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ABSTRACT

Jordan faces a variety of challengbscause of the lack of natural resourcagch asil andwater,

and thencombined withits rapid urbanisation and significanty growing population due to cultural,
economic and political reasorsich as recurring feed immigration from neighbouring countries
over the past 69 yeardt imports 96.5% of its energy needs, equal to 83% of the total export gains.
Buildingshave been recognised asmnificantconsumer of natural resources agépresentsnearly
70%, ofthe construction work in Jordan aratcouns for 33% of thetotal energy consumptiorin

the country. Public buildingrojectsin Jordan arevital to the building sector as the government is
the major client andkey mover for the construction buildings sector. Howeweetargeportion of the
public building projects idordansuffers from sustainability performance issues. Therefore, greening

the public sector building becomes a key target and favourable optiorhéogovernment.

Many studies have identifiedBuilding Information Modelingas one of the most promising
approachesn terms of facilitating sustainable solutions and meetitng global need for sustainable
buildings. Theregulatory frameworksand in partialar procurement approaches havbeen
identified asa significantfactor of the success of BIM implementation on building projeEtswever,

there have beenno precedent studies oBIM andthe effect of procurement approaches on BIM
uptake in the Jordaniawontext and typology of public buildingrojects Therefore, his research
aims to develop a procurement framework tencouragethe implementation of BIM in the
Jordanian public sector for better sustainable building performahterder to achieve the ainthis
researchfirstly conducteda systematic literature reviewo investigatethe importance of delivering
sustainable public building projects in Jordan. Then, an investigation on the impact of adopting BIM
on the design andlelivery of sustainable building projects, and the impact of public procurement
approaches on the uptake of BIM and delivery of sustainable buildings wadertaken
Subsequently questionnairesand semstructured interviews weredistributed andconduced to
investigate he current practice and common issues regarding BIM implementation in the Jordanian
public building sectoand the impact of the currently adopted procurement approaches on BIM
implementation Finally a BIMHriendly procurement framewde was developed based on the
findings and was validatethrough semkistructured interviews with tender managers, project

managers, BIM managers and construction managers working in the public building sector in Jordan.

This study has confirmed the need BIM implementation in the publibuilding sector in Jordan
because of theseveral potential benefits including sustainability enhancement of new building

projects. This study also found that procurement approaches have a significant impact on BIM



implemertation and sustainability outcomes in the Jordanian public building sector in which more
integrated procurement approaches haverther potential for effective BIM implementation to
achieve sustainable buildings. However, changing the traditional proamempproach fora
collaborativeone would be faced with many legal, cultural and technical issues. Therefore, the
developed procurement framework was based on the traditional procurement approach. This
framework aims to provide several solutions to ovenenthe barriers associated with the traditional
procurement approach and it facilitates the implementation of BIM, thus enhancing the
sustainability performance of the newordanian public buildings. Hnally, the procurement
framework was validated asuitable and a good stepping stone towaluktter BIM implementation

and achieving sustainability.

The content of this research should be of interest to public clieats] their consultants and

contractors dealing with procurement and BIM implementatigsues. It should aldwe of interest

to researchers in the field as it provides a basis for future research and fills a knowledge gap in the
FNBF 2F .La AYLXSYSyGlraA2y YR LINROdMINBYSyld Aaa

performance in the Jolanian public sector.
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CHAPTER 1: INTRODUCTION

1.1 RESEARCH BACKGROUND

Current concerns about energy consumption, natural resources, increasing oil prices and
other factors affecting the global environment haved to increasing pressure for all new
developments to be sustainable. Issues pertaining to global warming and carbon emissions
make sustainability a priority. Thus, sustainable development is now a field of evolving
research (Sheth, 2011).

The construction industry Isa been widely recognised for its significant contribution to

W2 NR Isofi@&onomic developmentand as beinga major consumerof energy and

natural resources. Buildingsin particular have a substantialimpact on the global
environment. The building sector has been described as an energy intensive and profligate
industry. Globally, 45% ofthe worldQ &nergy and 50% othe water are used in building
construction  (Willmott Dixon, 2010). Therefore, buildingare critical in delivering

sustainable developments, whictare A YLR2 NI yd (2 S@SNEB2ySQa |jdz £ )
Sansom, 2006vlorrell, 2010).

Building Information Modelling (BIMhas been identified as one of the most promising
solutions in terms of iproving sustainability and meeting the global need for sustainable
buildings (Kumanayake and Bandara, 2012). This is itueability to support the supply,
management and integration of mueateeded information throughout the lifecycle of a
building (Hakkian and Kiviniemi, 2008)BIMQ &ustainable solutionshave started recently

to realise their potential as the demand for both BIM and sustainability is increasing
annually (Bynum, Issa & Olbina,2013). Practitioners believe that BIM can achieve
sustainable building outcomes more efficientlythan nonBIM approaches (McGraill,
2010m), and that such benefits accrue in building projects across the globe. Mihindu and
Arayici (2008) have reported that many pilots and live projects completed and
documented in Filand, Sweden, Norway, Germany, France, Singaparel Australia
demonstrate ttat BIM has a better outcome in terms of constructing sustainable buildings

compared to norBIM approaches.

The public sector has a primary role in BIM adoption (Cheng, 2015; Wéfapng &
Nadeem 2009). Many countries around the globe have realised the vital role of the public

authorities in promoting BIM, such asin the United States (US)Australia andthe United



Kingdom (UK)YWon, 2013). Porwal and Hewad@013) stated that the public sector has a
pivotal role in initiating and drivingBIM implementation Cheng and Lu (2015) argued that
the public sectorshould not only initiae and drive BIM implementation but it should also
act as a regulator. Therefore governments in theUS (Wong et al. 2009), Australia
(BuildingSMART, 2012) anthe UK (HM Government, 2012) haveet a mandate and

certainimplementation strategies for the use of BiNlpublic construction projects.

Many studies have indicated that nelgtory frameworks and in particular procurement
approaches have a major impact on the success of BIM implementaitionbuilding
projects (Holzer, 2015). This is because BIM is a collaborative platform; deusjng the
maximum benefit from its implenrgation requires a collaborative environmenwithin all

the different parties involved Clients are, therefore, likely to change the way that they
procure buildings when implementing BIM to ensure a more integrated and collaborative
working process (Foulke 2012). Different procurement approaches can achieve different
collaboration levels by establishing the relationships between the involved parties tland
tasks involved, which are connected tthe building lifecycle (Laishram, 2011). This has led
many g@vernments around the world in countries such #se UK and Australia to require
the deployment of collaborative procurement approaches (GCS, 2016), tloe
development of a new procurement approach for BIM implementation (Porwal and
Hewage, 2013). On the other hand, developiry procurement approach for BIM
implementation needs to be investigated in a specific context and certain typology of

building project (Sebastian, 20a).

1.2 STATEMENT OF PROBLEM

The geographic focus of this research is Jordan, which faceariety of sustainability

challenges sharedwvith other developing countrigsespecially in the Middle Eassuch as

increased leval of pollution and energy concerns (Ali and Al Nsairat, 2009). Jordan lacks
natural resources, combined with a signifidgnt growing population (MWI, 2016).

Moreover, Jordan represents a different case from other countries in the Middle East as it

is a nonoil producing country, and it imports 96.5% of its energy needs from neighbouring
O2dzy i NAS&d ¢6a9aw>X HAMHOU® C¢KA&A O2yadzySa | O2ya
budget which is equal to 83% of the total export gains (ibid). Therefore, sustainability

issues are of paramount importance for the future of Jordan



The Jordanian construction industry is the largest sector in the coundémyd it has been

widely recognised as asignificant consumer of energy and natural resourcesand as

making a considerable contribution to the socieeconomic development (Dana, 2015). It
contributes nearly 15% of the Jordanian economi the Jordanian Gross Domestic
Product (GDP)YJCCA, 2015 Buildings represent #arge portion of the construction work in

Jordan with nearly @% of the total valuesgeTable 1.1).

Table 11: Type of construction work in Jordan (JCCA, 2015)

Type Value (JD m) Percentage
Buildings 514.5 70%
Electromechanical 83.02 11.2%
Roads 39.3 5.3%
Water supply and waste water 58.9 8%

Others 40.9 5.5%

Total 736.62 100%

Moreover, there is a high demand for buildings in Jordavhich makes it the fastest
growing sector in the country. This is due to many trends suchthas high rate of
population growth on account of waves of recurring forced immigration from
neighbouring countries over the past 69 years. According to the last national census
conducted in November 2015, the total population in Jordan is 9.523 milksom this,
Jordanian nationia equal to 6.6 million while around 2.9 millioncomprise the non-
Jordanians who reside in the country (Ghazal, 201dpreover, rapid urbanisation has
resulted in approximately 80% of the general population regidn urban areas and 70%

of this population living within 30 km of the capital Amman (Kishi 2011). These issues

have plaeda large burden on the public buildings and built environment in Jordan.

The importance of the building sector comes from the fact that it accounts for 33% of the

final energy consumption in Jordan (UNEP, 200@hd that it consumes a significant

amount of the available water in a country that is consideredbe 2y S 2F (GKS 42N
most waterstressed countries (Kisbi, 2011). Greening the building sector becomes a key
target and favourable option (RSSJ and FES, 2013). Howeisng awareness on energy

and water consumption has beethe main focus with regard to resourceefficiency in

Jordan These are minor measures unlefisey are complemented by sustainable design



practices and approachesthroughout the building® lifecycle (RSSJ and FES, 2013; ,Reed
Fraser and Dougil2006).

Public buildings in Jordan are of utmost importance to the building sector. This is because
GKS 32@SNYYSyd Ay W2NRIYy  Kdient fdr fniost @idportantS Sy
02y aidNHOGAZ2Y 62N a GKFIG NBLNBaSyd GKS YFe22N
(Awni, 1983) and it is one of the Jordanian Construction Industry (JCI) key movers
(Haddadin, 2014). dditionally, Jordan is primarily aesvice economy with a significant
dependence on the public sector. However, a large portion of the public building projects

suffer from sustainability performance issues (FFEM and ANME, 2010).

Despite the recognised potential ofthe BIM contribution on dbivering sustainable
buildings, very little research ha been undertaken on BIM in Jordan (Al Awad, 2015;
Matarneh, 2017). The first academic research study on BIM in the Jordanian context was
by Al Awad (2015) oMhe uptake of advanced IT witjpecific emphasis on BIM by SMEs in
the Jordanian Construction Indusfey He concluded that BIM is virtually nemistent in
Jordan. Following this research, Matarneh (2017) conductedstiady to identify certain

BIM experiences including the perceived benefits, vaks and challengeto BIM adoption

and implementation inthe construction industry in Jordan. The findingf her research
revealed thatin Jordan,BIM implementation is inits infancy The crucial role of the public
sector in Jordan and the public sectmle in BIM implementation was not the focus in any

of the above studies. This also shows the absence of research on the regularity
frameworks procurement approaches) and their effect on BIM implementation in the
public sector in Jordan. There, itherefore, a need to explore the current BIM theory and

regularity frameworksgrocurement approaches) in the public building sector in Jordan.

1.3 RESEARCH MOTIVATION

The followingdescribeghe main motivation for conducting this research:

1. The peconstruction stage has been the focus of previous research in the field of
delivering sustainable buildingssuch as building design regulationssustainable building
design (SBD)and the tools for building sustainable assessmenfslama and Greenwood,
2009; Zanni 2017; Bossink 2007, Labuschagne and Brent, 2005; Wa&hang and Nunn,

2010. However,in the last ten years researchershave begunto investigate the delivery

a
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of sustainable buildings through project management systemvhich demonstrates a lack

of studies in this area.

2. The government in Jordarwas the first in the Middle East to take the BIM oaffhis

was through signing an agreement in 2011 betwedre tMinistry of Public Works and

Housing (MPWH) and the Jordan Engineering Associati®n (3 ¢ A (i K MARTR dzAH yRRA y 3 {
the BIM JourndDto establish a BuildingMART Forum in Jordan and to promote BIM
adoption and implementation Middle East Construction News2011). However, since

signing the agreement, few studieshave been conducted on BIM adoption and
implementation in Jordan (Al Awad, 2015; Matarneh, 2017), with no precedent studies on

BIM adoption and implementation in the public sector in Jordan.

3. Many researchershave identified the current procurement approaches as challenge

for BIM implementation (BecerikGerber and Kensek201G Bolpagni 2013 Sackey Tuuli

& Dainty, 2015). However, the literature is divided between two standpoints to overcome

this challenge. The firsposition is that there is a need for profoa changes in the

adopted procurement approaches for BIM implementatioparticularly to create the

required collaborative environment to bring multiple stakeholderstogether over the

project lifecycle (Foulkes, 2012; VpolkStengel & Schultmann 2014; Pchlakis, 2010;

Laishram, 2011). Therefore, it @rgued that clients should change the way they procure

0dzAft RAy3da ¢KSYy AYLXESYSyidAy3a .La G2 SyadaNB | ;
work process (Foulkes, 2012). The second argument is that profound changes and

NI RAOF € ONF YaAF2NXYIFGAZ2Y 2F (GKS O2yadNHzOGA2Y Ayl
a challenging task (Howard and Bjork, 2008). Instead, researchers recommend developing

a procurement framework that synchroniss BIM implementation ih the current work

processes (Kim2014; London Singh, TaylorGu & Brankovic,2008; Porwal and Hewage,

2013). These viewpoints highlight the importance of investigating the current
procurement approaches fitness for effective BIM implementation in acific context

and certain typology of building project (Sebastian, 201la)d how to overcome this

challenge. Therefore, the next section highlights the aim and objectives for this study

trying to fill these gaps.



1.4 RESEARCH AIM AND OBJECTIVES

The overarching aim of this research is to develop a procurement framework to enhance
the implementation of BIM in the Jordanian public sector for better sustainable building

performance.

To satisfy this aim, the following objectives are pursued:

0 To investigate the importance of delivering sustainable public building projects in
Jordan.

0 To investigate the impact of adopting BIM approaches on the design and delivery
of sustainable building projects.

0 To investigate the impact of procurement approaches dre tuptake of BIM and
delivery of sustainable buildings.

0 To investigate the current BIM status, feasibility, benefits and barriers in the public
sector in Jordan.

0 To investigate the procurement approaches used thee Jordanian public sector
their effect on the adoption of BIM and the subsequent ability to deliver
sustainable building projects.

0 To develop a procurement framework to enhance the implementation of BIM in
the Jordanian public sector for better sustainable building performance.

0 To refine and viidate the developed framework.

1.5 OUTLINEOFRESEARCH METHODLOGY

The research design is developed based on the research probdem $ction 1.3). The

research problem influenced the selected method$ collecing the data and achiewng

the research olgctives ¢$ee Table 1.2). In addition, it clarified the main steps in the
research process €e Sction 1.7). A mixed methodsapproachis adopted in this research;

both quantitative and qualitative data collection and analysis will be used. Mixed method
appNR I OK S a a rhdref cdmpletér and synergistic utilisation of data than doing separate
quantitative and qualitative data collection and analgsis 62 AaR2Y g /NBagStft >
Questionnaires and interviews will be utilised to collect data from the majakeholders

in the public construction sector in Jordan. Chapter 5 will provide moreddpth detalil

about the research design employed in this research.



Table 12: Summary of key research objectives and outliaemethods

LR:Literature ReviewQA:Questionnaire Analysi$i: Interview Analysis,

VIA Validation Interview Analysis

Objectivenumber | Research objectives Method Chapter

One Toinvestigatethe importance of delivering LR 2
sustainable public building projects in Jordan

Two To investigate the impact of adopting BIM LR 3

approaches on the design and delivery of

sustainable projects. 1A 7
Three To investigate the impact of procuremie LR 4

approaches on the uptake of BIM

IA 7

Four To investigate the current BIM status, QA 6

feasibility, benefits and barriers in the public

sector in Jordan. 1A 7
Five To investigate the procurement approaches | IA 7

used inthe Jordanian public sectptheir effect
on the adoption of BIM and the subsequent
ability to deliver sustainable projects that
perform over their whole life.

Six To develop a procurement framework to QA 8
enhance the implementation of BIM in the
Jordanian public sector for better sustainable| |A
building performance.
LR

Seven To validate the developed framework. VIA 8

1.6 RESEARCH PROCESS

The research design process is described in Figure 1.1 below. There are twenty main steps.
The research startedby identifying the research problem followed by setting the research
aim and objectives sge steps 1, 2 &3). Then the secondary data were celited by the
researcher to cover the literature review sectjowhich is represented by step 4. This step
reviewed the literature on sustainable buildings, BIM and its effect on delivering
sustainable buildings, and the effect of procurement approachesBdM and sustainability
considerations. Therefore, the literature review was divided into three chapters in this
thesis 6ee Chapters 2, 3 &4). The fifth steplooked atthe research designtie research
methodology) including the research philosophy and paroach, research methad and
techniques and research population and sampling methosise Gteps 5, 6, 7 & 8). These
steps are finalised in Rapter 5. The bur phases of data collection are discussed in detail in

the research desigrpart (see Section 5.7).Phase 1 is represented istep 9 in view of the



data collection through distributing questionnaire surveyto key stakeholders in the
public building sector in Jordarand in step 1(Q &tatistical data analysis and discussion;
these steps are concludeih hapter 6. Phase2 is representedby four steps Sep 11
identified potential interviewees that ha the required experience and then seh an
invitation letter Gee Appendix E), andstep 12 organisd the time and place for each
interview. Step 13 wasbout the collecton of data on the basis of facdo-face interviews
This wasfollowed by step 14 to analys the collected data; thisfinal step includes the
interview data transcriptioa and the data analysis usintpe NVivo software. Steps 11, 12,
13 and 14 are concludeal in Chapter 7. Phase8 and 4 are representedby four steps Sep
15 developd a framework adopting the main principles ofa problemsolving
methodology using the literature, questionnaire analysis and interviews analgsp 16
prepared for the data collection to validate the developed framework through semi
structured interviews Sep 17 examined the data collection including the transcriptiors,
and step 18 revisd and refine the developed framework. Phase3 and 4 are concludel
in Chapter 8. In the last two steps, dep 19 drew certain research conclusis) and step 20

provided recommendations for future research. These stegg® concludal in Chapter 9 of

this thesis.
Chapter 1 Chapter 5 Chapter 6 Chapter 8
1 4 . /9 ) (16 | R a7 .
. Identify research Data collection Identify validation Data collection phase 4
Identify the ) . : S -
research problem popglatlon and ph_ase 1_ |nterV|_eWges_and valldailo_n semi-
s%mpllng methods questionnaires send invitation structured interviews
AN A
(2 (\dentify research ) /10 (15 /18
. Framework
et research 7 methodsand Data analysis and .
: ) o development Revised framework
guestion techniques for findings
d lecti phase 3
N N ata co ectlon/
/3 6 o /ié " .aj\ 14 N (19 N
Research aim and WT"e researc I entl_y St Data analysis and Draw research
- philosophy and interviewees and o :
objectives A findings conculsions
approach send invitations
(4 (s R /12Or ) (" Data collection (20 h
ganise time ] Draw
. . Draw research 13phase 2 semi- .
Literature review des and place for recommendations
esign ) . structured
each interview ; . and future work
interviews
Chapter 2,3&4 Chapter 7 Chapter 9

Figure 11: Researcldesignprocess




1.7 THESIS STRUCTURE

The thesis is structured tim nine chaptes, as briefly described belowkigure 1.2 illustrates

the links between the thesis chapters.
Chapter One: General Introduction

This chapter provides theresearch background, statement of problem,research
motivation, aims and objectives along with an outlineof the research methodology and
the research design proces3he esearch motivationrefers to the significant gap found in

the literature. Finally this chater introduces the thesis structure.
Chapter Two: Sustainable development and built environment

This chapter provides a backgrourtd the concepts, principles, strategies and plans for
sustainable development and sustainable construction worldwide andJordan. It also

discusses the importance of delivering sustainable public buildings in Jordarthanidsues

associated with it. Finallythe chapter A RSY A FTASA GKS YIF22NJ adzadl Ay

stakeholders.
Chapter Three: BIMenabledsustainable design and delivery

This chapter provides contextual backgroundor BIM worldwide and in the public sector
in Jordan. It identifies the lack of research on BIM implementation in Jordan, particularly in
the public sector. This chapter also pides a holistic understanding and critical reflection
on the nexus between BIM and sustainable buildings, through reviewing the BIM support

for the lifecycle of sustainable buildings and sustainable building analysis and assessment.

Chapter Four: The iplication of construction procurement on BIM implementation and

sustainability considerations

This chapter reviews the existing literature on the construction procurement definitions,
classifications and processe#t also explores the impact of procuremerapproaches on
BIM implementation and sustainability considerationdMoreover, a review of the
construction procurement regime irthe public sector in Jordan iprovided. Finally, this

chapter discussethe justificatiorsfor carrying out this research



Chapter Five: Research methodology

This chapter presents the research methodology and research design to achieve the aim of
this research. Itreviews the relevant research philosophy, research approaches, stratgie
methodologies and methods irconstructon and business researctiBased on this review,

this chapter illustrats the philosophcal position of this researchand justifes the selected
approach, strategy, methodology anddata collection techniques and analysisFinally, the

data validity and reliability andhe ethical considerationsof this researchare discussed in

this chapter.

Chapter Six: BIM feasibility study

This chapter firstly, presents the general statistics regarding the questionnaire survey,
including the questionnaire sampling, response rateand the different sections of the

guestionnaire. Therit showsthe findings and discussison the main findings.

Chapter Seven: BIM, procurement and sustainability issuethinJordarian public sector projects

This tapter discusses the main findings from conductiige interviews with BIM
practitioners in the public sector in Jordan. It begimg stating the aim and objectives for
conducting the interviews,followed by the sampling methods and analysis technigues
the interviews Finally it demonstrates the main findings and providesan analysis and

discussion n these findings.

Chapter Eight: Framework development, validation and discussion

This chapter firstly discusses the framework design and development including the
framework aim, framework development methodology, framework themes development
and the framework structure.Following to this,it presents the main findings from the

validation interviews Fnally, it discusses the framework strengthnd barriers.

Chapter Nine: Conclusions, limitation and recommendations

This chapter presents the research conclusions, limitationsd aecommendations. It
includes a summary of the main findings, specific contribitm the body of knowledge,

limitations and challengesto the research and recommendations for future work.
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CHAPTER 2: SUSTAINABLE DEVELOPMENT ANBE BUILT
ENVIRONMENT

2.1 INTRODUCTION

Current concerns aboutenergy consumption,increased oil prices,natural resourcesand
climate changehave increasel the importance of makingnew developmens sustainable
(Sheth, 2011) Moreover, issues pertaining tocarbon emissions and global warmingake
sustainability a priorityarea for research ipid). In this chapter, sustainablelevelopment
and sustainable construction will be investigated on a global level and in Jofas.

chapteris divided into four main sectionas follows:

[@]3

A background in sustainable developmentvhich includes the definition of
sustainability and sustaable development and the main three aspects of

sustainable development

(@]

Strategies for sustainable development on a global lewdbich include the status
of sustainable development strategies in different countries, the issues of such

strategies and th@rinciples of sustainable development

¢

An overview of sustainable constructignincluding the importance of sustainable
buildings on a global level, principles of sustainable building construction,
sustainable building design, sustainable building assessmeanethods and
achieving sustainable buildings through building management approaches.

Sustainable building construction in Jordamegiming with a review of the

[@]3

Jordanian construction industry (JCI) and the importance of the public construction
sector, then, sustainable development and sustainable construction strategies

explored.
2.2 SUSTAINABLE DEVELOPMENT BACKGROUND

In the Cambridgeonline RAOGA 2y NBX adzaAdF Ayl 0Af AabditytoKI &
continue at a particulalevelfor aperiodoftimeé¢ (Cambridge University Press, 2018n
the 2yt Diftnar® A G 6+ a8 RSTAYSR la GiKS FoAfAGe

O2 y T A \DictoRaty onling 2018 { dzadl Ayl oAt AdGe OFy +ta2 68 R

thinking about the future in which economic, environmental, and social dimensions are
AYOGSNIG6AYSR YR olflFyOSR Ay GKS (UNESEQzZRAL2). 2 F
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http://dictionary.cambridge.org/dictionary/english/ability
http://dictionary.cambridge.org/dictionary/english/level
http://dictionary.cambridge.org/dictionary/english/period
http://dictionary.cambridge.org/dictionary/english/time

The most common sustainabilitynodel comprises three connected rings social, econonc
and environmenal (see Figure 2.1) (Hopwood aSftf 2NJ, 92005h GidNKS Y
Hopwood & Q. NBQR) =

Environmental Factors:
Ecosystem

Carrying Capacity
Biodiversity

Social Factors:

(E(r:gu/??lc ractors: Economic Dependent _
Development Qultural Identity
Productivity Empovye_rment
Trickle-down Accessibility

Sability
Equity
Health Well-being

Figure 21: Commonsustainability model (ICAEN, 2004)

Sustainable development is an ambiguoe®ncept with a contested and complicated
meaning (Carter, 2007). Different groups such &sm the area ofbusiness academia and
planning have defined, used and integped the concept of sustainable development in
different ways to achieve their own goals (Redclift, 2005). The definitiokdhan Brundtland
ReporQA & (G KS Y2aild T Ndelophgni thaét mdedzahé $ideds ofathe present
without compromising theability of future generations to meet their own needs 02/ 952

1987).

Three sustainable development aspectenvironmenta] economic and social have been
recognised since the establishment &ur Common Futu@report in 1987 bythe World

Commission on Eimenment and Development. These aspects are (Holmberg, 1992):

1. Environmental systems: the ability to deplete nm@mnewable resources, avoid

overexploitation of renewable resource systems and maintain a stable resource base.

13



2. Economic system: the ability tavoid the extreme imbalances of sectors in which
industrial production and agriculter could be damaged the ability to maintain
external debt and to produce services and geod a continuing basis.

3. Social system:it must achieve political accountabilitygender equity and adequate

provision of social servicgscludingeducation healthand distributional equity.

Sustainable development aims to bringpgether and balance the three sustainability
dimensions reconciling any potential conflict (Giddings t al., 2002; Halsnaes, 2002).
However, different groups implementing sustainable developmehtough distinct lenses
might prioritise one of the dimensionat the expenseof the others (Carter, 20Q7 This led
to theemergence2 ¥ Wa i NB y SuStainabflify (BakérS2006)Q

The argument for WS | adzadlrAylroAftAteqQ Aa KL iKS
dimensions can occur, such as thefocus could be on the economic dimension through
investing in marmmade capital which can replace environmental daage and natural
resource depletion (Lomborg, 2001; Neumayer, 1999n the other side the proponens
2FSONRY I &dzaldl Ayl oA fickdl ttdse Kiewd JCarrS R@Ddlyg 1993)Ndh
that marrmade capital cannot reimburse natural resource &sss Even morepertinent,

the green parties have added that natural systemsbiodiversity and non-human species

have values andghtsin themselves (Carter, 200Redclift, 2005).

Whatever view is followed, sustainability is aontested area and no sing definition can
capture all thevarying aspects tahis concept (Hill and Bowa, 1997). However, the core
concept of sustainability development is to support the possibility of achieving economic

growth without any tradeoffs (Carter, 200Y.
2.3 SUSTAINABLE DEVELOPMENT STRATEGIES

In the late 1960s and early 1970s, the governments in developed countries started to link
the environment with decisiommaking processes through ~more comprehensive
approaches (Hanf and Jansen, 1998; Janicke and Weid®&7). The World Commission
on Environment and Developmen{WCED published $he Brundtland Repo® or ©ur
Common Futur@ (WCED, 1987 The concept of sustainableevelopment was brought

onto the international agenda by this report.
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In 1992 the Rio Eath Summit was held to discuss how sustainable development can be
achieved (Halliday, 2008).n® of the outputswas Agenda2l, which is an action plan for

achieving the sustainable development principles in the twdimmst century, and it was

suggested tha a dnational straB3& F2 NJ & dza (| A yshouidSbe R&SHG&IT ¥ LIY Sy (0 €
all countries (UNCSD 1992, p. 67). The sauggestion wasmade in 1997, at the UN

General Assembly Special Session (UNGASS), imn8002 at the World Summit on
Sustainabldevelopment (WSSD).

A national sustainable development strategSP$ OF'y 06S RSFAYSR Fa a4t
participatory and iterative process of thoughts and actions to achieve economic,
environmental and social objectives in a balanced and integrative BaKUNLCESA,

2002 p. 1. Five principles have been derived tetekmine what the NSDSis in further

detail (UNDESA, 2002)

0 Environment, social and economic policy integration across generation, sectors
territories.

0 Development of the necessary capadtyd enabling environment

0 Focus on implementation and outcomes

0 Country commitment and ownership

0 Broad participation and effective partnerships.

Meadowcroft (2007) has presented a division of the world according to the general
sustainable developmentstrategies into three groups: European countries, industrialised
countries and the rest of the worldin Europe, national sustainability strategies are well
developed due to the significant number of strategies that have been adopted. Many
factors contriluted to this such as the wranational initiative effects, developed craoss
national network exchange and welkveloped environmental policiesHowever, despite
the implementation of thee sustainable development strategies, evidence shows that
they typically remain minimalcompared to a given government's core activities (Steurer
and Martinuzzi, 2005; SwansonPinter, Bregha Volkery & Jacob,2004; Meadowcroft,
2000).

The first published NSDS in Europe and worldwide was by the UK government in 1994
(UK®S, 2005). Following its national strggein 1999, a document called® better quality
of life: A strategy for sstainable development in the WKwas published by the

government (DETR, 1999). In this strategy, a vision to deliver social, economic and
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environmental outcomes simultaneously was set. Moreovéhe UK Government has set

0dKS g2NI RQa FANAIG fSartte 0OAYRAY3 YIEGA2Y L §
Furthermore, in the Climate Change Act 2008, the UK government committed to reducing
carbon emssions. In this act and undeS O G A 2 ythenSécretary of $ate for Energy and

I £ AYLl GS is/ réshofisb® éfor the UK carbon account reduction by 34% by 2020 and
80% by 2050 against 19€) emission level{UK Parliament2008)

Outside Europe, as seen ifmable 2.1, the picture is mixed among different developed

countries:

Table 21: NSDS in developed countries outside Europe (Meadowcroft, 2007)

Country NSDS

Australia An eologica] sustainable development national strategy w

adopted in 1992; however, today this is essentially moribund.

New Zealand Thefirst strategy was completeih 2007

Canada No overall NSDOShowever, at the federal level, it has a we
institutionalised system of departmental sustainal

development strategies, and several provinces have prodd

plans.
The United Many guidelinesand recommendationshave been developed an
States published However, there is still a lack sustainable developm

meaningful strategy

Outside Europe and most of the developing countries, specifically poor and small countries
have a lack of engagement with the sustainable development process. International
orgarisations put pressure on these countries to produce a range of different documents
and strategies (Meadowcroft, 2007). Finally, individuals, communities, organisations and
countries especially developing countriesmust invest in developing and implememgi

innovative, alternative and more sustainable strategies.

2.4 SUSTAINABLE BUILDINGS

Wustainable Built Environmedbtherwise known as'‘Bustainable Constructiéhis a division
of sustainable development. It maintains ecological diversity wlaféectively integrating

low-energy design materials (Edwards, 1998). Sustainable construction was defined by
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Charles Kibert in the first International Conference on Sustainable Construction in Tampa
1994 I & GG KS O Njetatiph & ya héafhR built environment based oresource
efficiency and ecological principlés 0 YA 0 S MIi Z Sustaimalle construction was also
defined by the International Council for Research and Innovation in Building and
Construction (CIB (H n n n 0 thel sustaidable production, use, maintenance, demolition,

and reuse of buildings and constructions or their components

Despite the variances between different definitions, sustainable construction integrates at

least three aspects that are widely acceptSourani, 2013):

1. The w®cial dimension, which focuses on equality and diversity tire workplace,
stakeholder involvement, employment opportunities and health and safety.

2. The eonomic dimension, which focuses on financial affordability fbe intended
beneficiarieslocal econony support and whole life costing.

3. The avironmental dimension,focusing on reducing pollution, the use of renewable

resources and water and energy consumption reduction.

For sustainable buildings, thieks between the buildingector and sustainability developmec#n

be summaised in two pointsFor point one buildings consumaatural resources such as energy,
materials, land and wateSecondly, buildingsupport comfort health and economic delopment
(Bourdeau, Halliday, Huovila & Richt#897). Sinha (2013) also confirmed the need to achieve the
following objectives to deliver sustainable buildings; minimising consumption of matter and energy;
reusability and recyclability of the materiakinimum environmental impacts and embodied energy;
and human satisfactiodowever, he building sectohas been described as energy intasive and
profligate industry Globally, according to 2010 data, 45%hafworldQ @nergy and 50% dhe

water areusedin buildingconstruction Table2.2 representghe different resources used in building

construction

The operation phase for buildings alkas a crucial rolein sustainability aduildings present a

unique case due ttheir long lifespan when compared to other industries. The lifespamtafilding

ranges between 8@nd 100 yearswhich will have a longterm impact on the environment, the

society and the economy (Sev, 2009). Therefore, it is crucial to consider sustaginafidiples
OKNRdZAK2dzi | o0dzAft RAyaIQa fAFSOeOf S -gemaPndncel) | Yy Ay
sustainable buildingsSpn, Kim, Chong & Chou, 201Rearce, 2006 Moreover,the 6 dzA f RA Yy 34 Q

operational energyconsumptionhas the single largest impaon the environment(Operational
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Energy Use, n.dYable 2.3 representthe estimated global pollution that can be attributed tbe

buildingoperatiors.

The design phase of a building delivery plays a significantimotedudng the impact of the

constuction and operatios on the environment ashe most effective decisionare thosemade in

this phase (ShoupBagchi & Barougl2015) On the other hand, thelecisions made after th stage

lead to the expensivand inefficientprocess of retroactivelghanginghe buildingdesign to achieve

a set of performance criterigSchueter and Thessling, 2008).

Table 22: Estimation of global resources used in buildings (Willmott Dixon, 2010)

Resource (%)
Energy 45¢50
Water 50
Materials for buildings and roads (in bulk) 60
The agricultural land loss to buildings 80

Timber products for construction

60 (90% of hardwoods)

Coral reef destruction

50 (indirect)

Rainforest destruction

25 (indirect)

Table 23: Estimation of global pollution that can be attributed to buildings (Willmott Dixon, 2010)

Pollution (%) (%)
Air quality (cities) 23
Greenhouse gas production 50
Climate change gases 50
Drinking water pollution 40
Landfill waste 50
Ozone depletion 50

As discussed abovebuildings consume

more energy than any other

single sector

therefore, it is expected thatthe greatest cuts should be achieved from this sector (Roaf

Crichton & Nicol, 2009). For this reasonsustainable buildings are the focus of this

research.
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2.4.1 Principles of Sustainable Buildings

Traditional construction approaches emphasise cost, time and quality performance goals
(Latham, 1994). Moving to sustainable buildings expands the goals tatingea healthy

and comfortable  built  environment while minimising resource  consumption
environmental degradation, waste generaticend air emissions (see Figure 2.2) (Huovila &

Koskela, 1998).
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traditional building process CULTURAL
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Figure 22: Challenges ofustainable construction globally (Huovila & Koskela, 1998)

The basic principles, policies and strategies of thenstruction of sustainable buildings
should encompass the thredollowing aspects social, economic and environmental. These

strategies and pnciples are (Halliday, 2008ev, 2009):

[@]3

Increasing the usage of natural, recyclable and renewable resources, andngitilis
them effectively in the process of material sourcing and selection and construction;

Buildings should be manageable, affordable araintainable in use

0 Minimising the use of materials, water, energy and land during construction and
operatiors.

0 Improving the natural habitat through water use and appropriate plantirmgmd
enhancing biodiversity

0 Creating a comfortable and healthy envonment at work and at home, and not
putting the health otthe occupants, buildersr any other pary at risk

0 Improving ommunity support by identifying the requirements, real needs and

aspirations of the peoplenvolved andengagngthemin the key decisions
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0 Delivering process management to achieve sustainable buildings to ensure building
performance over time and to validate buildisgstem functions through

identifying benchmarks, tools and targets as well as managing their delivery.

These principles have been broadly adopted by governments worldwide in their strategies
(Hall and Purchase, 2006). For instance, in the &€ of the key published documents by

the governmenton sustainable construction igntitled ‘Building abetter quality of life: A
strategy for more susiaable constructio@ (DETR, 20Q0 This document comprises the

following principles, which were widely used by the UK government strategies and

reports:

0 Enhancing and protectinfpe natural environment

0 Reducingthe impact of structures and buildings on natural resources and energy
consumption

0 Delivering structures and buildings that provide wmding, greater satisfaction and
add value to users and customers

0 Treating and respectinipe stakeholders more faly.

0 Being more competitive and more profitable.

CIB (1994) articulated seven main sustainablebuilding construction principles for
informing decisionmaking during different design phases and construction processes,

through the whole project lifecycléibert, 2005)

0 Reduce resource consumption

0 Protect nature

0 Reuse resource

0 Focus on quality

0 Use recyclable resources

0 Eliminatetoxins

0 Apply lifeeycle costing (economics).

2.4.2 Sustainable Building Design

According to the National Aeronautics and Space Administration (NASA), the overarching
concept of sustainability is to integrat@ppropriate sustainable design elements intthe

different life stages ofa building or structure in orderto reduce the enviramental impact,
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and to balance and improvethe whole lifecycle cost,the 2 OO dzLJ Yy (i & Q

alr¥sSdes

productivity and health (NASA, 2001). NASA (2001) highlighted the following elements as

essential for sustainable design:

0 Water conservation

0 Energyefficiency

0 Site selection to reduce transportation and environmental impact
0 Sustainable materials

0 Efficient and durable equipment and materials

0 Healthy environment including indoor air quality

0 Features in suppomf and enhanimgworker productiity.

0 Design for personal security and safety

0 Design for decommissioning and disposal

0 Enhanced building maintenance and operating characteristics
0 Definng facility operational objectives, tests and

functionsto have been properly installed arm performingto the level intended.

valiseg buildingsystem

There are other essential elements of sustainable desism mentioned in the literature

(Zanni, 2017)seeTable 2.4.

Table 24: Sustainable desigelements (Zanni, 2017)

Sustainable design elements Source
Functionality (Giedion, 1967)
Adaptability (Glen, 1994),
Flexibility (Slaughter, 2001)

Health and safety

(Doroudiani and Omidian, 2010)

Human building interaction

(Du Plessis, 2001)

Disassembling

(Macozoma, 2002)

Maintainability

(Chew et al., 2004)

Energy efficiency

(Kneifel, 201D

Embodied energy and embodied carbon

(Hammond and Jones, 2008)

Recycling

(Thompson, 1977),

Equipment and appliances

(Wood and Newborough, 2003)

Technology use

(Emmitt and Ruikar, 20)3
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Environmental design (CIBSE, 2006

Performane, energy, waste and emissions (Brandon, 1999)

Reliability and usability (Markeset and Kumar, 2003)
Durability and longevity (Kibert et al., 2000)

Moreover, the design and construction phases have a significant impact on the operation
phase. For instance, it was found that maintenance and operationals duste a ratio of
5:1 to the initial (capital) cost (Evans, Haryott, Haste & JonE398). In other words, a
reduction of £1 in the construction cost will increase the operation and maintenance costs
by £5 Therefore, adopting the abovementioned strategies, elements and ipciples in the
design phase, such as whole life cosssmost likelyto lead to havinga buiding with lower
maintenance and operational cast lower air pollution, hebhier and productive

occupants andess material us€Yazan, 2010).

2.4.3 Sustainable Building Assessment Methods

Sustainable buildings are those that are designed to meet the above issues and are
environmentally benign, socially acceptable and economically viable (Yazan, 2010). To
address building sustainability issues, many rating systems to assess sustainable
constuction are issued by countries and international organisations (Haapio and
Viitaniemi, 2008; Azhar Carlton, Olsen &Ahmad, 2011). The followig are examples of

these systems:

O The | YQa . w99!a ¢6.dzZAftRAY3I wSaSkNOK 9adlofAa
Method).

O !'dza NI fAFQa Dw99b { ¢! w

O I2y3 Y2y3IQ& .9!a tfdza

O The! { Q& [ 995 6] SFRSNEKALI Ay 9ySNH@ FyR 9y JANRYy

These systems have been divided into two categoriemsssessment tooJswhich provide a
guantitative performance indicator for design albatives, and rating tools which provide
the level of performance of a building in stars (Dirg008. These tools cannot provide
design alternative for the design teams however, they support the design teams to
evaluate buildingsin terms of their sugdainability at the end of the design stage (Crawley
and Aho, 1999).

22



Although these systems have proven benefits (Stunttin & Jenicek,2009; Gerber Lin,

Pan & Solmaz2012; ParasonisKeizikas &Kalibatiene, 2012), careful consideration of the
informational requirements is necessarywhen implementing these systems. Moreover,

these systems encourage designers to focus on obtaining the relevant certification with
the lowest possible costo @ F2 O0dzAAY DKRFA yALI? A § MiiefefSrg thesa np 0 @
systems lead to a lack of interest in the lategm assessment othe social and ecological
aspects of buildings, such as lifecycle costing (LCC), which is claimed to be an essential

element to achieve sustainability (Pandayd Shahbodaglou, 2015).
2.4.4 Sustainable Building through Project Management Approaches

The peconstruction stage has been the focus of previous research in the field of delivering
sustainable buildingssuch as building design regulations (Hamza and Greenwood,),2009
sustainable building design (SBDJXarini, 2017; Bossink2007; Labuschagne and Brent
2005 and the tools for sustainable building assessments (Wang et ,al2010). However,
recently, researchers started to investigate thaelivery of sustainable buildigs through
project management approaches. Sustainability far business enterprise was defined in

1992by the International Institute for Sustainable Developm@8itD)s:

Adopting business strategies and activities that meet the needs of the enterprise
and its stakeholders today while protecting, sustaining and enhancing the human

and natural resources that will be needed in the futufiésD, 1992p. 1]

Arguably, sustairzle development, in reality, is easier to impient at the strategiclevel
of a businessthan the operatioml one (Labuschagne and Brent, 2005). Therefore, project
management methodologies should be studied to attain sustainable developnienta
business mvironment However, traditional business management systems were criticised
for their focus on financial performance. Thusocial and environmental sustainatyili
aspects are excluded (Bieker, Dyllick, Gminder & Hock&®)1). Wang Wei and Sun
(2014) classified the sustainable project management criteria based tlom literature and
key UK governmental sustainabilitmeasuresinto three main sustainabilitycriteria that is

social, ecoonmic and environmengl, as shown inigure 2.3.
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Figure 23: Criteria for sustainable project management (Wang et al. 2014)

In the construction context,and in the current management systemssuch as the
traditional procurement approachthere is segregation between the design, construction

and operatiors phases and a lack of continues management of the project. According to
Molenaar et al. (2009), the majority of LEED accredited professionals (APs) believe that
building projects delivered under alinative management systemssuch as construction
management at risk (CMR) and deshanld (DB) will have a better chance of achieung

sustainability goals whecomparedto traditional procurement approads

Recently, fairly new project managemeninnovation technologies were adopted to
overcome the issues in delivering sustainable projecsach aslack of integration and
communication. BIM and integrated project delivery IPD were among these
technologies. BIM will be discussed further @hapters Three and Four while IPD along
with other construction project management systems will be investigatedCiapter Four.

BIMQ@ain characteristicare (Kim 2014:

Effectivecollaboration anccommunication among project stakeholders

O«

O«

Construction project information integration and management throughout the

entire project lifecycle.
American Institute of Architects (AIA) defindD as:

A project delivery approach that integrates people, systems, business structure and
practices into a process that collafatively harnesses the talents and insights of all

participants to optimise project results, increase value to the owner, reduce water
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consumption, and maximise efficiency through all phases of design, fabrication and

construction.(AlA,2007)

The focus b Sections 2.3 and 2.4 wasn sustainable development and sustainable

construction worldwide, specifically in developed countries. On the other hand,

developing countries have a lack of engagement with the sustainable development
process especiallyin sustainable construction. Therefore, these countries must invest in
developing and implementing alternative, innovative and more sustainable strategies.
Jordan as a typical developing country is the focus of this resedich. rext section will

explorethe Jordanian Construction Industry (JCI) wifbcus on sustainable construction.

2.5 SUSTAINABLEPUBLICBUILDINGSIN JORDAN

2.5.1 Introduction

In this section, the current state of the JCI is reviewed. This review is conducted to
establisha better understanding of the state dahe building projects performed in the JCI

with a focus on sustainability. Following the introduction, an overviewtlsd JClexamines

JCI development during the perioftom 1980 to H AMMX W2 NRI yQand puldzo t A O O
sector projects. The section onsustainable development discusses Jordanian sustainable
development strategies, sustainable construction, sustainable construction stakeholders

andthe challengego and drivers of sustainable construction in Jordan.
2.5.2 Review of the Jordanian Construction Industry (JCI)

The former prime minister of Jordan, Abdullah Ensour, highlighted that the teat®n
industry in Jordan isthe largest sector in the countryin term of invested projects
moreover, it is environmentallyand economically significant to thecountry, and it forns
an integral part of its security systesn(Al Emam 2015). The current JCI shape is a result of
the interaction of many factots including geograplical, political, economic¢ histoiical,
social, technologal and institutional factors. JCI operatesnder difficult geographical,

economic and social circumstances:
0 Geography

The country has twelve main cities: Amman, Zarga, Irbid, Mafraq, Karak, Madaba, Balga,

Jarash, Ajloun, Maan, Agaba and Tafiletseg Figure 2.4). According to the last national
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census conducted in November 2015, the total population in Jordas 9.523 million,
with 6.6 million Jordanian nationis, and 2.9 million norJordanias living in the country,

as shown in Figure 2.4Ghazal, 2016) This is due to the waves of recurring forced
immigration from neighbouring countries over the past 69 years because Jordan is

considered one of the most stable countries in the Middle East.

The urban populaion in Jordan exceeds 80% of the total of whith7% livein slums (UN
Habitat, 2M8). hcreasing urbanisation isnaking the building sector the fastest growing in
the country. Moreover, 70% of the population lives within 30km of the capital, Amman
(Kisbj 2011), which has placed a huge burden on the public buildings, services,

environment and infrastructure.

0 Culture and society

Arabic and Islamic elements are the basics of the cultimeJordan with a western
influence. Jordan has alwayseen formed by a diversity at any given point because of its

location.

0 Economy

There are 139 middleandHow income economies referred to as developing countries
according to World Bank (World Bank, 2016). The Hashemite Kingdom of Jordan, as a
typical developing counttyis a small, resourcestarved, middlencome country It lacks
sources of water, oil and other natural resourceand it has a significanly growing
population (MWI, 2016) Moreover, asJordan isa non-oil based countryit imports nearly
all its needs from neighbouring countriesvhich ha added pressureto the national

economy of the country

As shown in igure 2.4, Jordarns largely landlocked with one port Agaba and the rainfall
is low and highly variable; much of the groundwater in Jordan is notwable (Bani
Ismail, 2012) whichhas led to a dminishing water supplyin the country This also affects
the importing and exporting activitiesin addition to this, 95% ofJordaf2 dand mass is
desert, and the rest isat risk of desertification (Kisbi, 2011). These problerhave led
Jordanto rely on external aidexporting potash and phosphates,its service sector,tourism

and external funthg for investment ito the country. For external funthg, it was found
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that $50 billion were invested o developing construction projects in Jordan between
2005 and 2011 (Hatddin, 2014).

:: Jordan's population 9.523 million J

Irbid
Ajloun 1.770 million
176,080

Q

Jerash

s Zarqa
Madaba .+ 1.364 million
189,192

-------
.........
..........

Karak Population of non-Jordanians per nationality

316,629
¥ =- ™™ 1.265 million J -— 130,911 J
= 636,270 J __ 31,163 J
= 634,182 J - 22,700 J
—

Other nationalities

Tafileh |
96,291
Aqgaba
188,160 |

Figure 24: Jordanpopulation (Ghazal2016)

2.5.2.1 Development of the JCI

Between 1980 and 1999, Jordan faced many isseh as (Bani Ismail, 2012):

0 Complicated gvernment procedures

0 Bureaucratic culture

0 Sloweconomicgrowth due tothe Gulf wars

0 Increased governmeritixeson raw materials

0 Unemployment

0 Monopolies of the government (including the Jordan refinery company which
steel andcement imports were limited)

0 According to MPWH (2007), JCI has also suffered from many financial and

managerial problems

In 1999, Kig Abdullah ascended the throne to make real changes and to enhance living
standards; a comprehensive reform plan was adopted. This reform started with better
education methodologies enhancing the democratisation procesand regular meeting
with international and local investors and business leaders. This le@xternal support in:
the sigring of new trade agreementson an international levelin 1999; new joint free
trade agreements(FTA being signed in 2001 with the US; acces®eing obtained to the

World Trade OrganizationWTQ in 2000; and signing an association agreement with the
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EU in 2001. These efforts bloth the royal family and the government havead a
dramatic and positive effect on the construction industry by improving the integration of
the Jordanian economy with the international economy, enhancing the living standards of
the local citizens, and expaimg the supph SNE Q Y I NJ S & hdaghNahd @thef &4 (G NHzO i
sectors. For instance in Jordan, the real GDP growth between 1990 and 20&$ 4.94
associated witha per capita GDP growth of 2& in whichthe construction sector in
Jordan beame one of the leading contribirtg sectors 6 the real GDP growthat 12.2%
(Toukan, 2018 However, in terms ofthe employment of Jordanians, around%% of the
total workforce in 2011 was employed in the construction secwith a decrease from its
7.1% value in2004; this is mainlybecauseof the increased number of foreign workers in
the constructionsector RSSand FES2013).

2.5.2.2 The JordanianPublic Client

The party that has the funds and the powers to authorise constructingroject is either
the client or the owner. Consultants undertal the design and contractsr performing
the construction are keystakeholderswho provide expert advice and executive tools that

the client ussto exercise his riglstmost effectively.

The government as a client plays a significant part in the construction industry; its level of
involvement varies in different countries, and it could play a directinglirect role. In most

of the Middle Easrn projects, the major construction client is the government (Gerges et
FfdS HAMTO® ¢KS 3F2FSNYYSYyid Ay W2NRIhE mdest & | € &
important construction works that represent the major padf the expenditure in the
O2yaiNUHzOGA2Y ¢ 2add isoned of ghy’ AT kew thovers) (Haddadin, 2p1Also,

Jordan is primarily a service economy with a significant dependence on the public sector. It

is, therefore, the intention tdocus thisresearchon the public sector context.

MPWH and its 18 departments are the most important public construction bodies that are
responsible for the procurement and implementation of the central governmental
construction projects in Jordan (Al Assaf, 2017)nother important department which is
responsible for all the central government tenders is calldte Government Tenders
Department (GTD) established for and connected to the MPWH according to
Wovernment Works By-Law No. (71) of 1987 Therefore, this esearch considers the
MPWH and GTD &=ingrepresentativeof the public cliergin Jordan.

28



2.5.2.3 Public Sector Projects

Buildings and civil engineering projects represent the Jordanian public projects. Public
building projects are frequeén(see Table 2.5) and consistf residential and nosresidential
projects. Residential buildings represent public housing and single unit dwellings. This type
is the simplest of construction projects and familiar to both contractors and clients (PPA,
2010). On te other hand, nomresidential projects covem great variey of projects such

as hospitals, schogl universities and governmental buildings. According to Grifa (2006),
this type of project requires skilled staff, qualified designers, workers and opesatihis

type of building isless familiar to contractors and clientompared tothe residential ones

Table 2.5 represents th#ordaniarpublic projects by construction type.

Table 25: Publicconstruction projects byconstruction type (Al Assaf, 2017)

Type of Construction Project Sponsor (PS) Client Frequency| Budget+
Buildings MoE¢ Schools MPWH High Small to High

MoH ¢ Hospitals

MPWHc¢ Housing and

Governmental Buildings

Water, Wastewater MoWI Ordering Medium High

Infrastructure,Irrigation Body

and Dams

Roadsand Transportation| MPWH or MoT MPWH Medium High

Electromechanical and | JREEEF Ordering Low Small to

Communication Body Medium
MolICT

Mining Governmental Ordering Low High
Companies Body

In Jordan, many large governmental residential and nemesidential projects were
establishedin the last five years According to Halasehthe Minister of Public Work and
Housing), 188 millionJordanian thars (JD)worth of construction projet were executed
recently, with JD1.5billion worth of construction projectson-going Theseinclude the new

Amman Custon® 0 dzA dstRiatgdd @ a value of JD96 millignthe justice department
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buildings valued at JD16 million and a housing project comigid00 housing units in the
first phase worth JD16 millionJordan Times, 20&). In addition to these, there are
projects that include education and health centres. These projects increase the

importance of enhancing the performance of the public buildings in Jordan.

2.5.2.4 Public Buildings Issuesin the JCI

The basic and most used metrics are time, cost andlity when delivering building
projects. In Jordan, publiduildings are facing cost that are overrunning their budget.
Sweis (2013) analysed different publiwilding types in Jordanand he found that 65% of

the buildings were not completed within their budget. Cost overrumcan be defined as not
achieving the project objectives within the estimated budget (Dlakwa and Culpin, 1990).
AlFHazim (2017) added that there is substantialgap between the final and the estimated
cost of public buildingswhich can range between 101% and 60Q%with an average of
214%. He added that publibuildings in Jordan also reported a time delawith a range
between 125% to 455%and an average of 226%lwenty main factors were found to
cause such delays such as terrain condition, design mistakes, variation orders and planned

cost for project construction.

Adding to the aforementioned issues dhe time delay andthe cost overrurs, public
buildings in Xrdan suffer from sustainability performance issues in ternof the
environmenal, economic and social issues. According to Tewfik and Ali (2014), most of the
public and commercial buildings in the highest populated cities in Jordan (Amman, Zarga
and Irbig have currently installed various types of systenrscluding ventilation, heating

and airconditioning which have the poorest energy performance compared to the
available options.This is because the focus is on reducing the capital cost by applying
cheaper systems over the more environmenyakfficient ones that focus on the whole life
costs of such systemsg(Tewfik and Ali, 2014). Thefollowing sections will analyse

sustainability development anslistainableconstruction in the context of Jordan.

2.5.3 Sustainability Development in Jordan

As mentioned earlier in this chapter, the government around the world and specifically in
developed countries began in the late 1960s and early 1970s to consider and adopt
approaches that link decisiemaking with the environment (Hanf and Jansen, 1998;

Janicke and Weidner, 1997Jhe issue ofprotecting the environment should be of great
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interest to developing countries (Ofori, 2008) sincéhese countries face severe
environmentrelated problems (UNCHS, 1996pms seen in their uncertain economic
environmens, environmental degradation, rapid rates of urbsation, weak governance,
social inequity, institutional incapacity, deep poverty and low skill lev@lsubeh, 2013).
Therefore, Jordan as a typical developing cgurghould start paying more attention to
the sustainability issuest is fadng, especially due to thdnstability of the security in the

region.
2.5.3.1 Sustainable Development Strategies

In the early 1970s, Jordan began to show an interest in the emviemt and issuesrelated

to the environment such as atmosphere air quality and environmental healthThis was

achieved by establishing institutions and initiating activities related to protecting the
environment (MMRAE, 1991, 1999)This was followed inl980 by the establishment of a
department for the environment; this department was affiliated to the Ministry of
Municipal and Rural Affairs and Environment (MMRAE). One year Ifita¥, oneyear

(between 1981 and 1985) successive development plans wefermulated (MP, 1993).

Several problems were identified in these plans that related to soil erpsiontamination

and land use,including untreated wastewater and water pollutionwhich were affectng

the quality of the groundwater basins (MMRAE, 1991).oiM development plans were
produced between 1986 and 1®0, 1993 and 197 and 1998 and 2000 where the
environment was one of the main focMP, 1993, 1998). In this emerging sector, a
description of the issues, goals, characteristics and organisational umsaas they relate

to the environment in Jordanwere established(AL-ZOABI, 2001). Due to the increased
interest in the environment through different plans and strategi@s, 2003, the Ministry of
Environment was establishecddue to the P©003: Environmenta LINRGSOUOA2Yy (1 4
(Ciriaci, 2000; Petra, 2000). The miniSYIA & A2y A A& 02 LINE G SO I YR

environmental resources and contribute to a better quality of life.

The first national environment strategy in Jordan was adopted in 19®%jrange plans of
action were taken into consideration (MMRAE, 1995). Most parts of these plans aim to
protect the environment, address legal and management issues and, most impoytantly

revise the existing laws for more ecologically oriented ones.

The first Wct of the Environmer®in 1995 comprisel 36 articles which provided the

needed legislation to protect the environment (MMRAE, 1995). This act calls for the
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establishment of a Weneral Corporation for Environmental ProtecidnGCER) an
Environment Protection Coun@iland an ¥nvironment Protection Furi It also calls for

the issuing of standards, codes and regulations in the fields of natural reserves, fauna,
noise, waste, hazasglsoil, air and water (MMRAE, 1999-zoabi, 2001).

Folowing the first act and since the development of the firStational Environment

Srategy(n 1992, many sustainability strategies were establislasdcan be seen below:

0 National Environmental Action Plan (NEARP6.

0 National Strategy for SustainahjliDevelopment Agenda 22001

0 National Strategy for Environmental Education and Communicg2iodil
0 National Strategy for Environmental Informati&001

0 National Strategy for Biodiversjt2001

0 National Strategy to Combat Desertificatj@®d05

0 Naional Action Plan for Persistent Organic Polluta@05

0 Review ofEvironmental andsectorial Srategies 2005

0 Environmental Strategy Implementation P]2007-2010

0 Environmental Strategy Implementation P]2011-2013

In addition the first national Wlillennium Development Godlsreport (MDGs) was released

by the government in 2004AHKilani, 2015) This report had a significant impact on policy
making in whichthe indicators, goals and targets were aligned and adapted to thdonat
plans and strategies. This report was followed by publishing two documents in 2006,
yIYSt & ANSB2 S f f W2 NRI Yy Q I, ywRich Wticulaietl 2hé | vision o8 8¢’ R Q
country. This vision wassubsequently operationalsed into a threeyear Wationd
Executive Programni2 (NEP), specifying projects, policies and progreas for

government institutions (Awad, 2016

The second MDGseport, WKeeping the Promise and Achieving Aspirat@pnsas released

in 201Q This report shows the progress and challenges of achieving the MDGs in the
country. By reviewing the indicators foa MDG, it can be said that there have been
accomplishments for all the goalsas in building partnerships for development, ensuring
environmental sustainability, eradicating hunger and poverty, improvirghild and
maternal health promoting gender equality and achieving a basic education. However,
there were many factors that hindered the full achievement of the MDGs by 2Q1&s a

consequene of the global economic crisis @Klilani, 2015).
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l'Y20KSN) yIFGA2Yy € AaGNY> GS3e Ol ft £t SR  Yewdt NRthe/ HAHp !
previous strategies, policies and recommendations. Several sustainable development goals
(SDGs) are embedded in thisaegy as:

O«

The development of the sustainable communities and cities

O«

The improvement of the educational system

O«

The eradication of poverty

O«

The guarantee of decent work and economic growth

O«

The provision o€leanwater and sanitation.

However, there is still a need fdurther efforts to make this strategy effective and enable
W2 NRI yQa RS@St 2 LhSustainable(Awad 2066y Ot dza A @S |

Globally, the implementation of consultatiors in Jordan had a significanimpact on the

first preliminary report of the Wnited Nations Development GroupQ (UNDG) which was
issued in 2013and called Whe Global Conversation BeginEmerging Vies for a New
Development Agenda Post 2015, Jordan was one of the eigkgight countries worldwide
GKFG OFNNASR 2dzi ylGA2yl § O2yadzZ GFiA2yad hyS
of this national dialogue is to enhance awareness of the environment, address water
scarcity and promote renewable energy -fdlani, 2015).The giding principleswere set in

the latest visionfor Jordan (drdan 2025) to deliver a better quality of life and achieve
sustainable development such as by: (i) enhancing the budness enviroment; (i)
improving policies that promotesectorial development and innovation; (iii) enhancing
competitiveness (iv) supporting smathndmedium enterprises through preventing
monopolies and encouraging competition; (v) improving the governmental service quality
provided to citizens in various fields in manner that builds on public sector reform

programmesand (vi) training programmes that meet market requirements.

LY wHnanmp3X W2 NR ITsansforrhirg 2our WdR@ Libie 830 Mgenda for Sustainable
5S @St 2 Lahighywas) driven by the United Nation&)N). his agendaacts as an action
plan for the planet, people and prosperitywhich ains to support universal peaceand
freedom (United Nations, 2015). The Ministry of Planning and International Cooperation
(MoPIC) is responsible for mobilising the impéation of the 2030 Agenda for
Sustainable Development Goal(SDGy and for evaluating and monitoringits progress
Producingthe Woluntary National Revie@(VNR) report isalso one ofits tasks. The VNR is

a voluntary reportthat countries can choose toproduce at their convenience. In 2015, 22
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countries produced their VNR reportand Jordan wasone of over 40 countries Hat did so
AY HamMT® ¢KS NBLRNI RSOGFAf&a GKS O2dzyiNEQA 41
(Nassar, 2017). However, one of the main challenges expressed bythe Minister of

Planning and International Cooperatidmad Fakhouryis that

Jordan is unableto achieve comprehensive and sustainable economic, social and
environmental development on its own due tthe enormous pressure it is facing

2y Al0aQ AYFNIadNHzOGdzZNBE RdzS (2 O2yFtAOQGaA Ay
of refugees, which poses a alechallenge to achievinghe sustainable development

goals by 203(Q(JordanTimes, 201B)

Therefore, national efforts in Jordan need to continte improve energy efficiency inthe
infrastructure specifically public, industrial and commercial buildingg promoting green
buildings and energyoriented building codesof practice (United Nation 2017). The rext

section discussfurther sustainabléuildingsin Jordan.
2.5.3.2 Sustainable Buildings

Buildings areof the utmost importanceto the sustainability development in Jordan due to

its significant impacts on the consumption of natural resources in a country that it imports
96.5% of its energy needs from neighbouring countries (MEMR, 2012), and considered as
2yS 2F (GKS ga@dIsikeSskd cwidtded (Kigbi, 2011). Therefore, delivering
sustainable buildings becomaskey targe{RSSJ and FES, 2013

In Jordan, the focus when delivering buildings on incorporating insulatp material,
shadowing effects, wind direction and natural lightif@SSJ and FES, 201Blowever, a
shift in building patterns including technology, zoning and land use was duethéo
population growth and rapid urbanisation. Moreovein recognition ofthe side effects of
the economic growth in Jordan a shift towards sustainable building concepts, design,
construction and operation has takenplace (ibid). This shift iscritical in minimising the
negative impact on the natural environment. Furthermorea building@ energy
performance improvement is among the most costfective ways of combatm climate

change (EnkvisNaucler & Rosande2007).

Despite the continuous national efforts to improvime public building® energy efficiency

(United Natiors, 2017), as in issuingthe solar energy codethe energy efficient building?
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code and the Jordan Green Building Manual high percentageof the building sector in
Jordan especiallythe public projects suffers from sustainability performance issues (FFEM
and ANME, 2010). This is becaube building codes are not fully enforce@nd there are

no rigid governmental actionghat have yet been taken towards delivering sustainable
buildings such as policies, strategies and plans. Therefdhe, sustainable bilding sector

in Jordan remains atan embrymic stage (Tewfik, 2014). According to Alsubeh (2013),
finding a holistic approach to deliver sustainable buildings in Jordan that contribute to the
economic, human and physical development and meet sustainableveldpment

requirements is the biggest challenge.
2.5.3.3 Sustainable Building PO E ASai@iibfers

Sustainability is a diffuse subject. Various sectors, disciplines, organisations and ministries
are involved directly or indirectly in environmerglated issues. In Jordan, the major
player in green building development is MPWH and specifically the National Building
Development Depament. This department was formed by th&emporary LawNo. (31)

of 198N within the Wational Building La@ This law was mandated in 1993 Baw No.

(7)Q Then the national building odes were developed by the National Building Council
and regulated hroughout all the building® phases RSSJ and FES, 201®ther major
stakeholders in the process of green building developman Jordan are shown below in
Hgure 2.5.

MPWH/ National
Building Council

Green Buildings” Major
Stakeholders

Jordan Engineers Contractors
Association Association

Figure 25: Green building development majastakeholders (RSSJ and FES, 2013)
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Each of tlese stakeholders has amajor role in green building development in Jordan.

Table 2.6 shows these roles. In the process of green building development, the
government established new research ceniress inthe Rowl Scientific Society to explore
to Alsubeh (2013), the

renewable and activist energysources Moreover, according

government organisations supported energy effectiveness for achievarg efficient
building architecture However, despite the involvement ofmany major stakeholders in
the process of green building development, there stidicks an enforcement body (see
Table 2.6) which outlines a gap in the processRESJ and FES, 2013his has led tom
absence of rigid governmental actions towards delirgg sustainable buildingssuch as
through policies, strategies and plans. Therefore, in order to deliver sustainable public
buildings in Jordan, the public client needs to step up and start enforcing and requesting
sustainable buildings. Moreover, the gdid client should start considering the adoption of

sustainable construction strategies and plan to deliver sustainable buildings. Innovative
technologies and sustainable management systems should aekey part of these

strategies and plan.

Table 26: Stakeholders and theirespectiveroles (RSSJ and FES, 2013)

Stakeholders Ministry of Public Works | Jordan Engineering | Jordanian

Roles and Housingand Association(JEA) Construction

Contractors

Association (JCCA

National Building Council

Regulatory Body | Developbuildingcodes

Administrative Construction building Certify engineering

and Procedural permits plans

Body

Outreach, Access and outreach Organge the work
Awarenessand to engineering for the contractors

Capacity Building

officesandtraining

andbuildings

Technical Body

Hosingthe technical
committee that overges
the green building

guidelines

Participate in the
Green Building

Guidelines
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2.7 CHAPTER SUMMARY

This has chapter identified the concepts, principles, strategies and plans for sustainable
development and sustainable construction worldwide. The reviewed literature reveals
that most of the previous research concentrated ¢me preconstruction phases to achieve
sustainable buildings. These research focuss on building design regulations, innovative
and sustainable building design and building sustainable assessment tools. However,
delivering sustainable construction through system of project management hagsecently

started to receive attention from researchers.

Jordan is the focus of this research due to its pivotal political role in the Midd&. The
construction industry in Jordan is the largest sector in the country as it is not only
environmentally aware, but it is also economically significant to theountry and an

integral part of its security systesn Therefore, this chaptetas explored the sustainable
construction issues in Jordabeginningg A 1 K G KS O2 dzy i N&t@rg tradit®® 3 NI LIK A
and economy. Then the Jordanian construction industry development from 1980 until

2011 was discussed. The publgector was identified as the major client in Jordan;

therefore, the research will focus on the Jordanian public construction sector.

Furthermore, this chapter has identified that there is a performance deficiency inthe
public buildings in Jordansuch asin the cost overrurs, delays and lack of sustainability
regarding the environmen, econony and issuesrelated to society The easons for this
performance deficiencyhave beenidentified as political, cultural and economic. To tackle
these issues,the Jordaman government represented bythe MPWH and GTD and other
major stakeholders establisheé green building development process and green building
codes. However, there is stiln absenceof an enforcement body and rigid governmental
actions towards deliveringthese sustainable buildingsas can be seen in thexisting
policies, strategies and aohs. Moreover, there is a lack of research on delivering
sustainable construction through project management approachadich this research
tries to fill. The next chapter introduce BIM as a new project management innovain

system that can badoptedto achieve sustainable buildings.
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CHAPTER 3: BIMENABLED SUSTAINABLE DESIGN AND DELIVERY

3.1 INTRODUCTION

Maximising value, lowering cost and achieving sustainability for construction clients is a

key issue nowadaysespecially in an industry that has beecriticised for its lack of
productivity and inefficiency see Section 2.5.2.4). Moreoverthe Of A Sy 1aQ NBIj dzA NJ
have become more bespoke and irregular; therefore, it becomes more difficult to present

these requirements i two-dimensional (2D) style.

Traditionally, 2D drawings and documents were relied on for design development and
project information management as Cohen (2010)has stated this practice led to
miscommunication and human error due to misinterpretationsn the design and
construction documents. On the other hand, one of the major considerations nowadays in
the construction industry is the push for sustainability consideratidios construction
projects as in having aigh energy performance and low environmental impact. This adds
an etra layer of specialised construction information requirements, which increases the
complexity of tle design and delivery processMoreover, fragmented management
practices currently used in the construction industry caudkere to be a reworking andor

a redesigring of construction projectsmore frequently over a projectQ difecycle (Smith and
Tardif, 2009). Rewoikg and redesiging affect the project performance in term of cost,
quality and time. Rewoikg was estimated to cost 11% of the original c@atual costs
(Forcada Gangolells, Casals & Macarulla017; Love, Edwards, Smith & Walket009.
Additionally, quality defects and schedule delays are causgedominantly by redesign
(Lopez, Love, Edwards & David)10; Goodrum,Smith, Slaughter& Karji 2008; Sun&
Meng, 2009). Therefore, managing, coordinating, integrating and updating stifestantial
amount of information fromthe construction project stakeholdersover the lifecycle of a
project becomes crucially important Hooper and Ekholm, 2010; cDbh, Sears & Sears,
2008; Kim 20149.

BIM has been introduced as a response to the above issaed it has been considered

one of the most effective technological and organisational innovation the Architecture,
Engineering and Construction industry (AEC) (Succar, 2015). Technological innovation
plays a key role in both shettrm and longterm economic, societal and environmental

sustainability. BIM has been classified as innovatiavies and Harty, 2013 Brewer and
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Gajendran, 2012) ancs adisruptive piece of technology (Eastman et al., 2008Disruptive

innovatian has beerdefinedin the following

TKS SEGSyiG G2 6KAOK Al RSLINIH& FNRY AyRdzAl
models olsolete, changes the basis of competition in an industry and produces
sustainable competitive advantage by changing the way a whole industry works.

(Loosemore, 2013)

Therefore, BIM is consideredo be a major paradigm shift in the construction industry
because it requiresa changeto the culture andthe procesgs involvedto achievea more
integrated approach (Succar, 2009; Ibrahim, Krawczyk & Schippori2§04; HM
Government, 2012; Hannele et al., 2012)his chapterdevelops a contextual background
of BIM to ascertain whether it enablesthe designand delivery of the sustainablebuilding€

projects This chapter comprises fiveain sections

0 An overview of BIM, which includes different BIM definitionshe levels of
maturity, applications, dimensions and management.

0 Identification of theBIM benefits and barrierSom the literature.

0 BIM adoption and implementation in the public sector in Jordamgluding the
global BIM status BIM in the Middle East andlordan. Moreover this section
emphases the importance of tH&lM implementation in theublic sector

0 BlIMsustainable building® nexus, which includesthe BIM-supported lifecycle of

sustainable buildings andhe BIM-supported sustainable building assesnt and

analysis.

3.2 OVERVIEW OF BIM

3.2.1 BIM Definition

There is considerable divergence among those who attempt to define the meaning of BIM.
Some ambiguity idn the phrase itself For example, is the term modelling intended as a
noun or verl® Does the model refer to an instantiated model or the underlying sch2ma
BIM is wusually written as Building Information Modellingiith two distinct but
complementary meaningsa particular engineering software or a managing process. The
latter can be charaefrised as the adoption of an informatiarentric view of the whole

lifecycle of a building (Watson, 2010. It is, therefore, challenging to finda single
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satisfactory definition of what BIM is. It is proposed that it should be considered and
analysed as amultidimensional, evolving, complex phenomenon. The following are some

of the BIM definitions found in the literaturearrangedby year:

Table 31: BIM definitions

Author Year Definition

Jung and Gibson | 1999 | & L y G S 3 Narpbrate sfratetyf management, computer
systems, and information technology throughout the project’
SYGANBE tAFTSOe0tS YR | ONRA A
Graphisoft 2003 [a! O2YLJzi SN Y2RSf RIFGFol as$s

which may also coain information aboutad dzA £ RA y 3 ¢
O2yaiNHzOGA2YyZ YIyYyl3aSYSyidsz 2
Penttila 2006 |a! Y S K® Ranhagale @ssential building design and

LINE28OG RFEGE Ay RAIAGEE F2N
National Institute | 2007 |[a! RAIAGIE NBLINBaASyldl GA2y 2

of Building RFGF 2F F FIFOAfAGRE D¢
Sciences
AIA 2008 |[a! RAIAGEE NBLINBaSydldAzy 2

characteristics of the single model or multiple models eleme
and the processand SOKy 2f 23& dza SR (2
Autodesk 2008 | a!y AYyy2@FGASBS I LILINRIF OK G2

management that is characterised by the continuous and
immediate availability of project design scope, schedule, ang
costinformationthatd KA IKm ljdzr t AGe&X (
London, Singh, 2008 |a&! Yy A Y T 2 NXY | Gehdblgd ajpfoarK  tdnggmg

Taylor, Guand design data in the AEC/FM (Architecture, Engineering and
Brankovic /| 2yaiuNdzOGA2yk ClLOAfAGASEA al
Kymmell 2008 [a! G22f KSfLAYy3a LINR2SOG GSI

throughamore transparent management process based on
(KNBSTRAYSYAaAA2YEf 6050 Y2RSE
Eastman 2008 [a! @SND 2N F R2SO0GA DS LIKNI &

(N

technologies that aréacilitated by digital, mechanieadable,
documentation about building its performance, it's planning,
O2yailiNHzOGA2YyZ |YyR fFGSNI AGaA
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Krygiel and Nies

2008

! ONBIFGA2Y YR dzasS 2F 022N
computable informatiorabout a building project in design ang
O2yaidNHOUGAZ2Y ®E

Succar

2009

a! aSd 2F AYGSNIOGAy3a LIt AC
generating a methodology to manage the essential building
design and project data in digital format throughout the
building's lif®© & Of S ¢

Hardin

2009

G! NB@2fdziA2y I NBE GSOKy2f 238
the way buildings are designed, analysed, constructed and
Yyl ISRbE

Zuppa

2009

OA tool for visualising and coordinating AEC wadokavoid
SNNEPNBR YR 2YA&aaAirzyaoé

Eastman
Teicholz, Sacks

and Liston

2011

! WISYSNRO G(SOKyz2f238Q GKI
like more efficiency in construction, fewer mistakes, more

F OO0dzNY GS FyR dzlJni2nRIFGS Ay T
accessible exposition of the building aitglcharacteristics to al
LINEP2SOG aidl |{SK2t RSNa o€

Weygant

2011

al G§SOKy2ft238 GKFG Fftft26a N
information related to the built environment to be stored in a
NBfFGA2Y I € RFGFEolas T2NJ I Od

Azhar

2011

G ! . dikfériRatioyi Blodel characterises the geometry,
spatial relationships, geographic information, quantities, and
properties of building elements, cost estimates, material
AYy@Syiu2NASaz yR LINRP2SOG ad

Langdon

2012

G¢KS oAt AGE (2 dsittcanh®e Y
extensive data on a variety of properties associated with the
(geometry, connections to other objects, thermal performang
cost, delivery, life expectancy, etcdnd allows designers to
produce accurate, coordinated, buildable and rebdesigns
GKFG OFly 0S GSadSR Ay @ANILd

NBIMS

2012

G! RAIAGI N6 popsBal éhgfinktional2 y 2
characteristics of a facility creating a shared knowledge

resource of information about it, forming a reliabledmfor

decisions during its life cycle from earliest conception to
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RSY2t AGA2Yy dé
llozorandKelly (2012 |[a! Y@NRARIFR 2F O2YLJzi SN a27Fig

utilised by design and construction professionals alike to pla
layout, estimate, detail anthbricate various components of a
odzA f RAY 3 dé

HM Government [ 2012 |[a! O2ft 62N> GADS 61L& 2F &2N

technologies which unlock more efficient methods of designi
ONBIFGAYy3 YR YIAylGrAyAy3 2d
NHBC 2013 |G . dzA f RA yAY LayFRNII AyA3T 602 NI WY

appropriately) is about identifying the important information ¢

data that is used throughout the design, construction and
operation of buildings, or any other built asset, and managin
to make it useful to all thosk y @2 f OGS R ® £

Miettinen and 2014 [a! RAJAGIET NBLNBaSyillldAzy- 2

Paavola oriented threedimensional model, or a repository of project
information to facilitate interoperability, automation of
processes and exchange of infortioa with related software
F LILIXE AOIF GA2yadé

BIMTG 2014 | a9 a & Sy 0 A kréafing collabraibnithda8gh the entire

lifecycle of an asset, underpinned by the creation, collation 8
exchange of shared 3D models and intelligent, structured dg
attached toli K S Y @ ¢

Kim 2014 |[G'!'y AYF2NXIGA2Y YIFyYylF3ISYSyi

various construction information throughout the entire
construction project life cycle based on a 3D parametric des
to facilitate effective communication among project

ail {SK2ft RSNA (G2 F OKAS@S | L

Despite the many existing definitions for BIM in the literature, three important common

characteristicof BIM can be identified (Kin2014:

1. Construction project information integration and megement throughout the
project life cycle.

2. Effective collaboration and communication between project stakeholders
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3. Building a representation digitally ina 3D object form with geometric andy 2 y 1t
geometric attributes based on parametric design. Eastmanalet(2008) state that a
building information model contains precise geometry and relevant data needed to
support the design, procurement, fabrication, and construction activities required
to realise the building. The building model has been characterisgd (Eastman,
2008):

0 Data attributes and parametric rules.

0 Consistent noredundant data so changes are propagated to all views, and the
presentation of all views of the model are coordinated.

0 Components that include data which describe how they behave.

0 Building components represented by digital objects that know what they are

and can be associated with computable graphics.
Depending on the definitions mentioned above, BIM is defined in this research as:

An innovative information management process to ledl, integrate, coordinate
and communicaterelevant graphical and negraphical information related to the
built environment throughout the entire construction project life cycte achieve

the client requirements and project goals.
3.2.2 BIM Level of Maturity

As BIM is a developing phenomenon not all businesses are adopting systems and
technologies at the same rate. A particular organisation defines BIMa asflection of its

WY dzNR G & f SGSE Q  62008K I M@ altho@h yBIM gmatufity Siefidrs
continue to be evolving (Kassem, Igbal, Kelly, Lockley & Dawood, 2014; Succar, Sher &
Williams, 2012), the main subject is still delivering -aalinated graphical and nen

graphical project information.

A BIM Yhaturity leveQA & RS T A Y SR lity] gepeataliilily Sand ljdégree of excellence
GAUKAY | . L qSucdar &t ab.,A 2042048 BIM Capabilit® is defined as dan
organisation's level of performance or ability within a particular stage, which is measured
to determine BIM Maturity accordig to the five maturity levels; aHoc, defined,
managed, integrated, and optimise (ibid) (see Figure 3)l According to Barlish and

Sullivan (2012), BIM capabilities are categorised into three main groups: -tsjset
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modelling, modebased collaborationand networkbased integration In each of these

groups there arefive BIM maturity levels.

a b (o} d e

Technology, process Technology, process Technology, process Technology, process
— and policy areas la and policy areas 1b 9— and policy areas 1c === and policy areas 1d —)

AD-HOC DEFINED MANAGED INTEGRATED OPTIMIZED
Maturity level Maturity level Maturity level Maturity level Maturity level

Figure 31: BIM maturity levels (Barlish and Sullivan, 2012)

Many others have attempted to benchmark the maturity of BIM implementation (Succar,
2009; NBIMS, 2007; Succar et al., 201Zhe diagram inFigure 3.2 show the most

commonlyadopted definitiors of BIM maturity levels in the UKit includes:

0 Level 0: CAD files and pagmased documents are exchanged in an unstructured
process.

0 Level 1: Mdelling the use of objecbriented 3D modelling software within one
organisationby a single disciplinary (Gu and London, 2010).

0 Level 2: Collaboration objectoriented models shared between two or more
parties

0 Level 3: Full Integrationthe integration of several multidisciplinary models using

BIM servers where the ultimate goal is to move from local servers to a-based

environment (Gu and London, 20).
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Figure 32: BIMmaturity diagram (BIMTG, 2014)

3.2.3 BIM Application

BIM can be used over the entire lifecycle of a facility. BIM usage will change the ways
building projects are designed, constructed, coomicated and conceived however, the

core responsihilifa 2F GKS o6dzAf RAy3d LINR2SOGaQ aidl 1SK2fF
Korman, 2010. Different stakeholders adopt BIM for different reasons. Identifying BIM
potential applications is the first andhost important step for developing strategies to fully

implement BIM for building projects (Ahn, Kwak & SukQ16). BIM application by the

major project stakeholders clients, designers, constructors and facility managers are

presented in Table 3.2 below.

Table 32: BIM application by project stakeholders (Azhar et al., 2012)

BIM application Owners Designers | Constructors | Facilities
Managers

Visualisation X X X X

Options analysis X X X

Sustainability analysis X X

Quantity survey X X

Costestimation X X X

Site logistic X X

Phasing and 4D scheduling X X

Constructability analysis X X

Building performance analysiy X X X X

Building management X X

45



In the context of Jordan, identifying how BIM is currently used for public buildings and also
determining how construction stakeholders can implement BIM will have an impact on
maximising the potential BIM benefits at each stage of the buildifijecycle The BIM

benefits are discussed fection 3.3.1.
3.2.4 BIM Dimensions

BIM dimensions nD) reflect the extent to which BIM applicationsare used to manage and

deliver different aspects of the construction process. For examplél KS SEGSYRSR  dz
3D intelligent design (models) has led to references to terms such as 4D (adding time to
Y2RSt0 FtYR p5 OFRRAY3 ljdZ yiAdGASa +FyR ©O3ad 27
BIM dimensions 2D, 3D, 4D and HDare the only universally accepted BIM dimensions

(Ahmed, 2014).However, here are more extended dimensions which are named and
understood differently by different indivicils and organisations. Table 3.3hows

different uses of BIM in a construction building project under each dimension.

Table 33: BIM dimensionsand description

BIM | Capability Description References
(nD)
2D Drafting (Autodesk, 2003p. 1;
Hardin, 2009p. 253)
3D 3D Model Project visualisatiorglash (Autodesk, 2003p.1 Hardin,
detectionmodel walkthroughs | 2009 p. 253 Eastman et al.,
and prefabrication 2011)
4D 3D + Time Schedule, visuation, (Chartered Institute of
constructionplanning and Bulding 2010, p. 30;
management Eastman et al., 201Hardin,
2009 p. 253)
5D |4D(BD+Time)|vdzZl yadAdGe G { Smng (Hardin, 2009p. 253
+ Cost cost estimating Eastman et al., 2011)
6D 5D (3D + Time + Data capturing and monitoring | (Hardin, 2009p. 253;
Cost) + Facility | (the actual data on energy Eastman et al., 2011)
Management efficiency and buildingifecycle
costs)andlifecycle management
7D 6D (3D + Time + Bmbodied carbon, manufacturery (Hardin, 2009p. 253)
Cost + Facility | andrecycled content
Management) +
Sustainability

BIM, via these 7 dimensions can be implemented as a sustainable tool tadesign and
manage construction projects. It has also been argued that the sustainability dimension

(7D) could impact therest of the BIM dimensions (Kapogiannis, Gaterell & Oulasoglou,
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2015) For exanple, BIM can make the required information for sustainable design,
certification and analysis consistently available, leading to cost (5D) reduction associated

with sustainability analyses (Autode&003).

3.2.5 BIM Management

Building Information Modelling can be rephrased ®uilding Information Manageme¥or
Better Information Manageme@ However BIM is defined, at the WHeartQ of BIM is
information. There are three key documents to manage the information in, BiMI thus
achieve a successful BIMproject; 1 KSaS R2O0dzySyida IINB . La LINRIG?

information requirementEIR}aNd the BIM execution plan (Barnes and Davies, 2015).

3.2.5.1 The BIMProtocol

The BIM protocol ais at enhancing the production efficiencythrough adopting a
consistent and coordinated approach to working within BIM (Barnes and Davies, 2015).
BIM protocol is also used to define best practices and standards that ensure the delivery

of high-quality data and uniform drawingbutput over the etire project cycle (lbid).

In the UK, the Construction Industry Council (CIC) BIM Protocol was issued to meet the
requirements of BIM level 2. This protocol can be used as a supplementary legal
agreement that can be incorporated into a construction cant and professional service
appointments by way of a simple amendment. Moreover, this protocol puts in place
specific obligatiors, liabilities and associated limitatiy on BIM model usage In the US,

the AIA released itsBuilding Informéion Modelling Protocol Exhib® &vhich is intended to

be attached to ownegarchitect and ownexcontractor agreements(Lowe and Muncey,

2010)

A typical BIM protocol document could include (Barnes and Davies, 2015):

0 An introduction to the project

0 BIM usagextentfor the project

0 How the protocol is placed in the contrae document

o) L a Y sféetalsSaNdwho should appoint him/her

0 Employer information requirements

0 An organogram that shows how different stakeholders contributed to the BIM

process
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0 BIM executiomplans

0 Level of model development (LQD)

O Details ofthe BIM model@/R | (. RNER LIQ
0 The common data environment (CDE)

0 Details of the software to be used.

3.2.5.2 Employer Information Requirements (EIR)

EIR is consideredo be one of the key documents to successfully deliver BHded
construction project (Dwairi, 2016). EIR could be developed alongside the project brief
which defines the nature of the built asset that the client/developer veisho procure By
contrast the EIR defines the information that complies with the projesset that the
client wishes to procure, in which the design gaaranteedto be developed according to

their needs (Barnes and Davies, 2015).

EIR usually forswpart of the tender document on a BlMroject (Barnes and Davies, 2015).

It includes requirements in three main areas regarding commercial, management and
technical information. Table 3.4hows the possible information with regard to these areas
that can be embedded in the EIR.

Table 34: EIR items (Dwairi, 2016)

Commercial Management Technical
Project deliverables andata Standards Software
drops platforms
Client strategic purpose Roles and responsibilities Data exchange
formats

Define BIM/ projecteliverables | Planning work and data segregatiol Coordinates
BIM-specific competence Security Level of detall
assessment

Coordination and clash detection

process

Collaboration process

3.2.5.3 BIMExecution Plan (BEP)

BEP can sometimes be abbreviated as BxP. The purpose of BEP is to manage the delivery
of the project and to ensure that responsibilities and opportunities are clearly understood

by all the stakeholders in a Bibhsed project. The four main steps within gpical BIM
execution plan procedure areas follows (see Figure 3.3) (Computer Integrated

Congruction Research Program, 2010
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0 ldentifying BIM goals and uses durihg project lifecycle

0 Designinghe BIM project execution process by creating process maps

0 Developing an information exchange by defining BIM deliverable and responsible
parties.

0 Defining the project infrastructure to support the developed BIM process.

BEP comprises two partsa precontract BEP and posbontract BEP. Prosgective
suppliers prepare a pe-contract BEP in whichthe required capacites proposed
approactes and competences are set out to meet the EIR.Subsequently the
supplier with the awarded contract prepares the postcontract BEP to confirm
0dKS & dzLJLJ &apabilities AayidQ Zprovies a master information delivery plan
(MIDP) alongside individual task information delivery plans (TIDPs). Individual
TIPDs include responsibilities for specific information tasks. A series of individual
TIPDs build up the MIDPwhich is a primary plan that explains when the
information for the project is to be prepared, the responsible et and the
procedures and protocel to be wused (Barnes and Davies, 2015). Figure 3.3
represents the relationship between the BIM protocol, EIRfe-contract BEP and
postcontract BEP as mapped by the British standard (PAS1192:2013.
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Employers Information Requirements (HR)
1. Information Management

A. Level of Definitio

B. Training Requirements

C planning of work and segregation

D. coordination and clash avoidance

E collaboration process

Fhealth and safety

2. Commercial Management
A. exchange of information

Figure 33: A map of the PAS1192:2013 delivery process from EIR uppost-contract BIMexecutionplan, adapted from (Earley2015
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3.2.5.4Level of Development (LOD)

LOD consistsof two principal pieces ofinformation. Wf S @S¢ 2F RSOFAfaQ
AYTF2NYI GA&el Qf détdildrefers do the graphical content of BIM model whereas

LOI refers to the nographical content ofa BIM model. These two concepts are usually
aligned as both are developed alongside each other (Barnes and Davies, 2015). LODs are
identified as an important and critical issugnce they represent the model information at
specific stages, andhey are associated with the BIM implementati@hdractical side (Wu

and Issa, 2014)Table 3.5represents the suggested level of development by CIC (2013)
and AlA (2013).

Table 35: Level of development (AIA, 2013; CIC, 2013; BIMForum, 2013, P.10)

LOD (AIA] LOD (CIC, Description (BIMForum, 2013)
2013) 2013)

LOD100 | 1 (Preparation| ¢The Model Element may be graphically represented in the
and brief) Model with a symbol or othegeneric representation but does
not satisfy the requirements for LOD 200. Information relate
to the Model Element (i.e. cost per square foot, the tonnage
HVAC, etc.) can be derived from other Model Eleménts.

LOD200 | 2 (Concept GThe Model Elemant is graphically represented within the
design) Model as a generic system, object, or assembly with
approximate quantities, size, shape, location, and orientatiof
Nongraphic information may also be attached to the Model

Elementé
LOD300 | 3 (Developed | dThe Model Element is graphically represented within the
design) Model as a specific system, object or assembly in terms of

guantity, size, shape, location, and orientation. Ngmaphic
information may also be attached to the Model Elenérit

LOD350 | 4 (Technical | éThe Model Element is graphically represented within the
design) Model as a specific system, object, or assembly in terms of
guantity, size, shape, orientation, and interfaces with other
building systems. Negraphic information may also be
attached to the Model Elemers.

LOD400 | 4 GThe Model Element is graphically represented within the
(Construction) | Model as a specific system, object or assembly in terms of s
shape, location, quantity, and orientation with detailing
fabrication, assemlyl and installation information. Negraphic
information may also be attached to the Model Elenverit

LOD500 | 5 (Handover | ¢The Model Element is a field verified representation in term
and close out) | of size, shape, location, quantity, and orientation. Ngaphic
information may also be attached to the Model Elements.
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3.2.5.5 CommonData Environment (CDE)

Many BIM protocols such the one ime UK (CIC BIM Protocol) propofige existence ofa
common data environment GDE in order to exchange the project informatiom BIM
based construction projects (McPartland, 2016)Jhe CDE is the single source of
information for the project and acts as the central repository of the project information. It
is used to collect, manage dn disseminate documentation for project stakeholders; it
includes graphical and negraphical information that is information created in a BIM

environment and in a conventional data format) (Barnes and Davies, 2015).

As can be seen inigare 3.4, the CDEonsist of four main areas of informatiaona work in
progress area in whichunapproved information isheld for each organisation a shared
area in which information is held that has been checked, reviewed and approved for
sharing with other organisationsa published areawith information that the client or their
NELINBASY (Il GAGS; afdlaa archiveA aled SWRere 2pfodr€ds at each milestone,

changel orders and transactions are recorded.

The BIM information exchange within the CDE should be madady an information
manager (BIM manager). BIM protocols normally require the appointment aofBIM
information manager by the client (CIC, 2013). The main roleaoBIM information
manager is to set and manage the CBEpolicingit to make sure that thedata are secure
and that it follows the agreed protocol. The following are a summary of other BIM
AY T2 NXYLI (A &pyincipe respoAshiltEs (CIC, 2013):

0 Managing the processes and procedures for information exchange on projects

0 Initiating and implementing the Project Information PlarfPIP) and Asset
Information PlanAlP)

0 Assisting in the preparation gfoject outputs, such as data drops

0 Implementation of the BIMbrotocol, including the updating of the MPDT.

The BIM information managef) &ole could be performed by different entities over the
project lifecycle For example, the lead consultant or lead designer may be the information
manager during the early stages, with the contractorirmgtas the information manager in

the corstruction phase (Barnes and Davies, 2015).
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Figure 34: Commondata exchange (BSI, 2013b)
3.3 BIM BENEFITS AND BARRIERS

3.3.1 BIMBenefits

The benefitsassociatedwith BIM implementation are vital (Ahn et al., 2016)here is a
belief that the adoption of BIM can improve the performance of the construction industry
(Crotty, 2012) since BIM implementation is a means for providing accurate scheduling
timetables, diminishing total project costs, vyielding quantity tafs and enhancing
project quality (Eastmanet al, 2008). The National Research Council (NRC3009
conducted one of the first studies odeveloping a strategy forimproving the efficiency,
productivity and competitiveness in th&JS construction industry. The findings from this
study identified BIM as a promising solution in tesmof enhancing sustainability,
timeliness, quality and coseffectiveness which the JCI suffers from (see &ction 2.5.2.4).
According to the Cooperative Research CentreCRE for construction innovation (2007),
the key benefis of BIM implementation are having an accurate representation dhe
building parts in an integrated data environment. In 2007 and based on 32 major projects
that used BIM,the Stanford University Centre for tegrated Facilities Engineering (CIFE)

indicated that the following were achieved:
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(@]

Cost estimation accuracy within 3%

O«

Up to 40% elimination of unbudgeted change

O«

Up to 80% reduction ithe time taken to generate a cost estimate

O«

A saving of up to 10%f the contract value through clash detections

(@]

Up to 7% reduction in project time.

Table 3.6includesthe BIM benefits that have been identified by scholars and construction

practitioners in a typical construction project.

Table 36: Benefits of BIM implementation

Benefits

References

Improved decisioamaking process

(better visualisation an&ddhat ifQscenarios)

Construction Users Roundtable (CURT)
(2010) Eastman et al. (2008fox and
Hietanen (2007)Lu et al. (2015Manning
and Messner (2008packs et al. (2010)
Yan and Damian (2008)

Better designand multi design alternatives

ArandaMena et al. (2009)CRC
Construction Innovation (2007/CURT
(2010) Eastman et al. (2008fox and
Hietanen (2007)Sacks et al. (201,0%axon
(2013)

Predictive analysis of performance

(finite-element, energy analysandcode
analysis)

Eastman et al. (2008ox and Hietanen
(2007) Lee et al. (20155acks et al.
(2010) Taylor and Bernstein (2009)

Improve collaboration in design and
construction

Bolpagni (2013)ee et al. (2015} .u et al.
(2015) Sacks et al. (20103axon (2013)
Taylor and Bernstein (20Q9oung et &
(2008) Wu and Issa (2034

Reduced project time and costs

Bolpagni (2013Bynum et al. (2013 CURT
(2010) Hergunsel (2011 5axon (2013)
Suermann and Issa (200%)an and Damiat
(2008) Azhar et al. (2008Young et al.
(2008)

Improved quality

Bolpagni (2013)CURT (2010¥acks et al.
(2010) Suermann and Issa (2009an and
Damian (2008)Young et al. (2008)

Improved construction process and efficieng
(less reworking and fewer document errors

and omissions)

ArandaMena et al. (2009Barlish and
Sullivan (2012)Boktor et al. (2014); CRC
Construction Innovation (200/CURT
(2010) Dossick and Neff (20L@astman
et al. (2008)Hergunsel (20115acks et al.
(2010) and Suermann and Issa (2009)
Redmond et al(2012

Improved safety

Ku and Mills (201QBacks et al. (2010)

Sulankivi et al. (2010Xhang et al. (2012)
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Reduced claims or litigation Bolpagni (2013)ArandaMena et al.
(2009) CURT (2010kastman et al. (2008
(risks) Saxon (2013)

Improved operations and maintenance

Azhar (201%)CRC Construction Innovatio

(facility management) (2007) CURT (2010)
Sustainability enhancement (Kzrgflze)l and Nies, (2008yedmond et al.

Sustainability enhancement is the focus of this researahd research suggestBIM
supports sustainability in many waysin the case ofinformed decisions regarding energy
performance and embodiedcarbon dioxide €©Q in the early stages byassessingthe
odzZAf RAy3aQ SySNH& LIS NFRKIGgelydd Nids,yR08; SRedndiiAed R
al.,, 2012) Section 3.5 discuss in detail the BIM support for sustainability over the

building<project lifecycle and sustainability assessment.
3.3.2 BIMBarriers

Despite the numerous BIM benefits for project stakeholders, there are many barriers to
BIM implementation. BIM barriers were classified by Bernstein and Pittman (2004) into

three main categories: Humaorganisational, technical and business barriers. Business

barriers were investigated further by Kiviniemi et al. (2008) and expanded to become th
business and identified in the

legal barriers. bla 3.7 represents the BIM Dbarriers

literature under each of these categories.

Table 37: Barriers to BIM implementation

Barriers
categories
Business and
Legal Problera

References

Dedrick et al. (2003)oung et al. (2008)
Yan and Damian (20Q&randaMenaet
al. (2009)Bolpagni (2013Hergunsel

Barriers description

Additional resourcesand
expenses (high economic

investmentsoftware) (2011)
Fragmentedprocurement BecerikGerber and Kensek (2010)
approaches Bolpagni (2013)Sackey et al. (2015)

Increased risk and liability

Young et al. (2008BecerikGerber and
Kensek (2010Azhar (2011)

Lack ofa comprehensive
framework or
implementation plan

Azhar (2011)Jung and Joo (2011)
Bolpagni (2013)Saxon (2013} u et al.
(2015)

Lack ofalegal framework
(model ownershipandlegal
contract)

ArandaMena et al. (2009)Becerik
Gerber and Kensek (201®zhar (2011)
Olatunji (2011)
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Pittman (2004)London et al. (2008)
Howard and Bjork, (2008%uccar (2009)

2D drafting practices)

Technical Manning and Messner, (20Q8)aylor and

Problens Lackof standards Bernstein (2009)Eastman et al. (2011)
ArandaMena et al. (2009)Prins and

Lack of interoperability Owen (2010)BecerikGerber and Kensel

(2010) Azhar (2011)Hergunsel (2011)
Bolpagni (203); Saxon (2013)

Human/ Yan and Damian (2008joung et al.

Organgational | Attitude and awareness (2008) ArandaMena et al. (2009)

Problens (resistance to change from | BecerikGerber and Kensek (201@u

and Londor(2010) Prins and Owen
(2010) McCuen et al. (2012)

Complexity (long hours to
develop a BIM model)

Goedert and Meadati (2008Becerik
Gerber and Kensek (201®rins and
Owen (2010)

Cultural change

Azhar et al. (2008Bolpagni (2013)
Saxon (2013)

Employees lack BIM skills
education and training
(design, engineers and
subcontractors)

Cook (2004)Young et al. (2008 Aranda
Mena et al. (2009BecerikGerber and
Kensek (2010Prinsand Owen (2010)
Saxon (2013Wu and Issa (20)4

Organisational challenges
among construction
professionals

Taylor and Bernstein (20Q9)on et al.
(2009) Dossiclkand Neff (201Q)Saxon
(2013) Boktor et al. (2014)ee et al.
(2015)

0 Business and Legal Problaem

The absence ofa universal BIM standard resulteth having customised BIM standards by
different construction project stakeholderswhich are unclear on the type of information
within LODsthat needed to be exchanged witkhe other stakeholders (Langdon, 2012). As

a result, the roles and responsibilities, which have been clearly defined in conventional
construction projecs, are not well defined in BINdased construction projects (lloz and

Kelly, 2012). Thereforethe legal and contract issues related tcacertain risks have arisen.

Legal and contractual risks in Bdsed construction projesinclude (Azhar, 2012):

1. Undefined intellectual property ofa BIM mode] which includes ownefsp and

copyright (Holzer, 2007). Rosenberg (2007) suggested that setting ownership rights
and responsibilities in the contragal documents is the best solution to prevent
copyright disagreement issues.

Controlling the data entry and inaccuracies respbififes: this is a BIM

contractual issue where being responsible for updating the project information
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model data and kedpg the data accuracyabout a project lifecycle entailsa high
risk.
3. The BIM integrated concept blurs responsibility levels to the limit that risk and

liability might beincreased

Azhar (2012) suggested that one of the most effective ways to deal with such sigks i

have a procurement approach that is integrated aatlabaativein nature.

0 Technical problems

A lkck of BIM standards for model integration and managing multidisciplinary teams is
amongst the significant technologglated barriers.  Multidisciplinary  information
integration irto a single BIM model needs to hamaccessavailable tomultiple users which
in turn gives the need to have BIM protocols to ensure consistency in information and
formatting styles (Azhar, 2012). In the absence of a standard protocol, each stakeholder
uses his/her standard which could tkato inconsistencies and inaccuracy ¢iie BIM

modek.

Other technologicatelated risks as expressed by Azhar (2012re interoperability issues
and licensing issues. Interoperability issues can be definegralslems relating to the data
exchange betwen different applications to avoid data -emtry and to facilitate
automation. Common languages such amdustry Foundation Classes (IF@hd XML
Schemashave considerably helped to overcome interoperability issues (Smith and Tardif,

20009).

0 Human/Organisational Problem

It has been argued in the literature thdtumarforganisational problems are derived from
the other two types of BIM problems. According to Hardin (2009) and Eastman et al.
(2011), the current fragmented practice of the consfiion industry is the main cause of
humanorganisational problemm that effect BIM implementation. Therefore,increased
collaborative and integrated construction practices and caltuchange are required to

implement BlMeffectively(Hannele et al., 201ZBuccar, 2009).

Cultural change isone of the main requirements for effective BIM implementation, which
can be achieved by changing thmind-set of the stakeholders towarsl embracing new

technologies, changing the working environment tdeing cooperative instead of
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adversarial, increasing the awareness tfe BIM benefits and adoptinga Wy 2 of ' YSQ

culture (PorwalandHewage 2013Smith 2014).
3.4 BIM STATUS

3.4.1 BIM Global Satus

The perceived benefits of BIM implementatiohave resulted in an increaseof BIM

adoption waldwide in the last few yearsin the US BIM adoption by the contractors has
increased significantly from 200 to 2012 (McGraw Hill, 2014Between 2007 and 2012,
there was a surge of 54% of BIM adoptiontie construction value inthe US construction
industry (Lee et al, 2014). Moreover, BIM adoptionby the construction industry

practitionershas increased in European countries to 36% in 28k@5rawHill, 201M).

National Building Specification (NBS) conducted an international BlMeysuin 2015 to
investigate the BIMadoption within the international design community. The respondents
were from design firms consultants general contractors, subcontractors or supplieasd
research institutes. This report shows the implementation patage of BIM in 2015 in
the UK, Canada, Denmarithe Czech Republic and Japan. In the UK, BIM usage in the
construction projects has increased by 9% between 2013 and 2015. Canada rfrowed
64% in 2013 to 67% in 2015able 3.8 shows the BIM implementation percentage in
construction projects in these countriesAnother report (McGrawHill 2014) confirmed
that BIM usage was projected to increase sharply in the construction indusspecially in
the contractor€) firms in many countries as slwn in Table 3.9 this is due to the
realisation of the potential ofthis technological and procedural evolution within the

construction industry (Gerges et al., 2017).

Table 38: BIM implementation percentaggin construction pojects (NBS, 2016)

Country 2015
TheUK 48%
The Czech Republic | 25%
Denmark 78%
Canada 67%
Japan 46%
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Table 39: BIM implementation percentage in contractofirms in 2013 and 2015 (McGraw, 2014)

Country 2013 2015
Germany 37% 2%
TheUnited States 55% 79%
Brazil 24% 73%
France 39% 71%
Australia 33% 71%
Japan 27% 43%
New Zealand 23% 50%
South Korea 23% 52%

3.4.2 BIM in the Public Sector in Jordan

One of the main driverghat has influenced BIM implementationis the political pressure
applied to the construction industry as has occurred inmany countries; BIM has been
pushed and mandated bgertain public bodiessuch as UK governmeriivVon, 2013). Many
researchers have investigated BIM adopt and implementation worldwide and where
some focused on the public sector, otkedid soon the private sector oron the whole
construction industry including both private and public sectors. At the same time, the
main focus of tlkse researchers was orstandards, guidelines, reports, visions and
roadmaps of BIM implementation oithe roles and responsibilities ofthe stakeholders

when implementing BIM.

Succar(2009) listed all the reports, visions and guides that related to BIM aviich are
publicly awailable in the & Denmark, Australia, Finland, Norway, Netherlands and a
consortium of organisations in Europe. Other researchers discussed the roles of both
sectors that are the public and private sectors in Norway, Singapore, Finland and Denmark
in promoting and providing support for BIM implementation. Jauhianig011) presented
examples of BIM adoption irthe public sector in three countriesthe General Services
Administration (GSA)in the US the Senate Propertiesn Finland and the Statsbygin
Norway. Wong (2011) compared the governmental guidelines, standards, iegoland

implementation status in the 8and Hong Kong.

Martin (2012) conducted a comparative review tfe BIM national guidelines in the UK,
the US Norway, Finland, Australia, Sgen and Denmark. Cheng (2015) compardte
different kinds of roles and effortsmade by the public sector for BIM adoption in four

main regions Europe, the US, Asia and Australia By hghlighting the successful BIM
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implementation strategies and identifyirg the gaps, it wassurmised that the public client
has six roles to play for BIM adoptionThese includedriver and initiator, educator,
regulator, researcher, demonstrator and funding agency. Cheng (2015) and \&org.
(2009) concluded that the publicestor has a primary role in BIM adoptionMany
countries around the globe have realised the vital role of the public authoriiies
promoting BIM, suchas in the UK andthe US (Won, 2013). Therefore, many governments
including the US (Wong et al.2009), Australia (BuildingSMART, 2012) atide UK (HM
Government, 2012) have set implementations strategies for the use of BIM on

construction projects.

In the US,the DSy S NI f { SNDAOSa ! RYAYAAUNXdAz2y oD{! 0
United States government, waestablished in 1949 to help manage and support the basic
Fdzy QliA2yAy3d 2F FSRSNIt |3ISyOrASaés O2YYAUGSR G2

strategic and incremental lev&lo bridge the adoption gap since 2003 (Cefrion, 2011).

In Australia, the Cooperative Research Centf@R¢ for Construction Innovation and the
Australian Institute of Architects have collaboratad the development of a conceptual
framework for BIM implementation; this framework provided the key elemnsenf a BIM
evolutionary process as well as a roadmafor the higher levels of BIM (CRC for
Construction Innovation, 2007). Moreover, a range of actions was also suggested for the

government and the industry in AustraliRorwal and Hewage, 2013)

0 National strategies forBIM implanentation to be developed and include national
priorities and stimulation of the involvement of the government and private
clients.

0 Newprocurement approachewm be developed and implemented for BIM

In the UK, BIM adoption and implementation wesmnong the main principle objectives of
0KS WD2@SNYYSyYyld [/ 2yaidNdzOGA2y { GNY GdSagiructdrdd/ { 0 H S

Thefollowing are themain principleobjectives of this strategy:

Embedding and increasing the use of digital technology, such aseB#2.

(@]

(@]

Deploying collaborative procurement approaches.

The UK government has also mandated BIM since 2016 for all the public projects that

exceeded £5 million as per thBBmart Market ReporQto reduce project delays and cost
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overrurs (Leeet al, 2014).This has led to an increase BIM adoption in the UK from 19%
to 39% between 2010 and 2012 (NBS, 2013). Francis Maude (20&2Minister for the

Cabinet Office, stated the following:

¢ KS 32 @SNy y&w stategy T2 &ND implementation  willchange the
dynamics and behaviours of the construction supply chain, unlocking new, more
efficient and collaborative ways of working. This whole sector adoption of BIM will
put us at the vanguard of a new digital construction era and position the UK to
beamme the world leaders in BIMMcGough Ahmedé& Austin,2013 p. 396

The UK governmental construction strategiebave increasel the importance of BIM
adoption and implementation in the UK. Thusvarious construction professional
organisations have releade standards, protocols and guidelines for effective management
and integration of cortsuction information. Table 3.10shows these standards, pmtols
and guidelines (NBS, 2Q18BS, 2016).

Table 310: UK BIM Standardgrotocols and guidelines (NBS, 2015; NBS, 2016; Kim, 2014)

Organisations | BIM Standards and Protocols

Gt { MMPHTHYHAMOI &ALISOATFAOFGAZY
capital/delivery phase of construction projects using building information
modef £ Ay 3¢

Gt ! { MMPHTOYHAMNI ALISOAFAOFGAZY
2LISNF GA2yFE LIKIFAS 2F FaaSda dzaAy
a. { mNR014A- Collaborative production of information. Part 4: Fulfilli
SY LX 2 & S NI aexéhghgexddiirenieht2uging COBie (Constructid
Operations Building Information Exchangeé) 2 RS 2 F LINJ O /
at ! { -5n2@8 specification for securityinded building information
management, digital built environments and smart asset management.
Provdes guidance on how to secure the intellectual property, the physic
asset, the processes, the technology, the people, and the information
F3a20AFGSR gAGK GKS aasSieé

d.{ ypocYHAMPT CIFIOAfAGASE al yl 3§
construction. Fort8 o6 dzA f RAy 3Qa Ay F¥NI &id NHzO
of required social, environmental, and economic outcomes as well as th
LIN2OS&da 2F | OKASOAYy3 (GK2a$S NBI dzA
.{ ypnmT wlky3aS 2F aidl yRINRa F2NJ
FyR O2yAdNHOGA2YOE

BSI

CiC BIM Protocol, Standard Protocol for use in projects using Building
Information Models

RIBA BIM Overlay to the RIBA Plan of Work
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RIBA Plan of Work 2013 Construction

RIBA and NBS

! yAOf Fd&dnunmpd | Of | Zusedtd drdahise A 2 y
AYF2NXYEGA2Y GOKNRdAzZAK2dzi Fff | aLlsSga

BIM Task
Group

GSL (Government Soft Landing§)eveloped to champion better outcome
F2NJ GKS 'YQa odaAfdG aasSia RdzNARy3
by BIM, so as to ensure that value is achieved in the operational lifecycl
an asset

Construction Operations Building Information Exchange (COBie) UK 20

Mandating BIM adoption and

impact on BIM adoption in the Middle East due to tlsggnificant economic relationship

between the Middle East and the UMhich has ledto the dominance of British architects,

consultants, contractors and project managersr the Middle East (Gerges, 2016).

Therefore, BIM adoption and implementation in the Middlast region is expected to rise.

Other significant factors for increasing the BIM adoption rates in the MiBldk are:

¢

The existence of muliational firms with muliple offices across the Middle East

implementation by the UK government had a positive

region, which in turnhave imposed the adoption and implementation of BIM in the

Middle East (Gergest al, 2017).

[@]3

countries was one of the main motivators for

implementation (Gergest al,, 2017).

[@]3

The rapid growth of mega and complex projedts many of the Middle Eastn

The widespreaduse of some of the UK BIM Standards, prottscoand guidelines

mentioned in &@ble 3.10in the Midde East. For examplehe RIBAPan of Work
0f AAKSR Iy AYGSNYFGA2Y I € OK I LJG SNJ
UAE, Bahrain, Saudi Arabia, Kuwait dn€ Sultanate of Oman. This

Saidl

Jordan,

chapter is one of eleven international RIBA chaptefhie RBA Gulf Chapter is

actively engaged with a diverse and very significant number of RIBA andRIBén

increasing BIM adoption and

Ol t tS

practitioners to support and communicate with RIBA overseas members and

arrange activitiessuch as networking events (RIBA Gulf Chapter, n.d).

Despite these influences, most of the Asian countries arstill lagging behind the US and

Europe in general in BIM adoption (Cheng et al., 2015). In the Middle East, Jordaheand

Gulf Cooperation Council (GCC) countries were surveyed in (2011) by BuildingSMART to

report on the adoption of BIM in the MiddlEast region. This survey showed that 25% of
the LI NI AOALI yia with NBM pibEdsseés) fbtl bidy 5% were
(Building®ART 201]). It was also stated that the use of BIM had improved productivity
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and quality control and reduced design errors (ibid). Anotletudy was conducted by
Gerges (2016 on BIM implementation in the Middle Easparticularly in Kuwait. He
reported that many of the BIM benefits in the region iheded improving communication,
encouraging collaborationthus mitigating project risks and monitoring the status of the

project throughout the project phasefacilitating stakeholders iratransparentway.

In 2014, another survey took place and reported that 10% the construction
professionals in the Middle East are using BIM with an increase of only 5% from the
previous survey in 2011 (CW Staff, 2014). This could be because the use of BIM is not
mandatory in the region (Building®MART 2011). On the other hand, BIM has been
implemened mainly for basic tasksuch as drawing extraction, 3D visgafion and rarely

for planning (Awwad, 2013).

Recently, a survey was conducted by Gerges al. (2017) to investigate BIM
implementation in the Middle East including Jordan,the GCC, Egyptand Lebanon 297
guestionnaires were sent out witta 67.34% response rate. The findings revealed that 20%
of the AEC organisations in the Middle East were using BIM,Jordan wasone of the
countries with the least BIM projects (Gerges et al., 2017). @aring the findings from
GergesS i | f @ Qrasear6hH with T dzA f R A Y F(2041) stutli€sd it seems clearthat

BIM adoption in the MiddleEast is rising. Howevethe surveyed respondents from Jordan
totalled only 3% of the overall responseto the questonnaire distributed by Gerges et al
(2017)

As stated above, BIM adoption in the MiddiEast has slowly increasedbut it is lagging
behind the rate of BIM adoption in the aforementioned developed countries. Awwad
(2013) explained that the maimeason is that no steps have been taken by the public
sector to implement BIM. The Jordanian government, on the other hand, was the first in
the Middle East to take the BIM oattMPWH and the JEAhave signed an agreement with
BuildingMART and the BIM Journal to establish th&uildingSMARTForum in Jordan and

to promote BIM adoption and implementationMiddle East Construction News2011).
However, since signing the agreement, thehave beenno steps taken toward achieving

its targets.

Recently, he Jordanian government showed an increased interest in BIM implementation
on its building projectsby starting to request the use of BIM to deliver significant public

buildings For example, the Al Tafaileh GovernmentaHospital (Matarneh and Hamed,
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2017) and the new airport terminal were requested to belesigned and deliveredising
BIM. Therefore, it can be said that the Jordanian government is in the process of

requesting BIM for its public building projects.

However, the literature revealed a lack of studies on BIM adoption and implementation in
Jordan in both the private and public construction sectors. Adding to d@f@ementioned

BIM survey conducted in 2011 BguildingSMARTN the GCC and Jordan, Al Awad015)
conducted research to provide insight into the context of IT and BIM adoptionsrbgll

and mediumsized enterprises SME} in construction in Jordan his research was the first
FOFRSYAO ¢2N] (G2 Ay@SadAadalrasS . La AwadoptdNRIE y >
among construction SMEs in Jordan is virtually -emisten€ (Al Awad, 2015, p. 207)
Moreover, AutoCAD was found to be the main design tool. Al A@&d5) also found that

one of the main barriers to implemeiny . L a A &ultuie Kasd traditiz Yy 2 T whiehNJ Q3
he suggestedneeds to be overcome along with other barriers; there is a need for
management change communication, training and streamlined processes. réheare
limitations in his work in that there were a small number of surveyed pariants and the

focus was not the public construction sector in Jordan.

At the time of writing up the thesis,he most recent research was conducted by Matarneh
(2017) to identify BIM experiences anthe perceived benefits, values and challenges of
BIM adoption and implementation in Jordan. The findinffom the research revealed that

BIM adoption and implementation in Jordastill ina primitive phase.

Despite the crucial role of the public client in Jordasee( Section 2.5.2.2), the public
construgion sector was not investigated irany of the above studies. Thereforethis
demonstratesa gapin the research onthe BIM status, benefits, barriers and feasibility in
the Jordanian public construction sector. This research will try to fill this gap by

investigating the current status of BIM in the public sector in Jordan.
3.5 BIM-SUSTAINABLE BUILDINGS NEXUS

Sustainability enhancement iamong the main benefits of BIM implementation. The main
objective of this chapter is to investigate the impact of atiop BIM approachedor the
design and delivery of sustainable building projects. Therefore, this section will discuss the

BIM support for delivering sustainable buildings.
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Delivering  sustainable  buildisg bears not only building performanaelated
considerations, but alscaddressesthe economic, social and environmental impacts of the
building industry this adds extra layers ofnecessaryinformation, andso it is desirable to
have efficient informatiortechnological solutions. BIM wasidentified as the most
promising solution in @rms of improving sustainabilityand meeting the global need for
sustainable buildings (Kumanayake and Bandara 2012 since BIM supports the supply,
management and integration of suchequisite information throughout the lifecycle of a
building (Hakkinen and Kiviniemi 2008Yloreover, although BIM is not a new technology
within the construction industry,recently, the potential for BIM and its relationship to
sustainability is beginning to be rdsed as the demand is increasingnnually (Bynum et
al, 2013. As such, mctitioners believe that BIM can achieve sustainable construction
outcomes more efficiently thannon-BIM approaches(McGrawHill, 201@), and that such

benefits accrue in projeciscross the globéMihindu and Arayici, 2008

Love and Smith(2003) sent 100 questionnaires to AEC practitioners and acadenmcthe

UK andthe US to ask about BIM benefits. It was found that BIM can improve sustainability
and increase creativity in addition taeducing cost and time andimproving quality.
Khosrowshahi and Arayiqi2012) surveyed respondents from the UK construction industry
to find the issues that BIM can address; they found that BIM implementation can improve
sustainable design construction, risk management, the reliability of the facilities, asset
management, coordination of client changes to the design, aaduce errors, rewrking

and waste.

In order to provide a holistic understanding and critical reflection on the nexus between
BIM and sustainable buildings,igkre 3.5 presents the ‘Bustainable BIM Triangle As can

be seen, two central themes reflect the nexus between B#vd sustainable buildings:
BIM, if managed,can supports the lifecycle of sustainable building&\nd BIM supportsthe

sustainable building analysis and assessment

65



Renovation and

Demolition

Construction
Operation

BIM attributes

BIM
supported
lifecycle of
sustainable
projects

Srategic planning
and briefina

Design

isualizatiol

Whole life cost
calculation

Technical Analysis
and prediction

Ste analysis
Communication

Project schedule
and cost

Design review

Design optimization

BIM supported
sustainable
buildings

Qstainable

buildings

BIM
supported
analysis and
assessment of
sustainable
projects

Environme
attributes:
Ste and Land
Use

Economical
Energy attributes:
Water Long-term
l\/!aIerlals Resources

Productivity

Operating Cost

Social
attributes:
Health
Well-being
Comfort

Social and Qultural

Values
Human Design/

mmunity

Project phases

Sustainability attributes

Figure 35: Sustainable BIM Triangle taxonomy adapted from, Miu, Chang and (2017)
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3.5.1 BIM Supports the Lifecycle of Sustainable Buildings

BIM can contribute to sustainable construction over the facility lifecycle fritva early

stages to e@molition, and through facilitating important decisions (Azhar

and Brown,

2009). BIM can also support sustainability in the construction supply chain by making

construction and procurement processes more effective and efficient, and

reducing

construction waste materials throughout a project lifecycle (Crosbie et al., 2011; HM

HNMHT TheO DINWing sectibris f r&presenn the @obtribution

D2@SNYYSyis

of BIMto sustainability over the various building stages.

3.5.1.1 BIMSupports Sustainable Strategic Planning and Briefing

Well defined in-place strategies enable organisations to adapt to-gmng changes in the

external world. Therefore, a strategy that takethe 2 NHI YA &l GA2y Qa

opportunities presented by the environment is essential order to be viable (Jennings

and Wattam, 1998).

In terms of project sustainability, the planning stage is significant agréates the highest

OAT AL

impact on the envionmental, economic and social aspects (Chong et al., 2017). It has

been argued in the literature that sustainability considerations and assessmsmould

firstly take place inthe strategic planning and briefing phases. This is because it is essential

to develop a plan for

sustainability goals of a project (Hardin,

sustainabilitywithin the project scope that identifies

2009jable 3.11 shows the sustainability

consideratiors, as reported by Zanr{2017) andMulvihill and Jacobgl998)

Table 311: Plan for Sustainability

(Zanni, 2017)

(Mulvihill and Jacobs, 1998)

Project summary

Establishing and refining the project vision and objecti
based on sustainable development principles g
atl {SK2f RSNAQ ySSRa

Accreditation goal summary

Establishing common values

Local recycling resources

Identification of contextual issues that influence the problg
definition

Local municipal sustainability
initiatives

Identification of significant assessment issues based social
values and professional judgment

Project limits

Development of terms of reference for the stages of t
assessment process

Project initiatives

Scheduling all critical decisidd2 Ay ia Ay (GKS
along with the identification of thénformation needed

Evaluation

N/A
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Effective BIM implementation inthe planning and procurement stagewill reduce cost
variation and make the project more accommodatinghus more socially sustainable
(Holzer, 2009). According to Zuo and Zhao (2014), social sustainability affotd=althy
and safe environment for all the involved stakeholders. Moreover, BIM implementation
can enhancethe efficiency and effectiveness dahe project development processemainly

by eliminating unnecessary waste frattme re-planning and revorking (Gibbs et al., 2015).

To solve planning issuesaround climate conditios, site information, site location,

transport infrastricture and ecological valyethe civil 3D, Auto-CAD and BIM software

were used alongside other environmental softwarepackagesto deliver the Tent Hotel in

Hengshan NaShan village (Bonenberg and Xia, 20db)yeover, a Development Strategy

Simulator (DSS) and Development Strategy Formulation and Evaluation Methodology
(DSFEM) are automated BIM systemshich were created to supporthe & i { SK2 f RS NA
decisionmaking in the planning phaseby evaluating altmative plans hsed on a
visualisation ofthe actual design and construction retrievefiom the integrated system

(Kim Kim, Fischer & Orr,2015. These studies were conducted to improve the
environmengl, economic and social aspects of sustainability through optimisinigcisions

using BIMn the planning phase.

Chong et al. (2017) conducte@ review of publications between 2011 and 2016 to

RS (i S NMHey &irrentr stateof-the-art of BIM RS@St 2 LIYSy i T2 NNinefipdza G+ Ay |
one studies and thirtgix standard and guidelines were found. He concluded that despite

the importance of the planning phase, there is still a lack of innegattsearch about BIM

implementation inthe project planning and procurement systems for sustainability.
3.5.1.2 BIMSupports Sustainable Design

The design is the core of both BIM standards and guidelines where sustainability depends

on the matter of design (Chongt al, 2017). A study by Lim (2015) showed that
sustainability simulation through BIM during the pesign stage or ely in the design

phase is crucialfor evolving a sustainable building design. BIM can virtually construct
buildings before the construction phase, which effectively assesses their constructability

and resolves any uncertainties during the process thatldoaffect building sustainability
performance. Moreover, BlMfacilitates § KS dzaS 2F WNBRdz0S ed R 2 LIG A
the design team which helps achieve sustainaldity goals (Kumanayakeand Bandara

2012. Sustainability goals for a project can be gatesed into three overlapping
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dimensions corresponding to the triple bottom line of sustainability, namdlye

envirorment, econony and socety (see kgure 3.6.

In the environmental dimension, most of the BIM applications were developed to tackle
environmental sustainability issues in the design phase with the focus on building
performance analysis, such as integrated buddiperformance optingation (Asl et al.,
2015), lighting simulation (wellet al, 2012), C® emission analysis (knight, 2011; Basbagill
et al, 2013) and energy performance analysis (Woagd Fan 2013; Schlueterand
Thesselling 2009; Shrivastavaand Chini 2012 Kim and Andersgn 2012). These
applications can lead to better and more efficientesihns that optimise energy usage,
promote passive design strategies and ilimvasted resources (Eastman et aR008) by
providing in the early design stagdancreased visualigtion and integraton in the views of

building performance

Environmental Factors: BIM implementation:
Ste and Land Use Orientation
Energy Shadow
Water Light Path
materials Heating and Gooling
r

Fnergy performance Analysis

Economic Factors:

Innovation
ital efficien
gg\l/vth iciency Social Factors:
Dependent
enhancement 2
Long term Economic Health
Resources \&v)ell;betmg
Productivity mior
Low running Costs Independent
Op(_eratmg Cost Social and Qultural Values
Maintenance Cost Human Design
Revenue Gommunity
Risk management -
BIM implementation BIM implementation
Cost Estimation . .
) : Crientation
Quantity Surveying Shad
Enhance collaboration Hadow
Light Path
Heating and Cooling
Load Analysis

Figure 36: Triplesustainable factors and BIM implementatigradapted from PearceHan Ahn and
Global(2012)
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Hartmann et al. (2012) stated that BIM has a diresignificant impact on the economic
dimension of sustainable construction through the process of risk management and cost

estimation during the design phase. For risk management, project managers can

incorporate the fourth dimension of BIM (time) in theanalysis to estimatethe LINE 2 SO a

risks more effectively andnake them morecosteffective and progressivewhich will have
an impact on reducing project costs (Zhaagd Hy 2011). Despite the benefits associated
with this process, itcamot be considerd as a sustainable approach until it includes the
environmental benefits and promes the quality of life concem in its calculations sociat

oriented values and human wedking should béncludedin their priorities (Sassi, 2006).

Moreover, other aspets of BIM implementation can influencthe economic efficiencyby
SYyKIyOAy3 all1SK2ft RSNBQ  O2 YWhidhy Ae@ds (ith 2pyomoting/ R
building management, saving time and reducing wastaged thus reducing project cost

(Hartmann et al., 202; Eastmaret al,, 201J.

The occurrence ofsocial sustainability has been defined by the Western Australia Council

of Social Services (WACQOSS) as:

When the formal and informal processes; systems; structures; and relationships
actively support the capacity of current and future generations to create healthy
and liveable communities. Socially sustainable communities are equitable, diverse,

connected andlemocratic and provide a good quality of lifg/ ACOSS, 20p0

The improvement of social sustainability is considered within the improvementthef
economic and environmental aspects of sustainabilityhich results in comfort and health
as well as promotig human wetbeing (Sassi, 2006Eere, n.d). Soltani (2016) classified
the interaction betweensocial sustainabilityand BIM into two categoriesdependent and
independent features. Dependent features can be quantified and measured through
environmental asessments which BIM can support such as lighting and energy
performance. Therefore, improving some environmental features in the process of
sustainable design can prate health and enhance performancewhile negative
environmental conditioe can lead to health disordes, such as discomfort, stress and
absenteeism Independent features from other variables whicare mainly qualitative in
nature, suchas community, social and cultural values and human deslted features
also have a role to playSassi, 2006). Improved environmental quality, knowledge transfer,

minimised risks from pollutast associated with building energy use and neighbourhood
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restoration are other ways to improve quality of lifen the social scale through the design

stage Eere, n.d).

3.5.1.3 BIMSupports Sustainable Construction

Many standards especially in the US have encouraged and stipulated the use of BIM in the
construction phase. The Los Angeles Community College DistricACCP (2016) has
encouraged the antractors to issuea schedule based oa 3D BIM model thatis linked to

the sequence of constructionThe Port Authority TPA (2016) stipulated that BIM 4D
(time) and 5D (cost) should be used for logistic planning, interface management and

project forecating.

The construction phase has a significant effect on the environment in terof many
aspects, such as carbon emissions (Ma&h al, 2011), resource consumption, noise
pollution and waste generation (Liat al, 2011; Changet al, 2017). BIM provides various
effective solutionsfor mitigating such environmental impacts as BIM can facilitate project
information. Zhang et al. (2016) foundhat the information embodied in BIMis suitable
for fabricating modular units, which will reda site disturbance, wastage from the costly
construction materials, air pollution andenhance design change flexibility and -ese

(Zhang et al., 2016).

For onstruction planning support, a BHihsed automated framework has been created

to generate dynant site layout models (Kumar and Cheng, 2015). The aim was to
optimise the travel distance of construction personnel and equipmdit this framework

by using an algorithm with genetic algorithmi. was found that the use of information
embedded inthe BIM models have helped achieva 13.5% reduction irthe total travel

distance compared to conventional methods.

The performance gap ishat which existsbetween design intent andhe actual building

which could reduce the chances of delivering a sustainahblding design The reasons
for this gap have beerwidely studied Menezes et al., 2012Zero Carbon Hub, 2014;
Bordass et al., 2001 The sbstitution of products orsite is om of the major reasons for
such a gap which could lead to improvisg certain modifications that are detrimental to

the fabric performance andalso creatingless thermal effient materials (Carbon Hub,
2014. BIM contributes by monitoring the construction progress. The 8canvsBIMQ

technique was created by Bosche et al.013) to track the mechanical, electrical, and
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plumbing MEB elements between aplanned and aduilt. Matthews et al. (2015) also
created a clouebased BIM to provide redgime information on the reinforced concrete
structure onsite. As having access tanformation of the performance ofa building project
will help improe the decisioamaking of both the contractors anddesigners, thus

ensuring project deliverability anmet andthe performance gafis minimised (ibid).
3.5.1.4 BIMSupports Sustainable Operation s and Maintenance

The operation phase hasa significant role in maintaining the sustainability of the built
envionment. In § KS 2 LISN) GA2Yy LKIFasSY Ad Aa SaaSydaalft
performance to verify the actual performance compared to the design phase set targets

(Lu et al., 2017) This task is complicated due to the neddr collecing the building's

information from different stakeholders over various phases (Chong et al., 2017).
Bernstein (2010) found that in the operation phase, BIM is an invaluable fool

monitoring the buildingL2 sustainability performance.This is becauseBIM can contribute

the ablity to support the integration, supply and management of information over the

building lifecycle (Hakkinen, 2008).

BIM is also an adequate toolfor supporing the data for maintenance (Akbarnezhad, 2012;
Eastman et al., 2011Cheng and Ma, 20)3due to fs ability to managethe building
information accurately (Liuand Issa 2012), thus reducing the building maintenance costs.
A strategy framework was proposed by Adeyemi et al. (2014) that incorporated zero
emissiors, lean thinking and green building intthe BIM to minimise the maintenance

costs
3.5.1.5 BIMSupports Sustainable Renovation and Demolition

Globally, buildings consie 45% of the world energysee THble 2.3. Moreover, it has
been estimated that more than half ofhe existing building stock will still be in use in
2050. Alsg despite the focus on reducing emissions from new buildins, existing stock
remairs mostly untouched, missing opportunities to reduce emissions and deliver zero or
nearzero carbon buildings (Carbon Trust, 2008enovating the existingouilding stock is
one of the most effective ways to minimise the carbon emissions by reducing the energy
consumption in these buildings. This, in turn, will imprayee indoor climate by mitigating

the air pollution whichwill lead to healthier living (Kyilili et al., 2015).
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BIM applications were foundo be beneficialin addressingthese sustainability issues on
the project renovation phase by providing feasible solutions (Bernstein, 20A0number
of researchers have demonstrate BIM usage on retrofit/renovation projects. For
example, a research framework was proposed to improve BIM roles in edé&kgn
retrofits (Khaddaj and Srour, 2016)A sustainable deconstruction strategy was proposed
by Akbarnezhad (2014) which uses Bidirced information to retrieve the capitaland
energy invested in building componest Cheng and Ma (2013) created amegrated BIM-
based systemto estimate the amount of waste generated from construction, renovation
and demolition therefore, it contributes to improving the sustainability of renovation and

demolition projects to support project control.

3.5.1.6 Summary: BIMSupports Sustainable Project Lifecycle

As a summary, BIM can support sustainable buildiogsr the project lifecycle including
strategic definitios and briefing, design, construction, operation and maintenance and
renovation and demolition (see FHgure 3.7. Based on the current research, BIM can

contribute to the sustainable building lifecydtethree ways

0 Visualisan is one of the primary applications of BIMis mentioned in Section
3.3.3. Therefore, the first BIM contribution is the ability to provide visual
information that relates to building and process performance. This includes 3D
models and walkthrough featas. "his will make stakeholdefs decisiors more
sustainaby oriented.

0 Secondly, e ability to exchange data embeddeidh BIM among multdisciplinary
users with different sustainability analysis toodnd the automation of the design
evaluation processes (Lu et al., 2017).

0 Finally, BIM contributes by improving the collaboration and communication

between various stakeholders during sustainable designponstruction and
operatiors (Grilo and JardirGoncalves,2010). A new paradigm of a shared vision
for all stakeholders working on the same project is mdte by this integrated

platform (Azhar et al., 2012).
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Srategic planning Operation and Renovation and

IeliEeEdE and briefing Design Conruction maintenance demolition
1. Qupport stakeholders 1. Provide integrated 1. Facilitate project 1. Assist in monitoringthe 1. Provide feasible
decision making by visualised smulationand  information. sustainable performance  solution
evaluating Alternative analysis of building 2. Qupport construction  of buildings 2. Qupport project control
BIM support plans. performance. planning 2.Reduce the building
sustainability 2. Biminatingunnecessary 2. 9& I (SLEREAENA A 3. Continues construction maintenance costs
waste from re-planning more effectively and progress monitoring
and re-work efficiently
3. B/KyOy3al | SRRNG
communication and
collaboration
4. Facilitate data exchange
and integration

Figure 37: BIM-supported sustainable projectbfecycles

Despite these benefits of BIM over thdifferent phases, there is still a lack of research
about BIM implementation in some of these phasesuch as project planning and
procurement approaches for sustainability (Chong et al., 2017) and BIM fdoility
management (Dong et al., 2014). This research will investigate different procurement
approaches adopted in the public sector in Jordér better BIM implementation to

achieve sustainability.

3.5.2 BIM Supports Sustainable Building Assessment and Evaluation

Bustainability analyses or building performance anal@sesfer to various types d
evaluation and assessment methodor determining the environmental performance of a
building; these analyses include internaines, such asthe HVAC systa optimisation and
contextual analysesas in site orientation, building massing anday lighting (Azhar and
Brown, 2009). Fragmented information in the traditional delivery approaches causes the
discontinuity of these sustainability analyses systemBasfnan et al., 2011). BIM
contributes through the us of such technology as a databaser fadata exchange and
integration (Steel, 2012). Specifically, throughout the design process, BIM erethte
opportunity to incorporate the sustainability measures by allowing mdificiplinary
information to be superimposedn one model (Autodesk, 2012), thus BIM can be used to
analyse the buildings as fully integrated dynamisystems and adjust their cortsuction

process to enhance their sustainability (Holness, 2008).

In BIM, much of thenecessarydata for sustainabilityare in the coordinated data setof
information that are naturally captured over the project lifecycle in the building

information modes. Furthermore, BIM integration with other performance analysis
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software significantly simplifies these rigorous analyses (Azhar and Brown, 2009). Such
integration could take the form of combiningan energysimulation tool with Revit
Archtecture. For instance, the lifecycle impact tool ATHENA impact estimatand Green
Building Studiocan be employedto study the use of different building materials ariteir
impact on energy performance (Ajayi et al.,, 2015). Grafosoft, EcoDesigner and Archicad 14
BIM were used by Tahmasebi et al. (2011) to calculatee energy consumption and

carbon footprint of glazed windowas a resulto anychanges madéo the building.

To integrate the sustainability software with BIM to performa lifecycle analysis (LCA),
direct acess to BIM informationis needed (Anton and Diaz, 2Q14The typical flow of
information in BlMbased sustainability analyses and BIM functions for such analyses are
presented in Hgure 3.8 Building Blibased sustainable analysis can be performed based
on the basic information embodied in BJMsuch as building systems, building materiality,
building geometry and internal load as well #% additionaly entered information in the
performance analyses software (Azhar and Brown, 2009). Based on previseardtg the
impact of BIM on these analyses can be categorised into eight main typesbon
emission, thermal comfort, acoustics analyses, water usage analyses, solar radiation and
lighting analyses, natural ventilation system analyses, energy performaryses and

whole life cost analysis (Lu et al., 2017).

As mentioned inSection 2.4.3, sustainable building assessment methaisech as BREEAM,
GREEN, BEAM Plus and LER®re issued by different countries to address building
sustainability. Most of thee assessment standard methods were criticised asy thee
based on the predicted performance rather than the actual one (Tuohy and Murphy,
2015). For example, it was found that %80 35% ofthe LEED buildings consume more
energy than the & O2 y @S yOR A8/ y(IS{NasJlp&tJifiéoé area (Newsham et al., 2009).
BIM can enhance the efficiency of such assessment methods through estimating and
AYGSNLINBGAY3 RATFSNBYKIA OKY S idk2d® 3R  SONBRAGIS G KS
understanding of these credits thus esuring the achievement of certification
requirements. Moreover, stakeholders can choose more effective strategies through BIM
to achieve the required buildingertification (Wu and Issa, 20L4BIM canalso assistin
applying and maintainingthe certificaes associated with different sustainable building
assessment methods htough facilitating the required documentation management (Lu et

al., 2017).
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Solar radiation and lighting

Energy perfromance

Natural ventilation Acoustics

Water usage Thermal comfort

Sustainable Performance Analysis

Value/ cost Carbon emission

Building materiality
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Building geometry

Building systems (HVAQ

Weather conditions

Figure 38: BIM-based buildingsustainability analyses; typical information flow and BIM functions, adapted from Azhar and Br(2@99 andLu et al.
(2017)

76



3.6 CHAPTER SUMMARY

Through the literature review, it was revealed that public sectors worldwide play aaprim
and significant role in implementing BIM through various national implementation
strategies and plans. Howevea, lack of full commitment to BIMby public sector clients in
Jordan was reported. This affectdts status in both the private and public 4ec in Jordan

as recent studies stated that BIM is still anvery primitive phase in Jordan. It could be said
that the main reason is thepaucity of studies on BIM adoption and implementation in the
public sector in Jordan. Thereford, is anticipated tlat this research will provide a unique
insight into the current state of BIM usage in the public sector in Jordan. This would be
achieved by exploring the extent of the adoption of BIM among the government, public
contractors and consultants. In additionthis study attempts to measure therelative

significanceof BIM benefits and barriers to the public construction sector in Jordan.

Research suggest8IM can help overcome many of the issues reportedn the public
buildings in Jordan,such astime delays, cost overrm and a lack of sustainability
performance. Indeed, sustainability enhancement is among the main BIM benefits.
Therefore, this chapte introduced the SustainableBIM Triangle which provides evidence
that BIM adoption and implemeation suppors sustainability on different project phases

from planning to demolition in addition to sustainability assessment.

However, there are barriers to usihg BIM. These barriers are categorised under three
main headings business and legalhuman/organisational and technical barriers. Current
procurement strategies, which fallunder the business and legal barriersare considered
among the most significant challenges tdBIM implementation in the public sectorThus,
when many public clientsaround the world popose a rage of actions to implement BIM,
deploying collaborative procurement approachesems to be the optimal solutionThe

nextchapter discusssBIM implementation under various procurement approaches.
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CHAPTER 4: THE IMPLICATION OEONSTRUCTION PROCUREMENT
ONBIM IMPLEMENTATION AND SUSTAINABILITY CONSIDERATIONS

4.1 INTRODUCTION

Public buildings in Jordan have been criticised duetheir lack of design performance,
especially in sustainability. This iedause of political, cultural and economic reasosse(
Chapter 2). BIM asan innovative technology can contribute and enhance buildings
performance especially in sustainability s€ée Chapter 3). However, construction
procurement has been considereto be one of the principal business andlegal BIM
implementation challengesto the public sector. The key objective of this chapter is to
review the literature that is pertinent to construction procurement artd analyse the

implicatiors of this on BIM implemenation andsustainability

This chapter is comprised of six main sections:

0 An overview of construction procurement

[@]3

The implicatios of construction procurement on BIM implementation

[@]3

The need for innovative procurement approaches to implement.BIM

[@]3

Theimplicatiors of construction procurement on sustainability considerations

[@]3

Construction procurement in Jordan

(@]

The justification for carrying out this research.

4.2 AN OVERVIEW OF CONSTRUCTION PROCUREMENT

Construction procurement istermed by several researchers and practitioners in the
construction industry under different terms, such as the procurement approach,
procurement systers procurement method, procurement delivery metha or project
delivery method. In recent years, these terms have be@mntommon and fashionable
phrases in the construction industry (Rwelamila and Edries, 2007; Jin Lin et al.,, 2015). It is
considered as afundamental parameter that contributes to the success of the
construction project and client satisfaction (Love et a2008 2012). In principle,the
procurement approach determines the overall framewoffor allocating the authorities

and responsibilities of project stakeholders in the construction project (Rwelamila and
Edries, 2007).
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4.2.1 CONSTRUCTION PROCUREMEMNEFINITIONS

Many definitions have been given for procurement in construction in the literature
(Francom, Asmar & Ariaratnam,2014). This is due to the misconception about the clear
nature of procurement and whether it is purchasing or a contract. GrilmdaGoncalves

(2011) have clearly stated that it includes both purchasing and contract providing services

and merchandise. Table 4.1 represetite different definitiors found in the literature.

Table 41: Definitions of procurenent in construction

Construction procurement definition Source

The strategy that the clients adopt to buy resourcesand| (Root and Hancock
activities from specialiss in the building industry todeliver | 1996)

a new building.

GA process in which theOf ASy daQ NXE lj| (Dalgliestet al.,1997)
objectives are elicited throughout the project life cyc

moreover, forming the power structuge

a | procurement system is an organizational system t| (Love, Skitmore& Earl,
assigns specific responsibilities and authorities to peq 1998, p221)

and organizations, and defines the relationships of
B NA2dza St SySyida Ay (GKS Oz2y

0A collective process for the achievement of mut| (Koolwijk &  Vrijhoef
benefit, where it adds value to the clients and profits | 2005)

the participants through the contractual structure

0A system that represents the organizational struct{ (Chan2007)
adopted by clients for the implementation of proje

processes and eventual operation of the profect

0A  comprehensive  process by which  design{ (Molenaar et al., 2009)
constructors, and various consultants provide services
design and construction to delivea complete project tg
0KS 2.6y SNE

GThe set of relationship, roles, and responsibilities | (Park et al.2009)
project team members and the sequence of activit
NEIljdzA NER T2NJ 6KS RS@St2LIYSy
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0A mechanism for linking and coordinating members
the building team throughout the building process in
unique systematic  structure, both functionally ai
contractually. Functionally via roles, authority and pow
contractually via responsibilities andsks. The main aim i
to deliver a project that meets its objectives and fulfil t
Ot ASyli ONRGSNRAIF |yR SELISOGL

(Naoum, 2011)

0GAn organisational structure that arranges specific relationshij
and authorities to the participants, defines the retatship of
key elements in the construction project and acts as a
management framework to the client for the management of
RSaAIyYy>S 02yaliNHzOGA2Y YR S0@

(Gamage, 2011)

O0A strategy to satisfy client's development and/
operational needs with respect to the provision

constructedfacilities for a discrete life & Of S¢ @

(Poplic et al., 2014)

0A comprehensive procesby which a facilityis desigred

and construck R ¢

(Francom et al., 2014)

GUKS LINRPOSaa 0@ sgeKikeS fare hare]
from an external provider for incorporation into th

LINE2SOGZX LINPINIYYS 2NJ LIRNIT

(APM,online)

WGKS aGN}GS3IA0 LINROSaa 2F
g2N)] NB ONBIFGSRZ YIylF3aSR |

(Hughes et al., 2015,
11)

It can be concluded rbm the various definitions in able 4.1, that there is no single
commonly accepted construction procurement definition.
construction procurement consists of a wide range of processes which are interrelated
and sequential in nature. Depending on the variousfiitions and descriptions in able

4.1, this research defines construction procurement as a set of tasks that govern the
activities undertaken by clients, consultants and contractors to plan,
purchase and construct projects in order to deliver the required -pratluct to the client.

This definition is adopted to ensure that this research tackles any aspect of construction

procurement that could influence BIM implementation.
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4.2.2 Construction Procurement Approaches

Many construction procurement approaches have been developmeer the last few
decades (Jin Lin et al., 2015fonstruction pocurement approaches(see Figure 4.1)can
be classified intofour main categories cooperative and separatedmanagemenoriented,
integrated procurementand innovative approacheg¢Mante et al., 2012; Love et al., 2Q08

Bolpagni, 2013)

Qonstruction Procurement
approaches

[ I | 1

Qooperative Management
and separated Oriented

Integrated Innovative

Two Sage Open Book
Project Alliancing (PA)

; 1 Construction management 1 Integrated Project Delivery (IPD)
L Seg::ntr:aélng[lcl)ﬁch (av) age 7 DesignandBuild| | Early BIM Partnering (EBP)
g(DBB) f Management Contracting (DB) 1 Project Alliancing (PA)
M9  Cost Led Procurement (QLP)
1
1

Figure4.1: Procurement approacheslassification Bolpagni (2013), Love et al. (2008) and
Rwelamila and Edries (2007)

4.2.2.1 Cooperativeand Separated Procurement Approaches

In these types of procurement approaches, consultants and contractors carry out the
project development activitiesn a sequential orderone after another (Nikou et al., 2014).

Project activities start from feasibility studies, design and construction activibesianding

over the project (Rwelamile and Edries, 2007). The main characteristics of such
approaches are the separation between the design and construction phases in Vittieh

or no interaction between consultants and contractor organisatiooscurs (Mante et al.,

2012). In these approaches, the client sigiwo separate contracts with the consultants

and contractors in which the majority of the design and drawings preparation are
O2YLX SGSR LINA2NJ (2 GKS aAidS 62NJaQ 02YYSyOSySyi

4.2.2.2 Management Oriented Approaches

In these approaches, an organisation is appointed to manage and coordinate the design

and construction phases of a project. It has been stated: that
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Under a managemenrbriented procurement system, the managemenof the
project is carried out by an organisation working with the designer and other
consultants to produce the designs and to manage the construction work which is

carried out by contractorgThwala and Mathonsi, 201p. 19

The most common approaches rea construction management and management
contracting. The main difference between the twse that the former is based on managing
the trade contracts in which the client is responsible for placing the contracts. The latter is

where management contractorse contracting works contractors directly.

4.2.2.3 Integrated Approaches

In these approaches, the main feature is that both the design and construetnork are
carried out in parallel (Migliaccio et al., 2009The responsibity for the design and
construction are integrated or combinednto a single contracting rganisation. According
to Koncharand Sanvido (1998 having a single contracting organisatitmat is responsible

for both the design and constructiontise main benefit of these approachésr the client

4.2.2.4 Innovative Procurement Approaches

Innovative procurement approaches are new approaches thate become popular in the
AEC/FM industry in order to enhance collaboration betwede different parties involved
in the process There are six main approaches identified in the literaturéintegrated
project insurance (IP)) project alliancing (PA),integrated project delivery (IPD) two-stage
open book, cost led procurement (CLP)and early BIM partnering (EBP) (Bolpagni, 2013).
IPD and PA have been established to create a cooperative environment anfbrio
collaboration environment between the construction project stakeholderthat reaches a
new level. CLP, IPlI antio-stage open book were established and trialled by the UK
govenment to enhance collaboration and integration ach at reducing the public
project2 cost and enharing sustainability. EBP was establishedcording to the existng
procurement in the public sector in Canada, andaiims to smoothly introduce BIM to the

currentworking processes.

4.2.3 Tendering Procedures

The terms procurement and tendering are usually used interchangeably without loaking

the actual meaning of both. According t@arner (2014), this led to confusiorabout the
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differences between the meanings ofthese terms. Different procurement approaches are
defined in Section 4.2.1 Tendering on the other hand, is a stage in the construction
procurement. It can be defined as a process of purchasing or the bidding process in order
to obtain a price and appoint a contractor Garner 2014). Appointing a qualified
contractor is amongst the critical issuegor deliveing a successful project (Mohemad et

al.,, 2011). The general tender process includdwe tender specification preparation,
invitation to the tender, submission of the tender documents by the biddergaluation of

the proposals and tender awardingefe Figure 4.2).The mediator could be the consultant,
project manager or construction manager. The provider could be the main abotreor

trade contractos. This depends on the procurement approach adopted.

| |
Owner | Mediator | Provider
| |
| Tend ificati |
" ) ender specification
Initiate project 4_:_> oreparation :
| | |
< I
Invitation to tender View _tender
| | advertisement
| | v
- Tender aggregation I No
| i :
Open tenders | ves
« | Purchase tender
| documents
Assesstendersand *
select provider | e
candidates |
documents
i | *
| Short listed !,\ Submit tender
candidates I documents
I I
Tender awarding : : »  Sgn contract
I I
I I
I I
I I
| |

Figure 42: Usualtenderingprocessadapted fromMohemad at al.,(2011)
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There are three common types of tender stratedy the construction industry single
stage, twestage and negotiated tenderg (Garner, 2014). These strategies can be used
within  most of the procurement approaches; therefore, the chosen procurement

approach should not affect the tendering strategy.
4.2.3.1 Single-Stage Tendering

The singlestage tendering strategy is frequently chosen; in this approach the clients
conduct a singlestage competitive tenderto obtain a price for the construction work
(Garner, 2014).A number of contractors compet by bidding for a project based on the
same tender documentation. This occurs at the end of the design phase where the bidding
contractors have a predetermined timéor prepaing and submiting their bids. The hds

are then analysed in terms ofheir cost andquality, and a single contractor is assigned to
RSt AGSNI 6KS GSYRSNBNRA 62N]a O0AOAROO®

4.2.3.2 Two-Stage Tendering

The two-stage tendering strategy has becomemore common in recent years. This strategy

is used if the design process bengfirom the contractof) dechnical inputs. The basis of
choosing the preferred contractor is based on thpality of the O2 y (i N&l b@lji Raitl
team, preliminay prices profits and overhead allowances Garner 2014). Then the
preferred contractor is involved in the design stage on a consultancy basis using pre-
construction services agreement (PCSA) to complete the design together before

preseninga bid.

For instance, e use of twestage tendering undera traditional procurement approach is
called the accelerated traditional procurement approach. The ultimate goal of this
approach is to appoint the contractor earlier in the design phase on the basis of an
agreement to undertakethe pre-construction services (stagé) with the htention that the
parties will enter into a contract with a target cost, following a period of negotiation (stage
2) (Donovan, 2017).

In stage 1, the client tendes the project during the design stage on a competitive hasis
but based on an incomplete design, outline price amebgramme of the worksprepared
by the client design team The contractors then submit a proposed method statement,

construction programme, price ofhe preliminaries and overheads anthe percentage of

84



the profits (Donovan, 2017). This stage includascompetitive tendering ofthe already

designed work packages in addition to a lump sum for the-gomstruction services and

design fees. The client then appoints WLINSF SNNBER O2y (NI Qlsephildle 2y (K
PCSAr the provision of an identifiedontract (bid).

In the second stage, the client is m F2NY 2F O2y GNI Ol yS3I20AF (A 2)
O2y (NI OG2NR® ¢KS aSO2Yy R by an agtkemdnti on (aé ludipt £ t &8  O:

contract (Rawlinson, 2006). Figure 4.3 represents the procabe tivo-stage tender.

Pre-qualification (main contractor
tenderers)

Preliminaries Programme

Overheads and profits

Compile first-stage tender Method statement

Initial pricing and packages Pre-consiruction fee

Identification of preferred contractor

Sub-contractors selection

FHrst stage contractor

Compile second-stage tender K—— Agreement of subcontract terms

Risk allowances

Agreement second-stage lump sum
tender

-

Awarding the main contract

Figure 43: Two-stage tender process, adapted from Rawlinson (2006)

4.2.3.3 Negotiation Tendering

A nregotiation tender is a singlstage tender with one contractor. In this tender strategy,
the contractor proposes an initial tender price, and then a negotiation between the client

and the contractor is carried out in order to reach a finaic@ for the construction works
(Garner 2014.
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4.3 THE IMPLICATION OF CONSTRUCTION PROCUREMENPROCHE®N
BIM IMPLEMENTATION

The construction industry is behind in the a@ssary transformation to improve
technological development, sustainability, productivity and sufficient returnon
investment (ROI) for the clients (Mostafa, 2016). The application of 2D CAD has a
significant impact on improving the construction industry and the communication among
projects stakeholders. However, it has been criticised for its inefficiency in dealifg wit
issues such as sustainability, cost analysis and value engineering. These analyses are
usually performed by the contractor after the completion of the design phase.
Consequently, the required changes and inconsistencies are determined too late (Eastman
et al. 2011). BIM has been introduced as a response to these jssumekit has been
considered as one of the most effective organisatiormald technologicalinnovatiors in

the AEC (Succar, 2015). BiMalso considered as a potential solutidor overcoming the
current fragmentation in the construction industry (Hardin, 2009). Bl&arious potential

benefits are presented iBections 3.3.1 and 3.5.

To implement BIM effectively, the current construction processes should be altered at
every level the industy, organisation and project level(Arayici etal. 2011). It has been
argued that profound process changeare needed for effectiveBIM implementationon a
project level (Volk et al., 2014)particularly to create a collaborative environment between
multiple stakeholders over the project lifecgcl(Pcholakis 2010; Laishram, 2Dl11Early
stakeholder involvement will reducany conflict of interest and will add their inputs to the
design phase which is indeed not achieble under the traditional proctement methods
such as DBRAzhar et al.,, 2012). Thereford, is suggested that clients should change the
way that they procure buildings when implementing BIM to ensure a fully integrated,
O2fft 02N GADS . LanPoyikeg2062R 62NJ LINRPOSaasSa

Ghassmi and BeceridGerber (2011) have identified the following aspects, which
differentiate a collaborative procurement approach froma traditional method (i) early
and continuous involvement of key stakeholders; (i) clear rolessponsibilities and
communcation lines; (iii) integrated project team consisting of cl&entdesigners,
constructors, specialist suppliers and facilities managers; (iv) common goals and
collaborative decisioimmaking; and (v) an integrated design process where design,

construction ad operatiors are considered as a whole.
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A collaborative procurement approach will unlock the usefulness of Bfbt clients by
treating BIM as a shared resource for the facilities over their whole lifecyble will be
from design conception throughto the construction operation phases adaptive reuse

and any alterations until the end of their useful opéng lifecycle (Laishram, 20111

However, to date, procurement approaches were not choden their ability to deliver
collaborative environments. Foinstance, in the UK (a country which omparatively
mature in BIM adoption),in a survey of construction experts from 70 organisations across
the UK undertaken by the law firm Pinsent Masons in 2013, 66%hef respondents
suggested that the selectedrgcurement approaches were not fit for a Bidhabled world
(Withers, 2013. Therefore, BIM has been used in a relatively isolated way, with limited
collaboration between designers and contractors within the projects. In order to reap BIM
benefits in the castruction industry, traditional procurement approaches need to be

challenged from inception to completion amadsodemolition.

The following subsections will investigate the implicasionf BIM implementation under
various procurement approaches. Accomlino Masurier et al. (2006), Molenaar et al.
(2009), Love et al. (2012) and Nikou et al. (2014), the most common and preferable
procurement approaches in the public sector are traditional DBB and DB whiéstCM
method is the leastfavoured one compared @ the other two approaches. Each dhe
procurement approaches will be discussed and explored in order to thed advantages

and disadvantagedor BIM implementation. IPD is also discussed as it has been defined in

the literature as the optimum procureent approach for BIM implementation.
4.3.1 Traditional (DBB)

This approach is the oldesbut it is still the most popular amongst the separated and
cooperative approaches (Eastman et al., 20p1,4; Francom et al., 2014Yherefore, it is

called the YNJ RA (A 2 y I Turney; SIA9R, 2R @8 ahdenperd, 2001). This method has

been widely used all over the world for many decades delivering public and private

sector projects (Thwala and Mathonsi, 2012Jhe main principle of this approach is that

the design and construction phases are separated, arethe a i | SK2 f RSN NIB a LJ:;
(Shrestha et al.,, 20)2 Despite this separation between the client, consultants and
contractors, this approach allows for cooperation between them. This is why thsoagh

earned its other name Yeparated @d cooperativeQ (Masterman, 2002 Figure 4.4

represents the project organisatiahstructure forthe traditional procurement approach.
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Qient

Qonsultants Contractor

Other consultants Architect Suppliers Sub-contractors

Figure 44: Projectorganisatioral structure for the traditional procurement approach (Maricopa,

2011)

In the DBB approach, the design should be completed, followed by an (open) competitive
tendering for contractor selection, signing the contract and then proceeding with the
construction phase (Eriksson and Westerhe®p1l PishdaeBozorgi et al., 2012). Bids can

be opened either publicly or privately depending on project type, and usually the
contractor with the lowest responsible bid is selected und2BB (Eastman et al.,021).
Selective and negotiation tender procedures can also be implemented under DBB instead
of the open competitive tender procedure (Rosmayati et al., 2010; Thwala and Mathonsi,
2012). The mains steps undéxe DBB approach are as follows (Turner, 1990,48, 50):

0 dient defines the need to build and the work purpose

0 dient defines the requirements of the technical proposals
0 Design team develops design drawings and cost cantrol
0 Client approves the design waork

0 Preparing tender documentation

0 Invitingtenders to tender

0 Contractors prepare their proposals

0 Selecting a tendethereafter signing a contract

0 Contractor proceeds with constructing the building

0 Testing the building.

The main advantages and disadvantages of adopan@BB approach arerepresented in

Table 4.2
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Table 42: Advantages and disadvantages tbie DBB approach (Morledge et al., 2006; Turner,
1990; Hardin 2009; Eastman et @011)

Advantages Disadvantages

All  the tendering contractors ar{ The processes are sequentiakhich affecs
bidding on the same basis, thukere | the project duration to be longer tha

is acompetitive fairness other delivery approaches

The client can facilitate a high level | The design is developed away from t
functionality and bespoke quality il technology and build ability as the
the design as this approach is desi contractor is involved late in the proce
led where the clientis able to have g after the design is 100% completed

direct influence

¢ KS  @ffikaBofali Qommitment ig Contractors often bida low price to win
known at the tender stage befor|the project with the intention of
commencing the construction compensaing the  difference  through
raising variation claims ata later stage
which will cause disputes between tf

client and the contractor

DBB procedures are well knowrhus | Although the designer should inclug
instilling confidence in the | sufficient information and details in th
stakeholders tender documents, they tend to includ
minimal details which cause errors an

disputes on fabrication

Client changes in the design phase { Collecting infomation for facility
reasonably easy management after completing th

construction phase is not an easy task

Reasonable price certainty at contra

award

The integration betweenthe different stakeholders is limited due to the fact thahe
responsibility of the desgn and construction are separatedhe architecs and engineers
are responsible for the building design, and the construction phase is the con@iaQor
responsibility. These stakeholders do not work together efficiently as they usually have

competing inteests and because of a lack of information interoperability, which
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influences the communication, integration and coordination (Lu et 2014). Love et al.

(2012) described the cause of the issues under DBB as follows:

DBB procurement ma contributed to the socalled (procurement gap)whereby
design and construction processesre separated from one another. This
procurement gap is considered to inhibit communication, coordination, and
integration among project team members and can adversely affect project

performance.(Love et al., 2012)

BIM Implementation Issues under DBB

In 2009, 32.7% of the BHdased projects in the US were delivered througine DBB
approach, and according to Cao et al. (2015), 88.7% thef BlIM-based construction
projects in China were delivered through DBB. Howetee, full benefits of BIM cannot be
achieved under DBB because of the structures of this approach (Salmon, 2012). The late
contractor involvement underthe DBB approach is not ide for implementing BIM
processes as their input in the design phase is not taken into consideration (Eastman et al.,
2011). As a resulta disconnect will occur betweerihe consultant®and the contractor€

BIM models The consultants may make assumptions about the contractosQ BIM
requirements which mears that the contractor might not receive the necessary
information (Holzer, 2015). Therefore, problenan arise from the design defects and
material€)selections in the construction phasevhich could lead to time delays, overhead

costsand increased tension betweehe project stakeholders (Talebi, 2014).

Another problem with this approach is that BIM adoption in the tender stage is limited,
and the BIM model is not treated as an offitigender document. Therefore, the tenderers
camot rely on it, which could lead tca compromise in its application (Bolpagni, 2013).
Designers underthe DBB approach should describe the content of the BIM model and
should limit the restriction b the modd in order to allow the tenderers to use it, add
specifications and check the compliance between the 2D drawing and the model (COBIM,
2012). Moreover,so that the contractor can use the designof the BIM model, common
languages such as IFC should be usedddavelopingit. Porwal and Hewage (2013) stated
that IFC is the most common format that supports BIM softwah®wever, in places
where BIM is still inits infancy, 2D drawings should be used alongside the BIM model in

the tender document.
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