). A
project may not be considered as successful, even if it stayed within the planned
cost, time and scope framework, if the customer or key stakeholders are not
satisfied (Bourne and Walker, 2005), or vice versa. Besides this, thectproje
success criteria can change through the life cycle of a pidjecbpajev, 1998)
Furthermore different phases can have different success criteria (Bennett, 2003).
Sidwell (1990)goes further and argues that different phases need also different
organiational and management styladich are able to fdil the project needs of

the respective phase. This is illustrated by the following figure.

The figure originally presented here cannot be made
freely available wvia LIMU Digital Collections
because of copyright. The figure was sourced at:
Sidwell, A. C. (1990). Project management: Dynamics
and performance. Construction Management and
Economics, 8(2), 159-178.

Figure 2-9 situational holistic project management(Sidwell, 1990,p. 160)

Hence,Figure 2-9 shows thaa whole project view is required (Kagioglou et al.,
2000), which makes PM at the strategic level essential.
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The researcher has previously discussed that the top down management approach,
which means the planning from a macro view to a micro view (from abstract to
detail), must allow room for changes, as at the beginning of a project, detailed
planning, is in most cases, not possible. These project dynatsoreate
uncertainties whictaffect the management styles of the R8henhar and Duvir,
1996) As a result of project dynamics, and the resulting changes in the project the
PM is required to make clear and timely decisions otherwise the project will falter
(APM, 2006). Decisions mightot be the most appropriate if they are made too
early or too late®MI, 2008). Therefore in addition to different phases, the PM is
facing different $rojecuteaimn masnbe able lboassess theh e
situation and balance the demands inanrtb deliver a successful projecPNlI,
2008, p. 7). These different situations require different leadership styles (Hersey
and Blanchard, 1982), but also different management st@ixberson, 1994)
because t he retwaeeh iPM mrsdhperforendgd [méy] vary with
managerial stylée ( Lewi s eS3o, basides,the Ziflefe@ )management
styles in the different phases, the PM style or PM system needdajut to
different situations in the dynamic nature of construcBdmin order to be able to
meet the contemporary needs of the project (Ancona Galdwell, 1992;
Papadimitriouand Pellegrin, 2007) Mdnagers for instance, may alter their
approaches in response to new resource allocations, changearketdemand,
progress by competitors on slar projects, or novel scientific discoveries
(Lewiset al.,2002,p. 551).

An effective construction PM plan needs to be focused on value for the client and
performance driven (i.e. focused on effective and efficient processes) (Winch,
2006 Geraldi, D08; Koppenjan et al., 2011; Osipova and Eriksson, 201Be
potential for changing the PM plan, because of different situational aspects in the
project life cycle is iterative PMI, 2008),becauseconstruction projects change
over their life cycle (Eces, 1981; Gidado, 1996; Dubois and Gadde, 2002
Badenfelt, 201l fProject Management is an essentially straifgrivard
concepp ( Be nnep. t183). Bud && ,time new ideas come up, new
technological advances are introducgsl-Sedairy, 2001) which might have

significant impacts on thBM system (Love et al., 20@R Therefore, only those
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projects will notfail where thePM is able to increase the speed of learning and
matching the changing projequirement®n time (Raiden et al., 20p&areis,
2010). This results in a need for flexibility and agility for construction projects
(Walker and Shen, 2002)

As a result, successful managers have to use iterations between their management
methods in order to be able to respond to changing project ciences (Lewis

et al., 2002)Even, if the project managers know that each situation or stage of a
project requires adagion tothe particular circumstanceRpdriguesand Bowers
(1996) and Chapman (1998) as well Askinson et al. (2006)argue that the
traditionalPM methods are too focused on operational planniihg result is that

they struggle to incorporate the consequences caused by dynarhiesefore

what seems to be missing isPM framework which is able to cope with the
different situationalcircumstancegShenhar and Dvir, 1996)n addition, there
seems to be a gap in the current literature, which shows a PM framework that is
control and flexibility oriented at the same tim&/ifich, 2006 Geraldi, 2008;
Koppenjan et al., 2011; Osipova and Es&n, 2018

2.2 Lean construction

Lean provides increased productivity by eliminating the wasteful activities and
continuous improvement of processes through constantly monitoring fem.
benefits of Lean construction have been related to cost and timgsag well as
quality improvements (Anderson et al., 2012; Sarhan and Fox, 2BdSifles the
guite MAold school 0 areas of new buil ds,
implementation to other types of construction projects. As such, Pasquire (2012)
repated that the implementation of Lean construction principles will result in
increased value in engineering projects. Bryde and Schulmeister (2012) found out
that Lean is applicable also for refurbishment projects and will consequently
result in better pr@ct success. A broader perspective was provided by McGrath
Champ and Rosewarne (2009), who have described the potential benefits of re
structuring the construction industry in Australia, to a model which is in line with

the Lean concepts, consequently canaple to the production industry.
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However, the practical achievements of using Lean in construction do not always
reflect those stated in theory. This can be related to the debate Hie
implementation of Legnwhich is extremely one sided (Green, 189%reen,
1999b; Green and May, 20033iventhe extremely positir sided interpretation

of Leanconstruction this section aims tprovide a deep understanding afean
constructioni.e. philosophies, thinking, tools and methods through providing a
critical literature review. TIs sectionis concluded withan overvew about the

Last Plamer System, so that the reader gets a clear understanding about Lean

construction.
2.2.1 Definition of Lean

Construction projects can be articulated as complex projects, andlezomp
projects call for new management paradigms (Williams, 199%hdisearch for

new paradigms to manage construction projé&anderson and Cox, 2008)
meanwhile, the construction industry promotes a new management paradigm,
originated in the automotgv industry to get widely adapted canmplemented
whi c h i lseanc(@reenh end Mdy, 2003; Green and May, 2005; Jorgensen
and Emmitt, 2008) The tem L&ard was introduced by Krafcik (1988) who
defined Fordés mass production system with themeBiifferoc and wused t he
A kard as contrasting wosldto describe what Toyota did or is still doing. The
Leanphilosophy has been first summarised in detail by Womack et al. (990,
13) who stated that

AlLean production [ ...] eéverything coraparéd witre c a u s e
mass productiorr half the human effort in the factory, half the manufacturing

space, half the investment in tools, half the engineering hours to develop a new
product in half the time. Also results in many fewer defects, and gzeda

greater and ever growing variety of products

Later Womackand Jones (2003) have focused on how to impleniaran in
organisations. They concluded thatanis more than using or adapting tools and
best practices from Toyota (ibid). It @sway of thinking which has been defined
as follows (WomaclkandJones, 2003,. 15):
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Lean t hi prévides g way {o specify] value, line up vatueating actions

in the best sequence, conduct these activities without interruption whenever
someone requesthdm, and perform them more and more effelgtida short,

| ean t hi nkbecagse it psovided aevaynto do more and more with less
and less human effort, less equipment, less time, and less-sphde coming
closer and closer to providing custers with exactly what they wano

To be able toimplement Lean the following principles have been derived
(WomackandJones2003,p. 10):

1. Specifyalueby specific product

2. ldentify thevalue streanfor each product
3. Make valudlow without interruptions

4. Let the customepull from the producer

5. Pursueperfection

To conclude so far,theeanpr i nci pl es a slLeaweale devedopedt h e
and introduced by the International Motor Vehicle Programme, which consists of
researchers of the Massachusetts ngtitof Technology{MIT], who tried to
describe the key success factors of Toyota in an abstract way to make them
applicable for onebés own organiesfarti on
other industries (Womack adadnes, 2003).

2.2.2 Topicality of Lean in construction

The basic idea which has been created by the management team of Toyota was to
eliminate waste in the internal processes (Ohno, 1988). Trying to work efficient
and effectivey is nothing new for construction (Winch, 1998), but thean
movement today created an enormous amount of complexity vdisebles the
understanding ofeanin constructionGreen andviay, 2005), following also in a

trend offiLeanlesin PM (Agerfalk andFitzgerald, 2006
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Even if the advocates ofelan in construain have still not agrekon a definition

of t h e eatde ranhedriQdnstructio® (Mossman, 2009), resulting ino
common understanding of the term in practice (Graed May, 2005), Lean
thinking ort h e team onitsfown is still trendy in theanstruction industry.

It h a s -Hyg p @h@racteru(Green, 1999b), resulting in a debate which is
extremely one sided interpreted in constructiesearch (Green, 1999a). This
GuruHype character olLeanis facilitated through neglecting or not considering
the critical literatue and research which exists d&ean production (Green,
1999b), before giving trials on it in the construction industfarthermore,
because of thissuruHype character, things which did exist before or things
which are not relatedtLeanmanagement methodologies are articulatedeas,
because it is efficient and effective. This is articulated by Hines et al. (2004,
pl006) as fanyconuaptsthat pid\idés]customer value can be in line
with a lean strategy, even if leamoduction tools on the shop floor, such as
kanban, level scheduling, or take time, are notased Resear cher s who
only the positive aspects beéando neglect the new existing theory, which is that

a tool isLeanwhen it full fills the Lean principles because thieean principles

fulfil Lean thinking. In Lean production,hiere is a clear relationship between
thinking, principles and tools (Womachnd Jones, 2003), which cannot be
neglected(Koskela, 1996) which in fact does not exist fdrean constuction
(Mossman, 2009). If there is a tool or methathich is effective and efficient in

the project life cycle of a projecbut does not fit into thé.ean principles and
therefore not in the frame afeanthinking, quie simply this tool or method is
effective and/or efficient in management and hean The Concept of being
Leani n constructi on i sconsstsofadoaplex odktailpl e, as
ideas including continuous improvement, flattened organisation structures,
teamwork, the elimiation of waste, efficient use of the resources aropevative
supply chain managemeént ( Gr e e p.,23), othedvdsbk it would be widely

implemented in the construction sector.

Leanadvocates argue that the current PM theory, sischuggested by tHaMli
(2008), i s obsol ete i n todayobs dynami c and
(Koskela and Howell, 20@2 Koskelaand Howell, 2002k Koskelaand Ballard,
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20069. Furthermore the promoters of this modern management paradigm stated
that construction is merbackward in PM performance in comparison with other
industries(Latham, 1994Egan, 1998; Bertelsen, 2003; Winch, 2003; Ballard and
Howell, 2004). This view is not shared by WoudhuysedAbley (2004,p. xi)

who stated that:

il [ énho can truly say thatonstruction is any more backward than the markets

it serves? Anyone old enough to remember the lalmensive building sites of

the 1950s, with their rows of batch mixers discharging into wheelbarrows to be

pushed and pulled up ramps of scaffold boaeoddistant formwork, would have to
concede that todayés tower craned and we
by trucks making jush-time deliveries of prenixed concrete and prengineered

assemblies, represents a tremendous advance in organisagithiods .

Construction has defined and will continue defining the PM discipline (Wysocki,
2006),because the construction industry is a lively source of new ideas (Winch,
1998), which can be related to the high pressure and thiegolvproblems in a
time and cost effective fashion (Alves et, &009). The industry tries always to
work efficienty and effectivey, as for example prefabricated elements have been
introduced into construction in order to save costs and provide higher quality to
the custorar long beford_eanapproacksin constructionexisted(Gann, 1996).

PM will be always an essential part of construction (Winch, 200&g. gerception

that the construction Pidractitionersare performingpoorly in PM is not shared,

as reflected by a recesurveyof Bryde (2008Wwho declared that thgractitioners

of PM in construction believe that their sector is performing significantly better
than other sectors, in terms of PM performance. Bhiggs us to the creation of
purpose argumenttatham, 199; Egan, 1998)which are established to create a

need forLeanin construction (Green, 1999b).

Comparing the flip side of the same coli@anin constructionwasinitiated by
Koskela (1992Jour yearsaftert h e tearmwasiritroduced by Krafcik (1988
to production. Comparing thdéean developments in production with the

developments in construction shows clearly that the construction industry has not
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reached the same level of implementation and usage of this still new management
paradigm, with the carusion that not construction PM buéanin constriction

might be more backward than other industries.

Another perspective of the dramatic success in the UKeain construction,
which is also related to the one sided interpretatiorLedn constructio, is
according to Green (1999a; 1999b) and Graad May (2003) related to the
evangelical nature of the key literature. Evangelical in that sense, is derived by
evangelismwhi ch coul d bgospédbortieownmde. inesearstao
th e godd news8 Green (1999b) as well as Greand May (2003) found the

following quotes:

il n the pages ahead weol | explain in
therefore, is quite simple: just dé (WomackandJones, 2003.)

fiLean thinking presents a powerful dagoherent synthesis of the most effective
techniques for eliminating waste and delivering significant sustained
improvements in efficiency and quality. We are impressed by the dramatic success
being achieved by leading companies that are implementingriheiples of

"lean thinking" and we believe that the concept holds much promise for
constructionaswell .  ( Eg emR2) 1998,

Thesefigood news have been articulated by Green (1999b2 3) as t hat
the reader is not required to think, or waste timading any other books, or
indeed to waste time gaining education. All of these are considered as amada
irrelevant to the quest for improved productigity Mor e t hamMayhat ,
(2003,p9 9) st alt is dimost las if thefavailable resedr literature is

screened in accordance with an ideological filtering system

AMudaodo is the Japanese word for Awasteo.
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2.2.3 Barriers and limits to Lean in the construction industry

The construction industry is dominated by medium and ssimidld companies

(Egan, 1998Walker, 2007, which explains Wy the industry acts more locally

than it acts globally (Woudhuysen aidley, 2004). That is not only the case in

the UK. The structure and the actinghaviourcan be transferred to the whole of

the European construction industry (Bennett, 2000). Trasacheristic results in a

high attention to flexibility in Europebo
theUni ted States off Amerdiapan[ddSAlostruct i
Hence a fragmented construction markettee the ability to @ flexibly when

dealing with highly variable workloads (Egan, 1998aiden et al., 2004
However, this fragmented nature of the construction industry nmee&msctional
differentiation forconstruction project¢Reve andLevitt, 1984; Winch, 1989;

Low, 1998; Zaneldin, 2006)Thereforethis requiresin a construction project

besides the high variety of worleam such asi [ . . . ] carpenter s,
plumbers, pipefitters, electricians, painters, roofers, drywallers, sheet metal
workers, glaziers, and lalurer® ( Ec c | .s337), &l€8ah jncreasing

variety of experts, e.g. architects, quantity surveyors, structural engineers,
mechanical and electrical engineers, acoustics, safety (Walker, 2007). Even on a
small projectthereare large numbers of inikaed parties and contributors (ibid).

The coordination and management of the work of these specialists is also a
complex task(Cox andGoodmann, 1956; Eccles, 1981; Vrijhaaid Koskela,

2000; Duboisand Gadde, 2002; Walker2007 Ibbs and Liu, 201 which is

unique for each project\(inch, 1989; Gidado, 199&,00semore, 199%ender,
2001;ToorandOfore, 2008ndthe result is thatie mapping of the supply chain

in any construction project is next to impossible (Bertelsen, 2003). This high
variety of nvolved specialists and contributors result not only in a functional
separationbut also in a separation of firms (Eccles, 1981; Winch, 1989; Egan,
1998; Walker, 2007), which have to be managed as well in thesWvark of a
construction projectThis is a major difference in comparison to other projects
(Winch, 1989 Winch, 2003.
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However, if onedoes not wanto consider the critical literature caused by trials of
adapting Lean production in other countries thaJapan (Cusumano, 1994;
Dedoussis, 1995; Huphrey, 1995; Morriand Wilkinson, 1995; Lillrank, 1995;
Recht andwWilderom, 1998), it might be interestirtg know that in Japan the
midsized and smallizedcompanies are not using abhganapproaches (Dohsst

al., 1985; Recht andWilderom, 1998). The Lean advocates have tried to
implement Lean construction without contextualising and exploring the
construction environment and its market structures (Green, 1999a; Green, 1999b;
London andKenley, 2001 Green andMay, 2003;Green andviay, 2005).Hence,

if there are already barriers inapting Lean production in other countries and
other market segmentations, the low success ofL#a movement mightoe
explained by the trial of agting Leanin a different fragmented construction

industry.

The high degre of fragmentation creates a high amount of complexity for
construction projectéEccles, 1981Reve and.evitt, 1984; Winch, 1989; Walker,

2007 Yang and Kao, 2002 Complexity is not in the sense lbéanconstruction,

as the aim is to reduce the high quexity of construction projects througlean

(Ballard and Howell, 1997; Bertelsen, 2003; Ballarcand Howell, 2004).

However, the structure of the industry (highly fragmented) is a barrierefan
construction, which has been realised by Egan (198,wh o ar g utked : Al é]
extensive use of subcontracting has brought contractual relations to the fore and
prevented the continuity of teams that is essential to efficient working Ho we v e r
in the evangelical nature dkanresearch, if something does ndtifito theLean

philosophy it has to be changed in a way that it w¢@eenand May, 2005)

Therefore this barrienas beereasily removed through introducing partnering by

Egan (1998), without mentioning the potential negative impacts. Partnering
creats a higher profitability of the powerful industrialists (Egan, 19G8een,

19999, which is facilitated through tive high buying power This issuehas

negt i ve | mpact s parmerst(Green, $999c)cla fadt ¢he best
advocates of partneringeaor have been under investigation by the Office of Fair

Trade (lbid.). Considering the potential consequences and scenarios caused by

changing the fragmented structure of the construction industry into a model which
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exists in car manufacturing or retaiill be not explainedurther as it serves a

new field of researcBlack et al., 2000Rosewarne, 2009

There is an increase of client demands over the decades in construction, i.e. the
client wants always more value for less money (Gidado, 1996; 2062
Kochendoéfer et al., 200y , and i f o nlTeyota devempeditherlean t h at
approach, but it makes only low retutns ( C o hicksand, 2005, ©651), it

could leadconsequentlyo theconclusionthatit does notmatter how efficient the
constuction industry isperforming the clients might stildesiremore value for

less money.

2.2.4 Labour and working culture perspective

The discussed fragmented nature of the construction industry causeslya high
hierarchic andstatic organisational structure iconstruction projects abest
practice, as suggested by the Office of Government Commerce (2003) in their
latest Procurement Guide for project organisation, where besides the functional
separation also a firm separation takes plaseekplained previougl This is in
contrast withLean organisational structures, where hierarchies are flat, dynamic
and related to minimal staff functions (Jenner, 1998), beclaesePM has the
focus on the project as a whole to avoid conflicts (Balkmd Howell, 2003;

Orr, 2005; Rybkowski, 2010; Seppanen et al., 20bit considering the high
degree of fragmentation in the construction indugtrg results in a high degree

of cultural diversity within the different involved firms in the project (Wild,
2002). This culiral diversity creates psychosocial dynamics which can cause
conflicts emerging within and between individuals and groups with a significant
impact on the project (ibid.). Conflicts arise because each involved organisation is
focusing on their (mainly ecomic) interest and dgsnot focus on the project as a
whole (Winch, 1989; Bertelsen, 2003hereforeteam buildings a complex task

for construction projectd.ow, 1998; Okmen and Oztas, 2010)

Instead of reengineeringLean construction, which is clelyr derivedfrom Lean
production (Greenand May, 2003 Jorgensenand Emmitt, 2008, the Lean

construction movement tries to change the existing project environment, through
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changing the organisational structuBallard, 2000aBallard and Zakelle, 2000
or the whole industry (Egan, 1998) in order to push_fmn

A main principle ofLeanis the focus b continuous improvement (Womaekd

Jones, 2003). Continuous improvement is not only focused on the process, the
improvement of the laboers is on the sam focus which explains lifetime
employment (Rechand Wilderom, 1998). Lifetime employment can be applied

by the construction organisations, but not by the proje@,@sject is a so called
ftemporary production systéniBallard and Howell, 200%), but ironically each
project requiresfi [ érlew design work, and new production problems to be
solved, but, by the time these are solved the project has ended and not all
expertise gained is transferable ( Wi nc h, 1989, p . 337). Th
improvemet brings with it the human cost of control (Green, 199Ggeen,

2000; Green, 2002, a s tltimate tésf fér fn effectiygroject team is that

i t s hworl likel a vieHoiled machinéd i Leananvironment (Greeand

May, 2003, p. 101). The humamost of control is causeaif instance byLean
tool s | i ke 0Aprwhere the staff Wik leerobsarved they care
working well and in the right sequence through video recording, note and protocol
taking (Corfe, 2011) The human costs of theadouers used on the Lean
construction project are explored by Green (199989h 2000 2002)and Green
andMay (2003), wi fTih et hkerosddasfiow incornnoom use i
amongst Japanese workers to describe sudden deaths and severe stléng res
from overwork. Muda is to be eliminated; karoshi is the price to bedpaid Gr e e n,
1999b,p.25).

2.2.5 Lean meets PM

Generally two basic approaches can be distinguished to exgamnamely the
cultural and the management aspect (Dohse ,€1385). Tte cultural as well as
environmental barriers and limits have been discussed so far. Now the
management aspects will be explored. The basic tdegiminate wastes not a

novel approach for construction. The degree of success depends on the
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capabilitiesof the project orconstruction management (Green avidy, 2005).
So, what causes the topicalityladanin construction?

Ballard and Howell (200%&, p.120) definedLean a s A [ third fofm o&
production system, one capable of producing more and begteicles in less

time, in less space and when using fewer labour hours than the masaftor c
production systems that praakito . Hence, Ldardies inadhe giewt y o f
on construction projects, which have to be seemmaso ¢ aténmipaaty
producton systend (Ballard and Howell, 2003&). Production pocesses which do

add value without waste (Liker, 2004). The general approach ofL¢am
management philosophy is to eliminate waste (Womack et al. 1990; Wamdck
Jones,2003 Liker, 2004) Ohno (1988 p. 129) has defined the seven types of
waste, which have been described in detail by L{R804, p. 28-29):.

1 Overproduction
Producing items for which there are no orders, which generates such
wastes as overstaffing and storage and transportation cestuise of
excess inventory.

1 Waiting
Workers merely serving to watch an automated machine or having to
stand around waiting for the next processing step, tool, supply, part, etc.,
or just plain having no work because of stock outs, lot processing delays,
equipment downtime, and capacity bottlenecks

1 Transporting
Carrying work in process (WIP) long distances, creating inefficient
transport, or moving materials, parts, or finished goods into or out of
storage or between processes.

1 Too much machining (over pressing)
Taking unneeded steps to process the parts. Inefficiently processing due to
poor tool and product design, causing unnecessary motion and producing
defects. Waste is generated when providing higjoatity products than

necessary.
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1 Inventories
Exces raw material, WIP, or finished goods causing longer lead times,
obsolescence, damaged goods, transportation and storage costs and delay.
Also, extra inventory hides problems such as production imbalances, late
deliveries from suppliers, defects, equipbtamwntime, andong-time
setup times.

1 Moving
And wasted motion employees have to perform during the course of their
work, such as looking for, reaching for, stacking parts, tools, etc. Also
walking is waste.

1 Making defective parts and products
Productionof defective parts or correction. Repair or rework, scrap,
replacement production, and inspection mean wasteful handling, time and

effort.

Koskela (1992) initiated the theoretical implementation oflLthean management
approach to construction. This workasv expanded by Ballard (2080 who
developedthe Last Planner System [LPSnd made thd.ean management
approach applicable for constructidvieanwhile, there is a debate betwesan
advocates about how to interpreean construction (Greerand May, 2005
Jorgenserand Emmitt, 2008). Some advocates want to adagdn production
directly to construction, others want to develop a new implementation
methodology (ibid.). However what both interpretations have in common is that
projects are conceived as temguyr production systemsBéllard and Howell,
1998; Choo et al., 1999; Koskela et al., 2082well et al., 2004 Vrihhoef and
Koskela, 2005).

According to Howell (1999p. 4) the management of construction projects under

Leanis different from current praice, because of the following reasons:
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1 Leanhas a clear set of objectives for the delivery process
1 Leanis aimed at maximizing performance for the customer at the project

level
1 Leandesigns concurrently product and process, and

1 Leanapplies production aatrol throughout the life of the project

Ballard and Howell (2003) d e v ellean PMod in \ithich they argue that

projects can be seen as temporary production sysfersé | when those s\
are structured to deliver the product while maximizing value amdimizng

waste, they lecam gojestai ¢ B tabdHdavelld 2002, p. 119).

Fur t h e rbeemrpeoject fanagement differs from traditional project
management not only in the goals it pursues, but also in the structure of its

phases, the tationship between phases and the participants in each phase

(ibid.). To facilitate thePM under the umbrella ofean a newPM system has

been developednd constantly further improveay Ballard (200®; 2006; 2008),

c a | LearProjéct Delive y S ywhicleisrshown below:

The figure originally presented here cannot be made
freely available via LJMU Digital Collections
because of copyright. The figure was sourced at:
Ballard, G. (2008). The Lean Project Delivery System:
An update. Lean ConstructionJournal, 1(1), p. 5.

Figure 2-10 Lean Project Delivery System(Ballard, 2008, p.5)

Hence,Figure 2-10 illustrates thathe Lean Project Delivery Systemis divided
into four phass, which are project definitiom,ean design,Lean supply, Lean

assembly and operation.

However, to warrant thdteanmanagement is applicable to construction, it has to

be analysed that construction is a different type of production (Howell, 1999;
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Ballard and Howell, 1998), which has been proventieory by Koskela (1992;
2000).

In its most basic form,he concept of production theory can be related to the
Input-TransformatiorOutput [ITO] -Model (Koskela, 1992), which is a kind of

operations and procgsnanagement thinking (Slack et, &008). According to

Slack et al. (2008, pp.-® 0 )all piiocesses have inputs of transforming and
transformed resources that they use to create products and servicesi . e . eact
input will be transformed and creates artput. This can be illusited with the

following figure:

The figure originally presented here cannot be made
freely available via LJMU Digital Collections
because of copyright. The figure was sourced at:
Slack, N., Chambers, S., Johnson, R., & Betts, A.
(2008). Operations and process management -
principles and practice for strategic impact (2nd ed.),
p. 11. Harlow: Pearson Education.

Figure 2-11 Input -Transformation-Output Model (Slack et al. 2008, p. 11)

In addition toFigure2-11, Slack et al. (2008,.d.1) have defined three levels of

analysis which are as follows:

1 Analysis at he level of the supply network
In which a supply network is an arrangement of operations (flow between
operations)

1 Analysis at the level of the operation
In which an operatiois an arrangement of processes (flow between
processes)

1 Analysis at the level of the process
In which a process is an arrangement of resources (flow between

resources, people and facilities)

The ITO-Model is related to the analysis at the level of ofp@na and processes

(ibid). Leanis also related to these levels of analysis, but with another perspective.
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Lean is looking on three different types of activities when anatysthe
transformation (Womack andones, 1996; #&skela, 2000; Womack antbnes,

20 0 3; Li ker, 2004) , wh i c¢ hthase véhichvaatliallye addi |
create value as perceived by the custgmer. . ] 0 ( Vooaw2@08, p.88))d

nonval ue addi ng thee whiclvareate evosvalue byt are curpently

required ly the product development, order filling, or production sysfemsnd

so canoét be e[imihatddbjds}), yathode wast e
actions which donét <creat e..Jaalscucanbas per c

eliminated immeditely[ . . . ] 0 (i bid)).

The aim ofLeanis to maximise the value adding activities, minimise-nalue
adding activities (because they cannot be eliminated) and eliminate the waste
activities (Koskela, 2000).

Lean has been developed in an environment (pcido/manufacturing) where
i [ érhw materials are progressively transformed over a series of separable

steps into the final produet ( Eccl es, 1981, p. 337).

Construction on islarge andtubually immabitedthere is[aé ]

higher degree of caoplexity in the number and range of component parts; its
production on site introduces varying degrees of uniquerjegsjnust be more

durable and is often more expensive than other manufactured @oods Ga n n ,
1996, p.438). Furthermore the constructed fagiis produed at the point of
consumptionwhich is in contrast to manufacturing where finished products are
transported to market (Gann, 1996) . Wi n
construction projects are amongst the most complex of all production
undertakings , this ldypothesishas beerre-stated continuously(Baccarini,

1996; Winch, 2003; Raiden et al.,, 2004; Winch, 200B)e management of
construction projectss gener al | y ¢ harpghysicallyrlargeeadd by fi[
expensive products, sepéicm of design from construction, powerful clients,
extensive specialisations, delivery or
bespoke designs usually without prototype models or precedents to provide
guidanceg . (AnKrab et al.2005, p. 730).
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The dfferent characteristics between construction and manufacturing (lwhare

is originated from), causes clear barriers for implementatidreahtools, which

have been identified by Alinaitwe (2009) for adoptib®S, Just in Time,
Concurrent EngineeringTotal Quality Management and even for teamwork.
Bashir et al. (2010, p. 4) listed the following management barrierk€fan in

c onst r uc delaypimdecisiorf néaking, lack of top management support and
commitment, poor project definition, delay in tevéals delivery, lack of
equipment, materials scarcity, lack of time for innovation, unsuitable
organisational structure, weak administration, lack of supply chain integration,
poor communication, use of substandard components, lack of steady work
engagerant, long implementation period, inadequate preplanning, poor
procurement selection strategies, poor planning, inadequate resources, lack of
client and supplier involvement, lack of customer focus and absence of long term

planning .

The first thing whichneeds to be questioned here, if the abstatedpoints of

Bashir et al. (2010@are barriers, then what is going to be improved.bgnin
construction? Next, considering that the above mentioned are barriers, shows
clearly a limit of Lean construction. Nmely, that Lean is not good with
uncertainty (Winch, 2006Andersson, 2006 Construction and other project
based industries, fachigher levelsof uncertainty in comparison withhe
production sectoréWinch, 2009. Therefore if one wants to see constractas
temporaryproduction systems, the heart of this production system should be

based on uncertainty management (ibid.).

Changes and uncertainty, or changes caused by uncertainty in the project life
cycle create a dynamic environment in constructiomene manufacturing
consistsof a static environment and dynamic product. This contrast between the
environments of these two sectors creates a dilemma for implementag#oris

good in static environments where a high repetition and a low variety exists
(Booth, 1996; Naim et al., 1999;akn andBarlow, 2003;Ribeiro andFernandes,
2010)(as it is originated from there), becalssanneeds a stable platform where

processes can be forecasted and optimised (Andersson, 2006). Researchers agree
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on the simple dct that Lean is not good in dealing with highly dynamic
environments where a low repetition and a high variety exist (for instance like
construction projects) (Cusumano, 1994; Hines et al. 2004; Andersson et al.
2 00 6) ,as tliefe éno room for flexlkly due to the focus on perfectigné ] 0
(Andersson et al. 2006, p. 289).

However, this has been realised by BallandiHowell (1998) who stated that for
construction projecteeanproduction is insufficient, as well as by Egan (1998, p.
18), who argued h at tpharalel 8 hot with Quilding cars on the production
line; it is with designing and planning the production of a new car néodel T o
keep theGuruHype alive Ballardand Howell (1998; 2004) argue thdtean
construction differs fronb.eanproduction in a way that it is able to deal with the
dynamic nature of construction projects, but complexity needs to be reduced
(Ballard and Howell, 1997 changes are not welcooh¢Gabriel, 1997)and the
industry needs to be defragmen{égjan, 1998)becaiseLeanconstructions aims

to reduce the complexity of construction projects and increases through that
efficiency (Ballard and Howgl1997.

The firstLeanprinciple is to define value (Womack addnes, 2003), which is an
essential element foLean corstruction, as the separation of three different
activities takes place (Koskela, 2000). However, the definition of value is in
construction closer to the customer then in manufacturing. In manufacturing, the
needs of the customer will be assumed, and thenproduct will be produced
several times and served to the market (Green, 1999b). Fitarargerspective
value is highly related to efficiency in the production process (Green, 1999a;
Naim ¢ al., 1999; Naylor et al., 1999/asonrrJones et al.2000; Wirch, 2006),

i.e. costs, but the assumption that efficient production might reflect the value
perception of the customer doest reflect the truth (Piercy arddorgan, 1997),

as the customer does not care about the way of production and the profit of the
organisation made when buying the product (ibid.) and because an effiezmt
production might end up ifewer customer choices (ibid.). Value, on the other
hand, from a PM perspective is relatedptaa r a me t e r cost, Sunatidm, a s

quality, etco (SalvaterraGarrido and Pasquire, 2014.,8). Construction projects
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are built for individual clients and individual clients define value differently
(Winch, 2003) which alsoreflectsa barrier forLean construction, because the
focus on efficiency might not flect the customés value perception (Piergnd
Morgan, 1997).

Most of theLeanconstruction tools (for instance like theS (Ballard, 200@), or

5S, Kanban etc.) focus on the executirase (se€igure2-8, p. - 28 -) and not
on each phase of the project, which shows tbedn construction is more
beneficial for contractors than clients (project managers), archdeconsultants.
Hence, a holistiproject view is required (Kagioglou et aR000), but it cannot be

provided with the traditiondleanconstruction tools.

2.2.6 The Last Planner SystenLPS]

The LPS of production control has been developadd constantly further
improvedby Ballard(1994; 2008@) as well as Ballard and How&R003). Ove

time the LPS became equallteanconstruction and can be seen as a main tool
which makesLean applicable to constructiofGreen andMay, 2005 Jorgensen

and Emmitt, 2008; Rybkowski, 2010)The tool is derived from Kanban and
productionlevelling tools which exist inLean production(Salem et al., 2005;
Salem et al., 2006Ballard (200@) argues that the traditional way of managing
the execution is characterised by a push system, which has been illustrated below.

The figure originally presented here cannot be made
freely available via LIMU Digital Collections
because of copyright. The figure was sourced at:
Ballard, G. H. (2000a). The last planner system of
production control, p. 312. Birmingham: Lean
Construction Institute- PhD Dissertation of the
University of Birmingham.

Figure 2-12traditional construction project management ystem(Ballard, 2000a, p. 3.12)

Ballard (200@) explains further that the traditional way of managing construction
projects is focused on detecting cost and schedule variances from tlotedxpe
This (traditional) approach has been interpreted as reactive by Kalsaas et al.

-48-



Chapter2 Literature Review

(2009) Th e A S mdigured26l2 describesthe traditional project master

schedule (Ballard, 20@0 Salem et al., 2005; Porwal et al., 2018pfanen et al.,
2010).However, to be able to convert t he 0
feasible and achievable goalBallard andHowell; 2003). This is seen as

difficult as at the beginning reliable planning cannot be performed (Ballard,

200(), beause of the many unknown factonich a construction project is

facing (Bertelsen, 2003). According ®allard et al. (2009p. 490) this requiresa

production systepwhich consists bthe following principles

Plan in greater detail as you get closerdoing the work.
Produce plans collaboratively with those who will do the work.
Reveal and remove constraints on planned tasks as a team.

Make and secure reliable promises.

= =/ =42 4 =

Learnfrom breakdowns

Hence the LPS is seen apraactive approach for managingnstruction projects

(Kalsaas et al., 2009which is shown in the figure below

The figure originally presented here cannot be made
freely available via LJMU Digital Collections
because of copyright. The figure was sourced at:
Ballard, G. H. (2000a). The last planner system of
production control, p. 315. Birmingham: Lean
Construction Institute- PhD Dissertation of the
University of Birmingham.

Figure 2-13 L ast Planner project managementystem(Ballard, 2000a, p. 35)

Figure 2-13 shows thatthe LPS creates out of the traditional project master

schedule a pull driven schedule, which is facilitated through a reverse phase
scheduling technique (Ballard, 2G05alem et al., 2005allard et al., 2009;

Porwal et al., 2010; Seppanen et al., 20I®)en it moves down from thEeM

|l evel to the production management | evel
be doned into fAwhat Can be doneodo with us
technique (Ballard, 20@). Thenthe LPSwill plan throughrhythmic meetings the
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production with all parties involved in the assem{@gllard, 200@; Salem et al.,

2005;Ballard et al., 2009riblick et al., 2009; Kalsaas et al., 200rwal et al.,

2010; Seppanen et al., 2010)his will be done daily (ibid.).To contol the

di fference between expected and achieved
call ed APer c ewhichistherumbebatipeled task (referred

as assignments) divided with the number of scheduled tasks (Ballardg 2000

Salem et aJ 2005; Ballard et al., 2009; Porwal et al., 2010; Seppanen et al.,
2010).Hence the Last Planner is the person or group who defines the daily tasks
(assignmentsfBallard, 200Q). These actions within the LPS structure have been
illustrated as follows

Figure 2-14 Last Planner System(Steffek, 2007, p. 6)

Figure 2-14 illustrates thatthe LPS systentonsistsof planning and control
(Ballard, 200@), in which planning is defined astablishing criteria for success

and producing the strategies for achieving the objectives (AlSekaiahi, 2009).
Control is defined as taking the actions to achieve the expected, initiate re
planning when the established sequence isfeasible anymre and promote
learning (ibid.).The control perspective of the LPS makes it flexible and agile,
because the number of unknown factors gets reduced through planning the tasks
one day before in detail and sequencing the activities one day befo(Battznd
andHowel, 1997; Ballard, 2008 BallardandHowell, 200®; Salem et al., 2006;
Ball ard et al ., 2 0 0 9n)three phases; begirlniRgSwittw o r k s
stabilization and reducing #iow variation (process), and finally turning to
operation®  (laBdaaihd Howdl, 1997, p. 115). The result is that thBS deals

with the dynamic environment through making the dynamic process more static
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