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ABSTRACT
Jordan faces a variety of challenges, because of the lack of natural resources such as oil and water,
and then combined with its rapid urbanisation and a significantly growing population due to cultural,
economic and political reasons such as recurring forced immigration from neighbouring countries
over the past 69 years. It imports 96.5% of its energy needs, equal to 83% of the total export gains.
Buildings have been recognised as a significant consumer of natural resources as it represents nearly
70%, of the construction work in Jordan and accounts for 33% of the total energy consumption in
the country. Public building projects in Jordan are vital to the building sector as the government is
the major client and key mover for the construction buildings sector. However, a large portion of the
public building projects in Jordan suffers from sustainability performance issues. Therefore, greening
the public sector building becomes a key target and favourable option for the government.
Many studies have identified Building Information Modeling as one of the most promising
approaches in terms of facilitating sustainable solutions and meeting the global need for sustainable
buildings. The regulatory frameworks and in particular procurement approaches have been
identified as a significant factor of the success of BIM implementation on building projects. However,
there have been no precedent studies on BIM and the effect of procurement approaches on BIM
uptake in the Jordanian context and typology of public building projects. Therefore, this research
aims to develop a procurement framework to encourage the implementation of BIM in the
Jordanian public sector for better sustainable building performance. In order to achieve the aim, this
research firstly conducted a systematic literature review to investigate the importance of delivering
sustainable public building projects in Jordan. Then, an investigation on the impact of adopting BIM
on the design and delivery of sustainable building projects, and the impact of public procurement
approaches on the uptake of BIM and delivery of sustainable buildings were undertaken.
Subsequently, questionnaires and semi-structured interviews were distributed and conducted to
investigate the current practice and common issues regarding BIM implementation in the Jordanian
public building sector and the impact of the currently adopted procurement approaches on BIM
implementation. Finally, a BIM-friendly procurement framework was developed based on the
findings and was validated through semi-structured 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 for BIM implementation in the public building sector in Jordan
because of the several potential benefits including sustainability enhancement of new building
projects. This study also found that procurement approaches have a significant impact on BIM
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implementation and sustainability outcomes in the Jordanian public building sector in which more
integrated procurement approaches have further potential for effective BIM implementation to
achieve sustainable buildings. However, changing the traditional procurement approach for a
collaborative one 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 overcome the barriers associated with the traditional
procurement approach, and it facilitates the implementation of BIM, thus enhancing the
sustainability performance of the new Jordanian public buildings. Finally, the procurement
framework was validated as suitable and a good stepping stone towards better BIM implementation
and achieving sustainability.
The content of this research should be of interest to public clients, and their consultants and
contractors dealing with procurement and BIM implementation issues. It should also be of interest
to researchers in the field as it provides a basis for future research and fills a knowledge gap in the
area of BIM implementation and procurement issues to enhance the buildings’ sustainability
performance in the Jordanian 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 have led 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 has been widely recognised for its significant contribution to
Jordan’s socio-economic development and as being a major consumer of energy and
natural resources. Buildings, in particular, have a substantial impact on the global
environment. The building sector has been described as an energy intensive and profligate
industry. Globally, 45% of the world’s energy and 50% of the water are used in building
construction

(Willmott

Dixon,

2010).

Therefore,

buildings

are

critical

in

delivering

sustainable developments, which are important to everyone’s quality of life (Burgan &
Sansom, 2006; Morrell, 2010).
Building Information Modelling (BIM) has been identified as one of the most promising
solutions in terms of improving sustainability and meeting the global need for sustainable
buildings (Kumanayake and Bandara, 2012). This is due its ability to support the supply,
management and integration of much-needed information throughout the lifecycle of a
building (Häkkinen and Kiviniemi, 2008). BIM’s sustainable solutions have 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 efficiently than non-BIM approaches (McGraw-Hill,
2010a), 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 Finland, Sweden, Norway, Germany, France, Singapore and Australia
demonstrate that BIM has a better outcome in terms of constructing sustainable buildings
compared to non-BIM approaches.
The public sector has a primary role in BIM adoption (Cheng, 2015; Wong, Wong &
Nadeem, 2009). Many countries around the globe have realised the vital role of the public
authorities in promoting BIM, such as in the United States (US), Australia and the United
1

Kingdom (UK) (Won, 2013). Porwal and Hewage (2013) stated that the public sector has a
pivotal role in initiating and driving BIM implementation. Cheng and Lu (2015) argued that
the public sector should not only initiate and drive BIM implementation, but it should also
act as a regulator. Therefore, governments in the US (Wong et al., 2009), Australia
(BuildingSMART, 2012) and the UK (HM Government, 2012) have set a mandate and
certain implementation strategies for the use of BIM in public construction projects.
Many studies have indicated that regulatory frameworks and, in particular, procurement
approaches have a major impact on the success of BIM implementation in building
projects (Holzer, 2015). This is because BIM is a collaborative platform; thus, deriving the
maximum benefit from its implementation requires a collaborative environment within 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 (Foulkes, 2012). Different procurement approaches can achieve different
collaboration levels by establishing the relationships between the involved parties and the
tasks involved, which are connected to the building lifecycle (Laishram, 2011). This has led
many governments around the world in countries such as the UK and Australia to require
the

deployment

of

collaborative

procurement

approaches

(GCS,

2016),

or

the

development of a new procurement approach for BIM implementation (Porwal and
Hewage, 2013). On the other hand, developing a procurement approach for BIM
implementation needs to be investigated in a specific context and certain typology of
building project (Sebastian, 2011a).

1.2 STATEMENT OF PROBLEM
The geographic focus of this research is Jordan, which faces a variety of sustainability
challenges shared with other developing countries, especially in the Middle East, such as
increased levels of pollution and energy concerns (Ali and Al Nsairat, 2009). Jordan lacks
natural

resources,

combined

with

a

significantly

growing

population

(MWI,

2016).

Moreover, Jordan represents a different case from other countries in the Middle East as it
is a non-oil producing country, and it imports 96.5% of its energy needs from neighbouring
countries (MEMR, 2012). This consumes a considerable portion of the state’s annual
budget, which is equal to 83% of the total export gains (ibid). Therefore, sustainability
issues are of paramount importance for the future of Jordan

2

The Jordanian construction industry is the largest sector in the country, and it has been
widely recognised as a significant consumer of energy and natural resources, and as
making a considerable contribution to the socio-economic development (Dana, 2015). It
contributes nearly 15% of the Jordanian economy to the Jordanian Gross Domestic
Product (GDP) (JCCA, 2015). Buildings represent a large portion of the construction work in
Jordan with nearly 70% of the total value (see Table 1.1).
Table 1.1: Type of construction work in Jordan (JCCA, 2015)
Type

Value (JD m)

Percentage

Buildings

514.5

70%

Electro-mechanical

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 Jordan, which makes it the fastest
growing sector in the country. This is due to many trends such as the 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 million. From this,
Jordanian nationals equal to 6.6 million while around 2.9 million comprise the nonJordanians who reside in the country (Ghazal, 2016). Moreover, rapid urbanisation has
resulted in approximately 80% of the general population residing in urban areas, and 70%
of this population living within 30 km of the capital, Amman (Kisbi, 2011). These issues
have placed a 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, 2007), and that it consumes a significant
amount of the available water in a country that is considered to be one of the world’s
most water-stressed countries (Kisbi, 2011). Greening the building sector becomes a key
target and favourable option (RSSJ and FES, 2013). However, raising awareness on energy
and water consumption has been the main focus with regard to resource efficiency in
Jordan. These are minor measures unless they are complemented by sustainable design
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practices and approaches throughout the buildings’ lifecycle (RSSJ and FES, 2013; Reed,
Fraser and Dougill, 2006).
Public buildings in Jordan are of utmost importance to the building sector. This is because
the government in Jordan has always been “the major client for most important
construction works that represent the major part of expenditure in the construction work”
(Awni, 1983), and it is one of the Jordanian Construction Industry (JCI) key movers
(Haddadin, 2014). Additionally, Jordan is primarily a service 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 of the BIM contribution on delivering sustainable
buildings, very little research has 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) on ‘the uptake of advanced IT with specific emphasis on BIM by SMEs in
the Jordanian Construction Industry’. He concluded that BIM is virtually non-existent in
Jordan. Following this research, Matarneh (2017) conducted a study to identify certain
BIM experiences, including the perceived benefits, values and challenges to BIM adoption
and implementation in the construction industry in Jordan. The findings of her research
revealed that in Jordan, BIM implementation is in its infancy. The crucial role of the public
sector in Jordan and the public sector role 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 is, therefore, a need to explore the current BIM theory and
regularity frameworks (procurement approaches) in the public building sector in Jordan.

1.3 RESEARCH MOTIVATION
The following describes the main motivation for conducting this research:
1. The preconstruction stage has been the focus of previous research in the field of
delivering sustainable buildings, such as building design regulations, sustainable building
design (SBD) and the tools for building sustainable assessments (Hama and Greenwood,
2009; Zanni, 2017; Bossink, 2007, Labuschagne and Brent, 2005; Wang, Chang and Nunn,
2010). However, in the last ten years, researchers have begun to investigate the delivery
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of sustainable buildings through project management systems, which demonstrates a lack
of studies in this area.
2. The government in Jordan was the first in the Middle East to take the BIM oath. This
was through signing an agreement in 2011 between the Ministry of Public Works and
Housing (MPWH) and the Jordan Engineering Association (JEA) with ‘BuildingSMART’ and
‘the BIM Journal’ to establish a BuildingSMART Forum in Jordan and to promote BIM
adoption and implementation (Middle East Construction News, 2011). However, since
signing

the

agreement,

few

studies

have

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 researchers have identified the current procurement approaches as a challenge
for BIM implementation (Becerik-Gerber and Kensek, 2010; Bolpagni, 2013; Sackey, Tuuli
& Dainty, 2015). However, the literature is divided between two standpoints to overcome
this challenge. The first position is that there is a need for profound changes in the
adopted procurement approaches for BIM implementation, particularly to create the
required collaborative environment to bring multiple stakeholders together over the
project lifecycle (Foulkes, 2012; Volk, Stengel & Schultmann, 2014; Pcholakis, 2010;
Laishram, 2011). Therefore, it is argued that clients should change the way they procure
buildings when implementing BIM to ensure a fully integrated, collaborative BIM‐enabled
work process (Foulkes, 2012). The second argument is that the profound changes and
radical transformation of the construction industry for BIM‐enabled working practices are
a challenging task (Howard and Bjork, 2008). Instead, researchers recommend developing
a procurement framework that synchronises BIM implementation with the current work
processes (Kim, 2014; London, Singh, Taylor, Gu & Brankovic, 2008; Porwal and Hewage,
2013).

These

viewpoints

highlight

the

importance

of

investigating

the

current

procurement approaches fitness for effective BIM implementation in a specific context
and certain typology of building project (Sebastian, 2011a), and how to overcome this
challenge. Therefore, the next section highlights the aim and objectives for this study
trying to fill these gaps.
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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:
●
●
●
●
●

●
●

To investigate the importance of delivering sustainable public building projects in
Jordan.
To investigate the impact of adopting BIM approaches on the design and delivery
of sustainable building projects.
To investigate the impact of procurement approaches on the uptake of BIM and
delivery of sustainable buildings.
To investigate the current BIM status, feasibility, benefits and barriers in the public
sector in Jordan.
To investigate the procurement approaches used in the Jordanian public sector,
their effect on the adoption of BIM and the subsequent ability to deliver
sustainable building projects.
To develop a procurement framework to enhance the implementation of BIM in
the Jordanian public sector for better sustainable building performance.
To refine and validate the developed framework.

1.5 OUTLINE OF RESEARCH METHODLOGY
The research design is developed based on the research problem (see Section 1.3). The
research problem influenced the selected methods of collecting the data and achieving
the research objectives (see Table 1.2). In addition, it clarified the main steps in the
research process (see Section 1.7). A mixed methods approach is adopted in this research;
both quantitative and qualitative data collection and analysis will be used. Mixed method
approaches allow “a more complete and synergistic utilisation of data than doing separate
quantitative and qualitative data collection and analysis” (Wisdom & Creswell, 2013, p. 1).
Questionnaires and interviews will be utilised to collect data from the major stakeholders
in the public construction sector in Jordan. Chapter 5 will provide more in-depth detail
about the research design employed in this research.
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Table 1.2: Summary of key research objectives and outline of methods
LR: Literature Review; QA: Questionnaire Analysis; IA: Interview Analysis,
VIA: Validation Interview Analysis
Objective number
Research objectives
One
To investigate the importance of delivering
sustainable public building projects in Jordan.

Method
LR

Chapter
2

Two

LR

3

IA
LR

7
4

IA
QA

7
6

IA
IA

7
7

QA

8

Three

Four

Five

Six

Seven

To investigate the impact of adopting BIM
approaches on the design and delivery of
sustainable projects.
To investigate the impact of procurement
approaches on the uptake of BIM.
To investigate the current BIM status,
feasibility, benefits and barriers in the public
sector in Jordan.
To investigate the procurement approaches
used in the Jordanian public sector, their effect
on the adoption of BIM and the subsequent
ability to deliver sustainable projects that
perform over their whole life.
To develop a procurement framework to
enhance the implementation of BIM in the
Jordanian public sector for better sustainable
building performance.
To validate the developed framework.

IA
LR
VIA
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1.6 RESEARCH PROCESS
The research design process is described in Figure 1.1 below. There are twenty main steps.
The research started by identifying the research problem followed by setting the research
aim and objectives (see steps 1, 2 & 3). Then, the secondary data were collected by the
researcher to cover the literature review section, which 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 approaches on BIM and sustainability
considerations. Therefore, the literature review was divided into three chapters in this
thesis (see Chapters 2, 3 & 4). The fifth step looked at the research design (the research
methodology), including the research philosophy and approach, research methods and
techniques and research population and sampling methods (see steps 5, 6, 7 & 8). These
steps are finalised in Chapter 5. The four phases of data collection are discussed in detail in
the research design part (see Section 5.7). Phase 1 is represented in step 9 in view of the
7

data collection, through distributing questionnaire surveys to key stakeholders in the
public building sector in Jordan, and in step 10’s statistical data analysis and discussion;
these steps are concluded in Chapter 6. Phase 2 is represented by four steps. Step 11
identified potential interviewees that had the required experience, and then sent an
invitation letter (see Appendix E), and step 12 organised the time and place for each
interview. Step 13 was about the collection of data on the basis of face-to-face interviews.
This was followed by step 14 to analyse the collected data; this final step includes the
interview data transcriptions and the data analysis using the NVivo software. Steps 11, 12,
13 and 14 are concluded in Chapter 7. Phases 3 and 4 are represented by four steps. Step
15

developed

a

framework

adopting

the

main

principles

of

a

problem-solving

methodology using the literature, questionnaire analysis and interviews analysis; step 16
prepared for the data collection to validate the developed framework through semistructured interviews. Step 17 examined the data collection, including the transcriptions,
and step 18 revised and refined the developed framework. Phases 3 and 4 are concluded
in Chapter 8. In the last two steps, step 19 drew certain research conclusions, and step 20
provided recommendations for future research. These steps are concluded in Chapter 9 of
this thesis.
Chapter 1
1

Identify the
research problem

Identify research
population and
sampling methods
8

2

Set research
question

3

Research aim and
objectives

Chapter 6

Chapter 5
9

Data collection
phase 1
questionnaires

Identify research
methods and
techniques for
data collection

10

6

11

7

Write research
philosophy and
approach

4

5

Literature review

Draw research
design

Chapter 2,3 &4

Chapter 8
16

17

15

18

Identify validation
interviewees and
send invitation

Framework
development
phase 3

Data analysis and
findings

Identify potential
interviewees and
send invitations

14

Revised framework

19

Data analysis and
findings

Data collection

12

Organise time
and place for
each interview

Data collection phase 4
validation semistructured interviews

13 phase 2 semi-

structured
interviews

Chapter 7

Draw research
conculsions

20

Draw
recommendations
and future work

Chapter 9

Figure 1.1: Research design process
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1.7 THESIS STRUCTURE
The thesis is structured into nine chapters, as briefly described below. Figure 1.2 illustrates
the links between the thesis chapters.
Chapter One: General Introduction
This

chapter

provides

the

research

background,

statement

of

problem,

research

motivation, aims and objectives, along with an outline of the research methodology and
the research design process. The research motivation refers to the significant gap found in
the literature. Finally, this chapter introduces the thesis structure.
Chapter Two: Sustainable development and built environment
This chapter provides a background to the concepts, principles, strategies and plans for
sustainable development and sustainable construction worldwide and in Jordan. It also
discusses the importance of delivering sustainable public buildings in Jordan and the issues
associated with it. Finally, the chapter identifies the major sustainable building projects’
stakeholders.
Chapter Three: BIM-enabled sustainable design and delivery
This chapter provides a contextual background for 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 provides 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 implication of construction procurement on BIM implementation and
sustainability considerations
This chapter reviews the existing literature on the construction procurement definitions,
classifications and processes. It also explores the impact of procurement approaches on
BIM

implementation

and

sustainability

considerations.

Moreover,

a

review

of

the

construction procurement regime in the public sector in Jordan is provided. Finally, this
chapter discusses the justifications for carrying out this research.
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Chapter Five: Research methodology
This chapter presents the research methodology and research design to achieve the aim of
this research. It reviews the relevant research philosophy, research approaches, strategies,
methodologies and methods in construction and business research. Based on this review,
this chapter illustrates the philosophical position of this research and justifies the selected
approach, strategy, methodology and data collection techniques and analysis. Finally, the
data validity and reliability and the ethical considerations of this research are 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 rates and the different sections of the
questionnaire. Then, it shows the findings and discussions on the main findings.
Chapter Seven: BIM, procurement and sustainability issues in the Jordanian public sector projects
This chapter discusses the main findings from conducting the interviews with BIM
practitioners in the public sector in Jordan. It begins by stating the aim and objectives for
conducting the interviews, followed by the sampling methods and analysis techniques for
the interviews. Finally, it demonstrates the main findings and provides an analysis and
discussion on 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. Finally, it discusses the framework strengths and barriers.
Chapter Nine: Conclusions, limitation and recommendations
This chapter presents the research conclusions, limitations and recommendations. It
includes a summary of the main findings, specific contributions to the body of knowledge,
limitations

and

challenges

to

the research

and recommendations

for future

work.
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CHAPTER 2: SUSTAINABLE DEVELOPMENT AND THE BUILT
ENVIRONMENT
2.1 INTRODUCTION
Current concerns about energy consumption, increased oil prices, natural resources and
climate change have increased the importance of making new developments sustainable
(Sheth, 2011). Moreover, issues pertaining to carbon emissions and global warming make
sustainability a priority area for research (ibid). In this chapter, sustainable development
and sustainable construction will be investigated on a global level and in Jordan. This
chapter is divided into four main sections, as follows:
●

A

background

sustainability

in

sustainable

development,

and

sustainable

development

which
and

includes

the

main

the
three

definition

of

aspects

of

sustainable development.
●

Strategies for sustainable development on a global level, which include the status
of sustainable development strategies in different countries, the issues of such
strategies and the principles of sustainable development.

●

An overview of sustainable construction, including the importance of sustainable
buildings
sustainable

on

a

global

building

level,

design,

principles
sustainable

of

sustainable

building

building

assessment

construction,
methods

and

achieving sustainable buildings through building management approaches.
●

Sustainable building construction in Jordan, beginning with a review of the
Jordanian construction industry (JCI) and the importance of the public construction
sector; then, sustainable development and sustainable construction strategies are
explored.

2.2 SUSTAINABLE DEVELOPMENT BACKGROUND
In the Cambridge online dictionary, sustainability has been defined as “the ability to
continue at a particular level for a period of time” (Cambridge University Press, 2018). In
the online ‘Dictionary’, it was defined as “the ability to be sustained, supported, upheld, or
confirmed” (Dictionary online, 2018). Sustainability can also be defined as “a paradigm for
thinking about the future in which economic, environmental, and social dimensions are
intertwined and balanced in the pursuit of an improved quality of life” (UNESCO, 2012).
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The most common sustainability model comprises three connected rings: social, economic
and

environmental

(see

Figure

2.1)

(Hopwood,

Mellor

&

O’Brien,

2005;

Giddings,

Hopwood & O’Brien, 2002).
Environmental Factors:
Ecosystem
Carrying Capacity
Biodiversity

Environment

Equitable

Bearable
Sustainable

Economic Factors:
Growth
Development
Productivity
Trickle-down

Economic

Social

Viable

Social Factors:
Dependent
Cultural Identity
Empowerment
Accessibility
Stability
Equity
Health Well-being

Figure 2.1: Common sustainability model (ICAEN, 2004)
Sustainable development is an ambiguous concept, with a contested and complicated
meaning (Carter, 2007). Different groups such as from the area of business, academia and
planning have defined, used and interpreted the concept of sustainable development in
different ways to achieve their own goals (Redclift, 2005). The definition in ‘the Brundtland
Report’ is the most frequently quoted: “development that meets the needs of the present
without compromising the ability of future generations to meet their own needs” (WCED,
1987).
Three sustainable development aspects: environmental, economic and social have been
recognised since the establishment of ‘Our Common Future’ report in 1987 by the World
Commission on Environment and Development. These aspects are (Holmberg, 1992):
1. Environmental

systems:

the

ability

to

deplete

non-renewable

resources,

overexploitation of renewable resource systems and maintain a stable resource base.
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2. Economic system: the ability to avoid the extreme imbalances of sectors in which
industrial production and agriculture could be damaged, the ability to maintain
external debt and to produce services and goods on a continuing basis.
3. Social system: it must achieve political accountability, gender equity and adequate
provision of social services, including education, health and distributional equity.
Sustainable development aims to bring together and balance the three sustainability
dimensions, reconciling any potential conflict (Giddings et al., 2002; Halsnaes, 2002).
However, different groups implementing sustainable development through distinct lenses
might prioritise one of the dimensions at the expense of the others (Carter, 2007). This led
to the emergence of ‘strong’ and ‘weak’ sustainability (Baker, 2006).
The

argument

for

‘weak

sustainability’

is

that

the

imbalance

between

the

three

dimensions can occur, such as the focus could be on the economic dimension through
investing in man-made capital which can replace environmental damage and natural
resource depletion (Lomborg, 2001; Neumayer, 1999). On the other side, the proponents
of ‘strong sustainability’ have heavily criticised those views (Carter, 2007; Daly, 1993) in
that man-made capital cannot reimburse natural resource losses. Even more pertinent,
the green parties have added that natural systems, biodiversity and non-human species
have values and rights in themselves (Carter, 2007; Redclift, 2005).
Whatever view is followed, sustainability is a contested area, and no single definition can
capture all the varying aspects to this concept (Hill and Bowen, 1997). However, the core
concept of sustainability development is to support the possibility of achieving economic
growth without any trade-offs (Carter, 2007).

2.3 SUSTAINABLE DEVELOPMENT STRATEGIES
In the late 1960s and early 1970s, the governments in developed countries started to link
the

environment

with

decision-making

processes

through

more

comprehensive

approaches (Hanf and Jansen, 1998; Janicke and Weidner, 1997). The World Commission
on Environment and Development (WCED) published ‘the Brundtland Report’ or ‘Our
Common Future’ (WCED, 1987). The concept of sustainable development was brought
onto the international agenda by this report.
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In 1992, the Rio Earth Summit was held to discuss how sustainable development can be
achieved (Halliday, 2008). One of the outputs was Agenda 21, which is an action plan for
achieving the sustainable development principles in the twenty-first century, and it was
suggested that “a national strategy for sustainable development” should be prepared by
all countries (UNCSD 1992, p. 67). The same suggestion was made in 1997, at the UN
General Assembly Special Session (UNGASS), and in 2002, at the World Summit on
Sustainable Development (WSSD).
A national sustainable development strategy (NSDS) can be defined as “a coordinated,
participatory

and

iterative

process

of

thoughts

and

actions

to

achieve

economic,

environmental and social objectives in a balanced and integrative manner” (UNDESA,
2002, p. 1). Five principles have been derived to determine what the NSDS is in further
detail (UNDESA, 2002):
●

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

●

Development of the necessary capacity and enabling environment.

●

Focus on implementation and outcomes.

●

Country commitment and ownership.

●

Broad participation and effective partnerships.

Meadowcroft (2007) has presented a division of the world according to the general
sustainable development strategies into three groups: European countries, industrialised
countries and the rest of the world. In Europe, national sustainability strategies are well
developed due to the significant number of strategies that have been adopted. Many
factors contributed to this, such as the supra-national initiative effects, developed crossnational network exchange and well-developed environmental policies. However, despite
the implementation of these sustainable development strategies, evidence shows that
they typically remain minimal compared to a given government's core activities (Steurer
and Martinuzzi, 2005; Swanson, Pinter, Bregha, Volkery & Jacob, 2004; Meadowcroft,
2000).
The first published NSDS in Europe and worldwide was by the UK government in 1994
(UKSDS, 2005). Following its national strategy in 1999, a document called ‘A better quality
of life: A strategy for sustainable development in the UK’ was 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. Moreover, the UK Government has set
the

world’s

first

legally

binding

national

target

to

reduce

greenhouse

emissions.

Furthermore, in the Climate Change Act 2008, the UK government committed to reducing
carbon emissions. In this act and under Section 1(1), “the Secretary of State for Energy and
Climate Change” is responsible for the UK carbon account reduction by 34% by 2020 and
80% by 2050 against 1990 CO2 emission levels. (UK Parliament, 2008).
Outside Europe, as seen in Table 2.1, the picture is mixed among different developed
countries:
Table 2.1: NSDS in developed countries outside Europe (Meadowcroft, 2007)
Country

NSDS

Australia

An

ecological,

sustainable

development

national

strategy

was

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

The first strategy was completed in 2007.

Canada

No overall NSDS; however, at the federal level, it has a wellinstitutionalised

system

development strategies,

of

departmental

and several provinces

sustainable
have

produced

plans.
The United

Many guidelines and recommendations have been developed and

States

published. However, there is still a lack sustainable development
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
organisations put pressure on these countries to produce a range of different documents
and strategies (Meadowcroft, 2007). Finally, individuals, communities, organisations and
countries, especially developing countries, must invest in developing and implementing
innovative, alternative and more sustainable strategies.

2.4 SUSTAINABLE BUILDINGS
‘Sustainable Built Environment’ otherwise known as ‘Sustainable Construction’ is a division
of sustainable development. It maintains ecological diversity while effectively 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, as “the creation and operation of a healthy built environment based on resourceefficiency and ecological principles” (Kibert, 2008, p. 2). Sustainable construction was also
defined by the International Council for Research and Innovation in Building and
Construction (CIB) (2004) as “the sustainable 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 accepted (Sourani, 2013):
1. The social dimension, which focuses on equality and diversity in the workplace,
stakeholder involvement, employment opportunities and health and safety.
2. The economic dimension, which focuses on financial affordability for the intended
beneficiaries, local economy support and whole life costing.
3. The environmental dimension, focusing on reducing pollution, the use of renewable
resources and water and energy consumption reduction.
For sustainable buildings, the links between the building sector and sustainability development can
be summarised in two points. For point one, buildings consume natural resources such as energy,
materials, land and water. Secondly, buildings support comfort, health and economic development
(Bourdeau, Halliday, Huovila & Richter, 1997). 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 material; minimum environmental impacts and embodied energy;
and human satisfaction. However, the building sector has been described as an energy intensive and
profligate industry. Globally, according to 2010 data, 45% of the world’s energy and 50% of the
water are used in building construction. Table 2.2 represents the different resources used in building
construction.
The operation phase for buildings also has a crucial role in sustainability as buildings present a
unique case due to their long lifespan when compared to other industries. The lifespan of a building
ranges between 80 and 100 years, which will have a long-term impact on the environment, the
society and the economy (Sev, 2009). Therefore, it is crucial to consider sustainability principles
throughout a building’s lifecycle from planning to demolition to achieve high-performance,
sustainable buildings (Son, Kim, Chong & Chou, 2011; Pearce, 2006). Moreover, the buildings’
operational energy consumption has the single largest impact on the environment (Operational
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Energy Use, n.d). Table 2.3 represents the estimated global pollution that can be attributed to the
building operations.
The design phase of a building delivery plays a significant role in reducing the impact of the
construction and operations on the environment as the most effective decisions are those made in
this phase (Shoubi, Bagchi & Barough, 2015). On the other hand, the decisions made after this stage
lead to the expensive and inefficient process of retroactively changing the building design to achieve
a set of performance criteria (Schueter and Thessling, 2008).
Table 2.2: Estimation of global resources used in buildings (Willmott Dixon, 2010)
Resource
Energy

(%)

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)

45–50

Table 2.3: Estimation of global pollution that can be attributed to buildings (Willmott Dixon, 2010)
Pollution (%)
Air quality (cities)

(%)

Greenhouse gas production

50

Climate change gases

50

Drinking water pollution

40

Landfill waste

50

Ozone depletion

50
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As discussed above, buildings consume more energy than any other single sector;
therefore, it is expected that the greatest cuts should be achieved from this sector (Roaf,
Crichton & Nicol, 2009). For this reason, sustainable 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 to creating a healthy
and

comfortable

built

environment

while

minimising

resource

consumption,

environmental degradation, waste generation and air emissions (see Figure 2.2) (Huovila &
Koskela, 1998).

Figure 2.2: Challenges of sustainable construction globally (Huovila & Koskela, 1998)
The basic principles, policies and strategies of the construction of sustainable buildings
should encompass the three following aspects: social, economic and environmental. These
strategies and principles are (Halliday, 2008; Sev, 2009):
●

Increasing the usage of natural, recyclable and renewable resources, and utilising
them effectively in the process of material sourcing and selection and construction;
Buildings should be manageable, affordable and maintainable in use.

●

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

●

Improving the natural habitat through water use and appropriate planting, and
enhancing biodiversity.

●

Creating a comfortable and healthy environment at work and at home, and not
putting the health of the occupants, builders or any other party at risk.

●

Improving community support by identifying the requirements, real needs and
aspirations of the people involved, and engaging them in the key decisions.
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●

Delivering process management to achieve sustainable buildings to ensure building
performance

over

time

and

to

validate

building-system

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 UK, one of the key published documents by
the government on sustainable construction is entitled ‘Building a better quality of life: A
strategy for more sustainable construction’ (DETR, 2000). This document comprises the
following principles, which were widely used by the UK government strategies and
reports:
●

Enhancing and protecting the natural environment.

●

Reducing the impact of structures and buildings on natural resources and energy
consumption.

●

Delivering structures and buildings that provide well-being, greater satisfaction and
add value to users and customers.

●

Treating and respecting the stakeholders more fairly.

●

Being more competitive and more profitable.

CIB

(1994)

articulated

seven

main

sustainable

building

construction

principles

for

informing decision-making during different design phases and construction processes,
through the whole project lifecycle (Kibert, 2005):
●

Reduce resource consumption.

●

Protect nature.

●

Reuse resources.

●

Focus on quality.

●

Use recyclable resources.

●

Eliminate toxins.

●

Apply lifecycle costing (economics).

2.4.2 Sustainable Building Design
According to the National Aeronautics and Space Administration (NASA), the overarching
concept of sustainability is to integrate appropriate sustainable design elements into the
different life stages of a building or structure in order to reduce the environmental impact,
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and to balance and improve the whole lifecycle cost, the occupants’ safety, comfort,
productivity and health (NASA, 2001). NASA (2001) highlighted the following elements as
essential for sustainable design:
●

Water conservation.

●

Energy efficiency.

●

Site selection to reduce transportation and environmental impact.

●

Sustainable materials.

●

Efficient and durable equipment and materials.

●

Healthy environment including indoor air quality.

●

Features in support of and enhancing worker productivity.

●

Design for personal security and safety.

●

Design for decommissioning and disposal.

●

Enhanced building maintenance and operating characteristics.

●

Defining

facility

operational

objectives,

tests

and

validating

building-system

functions to have been properly installed and be performing to the level intended.
There are other essential elements of sustainable design, as mentioned in the literature
(Zanni, 2017) (see Table 2.4).
Table 2.4: Sustainable design elements (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, 2010)

Embodied energy and embodied carbon

(Hammond and Jones, 2008)

Recycling

(Thompson, 1977),

Equipment and appliances

(Wood and Newborough, 2003)

Technology use

(Emmitt and Ruikar, 2013)
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Environmental design

(CIBSE, 2006)

Performance, 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 operational costs have a ratio of
5:1 to the initial (capital) cost (Evans, Haryott, Haste & Jones, 1998). In other words, a
reduction of £1 in the construction cost will increase the operation and maintenance costs
by £5. Therefore, adopting the above-mentioned strategies, elements and principles in the
design phase, such as whole life costs, is most likely to lead to having a building with lower
maintenance

and

operational

costs,

lower

air

pollution,

healthier

and

productive

occupants and less material use (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

construction

are

sustainability
issued

by

issues,

many

countries

and

rating

systems

international

to

assess

organisations

sustainable

(Haapio

and

Viitaniemi, 2008; Azhar, Carlton, Olsen & Ahmad, 2011). The following are examples of
these systems:
●

The UK’s BREEAM (Building Research Establishment’s Environmental Assessment
Method).

●

Australia’s GREEN STAR.

●

Hong Kong’s BEAM Plus.

●

The US’s LEED (Leadership in Energy and Environmental Design).

These systems have been divided into two categories: assessment tools, which provide a
quantitative performance indicator for design alternatives, and rating tools, which provide
the level of performance of a building in stars (Ding, 2008). These tools cannot provide
design alternatives for the design teams; however, they support the design teams to
evaluate buildings in terms of their sustainability at the end of the design stage (Crawley
and Aho, 1999).
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Although these systems have proven benefits (Stumpf, Kim & Jenicek, 2009; Gerber, Lin,
Pan & Solmaz, 2012; Parasonis, Keizikas & Kalibatiene, 2012), careful consideration of the
informational requirements is necessary when implementing these systems. Moreover,
these systems encourage designers to focus on obtaining the relevant certification with
the lowest possible cost by focusing on “points-chasing” (Cole, 2005). Therefore, these
systems lead to a lack of interest in the long-term assessment of the social and ecological
aspects of buildings, such as lifecycle costing (LCC), which is claimed to be an essential
element to achieve sustainability (Pandey and Shahbodaghlou, 2015).
2.4.4 Sustainable Building through Project Management Approaches
The preconstruction stage has been the focus of previous research in the field of delivering
sustainable buildings, such as building design regulations (Hamza and Greenwood, 2009),
sustainable building design (SBD) (Zanni, 2017; Bossink, 2007; Labuschagne and Brent,
2005) and the tools for sustainable building assessments (Wang et al., 2010). However,
recently, researchers started to investigate the delivery of sustainable buildings through
project management approaches. Sustainability for a business enterprise was defined in
1992 by the International Institute for Sustainable Development (IISD) as:
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 future. (IISD, 1992, p. 11)
Arguably, sustainable development, in reality, is easier to implement at the strategic level
of a business than the operational one (Labuschagne and Brent, 2005). Therefore, project
management methodologies should be studied to attain sustainable development in a
business environment. However, traditional business management systems were criticised
for their focus on financial performance. Thus, social and environmental sustainability
aspects are excluded (Bieker, Dyllick, Gminder & Hockerts, 2001). Wang, Wei and Sun
(2014) classified the sustainable project management criteria based on the literature and
key UK governmental sustainability measures into three main sustainability criteria that is
social, economic and environmental, as shown in Figure 2.3.
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Community
Engagement
Whole Life Costing
Project management
sustainable criteria

Economy

Social

Health and Safety

Energy Efficiency
Efficient
Communication

Environment

Waste
Management

Environmental
Management

Quality

Figure 2.3: Criteria for sustainable project management (Wang et al. 2014)
In the construction context, and in the current management systems, such as the
traditional procurement approach, there is segregation between the design, construction
and operations 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 alternative management systems, such as construction
management at risk (CMR) and design-build (DB), will have a better chance of achieving
sustainability goals when compared to traditional procurement approaches.
Recently,

fairly

new

project

management

innovation

technologies

were

adopted

to

overcome the issues in delivering sustainable projects, such as lack of integration and
communication.

BIM

and

integrated

project

delivery

(IPD)

were

among

these

technologies. BIM will be discussed further in Chapters Three and Four while IPD along
with other construction project management systems will be investigated in Chapter Four.
BIM’s main characteristics are (Kim, 2014):
●

Effective collaboration and communication among project stakeholders.

●

Construction

project

information

integration

and

management

throughout

the

entire project lifecycle.
American Institute of Architects (AIA) defined IPD as:
A project delivery approach that integrates people, systems, business structure and
practices into a process that collaboratively 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. (AIA, 2007)
The focus of Sections 2.3 and 2.4 was on 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, especially in 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 research. The next section will
explore the Jordanian Construction Industry (JCI) with a focus on sustainable construction.

2.5 SUSTAINABLE PUBLIC BUILDINGS IN JORDAN
2.5.1 Introduction
In this section, the current state of the JCI is reviewed. This review is conducted to
establish a better understanding of the state of the building projects performed in the JCI
with a focus on sustainability. Following the introduction, an overview of the JCI examines:
JCI development during the period from 1980 to 2011, Jordan’s public clients and public
sector projects. The section on sustainable development discusses: Jordanian sustainable
development

strategies,

sustainable

construction,

sustainable

construction

stakeholders

and the challenges to 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 construction
industry in Jordan is the largest sector in the country in term of invested projects;
moreover, it is environmentally and economically significant to the country, and it forms
an integral part of its security systems (Al Emam, 2015). The current JCI shape is a result of
the interaction of many factors, including geographical, political, economic, historical,
social, technological and institutional factors. JCI operates under difficult geographical,
economic and social circumstances:
●

Geography

The country has twelve main cities: Amman, Zarqa, Irbid, Mafraq, Karak, Madaba, Balqa,
Jarash, Ajloun, Maan, Aqaba and Tafileh (see Figure 2.4). According to the last national
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census conducted in November 2015, the total population in Jordan was 9.523 million,
with 6.6 million Jordanian nationals, and 2.9 million non-Jordanians living in the country,
as shown in Figure 2.4 (Ghazal, 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 population in Jordan exceeds 80% of the total of which 15.7% live in slums (UNHabitat, 2008). Increasing urbanisation is making the building sector the fastest growing in
the country. Moreover, 70% of the population lives within 30km of the capital, Amman
(Kisbi, 2011), which has placed a huge burden on the public buildings, services,
environment and infrastructure.
●

Culture and society

Arabic and Islamic elements are the basics of the culture in Jordan, with a western
influence. Jordan has always been formed by a diversity at any given point because of its
location.
●

Economy

There are 139 middle-and-low income economies, referred to as developing countries,
according to World Bank (World Bank, 2016). The Hashemite Kingdom of Jordan, as a
typical developing country, is a small, resource-starved, middle-income country. It lacks
sources of water, oil and other natural resources, and it has a significantly growing
population (MWI, 2016). Moreover, as Jordan is a non-oil based country, it imports nearly
all its needs from neighbouring countries, which has added pressure to the national
economy of the country.
As shown in Figure 2.4, Jordan is largely landlocked with one port, Aqaba, and the rainfall
is low and highly variable; much of the groundwater in Jordan is not renewable (Bani
Ismail, 2012) which has led to a diminishing water supply in the country. This also affects
the importing and exporting activities. In addition to this, 95% of Jordan’s land mass is
desert, and the rest is at risk of desertification (Kisbi, 2011). These problems have led
Jordan to rely on external aid, exporting potash and phosphates, its service sector, tourism
and external funding for investment into the country. For external funding, it was found
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that $50 billion were invested into developing construction projects in Jordan between
2005 and 2011 (Haddadin, 2014).

Figure 2.4: Jordan population (Ghazal, 2016)
2.5.2.1 Development of the JCI
Between 1980 and 1999, Jordan faced many issues, such as (Bani Ismail, 2012):
●

Complicated government procedures.

●

Bureaucratic culture.

●

Slow economic growth due to the Gulf wars.

●

Increased government taxes on raw materials.

●

Unemployment.

●

Monopolies of the government (including the Jordan refinery company in which
steel and cement imports were limited).

●

According to MPWH (2007), JCI has also suffered from many financial and
managerial problems.

In 1999, King 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 process and regular meetings
with international and local investors and business leaders. This led to external support in:
the signing of new trade agreements on an international level, in 1999; new joint free
trade agreements (FTA) being signed in 2001, with the US; access being obtained to the
World Trade Organization (WTO) in 2000; and signing an association agreement with the
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EU in 2001. These efforts by both the royal family and the government have had 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 expanding the suppliers’ markets for construction, health and other
sectors. For instance, in Jordan, the real GDP growth between 1990 and 2014 was 4.9%,
associated with a per capita GDP growth of 2.2%, in which the construction sector in
Jordan became one of the leading contributing sectors to the real GDP growth at 12.2%
(Toukan, 2018). However, in terms of the employment of Jordanians, around 6% of the
total workforce in 2011 was employed in the construction sector, with a decrease from its
7.1% value in 2004; this is mainly because of the increased number of foreign workers in
the construction sector (RSSJ and FES, 2013).
2.5.2.2 The Jordanian Public Client
The party that has the funds and the powers to authorise constructing a project is either
the client or the owner. Consultants undertaking the design and contractors performing
the construction are key stakeholders who provide expert advice and executive tools that
the client uses to exercise his rights most 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 direct or indirect role. In most
of the Middle Eastern projects, the major construction client is the government (Gerges et
al., 2017). The government in Jordan has always been “the major client for the most
important construction works that represent the major part of the expenditure in the
construction work” (Awni, 1983), and is one of the JCI key movers (Haddadin, 2014). Also,
Jordan is primarily a service economy with a significant dependence on the public sector. It
is, therefore, the intention to focus this research on 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). Another important department which is
responsible for all the central government tenders is called the Government Tenders
Department

(GTD),

established

for

and

connected

to

the

MPWH,

according

to

‘Government Works By-Law No. (71) of 1987’. Therefore, this research considers the
MPWH and GTD as being representative of the public clients in Jordan.
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2.5.2.3 Public Sector Projects
Buildings and civil engineering projects represent the Jordanian public projects. Public
building projects are frequent (see Table 2.5) and consist of residential and non-residential
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 the other hand, non-residential projects cover a great variety of projects, such
as hospitals, schools, universities and governmental buildings. According to Grifa (2006),
this type of project requires skilled staff, qualified designers, workers and operatives. This
type of building is less familiar to contractors and clients compared to the residential ones.
Table 2.5 represents the Jordanian public projects by construction type.
Table 2.5: Public construction projects by construction type (Al Assaf, 2017)
Type of Construction

Project Sponsor (PS)

Client

Frequency

Budget+

Buildings

MoE – Schools

MPWH

High

Small to High

Ordering

Medium

High

MoH – Hospitals
MPWH – Housing and
Governmental Buildings
Water, Wastewater

MoWI

Infrastructure, Irrigation

Body

and Dams
Roads and Transportation

MPWH or MoT

MPWH

Medium

High

Electromechanical and

JREEEF

Ordering

Low

Small to

Communication

Body

Medium

MoICT
Mining

In

Jordan,

many

large

Governmental

Ordering

Companies

Body

governmental

residential

and

Low

High

non-residential

projects

were

established in the last five years. According to Halaseh (the Minister of Public Work and
Housing), 188 million Jordanian dinars (JD) worth of construction projects were executed
recently, with JD1.5 billion worth of construction projects on-going. These include the new
Amman Customs’ buildings estimated at a value of JD96 million, the justice department
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buildings valued at JD16 million and a housing project containing 400 housing units in the
first phase worth JD16 million (Jordan Times, 2017a). 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 Issues in the JCI
The basic and most used metrics are time, cost and quality when delivering building
projects. In Jordan, public buildings are facing costs that are overrunning their budget.
Sweis (2013) analysed different public building types in Jordan, and he found that 65% of
the buildings were not completed within their budget. Cost overruns can be defined as not
achieving the project objectives within the estimated budget (Dlakwa and Culpin, 1990).
Al-Hazim (2017) added that there is a substantial gap between the final and the estimated
cost of public buildings, which can range between 101% and 600%, with an average of
214%. He added that public buildings in Jordan also reported a time delay, with a range
between 125% to 455%, and an average of 226%. Twenty 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 of the time delay and the cost overruns, public
buildings in Jordan

suffer from

sustainability

performance

issues

in

terms

of

the

environmental, 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, Zarqa
and Irbid) have currently installed various types of systems, including ventilation, heating
and air-conditioning, 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 environmentally efficient ones that focus on the whole life
costs of such systems (Tewfik and Ali, 2014). The following sections will analyse
sustainability development and sustainable construction 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 decision-making with the environment (Hanf and Jansen, 1998;
Janicke and Weidner, 1997). The issue of protecting the environment should be of great
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interest

to

developing

environment-related

countries

problems

(Ofori,

(UNCHS,

2008)

1996),

since

as

seen

these
in

countries

their

face

uncertain

severe

economic

environments, environmental degradation, rapid rates of urbanisation, weak governance,
social inequity, institutional incapacity, deep poverty and low skill levels (Alsubeh, 2013).
Therefore, Jordan as a typical developing county, should start paying more attention to
the sustainability issues it is facing, especially due to the instability 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 environment and issues related
to the environment, such as atmosphere, air quality and environmental health. This was
achieved by establishing institutions and initiating activities related to protecting the
environment (MMRAE, 1991, 1999). This was followed in 1980 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 later, five one-year
(between 1981 and 1985) successive development plans were formulated (MP, 1993).
Several problems were identified in these plans that related to soil erosion, contamination
and land use, including untreated wastewater and water pollution, which were affecting
the quality of the groundwater basins (MMRAE, 1991). More development plans were
produced between 1986 and 1990, 1993 and 1997 and 1998 and 2000 where the
environment was one of the main foci (MP, 1993, 1998). In this emerging sector, a
description of the issues, goals, characteristics and organisational measures as they relate
to the environment in Jordan were established (AL-ZOABI, 2001). Due to the increased
interest in the environment through different plans and strategies, in 2003, the Ministry of
Environment was established due to the ‘2003: Environmental protection law NO 1’
(Ciriaci, 2000; Petra, 2000). The ministry’s vision is to protect and sustain Jordan’s
environmental resources and contribute to a better quality of life.
The first national environment strategy in Jordan was adopted in 1992; long-range 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 importantly, to
revise the existing laws for more ecologically oriented ones.
The first ‘Act of the Environment’ in 1995 comprised 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

‘General

Corporation

for

Environmental

Protection’

(GCEP),

an

‘Environment Protection Council’ and an ‘Environment Protection Fund’. It also calls for
the issuing of standards, codes and regulations in the fields of natural reserves, fauna,
noise, waste, hazards, soil, air and water (MMRAE, 1999; Al-zoabi, 2001).
Following the first act and since the development of the first ‘National Environment
Strategy’ in 1992, many sustainability strategies were established, as can be seen below:
●

National Environmental Action Plan (NEAP), 1996.

●

National Strategy for Sustainability Development Agenda 21, 2001.

●

National Strategy for Environmental Education and Communication, 2001.

●

National Strategy for Environmental Information, 2001.

●

National Strategy for Biodiversity, 2001.

●

National Strategy to Combat Desertification, 2005.

●

National Action Plan for Persistent Organic Pollutants, 2005.

●

Review of Environmental and Sectorial Strategies, 2005.

●

Environmental Strategy Implementation Plan, 2007-2010.

●

Environmental Strategy Implementation Plan, 2011-2013.

In addition, the first national ‘Millennium Development Goals’ report (MDGs) was released
by the government in 2004 (Al-Kilani, 2015). This report had a significant impact on policymaking in which the indicators, goals and targets were aligned and adapted to the national
plans and strategies. This report was followed by publishing two documents in 2006,
namely ‘We Are all Jordan’ and ‘National Agenda’, which articulated the vision of the
country.
Executive

This

vision

Programme’

was

subsequently

(NEP),

specifying

operationalised
projects,

into

policies

a

three-year

and

‘National

programmes

for

government institutions (Awad, 2016).
The second MDGs report, ‘Keeping the Promise and Achieving Aspirations’, was released
in 2010. This report shows the progress and challenges of achieving the MDGs in the
country. By reviewing the indicators for a MDG, it can be said that there have been
accomplishments for all the goals, as in building partnerships for development, ensuring
environmental

sustainability,

eradicating

hunger

and

poverty,

improving

child

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 2015, as a
consequence of the global economic crisis (Al-Kilani, 2015).
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Another national strategy called ‘Jordan 2025’ was released in 2015 as a result of the
previous strategies, policies and recommendations. Several sustainable development goals
(SDGs) are embedded in this strategy as:
●

The development of the sustainable communities and cities.

●

The improvement of the educational system.

●

The eradication of poverty.

●

The guarantee of decent work and economic growth.

●

The provision of clean water and sanitation.

However, there is still a need for further efforts to make this strategy effective and enable
Jordan’s development to be inclusive and sustainable (Awad, 2016).
Globally, the implementation of consultations in Jordan had a significant impact on the
first preliminary report of the ‘United Nations Development Group’ (UNDG), which was
issued in 2013 and called ‘The Global Conversation Begins: Emerging Views for a New
Development Agenda’. Post 2015, Jordan was one of the eighty-eight countries worldwide
that carried out national consultations. One of the main messages ‘areas for change’ out
of this national dialogue is to enhance awareness of the environment, address water
scarcity and promote renewable energy (Al-Kilani, 2015). The guiding principles were set in
the latest vision for Jordan (Jordan 2025) to deliver a better quality of life and achieve
sustainable

development,

such

as

by:

(i)

enhancing

the

business

environment;

(ii)

improving policies that promote sectorial development and innovation; (iii) enhancing
competitiveness;

(iv)

supporting

small-and-medium

enterprises

through

preventing

monopolies and encouraging competition; (v) improving the governmental service quality
provided to citizens in various fields in a manner that builds on public sector reform
programmes; and (vi) training programmes that meet market requirements.
In 2015, Jordan also adopted ‘Transforming our World: the 2030 Agenda for Sustainable
Development’, which was driven by the United Nations (UN). This agenda acts as an action
plan for the planet, people and prosperity, which aims to support universal peace and
freedom (United Nations, 2015). The Ministry of Planning and International Cooperation
(MoPIC) is responsible for mobilising the implementation of the 2030 Agenda for
Sustainable Development Goals (SDGs) and for evaluating and monitoring its progress.
Producing the ‘Voluntary National Review’ (VNR) report is also one of its tasks. The VNR is
a voluntary report that countries can choose to produce at their convenience. In 2015, 22

33

countries produced their VNR reports, and Jordan was one of over 40 countries that did so
in 2017. The report details the country’s way forward towards sustainable development
(Nassar, 2017). However, one of the main challenges, as expressed by the Minister of
Planning and International Cooperation, Imad Fakhoury, is that:
Jordan is unable to achieve comprehensive and sustainable economic, social and
environmental development on its own due to the enormous pressure it is facing
on its’ infrastructure due to conflicts in the region and the influx of large numbers
of refugees, which poses a real challenge to achieving the sustainable development
goals by 2030. (Jordan Times, 2017b)
Therefore, national efforts in Jordan need to continue to improve energy efficiency in the
infrastructure, specifically public, industrial and commercial buildings by promoting green
buildings and energy-oriented building codes of practice (United Nation, 2017). The next
section discusses further sustainable buildings in Jordan.
2.5.3.2 Sustainable Buildings
Buildings are of the utmost importance to 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
one of the world’s most water stressed countries (Kisbi, 2011). Therefore, delivering
sustainable buildings becomes a key target (RSSJ and FES, 2013).
In Jordan, the focus when delivering buildings is on incorporating insulating material,
shadowing effects, wind direction and natural lighting (RSSJ and FES, 2013). However, a
shift in building patterns including technology, zoning and land use was due to the
population growth and rapid urbanisation. Moreover, in recognition of the side effects of
the economic growth in Jordan, a shift towards sustainable building concepts, design,
construction and operations has taken place (ibid). This shift is critical in minimising the
negative

impact

on

the

natural

environment.

Furthermore,

a

building’s

energy

performance improvement is among the most cost effective ways of combating climate
change (Enkvist, Naucler & Rosander, 2007).
Despite the continuous national efforts to improve the public buildings’ energy efficiency
(United Nations, 2017), as in issuing the solar energy code, the energy efficient buildings’
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code and the Jordan Green Building Manual, a high percentage of the building sector in
Jordan, especially the public projects, suffers from sustainability performance issues (FFEM
and ANME, 2010). This is because the building codes are not fully enforced, and there are
no rigid governmental actions that have yet been taken towards delivering sustainable
buildings, such as policies, strategies and plans. Therefore, the sustainable building sector
in Jordan remains at an embryonic 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

sustainable

development

requirements is the biggest challenge.
2.5.3.3 Sustainable Building Projects’ Stakeholders
Sustainability is a diffuse subject. Various sectors, disciplines, organisations and ministries
are involved directly or indirectly in environment-related issues. In Jordan, the major
player in green building development is MPWH and specifically the National Building
Development Department. This department was formed by the ‘Temporary Law No. (31)
of 1989’ within the ‘National Building Law’. This law was mandated in 1993 by ‘Law No.
(7)’. Then, the national building codes were developed by the National Building Council
and regulated throughout all the buildings’ phases (RSSJ and FES, 2013). Other major
stakeholders in the process of green building development in Jordan are shown below in
Figure 2.5.

Figure 2.5: Green building development major stakeholders (RSSJ and FES, 2013)
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Each of these stakeholders has a major 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 centres, as in the Royal Scientific Society to explore
renewable and activist energy sources. Moreover, according to Alsubeh (2013), the
government

organisations

supported

energy

effectiveness

for

achieving

an

efficient

building architecture. However, despite the involvement of many major stakeholders in
the process of green building development, there still lacks an enforcement body (see
Table 2.6), which outlines a gap in the process (RSSJ and FES, 2013). This has led to an
absence of rigid governmental actions towards delivering sustainable buildings, such 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 public client should start considering the adoption of
sustainable construction strategies and plan to deliver sustainable buildings. Innovative
technologies and sustainable management systems should be a key part of these
strategies and plan.
Table 2.6: Stakeholders and their respective roles (RSSJ and FES, 2013)
Stakeholders

Ministry of Public Works

Jordan Engineering

Jordanian

Roles

and Housing and

Association (JEA)

Construction

National Building Council

Contractors
Association (JCCA)

Regulatory Body

Develop building codes

Administrative

Construction building

Certify engineering

and Procedural

permits

plans

Body
Outreach,

Access and outreach

Organise the work

Awareness and

to engineering

for the contractors

Capacity Building

offices and training

and buildings

Technical Body

Hosting the technical

Participate in the

committee that oversees

Green Building

the green building

Guidelines

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 on the preconstruction phases to achieve
sustainable buildings. These research focuses on building design regulations, innovative
and sustainable building design and building sustainable assessment tools. However,
delivering sustainable construction through a system of project management has recently
started to receive attention from researchers.
Jordan is the focus of this research due to its pivotal political role in the Middle East. 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 the country and an
integral part of its security systems. Therefore, this chapter has explored the sustainable
construction issues in Jordan beginning with the country’s geographical location, traditions
and economy. Then, the Jordanian construction industry development from 1980 until
2011 was discussed. The public sector 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 in the
public buildings in Jordan, such as in the cost overruns, delays and lack of sustainability
regarding the environment, economy and issues related to society. The reasons for this
performance deficiency have been identified as political, cultural and economic. To tackle
these issues, the Jordanian government represented by the MPWH and GTD and other
major stakeholders established a green building development process and green building
codes. However, there is still an absence of an enforcement body and rigid governmental
actions towards delivering these sustainable buildings, as can be seen in the existing
policies, strategies and plans. Moreover, there is a lack of research on delivering
sustainable construction through project management approaches, which this research
tries to fill. The next chapter introduces BIM as a new project management innovation
system that can be adopted to achieve sustainable buildings.
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CHAPTER 3: BIM-ENABLED SUSTAINABLE DESIGN AND DELIVERY
3.1 INTRODUCTION
Maximising value, lowering cost and achieving sustainability for construction clients is a
key issue nowadays, especially in an industry that has been criticised for its lack of
productivity and inefficiency (see Section 2.5.2.4). Moreover, the clients’ requirements
have become more bespoke and irregular; therefore, it becomes more difficult to present
these requirements in a 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

misinterpretations

in

the

design

and

construction documents. On the other hand, one of the major considerations nowadays in
the construction industry is the push for sustainability considerations for construction
projects, as in having a high energy performance and low environmental impact. This adds
an extra layer of specialised construction information requirements, which increases the
complexity of the

design and delivery process.

Moreover, fragmented management

practices currently used in the construction industry cause there to be a reworking and/or
a redesigning of construction projects more frequently over a project’s lifecycle (Smith and
Tardif, 2009). Reworking and redesigning affect the project performance in terms of cost,
quality and time. Reworking was estimated to cost 11% of the original contractual costs
(Forcada, Gangolells, Casals & Macarulla, 2017; Love, Edwards, Smith & Walker, 2009).
Additionally, quality defects and schedule delays are caused predominantly by redesign
(Lopez, Love, Edwards & Davis, 2010; Goodrum, Smith, Slaughter & Kari, 2008; Sun &
Meng, 2009). Therefore, managing, coordinating, integrating and updating the substantial
amount of information from the construction project stakeholders over the lifecycle of a
project becomes crucially important (Hooper and Ekholm, 2010; Clough, Sears & Sears,
2008; Kim, 2014).
BIM has been introduced as a response to the above issues, and it has been considered
one of the most effective technological and organisational innovations in the Architecture,
Engineering and

Construction

industry

(AEC)

(Succar,

2015).

Technological

innovation

plays a key role in both short-term and long-term economic, societal and environmental
sustainability. BIM has been classified as innovative (Davies and Harty, 2013; Brewer and
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Gajendran, 2012) and as a disruptive piece of technology (Eastman et al., 2008). Disruptive
innovation has been defined in the following:
The extent to which it departs from industry norms […] renders existing business
models obsolete, 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 considered to be a major paradigm shift in the construction industry
because it requires a change to the culture and the processes involved to achieve a more
integrated

approach

(Succar,

2009;

Ibrahim,

Krawczyk

&

Schipporiet,

2004;

HM

Government, 2012; Hannele et al., 2012). This chapter develops a contextual background
of BIM to ascertain whether it enables the design and delivery of the sustainable buildings’
projects. This chapter comprises five main sections:
●

An overview of BIM, which includes different BIM definitions, the levels of
maturity, applications, dimensions and management.

●

Identification of the BIM benefits and barriers from the literature.

●

BIM adoption and implementation in the public sector in Jordan, including the
global BIM status, BIM in the Middle East and Jordan. Moreover, this section
emphases the importance of the BIM implementation in the public sector.

●

BIM-sustainable buildings’ nexus, which includes the BIM-supported lifecycle of
sustainable buildings and the BIM-supported sustainable building assessment 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 is in the phrase itself. For example, is the term modelling intended as a
noun or verb? Does the model refer to an instantiated model or the underlying schema?
BIM

is

usually

written

as

Building

Information

Modelling

with

two

distinct

but

complementary meanings: a particular engineering software or a managing process. The
latter can be characterised as the adoption of an information-centric view of the whole
lifecycle of a building (Watson, 2010). It is, therefore, challenging to find a single
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satisfactory definition of what BIM is. It is proposed that it should be considered and
analysed as a multidimensional, evolving, complex phenomenon. The following are some
of the BIM definitions found in the literature, arranged by year:
Table 3.1: BIM definitions
Author

Year

Definition

Jung and Gibson

1999

“Integration of corporate strategy, management, computer
systems, and information technology throughout the project's
entire lifecycle and across different business functions.”

Graphisoft

2003

“A computer model database of building design information,
which may also contain information about a building’s
construction, management, operations and maintenance.”

Penttila

2006

“A methodology to manage the essential building design and
project data in digital format throughout the building life cycle.”

National Institute

2007

of Building

“A digital representation of the geometric and non‐geometric
data of a facility.”

Sciences
AIA

2008

“A digital representation of the physical and functional
characteristics of the single model or multiple models elements,
and the process and technology used to create the model.”

Autodesk

2008

“An innovative approach to building design, construction, and
management that is characterised by the continuous and
immediate availability of project design scope, schedule, and
cost information that is high‐ quality, consistent and reliable.”

London, Singh,

2008

“An information technology-enabled approach to managing

Taylor, Gu and

design data in the AEC/FM (Architecture, Engineering and

Brankovic

Construction/ Facilities Management) industry.”

Kymmell

2008

“A tool helping project teams to achieve the project goals
through a more transparent management process based on a
three‐dimensional (3D) model.”

Eastman

2008

“A verb or adjective phrase to describe tools, process, and
technologies that are facilitated by digital, mechanic-readable,
documentation about building its performance, it's planning, its
construction, and later its operation.”
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Krygiel and Nies

2008

“A creation and use of coordinated, internally consistent,
computable information about a building project in design and
construction.”

Succar

2009

“A set of interacting policies, processes and technologies
generating a methodology to manage the essential building
design and project data in digital format throughout the
building's lifecycle.”

Hardin

2009

“A revolutionary technology and process that has transformed
the way buildings are designed, analysed, constructed and
managed.”

Zuppa

2009

“A tool for visualising and coordinating AEC works to avoid
errors and omissions.”

Eastman,

2011

“A ‘generic technology’ that in principle allows many benefits,

Teicholz, Sacks

like more efficiency in construction, fewer mistakes, more

and Liston

accurate and up‐to‐date information, more illustrative and
accessible exposition of the building and its characteristics to all
project stakeholders.”

Weygant

2011

“A technology that allows relevant graphical and topical
information related to the built environment to be stored in a
relational database for access and management.”

Azhar

2011

“A Building Information Model characterises the geometry,
spatial relationships, geographic information, quantities, and
properties of building elements, cost estimates, material
inventories, and project schedule.”

Langdon

2012

“The ability to use and manipulate objects that can have
extensive data on a variety of properties associated with them
(geometry, connections to other objects, thermal performance,
cost, delivery, life expectancy, etc.). And allows designers to
produce accurate, coordinated, buildable and robust designs
that can be tested in virtual 3D space before they are built.”

NBIMS

2012

“A digital representation of the physical and functional
characteristics of a facility creating a shared knowledge
resource of information about it, forming a reliable basis for
decisions during its life cycle from earliest conception to
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demolition.”
Ilozor and Kelly

2012

“A myriad of computer software applications that can be
utilised by design and construction professionals alike to plan,
layout, estimate, detail and fabricate various components of a
building.”

HM Government

2012

“A collaborative way of working, underpinned by the digital
technologies which unlock more efficient methods of designing,
creating and maintaining our assets.”

NHBC

2013

“Building Information Modelling (or ‘management’, more
appropriately) is about identifying the important information or
data that is used throughout the design, construction and
operation of buildings, or any other built asset, and managing it
to make it useful to all those involved.”

Miettinen and

2014

Paavola

“A digital representation of a building in the form of an objectoriented three-dimensional model, or a repository of project
information to facilitate interoperability, automation of
processes and exchange of information with related software
applications.”

BIMTG

2014

“Essentially a value-creating collaboration through the entire
lifecycle of an asset, underpinned by the creation, collation and
exchange of shared 3D models and intelligent, structured data
attached to them.”

Kim

2014

“An information management system to integrate and manage
various construction information throughout the entire
construction project life cycle based on a 3D parametric design
to facilitate effective communication among project
stakeholders to achieve a project goal(s) collaboratively.”

Despite the many existing definitions for BIM in the literature, three important common
characteristics of BIM can be identified (Kim, 2014):
1. Construction

project

information

integration

and

management

project life cycle.
2. Effective collaboration and communication between project stakeholders.
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throughout

the

3. Building a representation digitally in a 3D object form with geometric and non‐
geometric attributes based on parametric design. Eastman et al. (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 characterised by (Eastman,
2008):
●

Data attributes and parametric rules.

●

Consistent non-redundant data so changes are propagated to all views, and the
presentation of all views of the model are coordinated.

●

Components that include data which describe how they behave.

●

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 collect, integrate, coordinate
and communicate relevant graphical and non-graphical information related to the
built environment throughout the entire construction project life cycle to 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 BIM as a reflection of its
‘maturity level’ (Azhar, Hein & Sketo, 2008). And although BIM maturity definitions
continue to be evolving (Kassem, Iqbal, Kelly, Lockley & Dawood, 2014; Succar, Sher &
Williams, 2012), the main subject is still delivering co-ordinated graphical and nongraphical project information.
A BIM ‘maturity level’ is defined as “the quality, repeatability and degree of excellence
within a BIM Capability” (Succar et al., 2012). A ‘BIM Capability’ is defined as “an
organisation's level of performance or ability within a particular stage, which is measured
to determine BIM Maturity according to the five maturity levels; ad-hoc, defined,
managed, integrated, and optimise” (ibid) (see Figure 3.1). According to Barlish and
Sullivan (2012), BIM capabilities are categorised into three main groups: object-based
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modelling, model-based collaboration and network-based integration. In each of these
groups, there are five BIM maturity levels.

Figure 3.1: 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., 2012). The diagram in Figure 3.2 shows the most
commonly adopted definitions of BIM maturity levels in the UK; it includes:
●

Level 0: CAD files and paper-based documents are exchanged in an unstructured
process.

●

Level 1: Modelling: the use of object-oriented 3D modelling software within one
organisation by a single disciplinary (Gu and London, 2010).

●

Level 2: Collaboration: object-oriented models shared between two or more
parties.

●

Level 3: Full Integration: the integration of several multidisciplinary models using
BIM servers where the ultimate goal is to move from local servers to a web-based
environment (Gu and London, 2010).
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Figure 3.2: BIM maturity 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, communicated and conceived; however, the
core responsibilities of the building projects’ stakeholders will not change (Simonian and
Korman, 2010). Different stakeholders adopt BIM for different reasons. Identifying BIM
potential applications is the first and most important step for developing strategies to fully
implement BIM for building projects (Ahn, Kwak & Suk, 2016). BIM application by the
major project stakeholders: clients, designers, constructors and facility managers are
presented in Table 3.2 below.
Table 3.2: BIM application by project stakeholders (Azhar et al., 2012)
BIM application

Owners

Designers

Constructors

Visualisation
Options analysis
Sustainability analysis
Quantity survey
Cost estimation
Site logistic
Phasing and 4D scheduling
Constructability analysis
Building performance analysis
Building management

X
X
X

X
X
X
X
X

X
X

X
X

X
X

X
X
X
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X
X
X
X
X
X

Facilities
Managers
X

X
X

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 buildings’ lifecycle. The BIM
benefits are discussed in Section 3.3.1.
3.2.4 BIM Dimensions
BIM dimensions (nD) reflect the extent to which BIM applications are used to manage and
deliver different aspects of the construction process. For example, “the extended use of
3D intelligent design (models) has led to references to terms such as 4D (adding time to
model) and 5D (adding quantities and cost of material) and on and on” (AGC, 2006, p. 3).
BIM dimensions (2D, 3D, 4D and 5D) are the only universally accepted BIM dimensions
(Ahmed, 2014). However, there are more extended dimensions which are named and
understood

differently

by

different

individuals

and

organisations.

Table

3.3

shows

different uses of BIM in a construction building project under each dimension.
Table 3.3: BIM dimensions and description
BIM
(nD)
2D

Capability

3D

3D Model

4D

3D + Time

5D

4D (3D + Time)
+ Cost
5D (3D + Time +
Cost) + Facility
Management

6D

7D

Description

References

Drafting

6D (3D + Time +
Cost + Facility
Management) +
Sustainability

Project visualisation, clash
detection model walkthroughs
and prefabrication
Schedule, visualisation,
construction planning and
management
Quantity take‐offs and real time
cost estimating
Data capturing and monitoring
(the actual data on energy
efficiency and building lifecycle
costs) and lifecycle management
Embodied carbon, manufacturers
and recycled content

(Autodesk, 2003, p. 1;
Hardin, 2009, p. 253)
(Autodesk, 2003, p.1; Hardin,
2009, p. 253; Eastman et al.,
2011)
(Chartered Institute of
Building 2010, p. 30;
Eastman et al., 2011; Hardin,
2009, p. 253)
(Hardin, 2009, p. 253;
Eastman et al., 2011)
(Hardin, 2009, p. 253;
Eastman et al., 2011)

(Hardin, 2009, p. 253)

BIM, via these 7 dimensions, can be implemented as a sustainable tool to design and
manage construction projects. It has also been argued that the sustainability dimension
(7D) could impact the rest of the BIM dimensions (Kapogiannis, Gaterell & Oulasoglou,

46

2015). For example, BIM can make the required information for sustainable design,
certification and analysis consistently available, leading to cost (5D) reduction associated
with sustainability analyses (Autodesk, 2003).
3.2.5 BIM Management
Building Information Modelling can be rephrased as ‘Building Information Management’ or
‘Better Information Management’. However BIM is defined, at the ‘heart’ of BIM is
information. There are three key documents to manage the information in BIM, and thus
achieve a successful BIM project; these documents are BIM protocol, the employer’s
information requirement (EIR) and the BIM execution plan (Barnes and Davies, 2015).
3.2.5.1 The BIM Protocol
The BIM protocol aims at enhancing the production efficiency through 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 drawings’ output over the entire project cycle (Ibid).
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 contract and professional service
appointments by way of a simple amendment. Moreover, this protocol puts in place
specific obligations, liabilities and associated limitations on BIM model usage. In the US,
the AIA released its ‘Building Information Modelling Protocol Exhibit’, which is intended to
be attached to owner–architect and owner-contractor agreements (Lowe and Muncey,
2010).
A typical BIM protocol document could include (Barnes and Davies, 2015):
●

An introduction to the project.

●

BIM usage extent for the project.

●

How the protocol is placed in the contractual document.

●

BIM manager’s details and who should appoint him/her.

●

Employer information requirements.

●

An organogram that shows how different stakeholders contributed to the BIM
process.
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●

BIM execution plans.

●

Level of model development (LOD).

●

Details of the BIM models’ ‘data drop’.

●

The common data environment (CDE).

●

Details of the software to be used.

3.2.5.2 Employer Information Requirements (EIR)
EIR is considered to be one of the key documents to successfully deliver BIM-based
construction projects (Dwairi, 2016). EIR could be developed alongside the project brief,
which defines the nature of the built asset that the client/developer wishes to procure. By
contrast, the EIR defines the information that complies with the project/asset that the
client wishes to procure, in which the design is guaranteed to be developed according to
their needs (Barnes and Davies, 2015).
EIR usually forms part of the tender document on a BIM project (Barnes and Davies, 2015).
It includes requirements in three main areas regarding commercial, management and
technical information. Table 3.4 shows the possible information with regard to these areas
that can be embedded in the EIR.
Table 3.4: EIR items (Dwairi, 2016)
Commercial
Project deliverables and data
drops
Client strategic purpose

Management
Standards

Define BIM/ project deliverables
BIM-specific competence
assessment

Planning work and data segregation
Security

Roles and responsibilities

Technical
Software
platforms
Data exchange
formats
Coordinates
Level of detail

Coordination and clash detection
process
Collaboration process
3.2.5.3 BIM Execution 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 BIM-based project. The four main steps within a typical BIM
execution

plan

procedure

are

as

follows

Construction Research Program, 2010):
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(see

Figure

3.3)

(Computer

Integrated

●

Identifying BIM goals and uses during the project lifecycle.

●

Designing the BIM project execution process by creating process maps.

●

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

●
BEP

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

suppliers

prepare

approaches
supplier
the

with

include

TIPDs

build

the

up

awarded

for

individual

procedures

and
the

the

task

protocols
relationship

BEP

for

MIDP,
project

as

set

and

to

which

out

provides

to
be

between

is
be
used

post-contract

the

to

the
a

the

master
delivery

primary

prepared,
(Barnes

the
and

the

BIM

protocol,

by

the

British
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EIR.

plans
A

BEP

(TIDPs).

responsible

individual

standard

when

the

and

the

Figure

3.3

BEP

and

parties

pre-contract

plan

Individual

of

2015).

the

confirm

delivery

explains

Davies,

proposed

to

series

that

EIR,

Prospective

Subsequently,

information

tasks.
plan

BEP.

capacities,

post-contract

information
a

required

meet

prepares

specific

mapped

and

information

which
is

BEP

in

contract

capabilities

the

BEP

are

responsibilities

information

post-contract

pre-contract

pre-contract

chain’s

TIPDs

a

competences

alongside

represents

parts:

a

and

supply

(MIDP)

two

(PAS1192-2:2013).

Employers Information Requirements (EIR)

Pre-contract BIM Execution Plan (BRP)

Post-contract BIM Execution Plan (BEP)

1. Information Management
A. Level of Definition
B. Training Requirements
C. planning of work and segregation
D. coordination and clash avoidance
E. collaboration process
F health and safety

1. Information Management
A. level of definition
B. training requirements
C. planning of work and data segregation
D. coordination and clash avoidance
E. collaboration process
F. health and safety
G. security requirement

1. Information Management
A. level of definition
B. training requirements
C. planning of work and data segregation
D. coordination and clash avoidance
E. collaboration process
F. health and safety
G. security requirement

2. Commercial Management
A. exchange of information
B. client strategic purpose
C. software formats
D. responsibilities matrix
E. standards and guidance documents
F. roles, responsibilities and authorities
3. Competence Assessment
A. competence assessment
B. changes to associated tender documentations
C. BIM tender assessment details

2. Project Implementation Plan (PIP)
A. proposed software versions
B. proposed exchange formats
C. Supplier resource summary
3. Project Goals for Collaboration and Information Modelling
4. Major Project Milestones
5. Project Information Model (PIM) Delivery Strategy

BIM Protocol
1. Definitions
2. Priority of contract documents
3. Obligations of the employer
4. Obligation of the project team member
5. Electronic data exchange
6. Use of models
7. Liability in respects of a model
8. Termination

Appendix 1
1. level of details
2. Stages
3. Model production delivery table

Appendix 2
1. Standards
2. Parties
3. Employers Information Requirements
4. Project procedures

2. Management
A. project information model (PIM) delivery strategy
B. major project milestones
C. survey strategy
D. approval of information
3. Planning and Documentation
A. revised project information plan (PIP)- confirming the
capacity of the supply chain
B. agreed project process for collaboration and
information modelling
4. Standard Method and Procedures (SMP)
A. volume strategy
B. PIM origin and orientation
C. layer naming conversion
5. IT solution
A. software versions
B. exchange formats
C. process and data management systems

Figure 3.3: A map of the PAS1192-2:2013 delivery process from EIR up to post-contract BIM execution plan, adapted from (Earley, 2015)
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3.2.5.4 Level of Development (LOD)
LOD consists of two principal pieces of information: ‘level of details’ and ‘level of
information’ (LOI). Level of details refers to the graphical content of a BIM model whereas
LOI refers to the non-graphical content of a 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 issue since they represent the model information at
specific stages, and they are associated with the BIM implementation’s practical side (Wu
and Issa, 2014). Table 3.5 represents the suggested level of development by CIC (2013)
and AIA (2013).
Table 3.5: Level of development (AIA, 2013; CIC, 2013; BIMForum, 2013, P.10)
LOD (AIA, LOD (CIC,
2013)
2013)
LOD100
1 (Preparation
and brief)

LOD200

2 (Concept
design)

LOD300

3 (Developed
design)

LOD350

4 (Technical
design)

LOD400

4
(Construction)

LOD500

5 (Handover
and close out)

Description (BIMForum, 2013)
“The Model Element may be graphically represented in the
Model with a symbol or other generic representation but does
not satisfy the requirements for LOD 200. Information related
to the Model Element (i.e. cost per square foot, the tonnage of
HVAC, etc.) can be derived from other Model Elements.”
“The Model Element is graphically represented within the
Model as a generic system, object, or assembly with
approximate quantities, size, shape, location, and orientation.
Non-graphic information may also be attached to the Model
Element.”
“The Model Element is graphically represented within the
Model as a specific system, object or assembly in terms of
quantity, size, shape, location, and orientation. Non-graphic
information may also be attached to the Model Element.”
“The Model Element is graphically represented within the
Model as a specific system, object, or assembly in terms of
quantity, size, shape, orientation, and interfaces with other
building systems. Non-graphic information may also be
attached to the Model Element.”
“The Model Element is graphically represented within the
Model as a specific system, object or assembly in terms of size,
shape, location, quantity, and orientation with detailing
fabrication, assembly, and installation information. Non-graphic
information may also be attached to the Model Element.”
“The Model Element is a field verified representation in terms
of size, shape, location, quantity, and orientation. Non-graphic
information may also be attached to the Model Elements.”
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3.2.5.5 Common Data Environment (CDE)
Many BIM protocols such the one in the UK (CIC BIM Protocol) propose the existence of a
common data environment (CDE) in order to exchange the project information in BIMbased

construction

projects

(McPartland,

2016).

The

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 and disseminate documentation for project stakeholders; it
includes graphical and non-graphical information (that is information created in a BIM
environment and in a conventional data format) (Barnes and Davies, 2015).
As can be seen in Figure 3.4, the CDE consists of four main areas of information: a work in
progress area in which unapproved information is held for each organisation; a shared
area in which information is held that has been checked, reviewed and approved for
sharing with other organisations; a published area with information that the client or their
representative has ‘signed off’; and an archive area where progress at each milestone,
changed orders and transactions are recorded.
The BIM information exchange within the CDE should be managed by an information
manager (BIM manager). BIM protocols normally require the appointment of a BIM
information manager by the client (CIC, 2013). The main role of a BIM information
manager is to set and manage the CDE by policing it to make sure that the data are secure,
and that it follows the agreed protocol. The following are a summary of other BIM
information manager’s principle responsibilities (CIC, 2013):
●

Managing the processes and procedures for information exchange on projects.

●

Initiating

and

implementing

the

Project

Information

Plan

(PIP)

and

Asset

Information Plan (AIP).
●

Assisting in the preparation of project outputs, such as data drops.

●

Implementation of the BIM protocol, including the updating of the MPDT.

The BIM information manager’s role 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 contractor acting as the information manager in
the construction phase (Barnes and Davies, 2015).
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Figure 3.4: Common data exchange (BSI, 2013b)

3.3 BIM BENEFITS AND BARRIERS
3.3.1 BIM Benefits
The benefits associated with BIM implementation are vital (Ahn et al., 2016). There 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, yielding quantity take-offs and enhancing
project quality (Eastman et al., 2008). The National Research Council (NRC) (2009)
conducted one of the first studies on developing a strategy for improving the efficiency,
productivity and competitiveness in the US construction industry. The findings from this
study identified BIM as a promising solution in terms of enhancing sustainability,
timeliness, quality and cost-effectiveness, which the JCI suffers from (see Section 2.5.2.4).
According to the Cooperative Research Centre (CRC) for construction innovation (2007),
the key benefits of BIM implementation are having an accurate representation of the
building parts in an integrated data environment. In 2007 and based on 32 major projects
that used BIM, the Stanford University Centre for Integrated Facilities Engineering (CIFE)
indicated that the following were achieved:
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●

Cost estimation accuracy within 3%.

●

Up to 40% elimination of unbudgeted change.

●

Up to 80% reduction in the time taken to generate a cost estimate.

●

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

●

Up to 7% reduction in project time.

Table 3.6 includes the BIM benefits that have been identified by scholars and construction
practitioners in a typical construction project.
Table 3.6: Benefits of BIM implementation
Benefits
Improved decision-making process
(better visualisation and ‘what if’ scenarios)

Better design and multi design alternatives

References
Construction Users Roundtable (CURT)
(2010); Eastman et al. (2008); Fox and
Hietanen (2007); Lu et al. (2015); Manning
and Messner (2008); Sacks et al. (2010);
Yan and Damian (2008)
Aranda-Mena et al. (2009); CRC
Construction Innovation (2007); CURT
(2010); Eastman et al. (2008); Fox and
Hietanen (2007); Sacks et al. (2010); Saxon
(2013)

Predictive analysis of performance
(finite-element, energy analysis and code
analysis)
Improve collaboration in design and
construction

Reduced project time and costs

Improved quality

Improved construction process and efficiency
(less reworking and fewer document errors
and omissions)

Improved safety

Eastman et al. (2008); Fox and Hietanen
(2007); Lee et al. (2015); Sacks et al.
(2010); Taylor and Bernstein (2009)
Bolpagni (2013); Lee et al. (2015); Lu et al.
(2015); Sacks et al. (2010); Saxon (2013);
Taylor and Bernstein (2009); Young et al.
(2008); Wu and Issa (2014)
Bolpagni (2013); Bynum et al. (2013); CURT
(2010); Hergunsel (2011); Saxon (2013);
Suermann and Issa (2009); Yan and Damian
(2008); Azhar et al. (2008); Young et al.
(2008)
Bolpagni (2013); CURT (2010); Sacks et al.
(2010); Suermann and Issa (2009); Yan and
Damian (2008); Young et al. (2008)
Aranda-Mena et al. (2009); Barlish and
Sullivan (2012); Boktor et al. (2014); CRC
Construction Innovation (2007); CURT
(2010); Dossick and Neff (2010); Eastman
et al. (2008); Hergunsel (2011); Sacks et al.
(2010); and Suermann and Issa (2009);
Redmond et al. (2012)
Ku and Mills (2010); Sacks et al. (2010);
Sulankivi et al. (2010); Zhang et al. (2012)
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Reduced claims or litigation
(risks)
Improved operations and maintenance
(facility management)
Sustainability enhancement

Bolpagni (2013); Aranda-Mena et al.
(2009); CURT (2010); Eastman et al. (2008);
Saxon (2013)
Azhar (2011); CRC Construction Innovation
(2007); CURT (2010)
Krygiel and Nies, (2008); Redmond et al.
(2012)

Sustainability enhancement is the focus of this research and research suggests BIM
supports sustainability in many ways, in the case of informed decisions regarding energy
performance and embodied carbon dioxide (CO2 in the early stages by assessing the
buildings’ energy performance and embodied CO2) (Krygiel and Nies, 2008; Redmond et
al., 2012). Section 3.5 discusses in detail the BIM support for sustainability over the
buildings’ project lifecycle and sustainability assessment.
3.3.2 BIM Barriers
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: Human/organisational, technical and business barriers. Business
barriers were investigated further by Kiviniemi et al. (2008) and expanded to become the
business and legal barriers. Table 3.7 represents the BIM barriers identified in the
literature under each of these categories.
Table 3.7: Barriers to BIM implementation
Barriers
categories
Business and
Legal Problems

Barriers description

References
Dedrick et al. (2003); Young et al. (2008);
Yan and Damian (2008); Aranda-Mena et
al. (2009); Bolpagni (2013); Hergunsel
(2011)
Becerik-Gerber and Kensek (2010);
Bolpagni (2013); Sackey et al. (2015)
Young et al. (2008); Becerik-Gerber and
Kensek (2010); Azhar (2011)
Azhar (2011); Jung and Joo (2011);
Bolpagni (2013); Saxon (2013); Lu et al.
(2015)
Aranda-Mena et al. (2009); BecerikGerber and Kensek (2010); Azhar (2011);
Olatunji (2011)

Additional resources and
expenses (high economic
investment software)
Fragmented procurement
approaches
Increased risk and liability
Lack of a comprehensive
framework or
implementation plan
Lack of a legal framework
(model ownership and legal
contract)
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Technical
Problems

Pittman (2004); London et al. (2008);
Howard and Bjork, (2008); Succar (2009);
Manning and Messner, (2008); Taylor and
Bernstein (2009); Eastman et al. (2011)
Aranda-Mena et al. (2009); Prins and
Owen (2010); Becerik-Gerber and Kensek
(2010); Azhar (2011); Hergunsel (2011);
Bolpagni (2013); Saxon (2013)
Yan and Damian (2008); Young et al.
(2008); Aranda-Mena et al. (2009);
Becerik-Gerber and Kensek (2010); Gu
and London (2010); Prins and Owen
(2010); McCuen et al. (2012)
Goedert and Meadati (2008); BecerikGerber and Kensek (2010); Prins and
Owen (2010)
Azhar et al. (2008); Bolpagni (2013);
Saxon (2013)
Cook (2004); Young et al. (2008); ArandaMena et al. (2009); Becerik-Gerber and
Kensek (2010); Prins and Owen (2010);
Saxon (2013); Wu and Issa (2014)
Taylor and Bernstein (2009); Won et al.
(2009); Dossick and Neff (2010); Saxon
(2013); Boktor et al. (2014); Lee et al.
(2015)

Lack of standards

Lack of interoperability
Human/
Organisational
Problems

Attitude and awareness
(resistance to change from
2D drafting practices)
Complexity (long hours to
develop a BIM model)
Cultural change
Employees lack BIM skills,
education and training
(design, engineers and
subcontractors)
Organisational challenges
among construction
professionals

●

Business and Legal Problems:

The absence of a universal BIM standard resulted in having customised BIM standards by
different construction project stakeholders, which are unclear on the type of information
within LODs that needed to be exchanged with the other stakeholders (Langdon, 2012). As
a result, the roles and responsibilities, which have been clearly defined in conventional
construction projects, are not well defined in BIM-based construction projects (Ilozor and
Kelly, 2012). Therefore, the legal and contract issues related to certain risks have arisen.
Legal and contractual risks in BIM-based construction projects include (Azhar, 2012):
1. Un-defined intellectual property of a BIM model, which includes ownership and
copyright (Holzer, 2007). Rosenberg (2007) suggested that setting ownership rights
and responsibilities in the contractual documents is the best solution to prevent
copyright disagreement issues.
2. Controlling

the

data

entry

and

inaccuracies

responsibilities:

this

is

a

BIM

contractual issue where being responsible for updating the project information
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model data and keeping the data accuracy about a project lifecycle entails a high
risk.
3. The BIM integrated concept blurs responsibility levels to the limit that risk and
liability might be increased.
Azhar (2012) suggested that one of the most effective ways to deal with such risks is to
have a procurement approach that is integrated and collaborative in nature.
●

Technical problems

A lack of BIM standards for model integration and managing multidisciplinary teams is
amongst

the

significant

technology-related

barriers.

Multidisciplinary

information

integration into a single BIM model needs to have access available to multiple 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 lead to inconsistencies and inaccuracy of the BIM
models.
Other technological-related risks, as expressed by Azhar (2012), are interoperability issues
and licensing issues. Interoperability issues can be defined as problems relating to the data
exchange

between

different

applications

to

avoid

data

re-entry

and

to

facilitate

automation. Common languages such as Industry Foundation Classes (IFC) and XML
Schemas have considerably helped to overcome interoperability issues (Smith and Tardif,
2009).
●

Human/Organisational Problems

It has been argued in the literature that human/organisational 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 construction industry is the main cause of
human/organisational

problems

that

effect

BIM

implementation.

Therefore,

increased

collaborative and integrated construction practices and cultural changes are required to
implement BIM effectively (Hannele et al., 2012; Succar, 2009).
Cultural change is one of the main requirements for effective BIM implementation, which
can be achieved by changing the mind-set of the stakeholders towards embracing new
technologies,

changing

the

working

environment
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to

being

cooperative

instead

of

adversarial, increasing the awareness of the BIM benefits and adopting a ‘no blame’
culture (Porwal and Hewage 2013; Smith 2014).

3.4 BIM STATUS
3.4.1 BIM Global Status
The perceived benefits of BIM implementation have resulted in an increase of BIM
adoption worldwide in the last few years. In the US, BIM adoption by the contractors has
increased significantly from 2007 to 2012 (McGraw Hill, 2014). Between 2007 and 2012,
there was a surge of 54% of BIM adoption in the construction value in the US construction
industry (Lee et al., 2014). Moreover, BIM adoption by the construction industry
practitioners has increased in European countries to 36% in 2010 (McGraw-Hill, 2010b).
National Building Specification (NBS) conducted an international BIM survey in 2015 to
investigate the BIM adoption within the international design community. The respondents
were from design firms, consultants, general contractors, subcontractors or suppliers and
research institutes. This report shows the implementation percentage of BIM in 2015 in
the UK, Canada, Denmark, the Czech Republic and Japan. In the UK, BIM usage in the
construction projects has increased by 9% between 2013 and 2015. Canada moved from
64% in 2013 to 67% in 2015. Table 3.8 shows the BIM implementation percentages in
construction projects in these countries. Another report (McGrawHill, 2014) confirmed
that BIM usage was projected to increase sharply in the construction industry, especially in
the contractors’ firms in many countries, as shown in Table 3.9; this is due to the
realisation of the potential of this technological and procedural evolution within the
construction industry (Gerges et al., 2017).
Table 3.8: BIM implementation percentages in construction projects (NBS, 2016)
Country
The UK
The Czech Republic
Denmark
Canada
Japan

2015
48%
25%
78%
67%
46%
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Table 3.9: BIM implementation percentage in contractors’ firms in 2013 and 2015 (McGraw, 2014)
Country
Germany
The United States
Brazil
France
Australia
Japan
New Zealand
South Korea

2013
37%
55%
24%
39%
33%
27%
23%
23%

2015
72%
79%
73%
71%
71%
43%
50%
52%

3.4.2 BIM in the Public Sector in Jordan
One of the main drivers that has influenced BIM implementation is the political pressure
applied to the construction industry, as has occurred in many countries; BIM has been
pushed and mandated by certain public bodies such as UK government (Won, 2013). Many
researchers have investigated BIM adoption and implementation worldwide, and where
some focused on the public sector, others did so on the private sector or on the whole
construction industry including both private and public sectors. At the same time, the
main focus of these researchers was on standards, guidelines, reports, visions and
roadmaps of BIM implementation or the roles and responsibilities of the stakeholders
when implementing BIM.
Succar (2009) listed all the reports, visions and guides that related to BIM and which are
publicly available in the US, 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. Jauhianian (2011) presented
examples of BIM adoption in the public sector in three countries: the General Services
Administration (GSA) in the US, the Senate Properties in Finland and the Statsbygg in
Norway. Wong (2011) compared the governmental guidelines, standards, policies and
implementation status in the US and Hong Kong.
Martin (2012) conducted a comparative review of the BIM national guidelines in the UK,
the US, Norway, Finland, Australia, Sweden and Denmark. Cheng (2015) compared the
different kinds of roles and efforts made by the public sector for BIM adoption in four
main regions: Europe, the US, Asia and Australia. By highlighting the successful BIM
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implementation strategies and identifying the gaps, it was surmised that the public client
has six roles to play for BIM adoption. These include driver and initiator, educator,
regulator, researcher, demonstrator and funding agency. Cheng (2015) and Wong et al.
(2009) concluded that the public sector has a primary role in BIM adoption. Many
countries around the globe have realised the vital role of the public authorities in
promoting BIM, such as in the UK and the US (Won, 2013). Therefore, many governments
including the US (Wong et al., 2009), Australia (BuildingSMART, 2012) and the UK (HM
Government,

2012)

have

set

implementations

strategies

for

the

use

of

BIM

on

construction projects.
In the US, the General Services Administration (GSA) “an independent agency of the
United States government, was established in 1949 to help manage and support the basic
functioning of federal agencies”, committed to adopting 3D, 4D and BIM technologies on a
strategic and incremental levels to bridge the adoption gap since 2003 (Cefrion, 2011).
In Australia, the Cooperative Research Centre (CRC) for Construction Innovation and the
Australian Institute of Architects have collaborated in the development of a conceptual
framework for BIM implementation; this framework provided the key elements of a BIM
evolutionary process as well as a roadmap for 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 Australia (Porwal and Hewage, 2013):
●

National strategies for BIM implementation to be developed and include national
priorities and stimulation of the involvement of the government and private
clients.

●

New procurement approaches to be developed and implemented for BIM.

In the UK, BIM adoption and implementation were among the main principle objectives of
the ‘Government Construction Strategy (GCS) 2016’ to improve the national infrastructure.
The following are the main principle objectives of this strategy:
●

Embedding and increasing the use of digital technology, such as BIM Level 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 the ‘Smart Market Report’ to reduce project delays and cost
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overruns (Lee et al., 2014). This has led to an increase in BIM adoption in the UK from 19%
to 39% between 2010 and 2012 (NBS, 2013). Francis Maude (2012), the Minister for the
Cabinet Office, stated the following:
The government’s four-year strategy for BIM implementation will change 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
become the world leaders in BIM. (McGough, Ahmed & Austin, 2013, p. 396)
The UK governmental construction strategies have increased the importance of BIM
adoption

and

implementation

in

the

UK.

Thus,

various

construction

professional

organisations have released standards, protocols and guidelines for effective management
and integration of construction information. Table 3.10 shows these standards, protocols
and guidelines (NBS, 2015; NBS, 2016).
Table 3.10: UK BIM Standards, protocols and guidelines (NBS, 2015; NBS, 2016; Kim, 2014)
Organisations

BSI

CIC
RIBA

BIM Standards and Protocols
“PAS 1192‐2:2013, specification for information management for the
capital/delivery phase of construction projects using building information
modelling”
“PAS 1192‐3:2014, specification for information management for the
operational phase of assets using building information modelling BIM”
“BS 11924-4:2014 - Collaborative production of information. Part 4: Fulfilling
employer’s information exchange requirements using COBie (Construction
Operations Building Information Exchange) – Code of practice”
“PAS 1192-5:2015; Specification for security-minded building information
management, digital built environments and smart asset management.
Provides guidance on how to secure the intellectual property, the physical
asset, the processes, the technology, the people, and the information
associated with the asset”
“BS 8536:2015; Facilities Management (FM) briefing for design and
construction. For the building’s infrastructure, guidance upon the definition
of required social, environmental, and economic outcomes as well as the
process of achieving those required outcomes”
BS 8541; Range of standards for “library objects (architectural, engineering,
and construction)”
BIM Protocol, Standard Protocol for use in projects using Building
Information Models
BIM Overlay to the RIBA Plan of Work
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RIBA and NBS

BIM Task
Group

RIBA Plan of Work 2013 Construction
“Uniclass2015. A classification system that can be used to organise
information throughout all aspects of the design and construction process”
GSL (Government Soft Landings) – Developed to champion better outcomes
for the UK’s built assets during the design and construction stages, powered
by BIM, so as to ensure that value is achieved in the operational lifecycle of
an asset
Construction Operations Building Information Exchange (COBie) UK 2012

Mandating BIM adoption and implementation by the UK government had a positive
impact on BIM adoption in the Middle East due to the significant economic relationship
between the Middle East and the UK, which has led to the dominance of British architects,
consultants,

contractors

and

project

managers

in

the

Middle

East

(Gerges,

2016).

Therefore, BIM adoption and implementation in the Middle-East region is expected to rise.
Other significant factors for increasing the BIM adoption rates in the Middle East are:
●

The existence of multi-national firms with multiple offices across the Middle East
region, which in turn have imposed the adoption and implementation of BIM in the
Middle East (Gerges et al., 2017).

●

The rapid growth of mega and complex projects in many of the Middle Eastern
countries was one of the main motivators for increasing BIM adoption and
implementation (Gerges et al., 2017).

●

The widespread use of some of the UK BIM Standards, protocols and guidelines
mentioned in Table 3.10 in the Middle East. For example, the RIBA Plan of Work
established an international chapter called ‘RIBA Gulf Chapter’ for members in
Jordan, UAE, Bahrain, Saudi Arabia, Kuwait and the Sultanate of Oman. This
chapter is one of eleven international RIBA chapters. The RIBA Gulf Chapter is
actively engaged with a diverse and very significant number of RIBA and non-RIBA
practitioners to support and communicate with RIBA overseas members and
arrange activities, such as networking events (RIBA Gulf Chapter, n.d).

Despite these influences, most of the Asian countries are still lagging behind the US and
Europe in general in BIM adoption (Cheng et al., 2015). In the Middle East, Jordan and the
Gulf Cooperation Council (GCC) countries were surveyed in (2011) by BuildingSMART to
report on the adoption of BIM in the Middle-East region. This survey showed that 25% of
the

participants

were

‘familiar’

with

BIM

processes,

but

only

5%

were

using

it

(BuildingSMART, 2011). It was also stated that the use of BIM had improved productivity
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and quality control and reduced design errors (ibid). Another study was conducted by
Gerges (2016) on BIM implementation in the Middle East, particularly in Kuwait. He
reported that many of the BIM benefits in the region included improving communication,
encouraging collaboration, thus mitigating project risks, and monitoring the status of the
project throughout the project phases, facilitating stakeholders in a transparent way.
In 2014, another survey

took

place and reported

that 10%

of

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 (BuildingSMART, 2011). On the other hand, BIM has been
implemented mainly for basic tasks, such as drawing extraction, 3D visualisation and rarely
for planning (Awwad, 2013).
Recently,

a

survey

was

conducted

by

Gerges

et

al.

(2017)

to

investigate

BIM

implementation in the Middle East, including Jordan, the GCC, Egypt and Lebanon. 297
questionnaires were sent out with a 67.34% response rate. The findings revealed that 20%
of the AEC organisations in the Middle East were using BIM, but Jordan was one of the
countries with the least BIM projects (Gerges et al., 2017). Comparing the findings from
Gerges et al.’s (2017) research with BuildingSMART’s (2011) studies, it seems clear that
BIM adoption in the Middle East is rising. However, the surveyed respondents from Jordan
totalled only 3% of the overall response to the questionnaire distributed by Gerges et al
(2017).
As stated above, BIM adoption in the Middle East has slowly increased, but it is lagging
behind the rate of BIM adoption in the aforementioned developed countries. Awwad
(2013) explained that the main reason 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 oath. MPWH and the JEA have signed an agreement with
BuildingSMART and the BIM Journal to establish the BuildingSMART Forum in Jordan and
to promote BIM adoption and implementation (Middle East Construction News, 2011).
However, since signing the agreement, there have been no steps taken toward achieving
its targets.
Recently, the Jordanian government showed an increased interest in BIM implementation
on its building projects by starting to request the use of BIM to deliver significant public
buildings. For example, the Al Tafaileh Governmental Hospital (Matarneh and Hamed,
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2017) and the new airport terminal were requested to be designed and delivered using
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 the aforementioned
BIM survey conducted in 2011 by BuildingSMART on the GCC and Jordan, Al Awad (2015)
conducted research to provide insight into the context of IT and BIM adoption by small
and medium-sized enterprises (SMEs) in construction in Jordan; his research was the first
academic work to investigate BIM in Jordan, and it was concluded that “BIM adoption
among construction SMEs in Jordan is virtually non-existent” (Al Awad, 2015, p. 207).
Moreover, AutoCAD was found to be the main design tool. Al Awad (2015) also found that
one of the main barriers to implementing BIM is the ‘culture and tradition of work’, which
he suggested needs to be overcome along with other barriers; there is a need for
management

change,

communication,

training

and

streamlined

processes.

There

are

limitations in his work in that there were a small number of surveyed participants and the
focus was not the public construction sector in Jordan.
At the time of writing up the thesis, the most recent research was conducted by Matarneh
(2017) to identify BIM experiences and the perceived benefits, values and challenges of
BIM adoption and implementation in Jordan. The findings from the research revealed that
BIM adoption and implementation in Jordan is still in a primitive phase.
Despite the crucial role of the public client in Jordan (see Section 2.5.2.2), the public
construction sector was not investigated in any of the above studies. Therefore, this
demonstrates a gap in the research on the 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 is among the main benefits of BIM implementation. The main
objective of this chapter is to investigate the impact of adopting BIM approaches for 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

buildings

bears

not

only

building

performance-related

considerations, but also addresses the economic, social and environmental impacts of the
building industry; this adds extra layers of necessary information, and so it is desirable to
have

efficient

information-technological

solutions.

BIM

was

identified

as

the

most

promising solution in terms of improving sustainability and meeting the global need for
sustainable buildings (Kumanayake and Bandara, 2012) since BIM supports the supply,
management and integration of such requisite information throughout the lifecycle of a
building (Häkkinen and Kiviniemi 2008). Moreover, 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 realised as the demand is increasing annually (Bynum et
al., 2013). As such, practitioners believe that BIM can achieve sustainable construction
outcomes more efficiently than non-BIM approaches (McGraw-Hill, 2010a), and that such
benefits accrue in projects across the globe (Mihindu and Arayici, 2008).
Love and Smith (2003) sent 100 questionnaires to AEC practitioners and academics in the
UK and the US to ask about BIM benefits. It was found that BIM can improve sustainability
and increase creativity in addition to reducing cost and time and improving quality.
Khosrowshahi and Arayici (2012) 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, and reduce errors, reworking
and waste.
In order to provide a holistic understanding and critical reflection on the nexus between
BIM and sustainable buildings, Figure 3.5 presents the ‘Sustainable BIM Triangle’. As can
be seen, two central themes reflect the nexus between BIM and sustainable buildings:
BIM, if managed, can supports the lifecycle of sustainable buildings. And BIM supports the
sustainable building analysis and assessment.
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BIM attributes

Visualization
Whole life cost
calculation
Technical Analysis
and prediction
Site analysis
Communication
Project schedule
and cost
Design review

BIM
supported
lifecycle of
sustainable
projects

BIM
supported
analysis and
assessment of
BIM
BIM supported
supported
sustainable
sustainable
sustainable
projects
buildings
buildings
Design optimization

Strategic planning
and briefing
Design
Construction
Operation
Renovation and
Demolition

Sustainable
buildings

Project phases

Environmental
attributes:
Site and Land
Use
Economical
Energy
attributes:
Water
Long-term
Materials
Resources
Air
Productivity

Social
attributes:
Health
Well-being
Operating Cost Comfort
Social and Cultural
Values
Human Design/
Community

Sustainability attributes

Figure 3.5: Sustainable BIM Triangle taxonomy adapted from Lu, Wu, Chang and Li (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 from the early
stages to demolition, 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
Government, 2012; McGraw‐Hill, 2010). The following sections represent the contribution
of BIM to sustainability over the various building stages.
3.5.1.1 BIM Supports Sustainable Strategic Planning and Briefing
Well defined, in-place strategies enable organisations to adapt to on-going changes in the
external world. Therefore, a strategy that takes the organisation’s abilities and the
opportunities presented by the environment is essential in order to be viable (Jennings
and Wattam, 1998).
In terms of project sustainability, the planning stage is significant as it creates the highest
impact on the environmental, economic and social aspects (Chong et al., 2017). It has
been argued in the literature that sustainability considerations and assessments should
firstly take place in the strategic planning and briefing phases. This is because it is essential
to

develop a plan for sustainability

within the

project

scope

that identifies

the

sustainability goals of a project (Hardin, 2009). Table 3.11 shows the sustainability
considerations, as reported by Zanni (2017) and Mulvihill and Jacobs (1998).
Table 3.11: Plan for Sustainability
(Zanni, 2017)
Project summary

Accreditation goal summary
Local recycling resources
Local municipal sustainability
initiatives
Project limits
Project initiatives
Evaluation

(Mulvihill and Jacobs, 1998)
Establishing and refining the project vision and objectives
based
on
sustainable
development
principles
and
stakeholders’ needs
Establishing common values
Identification of contextual issues that influence the problem
definition
Identification of significant assessment issues based on social
values and professional judgment
Development of terms of reference for the stages of the
assessment process
Scheduling all critical decision-points in the project’s lifecycle
along with the identification of the information needed
N/A
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Effective BIM implementation in the planning and procurement stages will reduce cost
variation and make the project more accommodating, thus more socially sustainable
(Holzer, 2009). According to Zuo and Zhao (2014), social sustainability affords a healthy
and safe environment for all the involved stakeholders. Moreover, BIM implementation
can enhance the efficiency and effectiveness of the project development processes mainly
by eliminating unnecessary waste from the re-planning and re-working (Gibbs et al., 2015).
To solve planning issues around climate conditions, site information, site location,
transport infrastructure and ecological value, the civil 3D, Auto-CAD and BIM software
were used alongside other environmental software packages to deliver the Tent Hotel in
Hengshan NaShan village (Bonenberg and Xia, 2015). Moreover, a Development Strategy
Simulator

(DSS)

and

Development

Strategy

Formulation

and

Evaluation

Methodology

(DSFEM) are automated BIM systems, which were created to support the stakeholders’
decision-making in the planning phase by evaluating alternative plans based on a
visualisation of the actual design and construction retrieved from the integrated system
(Kim, Kim, Fischer & Orr,

2015). These studies

were conducted to improve

the

environmental, economic and social aspects of sustainability through optimising decisions
using BIM in the planning phase.
Chong et al. (2017) conducted a review of publications between 2011 and 2016 to
determine “the current state-of-the-art of BIM development for sustainability”. Ninetyone studies and thirty-six standards and guidelines were found. He concluded that despite
the importance of the planning phase, there is still a lack of innovative research about BIM
implementation in the project planning and procurement systems for sustainability.
3.5.1.2 BIM Supports Sustainable Design
The design is the core of both BIM standards and guidelines where sustainability depends
on the matter of design (Chong et al., 2017). A study by Lim (2015) showed that
sustainability simulation through BIM during the pre-design stage or early in the design
phase is crucial for 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 that could affect building sustainability
performance. Moreover, BIM facilitates the use of ‘reduce and optimise’ approaches by
the design team, which helps achieve sustainability goals (Kumanayake and Bandara,
2012). Sustainability goals for a project can be categorised into three overlapping

68

dimensions

corresponding

to

the

triple

bottom

line

of

sustainability,

namely

the

environment, economy and society (see Figure 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 building performance optimisation (Asl et al.,
2015), lighting simulation (welle et al., 2012), CO2 emission analysis (knight, 2011; Basbagill
et al., 2013) and energy performance analysis (Wong and Fan, 2013; Schlueter and
Thesselling,

2009;

Shrivastava

and

Chini,

2012;

Kim

and

Anderson,

2012).

These

applications can lead to better and more efficient designs that optimise energy usage,
promote passive design strategies and limit wasted resources (Eastman et al., 2008) by
providing, in the early design stage, increased visualisation and integration in the views of
building performance.
Environmental Factors:
Site and Land Use
Energy
Water
Materials
Air

BIM implementation:
Orientation
Shadow
Light Path
Heating and Cooling
Energy performance Analysis

Environment

Equitable
Economic Factors:
Innovation
Capital efficiency
Growth
enhancement
Long-term
Resources
Productivity
Low running Costs
Operating Cost
Maintenance Cost
Revenue
Risk management
BIM implementation
Cost Estimation
Quantity Surveying
Enhance collaboration

Economic

Bearable
Sustainable

Social

Viable

Social Factors:
Dependent
Health
Well-being
Comfort
Independent
Social and Cultural Values
Human Design
Community

BIM implementation
Orientation
Shadow
Light Path
Heating and Cooling
Load Analysis

Figure 3.6: Triple sustainable factors and BIM implementation, adapted from Pearce, Han Ahn and
Global (2012)
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Hartmann et al. (2012) stated that BIM has a direct, significant 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 their analysis to estimate the projects’
risks more effectively and make them more cost-effective and progressive, which will have
an impact on reducing project costs (Zhang and Hu, 2011). Despite the benefits associated
with this process, it cannot be considered as a sustainable approach until it includes the
environmental benefits and promotes the quality of life concepts in its calculations; socialoriented values and human well-being should be included in their priorities (Sassi, 2006).
Moreover, other aspects of BIM implementation can influence the economic efficiency by
enhancing stakeholders’

communication and

collaboration,

which leads to

promoting

building management, saving time and reducing wastage, and thus reducing project cost
(Hartmann et al., 2012; Eastman et al., 2011).
The occurrence of social sustainability has been defined by the Western Australia Council
of Social Services (WACOSS) 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 and democratic and provide a good quality of life. (WACOSS, 2000)
The improvement of social sustainability is considered within the improvement of the
economic and environmental aspects of sustainability, which results in comfort and health
as well as promoting human well-being (Sassi, 2006; Eere, n.d). Soltani (2016) classified
the interaction between social sustainability and BIM into two categories: dependent and
independent features. Dependent features can be quantified and measured through
environmental
performance.
sustainable

assessments,
Therefore,

design

can

which

BIM

improving

some

promote

health

can

support,

environmental
and

enhance

such

as

features

lighting
in

performance

the

and

energy

process

while

of

negative

environmental conditions can lead to health disorders, such as discomfort, stress and
absenteeism. Independent features from other variables which are mainly qualitative in
nature, such as community, social and cultural values and human design-related features,
also have a role to play (Sassi, 2006). Improved environmental quality, knowledge transfer,
minimised risks from pollutants associated with building energy use and neighbourhood
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restoration are other ways to improve quality of life on the social scale through the design
stage (Eere, n.d).
3.5.1.3 BIM Supports 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 District (LACCD) (2016) has
encouraged the contractors to issue a schedule based on a 3D BIM model that is linked to
the sequence of construction. The Port Authority (TPA) (2016) stipulated that BIM 4D
(time) and 5D (cost) should be used for logistic planning, interface management and
project forecasting.
The construction phase has a significant effect on the environment in terms of many
aspects, such as carbon emissions (Mah et al., 2011), resource consumption, noise
pollution and waste generation (Liu et al., 2011; Chang et al., 2017). BIM provides various
effective solutions for mitigating such environmental impacts as BIM can facilitate project
information. Zhang et al. (2016) found that the information embodied in BIM is suitable
for fabricating modular units, which will reduce site disturbance, wastage from the costly
construction materials, air pollution and enhance design change flexibility and re-use
(Zhang et al., 2016).
For construction planning support, a BIM-based automated framework has been created
to generate dynamic site layout models (Kumar and Cheng, 2015). The aim was to
optimise the travel distance of construction personnel and equipment for this framework
by using an algorithm with genetic algorithms. It was found that the use of information
embedded in the BIM models have helped achieve a 13.5% reduction in the total travel
distance compared to conventional methods.
The performance gap is that which exists between design intent and the actual building
which could reduce the chances of delivering a sustainable building design. The reasons
for this gap have been widely studied (Menezes et al., 2012; Zero Carbon Hub, 2014;
Bordass et al., 2001). The substitution of products on-site is one of the major reasons for
such a gap, which could lead to improvising certain modifications that are detrimental to
the fabric performance and also creating less thermal efficient materials (Carbon Hub,
2014).

BIM

contributes

by

monitoring

the

construction

progress.

The

‘Scan-vs-BIM’

technique was created by Bosche et al. (2015) to track the mechanical, electrical, and
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plumbing (MEP) elements between as-planned and as-built. Matthews et al. (2015) also
created a cloud-based BIM to provide real-time information on the reinforced concrete
structure on-site. As having access to information of the performance of a building project
will help improve the decision-making of both the contractors and designers, thus
ensuring project deliverability are met and the performance gap is minimised (ibid).
3.5.1.4 BIM Supports Sustainable Operations and Maintenance
The operation phase has a significant role in maintaining the sustainability of the built
environment. In the operation phase, it is essential to monitor the buildings’ sustainable
performance to verify the actual performance compared to the design phase set targets
(Lu et al., 2017). This task is complicated due to the need for collecting 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 tool for
monitoring the buildings’ sustainability performance. This is because BIM can contribute
the ability to support the integration, supply and management of information over the
building lifecycle (Häkkinen, 2008).
BIM is also an adequate tool for supporting the data for maintenance (Akbarnezhad, 2012;
Eastman et al., 2011; Cheng and Ma, 2013) due to its ability to manage the building
information accurately (Liu and Issa, 2012), thus reducing the building maintenance costs.
A strategy framework was proposed by Adeyemi et al. (2014) that incorporated zero
emissions, lean thinking and green building into the BIM to minimise the maintenance
costs.
3.5.1.5 BIM Supports Sustainable Renovation and Demolition
Globally, buildings consume 45% of the world energy (see Table 2.2). Moreover, it has
been estimated that more than half of the existing building stock will still be in use in
2050. Also, despite the focus on reducing emissions from new buildings, the existing stock
remains mostly untouched, missing opportunities to reduce emissions and deliver zero or
near-zero carbon buildings (Carbon Trust, 2008). Renovating the existing building 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 improve the indoor climate by mitigating
the air pollution, which will lead to healthier living (Kyilili et al., 2015).
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BIM applications were found to be beneficial in addressing these sustainability issues on
the project renovation phase by providing feasible solutions (Bernstein, 2010). A number
of

researchers

have

demonstrated

BIM

usage

on

retrofit/renovation

projects.

For

example, a research framework was proposed to improve BIM roles in energy-driven
retrofits (Khaddaj and Srour, 2016). A sustainable deconstruction strategy was proposed
by Akbarnezhad (2014) which uses BIM-sourced information to retrieve the capital and
energy invested in building components. Cheng and Ma (2013) created an integrated BIMbased system to 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: BIM Supports Sustainable Project Lifecycle
As a summary, BIM can support sustainable buildings over the project lifecycle, including
strategic definitions and briefing, design, construction, operation and maintenance and
renovation and demolition (see Figure 3.7). Based on the current research, BIM can
contribute to the sustainable building lifecycle in three ways:
●

Visualisation is one of the primary applications of BIM, as 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 features. This will make stakeholders’ decisions more
sustainably oriented.

●

Secondly, the ability to exchange data embedded in BIM among multi-disciplinary
users with different sustainability analysis tools and the automation of the design
evaluation processes (Lu et al., 2017).

●

Finally,
between

BIM

contributes

various

by

stakeholders

improving
during

the

collaboration

sustainable

design,

and

communication

construction

and

operations (Grilo and Jardim-Goncalves, 2010). A new paradigm of a shared vision
for all stakeholders working on the same project is offered by this integrated
platform (Azhar et al., 2012).
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Strategic planning
and briefing

Building Stages

BIM support
sustainability

1. Support stakeholders
decision making by
evaluating Alternative
plans.
2. Eliminating unnecessary
waste from re-planning
and re-work

Design

Construction

1. Provide integrated
visualised simulation and
analysis of building
performance.
2. Estimate projects’ risks
more effectively and
efficiently
3. Enhancing stakeholders’
communication and
collaboration
4. Facilitate data exchange
and integration

1. Facilitate project
information.
2. Support construction
planning
3. Continues construction
progress monitoring

Operation and
maintenance

Renovation and
demolition

1. Assist in monitoring the 1. Provide feasible
sustainable performance solution
of buildings
2. Support project control
2.Reduce the building
maintenance costs

Figure 3.7: BIM-supported sustainable projects lifecycles
Despite these benefits of BIM over the different phases, there is still a lack of research
about BIM implementation in some of these phases, such as project planning and
procurement approaches for sustainability (Chong et al., 2017) and BIM for facility
management (Dong et al., 2014). This research will investigate different procurement
approaches adopted in the public sector in Jordan for better BIM implementation to
achieve sustainability.
3.5.2 BIM Supports Sustainable Building Assessment and Evaluation
‘Sustainability analyses or building performance analyses’ refer to various types of
evaluation and assessment methods for determining the environmental performance of a
building; these analyses include internal ones, such as the HVAC system optimisation and
contextual analyses, as in site orientation, building massing and day lighting (Azhar and
Brown, 2009). Fragmented information in the traditional delivery approaches causes the
discontinuity

of

these

sustainability

analyses

systems

(Eastman

et

al.,

2011).

BIM

contributes through the use of such technology as a database for data exchange and
integration (Steel, 2012). Specifically, throughout the design process, BIM creates the
opportunity

to

incorporate

the

sustainability

measures

by

allowing

multi-disciplinary

information to be superimposed on one model (Autodesk, 2012), thus BIM can be used to
analyse the buildings as fully integrated dynamic systems and adjust their construction
process to enhance their sustainability (Holness, 2008).
In BIM, much of the necessary data for sustainability are in the coordinated data sets of
information that
information

are

models.

naturally

captured

Furthermore,

BIM

over

the

integration
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project
with

lifecycle

other

in the

building

performance

analysis

software significantly simplifies these rigorous analyses (Azhar and Brown, 2009). Such
integration could take the form of combining an energy-simulation tool with Revit
Architecture. For instance, the lifecycle impact tool ATHENA impact estimator and Green
Building Studio can be employed to study the use of different building materials and their
impact on energy performance (Ajayi et al., 2015). Grafosoft, EcoDesigner and Archicad 14
BIM were used by Tahmasebi et al. (2011) to calculate the energy consumption and
carbon footprint of glazed windows, as a result to any changes made to the building.
To integrate the sustainability software with BIM to perform a lifecycle analysis (LCA),
direct access to BIM information is needed (Anton and Diaz, 2014). The typical flow of
information in BIM-based sustainability analyses and BIM functions for such analyses are
presented in Figure 3.8. Building BIM-based sustainable analysis can be performed based
on the basic information embodied in BIM, such as building systems, building materiality,
building geometry and internal load as well as the additionally entered information in the
performance analyses software (Azhar and Brown, 2009). Based on previous research, the
impact of BIM on these analyses can be categorised into eight main types: carbon
emission, thermal comfort, acoustics analyses, water usage analyses, solar radiation and
lighting analyses, natural ventilation system analyses, energy performance analyses and
whole life cost analysis (Lu et al., 2017).
As mentioned in Section 2.4.3, sustainable building assessment methods, such as BREEAM,
GREEN, BEAM Plus and LEED, were issued by different countries to address building
sustainability. Most of these assessment standard methods were criticised as they are
based on the predicted performance, rather than the actual one (Tuohy and Murphy,
2015). For example, it was found that 28% to 35% of the LEED buildings consume more
energy than their “conventional counterparts”, as per floor area (Newsham et al., 2009).
BIM can enhance the efficiency of such assessment methods through estimating and
interpreting
understanding

different
of

methods’

these

credits,

credits,

which

could

thus

ensuring

the

enhance
achievement

the
of

stakeholders’
certification

requirements. Moreover, stakeholders can choose more effective strategies through BIM
to achieve the required building certification (Wu and Issa, 2014). BIM can also assist in
applying and maintaining the certificates associated with different sustainable building
assessment methods through facilitating the required documentation management (Lu et
al., 2017).
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Figure 3.8: BIM-based building sustainability analyses; typical information flow and BIM functions, adapted from Azhar and Brown (2009) and Lu et al.
(2017)
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3.6 CHAPTER SUMMARY
Through the literature review, it was revealed that public sectors worldwide play a primary
and

significant

role

in

implementing

BIM

through

various

national

implementation

strategies and plans. However, a lack of full commitment to BIM by public sector clients in
Jordan was reported. This affects its status in both the private and public sector in Jordan
as recent studies stated that BIM is still in a very primitive phase in Jordan. It could be said
that the main reason is the paucity of studies on BIM adoption and implementation in the
public sector in Jordan. Therefore, it is anticipated that 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 addition, this study attempts to measure the relative
significance of BIM benefits and barriers to the public construction sector in Jordan.
Research suggests BIM can help overcome many of the issues reported in the public
buildings in Jordan, such as time delays, cost overruns and a lack of sustainability
performance.

Indeed,

sustainability

enhancement

is

among

the

main

BIM

benefits.

Therefore, this chapter introduced the Sustainable BIM Triangle, which provides evidence
that BIM adoption and implementation supports sustainability on different project phases
from planning to demolition in addition to sustainability assessment.
However, there are barriers to utilising BIM. These barriers are categorised under three
main headings: business and legal, human/organisational and technical barriers. Current
procurement strategies, which fall under the business and legal barriers, are considered
among the most significant challenges to BIM implementation in the public sector. Thus,
when many public clients around the world propose a range of actions to implement BIM,
deploying collaborative procurement approaches seems to be the optimal solution. The
next chapter discusses BIM implementation under various procurement approaches.
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CHAPTER 4: THE IMPLICATION OF CONSTRUCTION PROCUREMENT
ON BIM IMPLEMENTATION AND SUSTAINABILITY CONSIDERATIONS
4.1 INTRODUCTION
Public buildings in Jordan have been criticised due to their lack of design performance,
especially in sustainability. This is because of political, cultural and economic reasons (see
Chapter 2). BIM as an innovative technology can contribute and enhance buildings
performance,

especially

in

sustainability

(see

Chapter

3).

However,

construction

procurement has been considered to be one of the principal business and legal BIM
implementation challenges to the public sector. The key objective of this chapter is to
review the literature that is pertinent to construction procurement and to analyse the
implications of this on BIM implementation and sustainability.
This chapter is comprised of six main sections:
●

An overview of construction procurement.

●

The implications of construction procurement on BIM implementation.

●

The need for innovative procurement approaches to implement BIM.

●

The implications of construction procurement on sustainability considerations.

●

Construction procurement in Jordan.

●

The justification for carrying out this research.

4.2 AN OVERVIEW OF CONSTRUCTION PROCUREMENT
Construction procurement is termed by several researchers and practitioners in the
construction

industry

under

different

terms,

such

as

the

procurement

approach,

procurement systems, procurement methods, procurement delivery methods or project
delivery methods. In recent years, these terms have become common and fashionable
phrases in the construction industry (Rwelamila and Edries, 2007; Jin Lin et al., 2015). It is
considered

as

a

fundamental

parameter

that

contributes

to

the

success

of

the

construction project and client satisfaction (Love et al., 2008; 2012). In principle, the
procurement approach determines the overall framework for allocating the authorities
and responsibilities of project stakeholders in the construction project (Rwelamila and
Edries, 2007).
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4.2.1 CONSTRUCTION PROCUREMENT DEFINITIONS
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. Grilo and Goncalves
(2011) have clearly stated that it includes both purchasing and contract providing services
and merchandise. Table 4.1 represents the different definitions found in the literature.
Table 4.1: Definitions of procurement in construction
Construction procurement definition

Source

The strategy that the clients adopt to buy resources and (Root

and

Hancock,

activities from specialists in the building industry to deliver 1996)
a new building.
“A

process

in

which

the

clients’

requirements

and (Dalgliesh et al., 1997)

objectives are elicited throughout the project life cycle,
moreover, forming the power structure”.
“a procurement system is an organizational system that (Love, Skitmore & Earl,
assigns specific responsibilities and authorities to people 1998, p. 221)
and organizations, and defines the relationships of the
various elements in the construction of a project.”
“A collective

process for the achievement

of mutual (Koolwijk

&

Vrijhoef,

benefit, where it adds value to the clients and profits for 2005)
the participants through the contractual structure”.
“A system that represents the organizational structure (Chan, 2007)
adopted by clients for the implementation of project
processes and eventual operation of the project”.
“A

comprehensive

process

by

which

designers, (Molenaar et al., 2009)

constructors, and various consultants provide services for
design and construction to deliver a complete project to
the owner”.
“The set of relationship, roles, and responsibilities of (Park et al., 2009)
project team members and the sequence of activities
required for the development of a capital project”.
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“A mechanism for linking and coordinating members of (Naoum, 2011)
the building team throughout the building process in a
unique

systematic

structure,

both

functionally

and

contractually. Functionally via roles, authority and power,
contractually via responsibilities and risks. The main aim is
to deliver a project that meets its objectives and fulfil the
client criteria and expectations”.
“An organisational structure that arranges specific relationships

(Gamage, 2011)

and authorities to the participants, defines the relationship of
key elements in the construction project and acts as a
management framework to the client for the management of
design, construction and eventually operation of the project”.
“A

strategy

operational

to

satisfy

needs

with

client's
respect

development
to

the

and/or (Poplic et al., 2014)

provision

of

constructed facilities for a discrete lifecycle”.
“A comprehensive process by which a facility is designed (Francom et al., 2014)
and constructed”
“the process by which products and services are acquired (APM, online)
from an external provider

for incorporation into

the

project, programme or portfolio”
‘the strategic process of how contracts for construction (Hughes et al., 2015, p.
work are created, managed and fulfilled’

11)

It can be concluded from the various definitions in Table 4.1, that there is no single
commonly accepted construction procurement definition. These definitions suggest that
construction procurement consists of a wide range of processes which are interrelated
and sequential in nature. Depending on the various definitions and descriptions in Table
4.1, this research defines construction procurement as a set of tasks that govern the
activities undertaken by clients, consultants and contractors to plan, design, assess,
purchase and construct projects in order to deliver the required end-product 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 developed over the last few
decades (Jin Lin et al., 2015). Construction procurement approaches (see Figure 4.1) can
be classified into four main categories: cooperative and separated, management-oriented,
integrated procurement and innovative approaches (Mante et al., 2012; Love et al., 2008;
Bolpagni, 2013).

Construction Procurement
approaches

Cooperative
and separated

 Sequential approach
Design-Bid-Build
(DBB)

Management
Oriented

Integrated



Construction management
(CM)
 Management Contracting
(MC)

Innovative

 Design and Build
(DB)








Integrated Project Delivery (IPD)
Early BIM Partnering (EBP)
Project Alliancing (PA)
Cost Led Procurement (CLP)
Two Stage Open Book
Project Alliancing (PA)

Figure 4.1: Procurement approaches classification Bolpagni (2013), Love et al. (2008) and
Rwelamila and Edries (2007)
4.2.2.1 Cooperative and Separated Procurement Approaches
In these types of procurement approaches, consultants and contractors carry out the
project development activities in a sequential order, one after another (Nikou et al., 2014).
Project activities start from feasibility studies, design and construction activities to handing
over

the

project

(Rwelamile

and

Edries,

2007).

The

main

characteristics

of

such

approaches are the separation between the design and construction phases in which little
or no interaction between consultants and contractor organisations occurs (Mante et al.,
2012). In these approaches, the client signs two separate contracts with the consultants
and contractors in which the majority of the design and drawings preparation are
completed prior to the site works’ commencement (Rwelamila and Edries, 2007).
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 management-oriented procurement system, the

management

of 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 contractors. (Thwala and Mathonsi, 2012, p. 16)
The

most

common

approaches

are

construction

management

and

management

contracting. The main difference between the two is 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 contractors are contracting works contractors directly.
4.2.2.3 Integrated Approaches
In these approaches, the main feature is that both the design and construction work are
carried out in parallel (Migliaccio et al., 2009). The responsibility for the design and
construction are integrated or combined into a single contracting organisation. According
to Konchar and Sanvido (1998), having a single contracting organisation that is responsible
for both the design and construction is the main benefit of these approaches for the client.
4.2.2.4 Innovative Procurement Approaches
Innovative procurement approaches are new approaches that have become popular in the
AEC/FM industry in order to enhance collaboration between the different parties involved
in the process. There are six main approaches identified in the literature: integrated
project insurance (IPI), 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 and to form
collaboration environment between the construction project stakeholders that reaches a
new level. CLP, IPI and two-stage open book were established and trialled by the UK
government to enhance collaboration and integration aimed at reducing the public
projects’ cost and enhancing sustainability. EBP was established according to the existing
procurement in the public sector in Canada, and it aims to smoothly introduce BIM to the
current working processes.
4.2.3 Tendering Procedures
The terms procurement and tendering are usually used interchangeably without looking at
the actual meaning of both. According to Garner (2014), this led to confusion about the
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differences between the meanings of these 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 issues for delivering a successful project (Mohemad et
al., 2011). The general tender process includes the tender specification preparation,
invitation to the tender, submission of the tender documents by the bidders, evaluation of
the proposals and tender awarding (see Figure 4.2). The mediator could be the consultant,
project manager or construction manager. The provider could be the main contractor or
trade contractors. This depends on the procurement approach adopted.

Owner

Mediator

Initiate project

Tender specification
preparation

Provider

View tender
advertisement

Invitation to tender

Tender aggregation

No

Interest
Yes

Open tenders

Purchase tender
documents
Assess tenders and
select provider
candidates

Fill tender
documents

Short listed
candidates

Submit tender
documents

Tender awarding

Sign contract

End

Figure 4.2: Usual tendering process adapted from Mohemad at al., (2011)
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There are three common types of tender strategy in the construction industry: singlestage, two-stage and negotiated tendering (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 single-stage tendering strategy is frequently chosen; in this approach, the clients
conduct a single-stage competitive tender to obtain a price for the construction work
(Garner, 2014). A number of contractors compete 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 time for preparing and submitting their bids. The bids
are then analysed in terms of their cost and quality, and a single contractor is assigned to
deliver the tenderer’s works (ibid).
4.2.3.2 Two-Stage Tendering
The two-stage tendering strategy has become more common in recent years. This strategy
is used if the design process benefits from the contractor’s technical inputs. The basis of
choosing the preferred contractor is based on the quality of the contractor’s bid, their
team, preliminary prices, profits and overhead allowances (Garner, 2014). Then, the
preferred contractor is involved in the design stage on a consultancy basis using a preconstruction

services

agreement

(PCSA)

to

complete

the

design

together

before

presenting a bid.
For instance, the use of two-stage tendering under a 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 undertake the pre-construction services (stage 1) with the intention 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 tenders the project during the design stage on a competitive basis,
but based on an incomplete design, outline price and programme of the works, prepared
by the client design team. The contractors then submit a proposed method statement,
construction programme, price of the preliminaries and overheads and the percentage of

84

the profits (Donovan, 2017). This stage includes a competitive tendering of the already
designed work packages in addition to a lump sum for the pre-construction services and
design fees. The client then appoints a ‘preferred contractor’ on the basis of a separate
PCSA or the provision of an identified contract (ibid).
In the second stage, the client is in a form of contract negotiation with the ‘preferred
contractor’. The second stage is typically concluded by an agreement on a lump-sum
contract (Rawlinson, 2006). Figure 4.3 represents the process of the two-stage tender.
Pre-qualification (main contractor
tenderers)
Programme

Preliminaries
Overheads and profits

Compile first-stage tender

Initial pricing and packages

Method statement
Pre-construction fee

Identification of preferred contractor

Sub-contractors selection
First stage contractor

Compile second-stage tender

Agreement of subcontract terms
Risk allowances

Agreement second-stage lump sum
tender

Awarding the main contract

Figure 4.3: Two-stage tender process, adapted from Rawlinson (2006)
4.2.3.3 Negotiation Tendering
A negotiation tender is a single-stage 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 final price for the construction works
(Garner, 2014).
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4.3 THE IMPLICATION OF CONSTRUCTION PROCUREMENT APPROCHES ON
BIM IMPLEMENTATION
The

construction

technological

industry

is

development,

behind

in

the

sustainability,

necessary

productivity

transformation
and

to

sufficient

improve

returns

on

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 dealing with
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 issues, and it has been
considered as one of the most effective organisational and technological innovations in
the AEC (Succar, 2015). BIM is also considered as a potential solution for overcoming the
current fragmentation in the construction industry (Hardin, 2009). BIM’s various potential
benefits are presented in Sections 3.3.1 and 3.5.
To implement BIM effectively, the current construction processes should be altered at
every level: the industry, organisation and project levels (Arayici et al. 2011). It has been
argued that profound process changes are needed for effective BIM implementation on a
project level (Volk et al., 2014), particularly to create a collaborative environment between
multiple stakeholders over the project lifecycle (Pcholakis 2010; Laishram, 2011). Early
stakeholder involvement will reduce any conflict of interest and will add their inputs to the
design phase, which is indeed not achievable under the traditional procurement methods,
such as DBB (Azhar et al., 2012). Therefore, it is suggested that clients should change the
way that they procure buildings when implementing BIM to ensure a fully integrated,
collaborative BIM‐enabled work processes (Foulkes, 2012).
Ghassemi

and

Becerik-Gerber

(2011)

have

identified

the

following

aspects,

which

differentiate a collaborative procurement approach from a traditional method: (i) early
and continuous involvement of key stakeholders; (ii) clear roles, responsibilities and
communication

lines;

(iii)

integrated

constructors,

specialist

suppliers

collaborative

decision-making;

and

and
(v)

project

team

facilities
an
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managers;

integrated

construction and operations are considered as a whole.

consisting
(iv)

design

of

clients,

common
process

designers,
goals

where

and

design,

A collaborative procurement approach will unlock the usefulness of BIM for clients by
treating BIM as a shared resource for the facilities over their whole lifecycle; this will be
from design conception through to the construction, operation phases, adaptive re-use
and any alterations until the end of their useful operating lifecycle (Laishram, 2011).
However, to date, procurement approaches were not chosen for their ability to deliver
collaborative environments. For instance, in the UK (a country which is comparatively
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% of the respondents
suggested that the selected procurement approaches were not fit for a BIM-enabled world
(Withers, 2014). 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 construction industry, traditional procurement approaches need to be
challenged from inception to completion and also demolition.
The following subsections will investigate the implications of BIM implementation under
various procurement approaches. According to 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 whilst the CM
method is the least favoured one compared to the other two approaches. Each of the
procurement approaches will be discussed and explored in order to find their advantages
and disadvantages for BIM implementation. IPD is also discussed as it has been defined in
the literature as the optimum procurement approach for BIM implementation.
4.3.1 Traditional (DBB)
This approach is the oldest, but it is still the most popular amongst the separated and
cooperative approaches (Eastman et al., 2011, p. 4; Francom et al., 2014); therefore, it is
called the ‘traditional method’ (Turner, 1990, p. 48; Lahdenperä, 2001). This method has
been widely used all over the world for many decades for delivering public and private
sector projects (Thwala and Mathonsi, 2012). The main principle of this approach is that
the design and construction phases are separated, as are the stakeholders’ responsibilities
(Shrestha et al., 2012). Despite this separation between the client, consultants and
contractors, this approach allows for cooperation between them. This is why this approach
earned its other name ‘separated and cooperative’ (Masterman, 2002). Figure 4.4
represents the project organisational structure for the traditional procurement approach.
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Client

Contractor

Consultants

Other consultants

Architect

Suppliers

Sub-contractors

Figure 4.4: Project organisational 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 Westerberg, 2011; Pishdad-Bozorgi 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 under DBB (Eastman et al., 2011).
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 under the DBB approach are as follows (Turner, 1990, pp. 48, 50):
●

Client defines the need to build and the work purpose.

●

Client defines the requirements of the technical proposals.

●

Design team develops design drawings and cost control.

●

Client approves the design work.

●

Preparing tender documentation.

●

Inviting tenders to tender.

●

Contractors prepare their proposals.

●

Selecting a tender, thereafter signing a contract.

●

Contractor proceeds with constructing the building.

●

Testing the building.

The main advantages and disadvantages of adopting a DBB approach are represented in
Table 4.2.
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Table 4.2: Advantages and disadvantages of the DBB approach (Morledge et al., 2006; Turner,
1990; Hardin 2009; Eastman et al., 2011)

Advantages
All

the

Disadvantages

tendering

contractors

are The processes are sequential, which affects

bidding on the same basis, thus there the project duration to be longer than
is a competitive fairness

other delivery approaches

The client can facilitate a high level of The design is developed away from the
functionality and bespoke quality in technology

and

build

ability

as

the

the design as this approach is design contractor is involved late in the process
led where the client is able to have a after the design is 100% completed
direct influence
The client’s financial commitment is Contractors often bid a low price to win
known at the tender stage before the
commencing the construction

project

compensating

with

the

intention

the

difference

of

through

raising variation claims at a later stage,
which

will

cause

disputes

between

the

client and the contractor
DBB procedures are well known, thus Although
instilling

confidence

in

the

designer

should

include

the sufficient information and details in the

stakeholders

tender documents, they tend to include
minimal details, which cause errors and
disputes on fabrication

Client changes in the design phase are Collecting
reasonably easy

management

information

for

after

completing

facility
the

construction phase is not an easy task
Reasonable price certainty at contract
award
The integration between the different stakeholders is limited due to the fact that the
responsibility of the design and construction are separated; the architects and engineers
are responsible for the building design, and the construction phase is the contractors’
responsibility. These stakeholders do not work together efficiently as they usually have
competing

interests

and

because

of

a

lack
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of

information

interoperability,

which

influences the communication, integration and coordination (Lu et al., 2014). Love et al.
(2012) described the cause of the issues under DBB as follows:
DBB procurement has contributed to the so-called (procurement gap) whereby
design

and

construction

procurement
integration

gap
among

is

processes

considered

project

team

to

are

separated

inhibit

members

from

one

communication,
and

can

another.

This

coordination,

and

adversely

affect

project

performance. (Love et al., 2012)
BIM Implementation Issues under DBB
In 2009, 32.7% of the BIM-based projects in the US were delivered through the DBB
approach, and according to Cao et al. (2015), 88.7% of the BIM-based construction
projects in China were delivered through DBB. However, the full benefits of BIM cannot be
achieved under DBB because of the structures of this approach (Salmon, 2012). The late
contractor involvement under the DBB approach is not ideal for implementing BIM
processes as their input in the design phase is not taken into consideration (Eastman et al.,
2011). As a result, a disconnect will occur between the consultants’ and the contractors’
BIM

models.

requirements,

The
which

consultants
means

may

that

make

the

assumptions

contractor

might

about
not

the

contractors’

receive

the

BIM

necessary

information (Holzer, 2015). Therefore, problems can arise from the design defects and
materials’ selections in the construction phase, which could lead to time delays, overhead
costs and increased tension between the 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 official tender document. Therefore, the tenderers
cannot rely on it, which could lead to a compromise in its application (Bolpagni, 2013).
Designers under the DBB approach should describe the content of the BIM model and
should limit the restriction of the model 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 design of the BIM model, common
languages such as IFC should be used in developing it. Porwal and Hewage (2013) stated
that IFC is the most common format that supports BIM software; however, in places
where BIM is still in its infancy, 2D drawings should be used alongside the BIM model in
the tender document.
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Despite these issues, adopting BIM with a DBB approach can benefit the clients as they
receive more reliable and accurate bids, thus reducing the risk of later claims because
inscrutability and conflict in the tender documents will be minimised through the BIM
process (Saxon, 2013). In addition, the BIM process assures conformity between the 2D
drawings and the BIM model because of the link between all the documents where a
change in one element in the project will update and change the other elements
accordingly; thus, they are coordinated (Bolpagni, 2013). Moreover, BIM implementation
under a DBB approach can improve the overall process through (COBIM, 2012):
●

visualisation and its impact on planning, collaboration and communication;

●

3D coordination and its influence on productivity and workflow; and

●

the use of BIM as a digital data storage and its impact on recapturing the data
through mitigating the data loss in the traditional paper-based process (Talebi,
2014).

As a summary, BIM can be implemented under a DBB approach. Despite the many BIM
benefits under this approach, there are limitations for unlocking the full BIM benefits.
These limitations can be summarised in two main points. The late contractor involvement
after the design stage, which reduces the effectiveness of the BIM process, particularly in
the collaboration and integration between the project participants (Eastman et al., 2011).
The second point refers to the learning necessary for the BIM process to maximise the
stakeholders’ abilities for working with BIM. In places where BIM is in its infancy, finding
BIM expert clients, consultants and contractors is challenging. Therefore, sufficient data
might not be embedded in the BIM model, which could affect aspects such as the
reliability of price (Roginski, 2011).
4.3.2 Design and Build (DB)
This approach has been widely implemented throughout the world for many years (Seng
and Yusof, 2006; Turina et al., 2008). It was established to overcome the problems in the
DBB approach in terms of improving the cost, schedule and quality of the construction
projects (Roginski, 2011; Kent and Becerik-Gerber, 2010). Minchin et al. (2013) claimed
that this approach is among the most favoured project delivery approaches due to its
reputation for cost and time saving, reducing conflict and enhancing communication
between the project stakeholders.
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The basic concept of DB is that a single organisation is responsible for both the design and
construction of a project under a single design-build contract (Turina et al., 2008;
Koppinen and Lahdenperä, 2004, p. 32). This approach consists of three main elements:
single responsibilities by one organisation, reimbursement using a fixed-price lump sum
and the project being specifically delivered to meet the client needs (Seng and Yusof,
2006). In this approach, the client can appoint the contractor to carry out the design based
on an outline brief and set of criteria. Figure 4.5 represents the project organisational
structure under the DB approach.

Client

Design and build
contractor

Consultants

Sub-contractors

Suppliers

Figure 4.5: Project organisational structure under the DB approach (Turina et al., 2010;
Seng and Yusof, 2006)
According to Rowlinson (1987) and Turina et al. (2008), this approach can be employed in
three different forms:
●

Pure design and build: in this form, the contractor strives for a self-contained
approach where design and construction expertise are within one organisation,
and they are able to complete any task that arises. Thus, it is more likely that a
higher integration occurs in such an approach.

●

Integrated design and build: the contractor organisation has a core of designers
and project managers. However, the contractor is prepared to hire external design
expertise when it is needed. Therefore, in-house project managers will coordinate
the integration between the internal and external members of the design and
construction team.

●

Fragmented design and build: in this form, the contractor operates a fragmented
approach by appointing external consultants who are coordinated by the in-house
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project managers, whose other tasks include refining the client brief. In this form,
many of the coordination and integration problems of the DBB approach are likely
to stand in addition to the ambiguity of some roles among the professions. Moore
and Dainty (2000) and Muriro (2015) argued that the roles and responsibilities in
this form are the same as under the DBB approach.
The main steps for the DB approach are (Turner, 1990, p. 45):
●

defining the client needs and requirements and the scope of the work;

●

selecting a bidder to tender;

●

contractors preparing their price proposal in addition to

the

technical and

scheduled proposals;
●

selecting a contractor based on price and/or qualification; and

●

proceeding with designing and constructing the building.

The main advantages and disadvantages of adopting the DB approach are represented in
Table 4.3.
Table 4.3: Advantages and disadvantages of the DB approach (Turina et al., 2008; Eastman et al.,
2011; Morledge et al., 2006; Al Khalil, 2002)
Advantages

Disadvantages

Less risk on the client side

Few
design

construction
and

companies

construction

provide

services,

thus

less competition
Single point of responsibility from the The difficulty of making changes at a later
contractor

stage as it will be expensive

The flexibility of the design

The client might lose control over the
design phase as he/she committed to the
conceptual design before the completion
of the detailed drawings

Integrated

DB

enables

an

overlap It might require the client side to hire

between the design and construction additional
phases,

which

will

enhance

designers

to

develop

the design brief and tender document

communication between the contractor
and the client
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the

Communication

enhancement

leads

to Under this approach, the lack of checks

better construction solutions

and balances will lead to less quality
control

Minimising

the

changes

in

the Comparing bids under this approach is

construction phase

difficult due to different designs adopted,
and thus prices

The certainty of the final project cost
can be achieved
The contractor can contribute to the
project planning and the design
BIM Implementation Issues under DB
The DB approach is more integrated than DBB because the contractor team is involved
early in the design phase. Therefore, the framework of this approach is structured towards
better BIM implementation. Hardin (2009) argues that implementing BIM under DB is the
first solid step towards implementing the full BIM process. In 2009, 67.3% of the BIMbased construction projects in the US were delivered under DB approaches (Cao et al.,
2015). Moreover, BIM is considered by many authors to be beneficial for DB procurement
approaches due to the single line of responsibility for the design and construction phases
(Foulkes, 2012; Eastman et al., 2011). Moreover, facility management will be improved by
implementing BIM with the DB approach due to the level of detail in the BIM model and
digital operation

and maintenance

manuals that

are

attached

to

the

BIM

model

components (Hardin, 2009).
DB faces many challenges which BIM implementation can help eliminate. For instance, the
contractor under DB develops the building design based on the client’s requirements and
documents, arrives at a price and submits a tender. According to Foulkes (2012), in reality,
this process often

fails

due

to

the

inadequacy

of the

documents

provided,

the

requirements not being clear, the scope being insufficiently defined, elements missing,
and/or the client’s requirements not having been effectively communicated to their design
team. As a result, this could lead to delivering a building that does not comply with the
client needs and user expectations. BIM implementation can change the process by
submitting the design proposal in the form of a BIM model, which in turn allows the client
to see the design in 3D and walk through its features, such that any misinterpretation in
the client’s requirements can be noticed easily (ibid).
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Under DB, the contractor is usually selected in a negotiation process based on price,
duration, quality of the design solution, pre-qualification and past performance in similar
projects (Hardin 2009; Turner, 1990; Molenaar et al., 1999). To implement BIM under DB,
it is important for the client to enquire about the bidder’s previous experience in BIM
(Eastman et al., 2011; BSI, 2013). BSI (PAS 1192-2:2013) (see Table 3.7) is a British
standard, and Chapter 6 in the standard is dedicated to the procurement phase. Paragraph
6.3 in this chapter describes the Project Information Plan (PIP) as a document that can
“assess the capabilities, competence and experience of potential suppliers bidding for a
project” (BSI, 2013). On the contractors’ side, adopting BIM under DB will be of great help
to enhance the bid’s accuracy regarding construction capability and price.
Despite the various benefits of implementing BIM under DB, there are issues associated
with such an approach which can be summarised as follows: the risk lies with the
contractor to maximise BIM knowledge transfer; a skilled contractor who understands BIM
workflows is required to utilise BIM under DB; and the client’s input to define operational
requirements is not inevitably guaranteed (Holzer, 2015).
4.3.3 Construction Management (CM)
Construction management (CM) is a relatively new procurement approach (Thwala and
Mathonsi, 2012). It is classified under management-oriented delivery approaches (see
Figure 4.1). In this approach, a professional construction manager is employed by the
client as a construction consultant to manage the process of building a development on
behalf of the client (Al-Khalil, 2002). The main role of the construction manager is to work
with the design team to ensure that the design can be built at a reasonable cost, and the
drawings and specification can be understood by the builders (Thwala and Mathonsi,
2012).
In CM, the design and construction phases overlap to speed up the process. There are two
forms under the CM approach (Eastman et al., 2011; Morledge et al., 2006; Koppinen and
Lahdenperä, 2004):
●

CM at fee (see Figure 4.6a): in this form, the construction manager is responsible
for site and project management, but no involvement occurs in the construction
work. Direct contracts are formed between the client and the trade contractors.
The client appoints a construction manager to monitor the time, cost and quality of
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the project. However, no responsibility is taken by them. The client pays the
construction manager a fixed fee or a time-based fee for his/her services.
●

CM at risk (see Figure 4.6b): the difference from the above is that the construction
manager

has

more

responsibility,

and

thus

risk.

A

construction

manager’s

responsibility includes the construction methods, means and delivery of the
project. This includes the quality and performance of the building. The contract
lines are between the construction manager and subcontractors, but the client still
has the final decision on the delivery process. The client pays the construction
manager for services provided on a fixed or time-based fee. In addition, since the
construction manager carries some construction work, the client pays for the
construction based on cost and fee or a maximum guaranteed price.

Consultants

Client

Client

CM

CM

Consultants

Contractor

Contractor

a

b

Figure 4.6: a) CM at-fee (Lahdenperä, 2001), and b) CM at-risk (Lahdenperä, 2001)
Regardless of the CM form adopted, the main steps are (Turner, 1990):

● defining the client’s needs and requirements and scope of the work;
● assigning the design team;
●

assigning a construction management organisation;

●

developing the project programme and design requirements;

●

selecting work contractors based on tendering; and

●

proceeding with constructing the building.

The advantages and disadvantages of the CM approach are represented in Table 4.4.
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Table 4.4: Advantages and disadvantages of the CM approach (Eastman et al., 2011; Koppinen and
Lahdenperä, 2004; Turner, 1990; Lahdenperä, 2001)
Advantages

Disadvantages

The constructor is brought into the design Although the construction manager carries
stage. The value of the delivery approach minimal financial risks under CM, the risk
stems

from

the

early

constructor of the potential damage to their reputation

involvement

is high

It is more cost effective to the client than Although
DBB,

especially

because

the

in

complex

construction

variations

can

be

introduced

projects more easily due to the flexibility of the

aspects

are design and construction phases, it costs

considered in the design phase, and the more than the DBB approach
competition is extremely price oriented
Unlike DBB, CM allows the contractor to More risks are carried by the client due to
start the construction works before the the

additional

risks

related

to

the

design is fully completed, thus requiring a coordination and the interfaces between
shorter time to complete the project

the multiple contracts

Owner liability for cost overruns under the Different entities are developing the design
CM approach is reduced

and

construction,

thus

full

cooperation

might not be achieved
Cost

control

and

quality

have

lower

priorities than the programme
BIM Implementation Issues under CM
According to Hardin (2009), the flow of information under CM supports the integration
among the project stakeholders; this is because of the construction manager and the
design

team

who

report

directly

to

the

client

(Hergunsel,

2011).

Moreover,

the

involvement of the contractor and subcontractors in the design phase will allow for an
integration of their inputs in the project’s design and documentation (Hardin, 2009).
There are many benefits to implementing BIM under CM. BIM models hold quantitative
information which can be used to prepare cost estimates in addition to improving the
coordination between the project stakeholders (Mustafa, 2016). This coordination will
limit requests for clarification by providing answers in a process in which ample
information is exchanged due to the CM structure. Moreover, Hergunsel (2011) argued

97

that implementing BIM under a CM approach allows space for innovation in the process by
allowing different stakeholders to sit at the same table and share the responsibility of the
project.
However, there are issues in the CM approach that could hinder the implementation of
BIM (Hardin, 2015):
●

Firstly, the consultants (the architects and engineers) are unwilling to model and/or
share their model content. The main feature and benefit of CM is the early
contractor involvement, but early contractor involvement does not contractually
oblige the consultants to model or share their models. Appropriate contracts with
the owner should handle this issue.

●

The second issue that could limit BIM’s potential under CM is the timely
involvement of the contractor in the design phase. For example, if the contractor is
required to use BIM for reviewing the design constructability, but the consultants
are not required to model the design, then the contractor will be accountable for
creating a model, which can be in-house or outsourced to a third party; this will
lead to potential delays and additional cost for the constructability review.

●

Finally, if the contractor is brought on board later, such as when 50% of the
technical design is complete, this could leave the contractor with insufficient time
for

aggregating

the

models

and

applying

a

constructability

analysis

before

completing the technical design by the consultants. According to Miller, Strombom,
Iammarino and Black (2009), “if a contractor is capable of providing full project
simulation but is only brought in at the end of the traditional design development
phase, most of the decisions have been made” (Miller et al., 2009). Therefore, the
contractor providing BIM should be involved in the design development (Hardin,
2009).
4.3.4 Integrated Project Delivery (IPD)
IPD is an emerging innovative procurement approach based on a multi-party agreement
between construction project stakeholders to create a cooperative environment (Mills
Oakley,

2015).

Indeed,

IPD

aims

to

take

the

integration

stakeholders to a new level (Hardin, 2009). IPD is defined by the AIA as:
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among

different

project

A project delivery approach that integrates people, systems, business structure and
practices into a process that collaboratively harnesses the talents and insights of all
participants to optimise project results, increase value to the owner, reduce water
consumption and maximise efficiency through all phases of design, fabrication and
construction. (AIA, 2007)
IPD provides efficient collaboration among the project stakeholders, which takes place in
all the delivery process stages from the pre-design, design and delivery of the project (AIA,
2007). In IPD, project stakeholders enter into a single collaborative contract where a multiparty agreement is signed to share risk and rewards (Ilozor and Kelly, 2012; Eastman et al.,
2011). Furthermore, project

stakeholders work collaboratively with the intention of

meeting the client’s requirements and achieving significant time and cost reduction by
adopting collaborative tools (Eastman et al., 2011). Cost and time saving under IPD can be
achieved

by

developing

cost

estimates

early

in

the

design

stage;

moreover,

the

contractor’s early involvement can make a significant contribution by informing the
constructability in the design process and reducing inefficiencies (ibid).
Table 4.5 presents the differences between IPD and DBB. Ashcraft (2010) added that the
main difference is that the traditional approach is based on a tender process whereas IPD
is based on a negotiation process.
Table 4.5: Summary of the differences between IPD and the traditional project delivery approach
(AIA, 2007)
DBB

Criteria

IPD

Fragmented and assembled on a

An integrated team entity

“just-as-needed” or “minimum

composed of key project

necessary” basis; strongly

Teams

stakeholders, assembled early in

hierarchical and controlled

the process; open and
collaborative

Linear, distinct, segregated;

Concurrent and multi-level; early

knowledge gathered “just-as-

contribution of knowledge and

needed”; information hoarded;

Process

expertise; information openly

silos of knowledge and expertise

shared; stakeholder trust and
respect
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Individually managed and

Collectively managed,

transferred to the greatest extent

Risk

appropriately shared

possible
Individually pursued; minimum
effort for maximum return;

Compensation/

success; value based

reward

(usually) first-cost based
Paper-based; two dimensional

Communication/
technology

Encourage unilateral effort;

Digitally based and virtual; Building
Information Modelling (3, 4 and 5
dimensional)
Encourage, foster, promote and

allocate and transfer risk; no

Agreement

sharing
Mutual

Team success tied to project

support multilateral open sharing
and collaboration; risk sharing

benefits,

mutual

respect,

enhanced

communication,

early

goal

definition,

appropriate technology adoption, clearly defined open standards, leadership taken by the
party most capable of managing and high performance are the essential IPD principles
(AIA, 2007). These principles can be applied to procurement approaches that promote
(AIA, 2007):
●

early involvement of key stakeholders;

●

clear definition of responsibility;

●

compensation structure such as incentives related to achieving project goals;

●

management and control structures adopted based on the decision-making team;
and

●

fair balance of risk and reward.

Several studies determined the benefits and risks associated with the IPD delivery
approach as presented in Table 4.6.
Table 4.6: Benefits and risks associated with the IPD approach (Ashcraft, 2010; Eastman et al.,
2011; Duke et al., 2010; AIA, 2007)
Advantages

Disadvantages (Risks)

Shared risk and rewards

A major cultural shift is needed in the
participants’ behaviour and attitude
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Project stakeholders acting as one firm

It could be complicated to manage and
control the stakeholders as one firm

Project cost reduction through early New legal frameworks are needed by the
discovery

of

the

conflict

areas

as organisation who decided to implement

stakeholder inputs are added early in IPD
the design stage
Significant reduction in operation and Inexperienced

participants

can

cause

maintenance costs

problems

Facility management improvement

It can only be implemented in certain
project types

Enhancing the opportunity to meet the Open communication can raise issues
client expectations in terms of time,
cost and quality
Moving

from

collaborative

an

adversarial

relationship

to

a A lack of projects delivered using IPD to

between obtain feedback and learn lessons

stakeholders
Reduction of time and cost due to Clarity
shared costs and efficient planning

of

roles

and

responsibility

is

diminished under IPD

One of the main risks associated with IPD is a culture change in which key stakeholders
need to change their attitude and behaviour about the new paradigm to be able to
successfully deliver the project (Ilozor and Kelly 2012). Therefore, according to Kent and
Becerik-Gerber (2010), the culture of key stakeholders needs to be altered to present
interpersonal dynamics such as trust, respect and good working relationships.
BIM Implementation Issues under IPD
BIM and IPD are two independent concepts. However, there are existent synergies
between the two concepts. On the one hand, BIM has a positive impact on implementing
IPD. In an AIA document, it was stated that “although it is possible to achieve IPD without
BIM, it is the opinion and recommendations of this study that BIM is essential to efficiently
achieve the collaboration required for IPD” (Eckblad et al., 2007). On the other hand, IPD
was hailed as the ideal procurement approach that allows project stakeholders to achieve
‘full BIM collaboration’, but the idea of ‘full BIM’ is viewed more cautiously by the industry
(Cleves and Dal Gallo, 2012). According to Holzer (2015), IPD is the closest fit approach in
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the context of BIM. This is due to the stakeholders’ involvement and integration from the
beginning of the process, which creates an effective environment for BIM implementation,
and thus the full realisation of BIM benefits (Porwal and Hewage, 2013; AIA, 2007;
Ashcraft, 2010; Kent and Becerik-Gerber, 2010; Succar, 2009). Lancaster and Tobin (2010)
added that IPD is required to allow the efficient BIM-based process.
However, IPD in its pure form is too idealistic for common adoption on construction
projects

globally

(Holzer,

2015).

This

is

because

of

the

barriers

associated

with

implementing such an approach (see Table 4.10). These barriers can be summarised as
four main issues (Wickersham, 2009):
●

Financial issues with risk sharing and compensation.

●

Legal issues with appropriate contracts.

●

Cultural Issues with trust building and cohesive teamwork.

●

Technological issues with interoperability among project stakeholders.

These barriers are echoed with the barriers in BIM implementation; therefore, there is a
need to resolve these issues to fully utilise BIM, improve productivity and enhance
sustainability

in

the

construction

industry.

However,

transforming

the

construction

industry profoundly to a BIM‐enabled collaborative project environment is a challenging
task (Howard and Bjork, 2008). Therefore, a common misconception is identified by many
researchers on the need to change the entire construction practice at once to adopt BIM
practices (Kim, 2014).

4.4 THE NEED FOR INNOVATIVE PROCUREMENT APPROACHES TO
IMPLEMENT BIM
Despite the need to employ collaborative procurement approaches such as IPD to
implement BIM, Hardin (2009) argued that changing the existing procurement approaches
to fully collaborative approaches to implement BIM will be faced with many challenges
such as the need to reform the organisational structure and improve market maturity.
Resistance to change will also hinder the process where firms are accustomed to the
traditional

process

and

structure

(Porwal

and

Hewage

2013).

Restructuring

the

organisation will need significant changes and efforts such as a new distribution of
liabilities, redesigning the workflow and hiring experts with special skills, which could be a
hindrance for the top management when adopting and implementing BIM. In addition,
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these concerns will increase due to the unclear definition of responsibilities when
implementing BIM (Arayici et al., 2009; Eastman et al., 2008).
As a result, more and more construction projects are procured based on some elements
related to collaborative procurement approaches, thereby adopting approaches such as
impure IPD or “IPD-lite” as a closer fit between aspiration and current market dynamics
(Sive and Hays, 2009). Despite this, little research has been conducted on developing
innovative procurement approaches to facilitate BIM implementation. Porwal and Hewage
(2013) and London et al. (2008) developed alternative innovative approaches to facilitate
effective BIM implementation. These are presented in the following subsections.
4.4.1 Design Process Management for BIM Implementation
A contractor‐led BIM project framework has been developed by London et al. (2008) (see
Figure 4.7). Procurement represents a major part of the framework. In this framework, the
current capability of BIM adoption in an organisation is emphasised through a systematic
assessment. London et al. (2008) recommended the need to identify the internal work
processes and their relationships with different external stakeholders for a framework
development that is synchronised with the current work processes. This framework
provides an essential point in that BIM cannot be adopted by introducing a whole new
work environment with new processes designed for BIM; however, it could be adopted
based on the existing work processes. Therefore, it is essential to develop a framework
that is designed for a certain work environment to be able to adopt BIM efficiently.

Figure 4.7: Design process management for BIM implementation (London et al., 2008)
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4.4.2 Early BIM Partnering Project Delivery Approach
Porwal and Hewage (2013) conducted some research on the public sector. They criticised
the adopted procurement approaches in the public construction sector in Canada due to
their fragmented nature, and that the design and construction phases were carried out
separately as the contractor is only involved after finalising the design. This has limited the
capability

of BIM;

therefore,

Porwal and

Hewage

(2013)

proposed

an ‘Early

BIM

Partnering’ approach to introduce BIM smoothly to the current procurement approaches
in the public sector in Canada. Succar (2009) expressed the same and added that the
public sector is not ready in terms of the processes, people and products to adapt and
position BIM to the level of IPD.
The main features of this approach are the early commitment to BIM in the project
planning phase and the early involvement of the contractor. The researchers proposed
five main management processes to administer publicly funded capital projects in Canada:
planning, modelling, partnering awards, early partnering and construction phases (see
Figure 4.8).

Figure 4.8: Early BIM partnering project delivery approach (Porwal and Hewage, 2013)
The

above

section

discussed

the

importance

of

adopting

innovative

procurement

approaches for the effective implementation of BIM. Therefore, one of the principle
objectives of this research is to investigate whether the adopted procurement approaches
in the Jordanian public sector are fit for the purpose of effective BIM implementation by
exploring the current procurement approaches in public sector construction in Jordan and
to

identify

the

procurement

challenges

faced

by

the

implementing BIM. Chapter 5 will discuss how this will be achieved.
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public

stakeholders

when

4.5 THE IMPLICATIONS OF CONSTRUCTION
SUSTAINABILITY CONSIDERATIONS

PROCUREMENT

ON

BIM can support delivering sustainable buildings as discussed in Section 3.5. The literature
suggests that construction procurement can support or hinder BIM implementation as
discussed earlier in this chapter. Construction procurement is also found to be significant
for

delivering

sustainable

buildings.

Some

experts

in

the

industry

agree

that

the

procurement methods are considered to be a solution to address the performance gap,
which in turn helps to achieve a final sustainable product for its whole lifecycle. As Roderic
Bunn (a principal consultant at the Building Services Research and Information Association
BSRIA) claimed, “procurement methods and construction standards are to blame for the
lack of building energy performance.” (Mark, 2013). Another expert in the same field, Tom
Dollard (head of sustainability at Pollard Thomas Edwards Architects), agreed that “the
performance gap will be addressed through re-structuring the procurement of buildings”
(Ibid).
Despite the importance of selecting a procurement approach that facilitates sustainability
and embedding sustainability into the procurement process, the academic literature is
lacking (Preuss, 2009), especially in the public sector (Brammer and Walker, 2011). The
following

identify

the

construction

procurement

desired

factors

and

attributes

for

achieving sustainability.
4.5.1 Procurement Factors and Attributes for Delivering Sustainable Buildings
In the context of a building, the shift towards and demand for sustainable buildings
continues to expand due to projects having a long-term environmental, social and
economic impact on society (Wang et al., 2014). Moreover, the required performance
from such buildings has increased in recent years to include occupant wellbeing and user
issues of satisfaction (Korkmaz, 2013). These buildings are complex, have more delivery
constraints (Riley et al., 2004; Kibert, 2007; Horman et al., 2006) and are characterised by
high levels of interdependence and interaction in the technical systems. Therefore, it
becomes

crucial

for

optimising

building

design

solutions,

electrical,

lighting

and

mechanical systems and the material selections (Magent et al., 2009). According to
Enache-Pommer and Horman (2009), Lapinski et al. (2006), 7 Group and Reed (2009),
Robichaud and Anantatmula (2011), Riley et al. (2004) and Horman et al. (2006), this
interdisciplinary interaction suggests that better sustainability outcomes will be achieved
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from the early involvement of participants, compatibility with the project groups ‘team
characteristics’,

team

experience

and

the

level

and

methods

of

communication.

Furthermore, the clients’ commitment to sustainability and an early introduction to
sustainability will enable the achievement of sustainable buildings at a lower cost (Nofera
and Korkmaz, 2010; Horman et al., 2006).
Korkmaz (2013) conducted interviews with owners, designers and constructors for 12
completed projects that obtained an LEED certificate; the aim of his research was to
investigate the effect of construction procurement approaches on the integration level
achieved in these projects, and whether project outcomes were affected with the
emphasis on sustainability goals. In summary, he found that procurement approaches do
affect final project sustainable outcomes in terms of the ‘timing of the participants’ entry’
and ‘team characteristics’ attributes.
Swarup (2011) also found that the level of integration is an important factor for achieving
sustainability outcomes, and it is one of the main attributes for procurement approaches
to

achieve

sustainable

buildings.

Integration

between

project’

stakeholders

was

represented by the time of the constructor involvement early in the design phase,
documents and bidding. As a result, he suggested that “the constructor should be on
board by the design development phase (contractually or informally)” for successful
sustainability outcomes (Swarup, 2011). Furthermore, the integration level, particularly in
the design phase, can be achieved from an iterative process of modelling and reappraisal
to achieve an optimal and integrated design (Masterman, 2002; Bower, 2003; Hamza and
Greenwood 2007; HEEPI, SUST & Thirdwave, 2008).
Moreover, Sourani (2013) conducted a pivotal study that enabled the public client to
better address sustainable construction when developing procurement strategies. A set of
contractual procurement factors were identified by conducting three rounds of Delphi,
interviews and discussions with a highly qualified panel of experts from the UK public
sector. These factors are:
●

Highlighting sustainability in the project brief as a primary aim.

●

Integrating sustainability requirements into contract specifications and conditions
(including specifying any project-specific sustainability requirements).

●

Emphasising the importance of sustainability in tender evaluation and selection
procedures.
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●

Requirement/incentive for the supply side to demonstrate a commitment to
sustainable development through policy and implementation.

●

Requiring the supply side to demonstrate the capability of delivering sustainability
requirements.

●

Encouraging

tenderers

to

suggest

innovative

solutions

and

approaches

that

support the client’s overall sustainability objectives.
●

Requiring the employment of a properly trained workforce within the supply side.

●

Ensuring

that

payment

mechanisms

take

account

of

whether

sustainability

sustainability

performance

requirements are delivered.
●

Provision

of

incentives

and

rewards

based

on

throughout the project lifecycle.
Therefore, it is argued in this research that in order to achieve sustainability through
construction procurement, these factors and attributes need to be considered in the
selected construction procurement approach to improve the sustainability performance of
buildings.
4.5.2 Procurement Approaches for Sustainability
Procurement approaches such as the traditional ones have been criticised because of the
segregation

between

design,

construction,

operations

and

a

lack

of

continuous

management of the project. According to Molenaar et al. (2009), the majority of LEED
accredited professionals (APs) believe that building projects delivered under alternative
procurement systems such as construction management at risk (CMR) and DB will have a
better chance of achieving sustainability goals compared to traditional procurement
approaches. On the other hand, Hamza and Greenwood (2007) argued that both
traditional and DB delivery approaches will hinder achieving sustainable outcomes as the
interactions needed are at odds with the contractor’s intention to avoid extra cost and
delays.
The Innovation and Growth Team within the UK government produced the ‘Low Carbon
Construction Report’ (Morrell, 2010) to answer the question of “whether the construction
industry is fit for purpose to transition to a low carbon economy”. One of the main aspects
included in this report is the procurement approach selection. The argument was that to
afford a zero or near-zero carbon building, a degree of innovation is needed, whether in
process or product, to eliminate cost; this called for an integrated team. Procurement
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cannot make this innovation happen, but it can prevent it from taking the design to the
point that it leaves insufficient room for significant innovation. Therefore, choosing the
type of procurement that assists in the integration of the design team will give sufficient
room for significant innovation, which will reduce the cost for the delivery of zero/nearzero sustainable buildings, meaning it will cost the same as the buildings that were
delivered according to the current building regulations (Morrell, 2010).
In response to the recommendations in the above report, the government’s Construction
Task Group stated that they were committed to trying three new procurement models.
These models are based on the existing procurement approaches, which were established
for the public sector and include: cost led procurement (CLP), a two-stage open book and
an integrated project insurance (IPI). The key principles of these approaches include early
supplier engagement, integrated and collaborative teamwork and transparency of cost
(Cabinet Office, 2012). Table 4.7 represents the specific characteristics and common
characteristics across all three procurement approaches.
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Table 4.7: UK governmental new construction procurement approaches (Cabinet Office, 2012)
New Procurement

Model Specific Characteristics

Models
Cost Led Procurement

Characteristics common
across Models

The key characteristics of the CLP
model are "integrated framework
supplier teams" who "develop
innovative bids against output
specification" and "develop proposals

● Early contractor
involvement
● The client specifies the
output
● The client works with the

to meet requirements within a cost

integrated supply chain to

envelope"

create a design and

Integrated Project

The key characteristics of the IPI

construct solution

Insurance

procurement model are an

● Open book

"integrated project team",

● Independent verification

"independent technical and financial

Achievement of full

validation", "genuine integration,

integration

collaboration, open-book" and a
"single IPI cover".
Two-Stage Open Book

The key characteristics of the twostage open book procurement model
are "two-stage design and build",
"ECI", "open-book", "output
specification" and a "team working
ethos". The approach is described as
drawing on the best experiences from
the two-stage DB and early contractor
involvement (ECI).

109

4.6 CONSTRUCTION PROCUREMENT IN JORDAN
In Jordan, different laws govern the construction industry such as ‘Law No. (7) of 1993
Jordanian National Building Law’, ‘Law No. (15) of 1972, Engineers Association Law’, ‘Law
No. (12) of 1987, Land Acquisition Law’, ‘Law No. (13) of 1987, Construction Contractors
Law’ and ‘Law No. (24) of 1986, Law of Roads’ (MPWH, 2018a). However, the public
procurement regime is governed by, ‘The Government Construction Regulation No. 71 of
1986’ issued pursuant to Article 114 and 120 of the Constitution’; which defines the
tendering and procurement process of the public construction projects. A summary of the
key findings in this regulation that are related to the tender stage and procurement
process are in Table 4.8.
Table 4.8: Public procurement and tender processes in Jordan
The Government
Construction
Regulation No. 71 of
1986
Preparation and
Arrangement of

Explanation




Tender Documents

Technical services are allocated to studies, engineering and
technical design for the construction project as well as the
supervision of its execution.
Works are allocated with the construction of buildings,
installations, roads and various types of engineering projects.

- Technical Services:
 a general description of the project together with a table of the
department's requirements;
 the land plans and organisational plans concerning the building
projects;
 the cost limits;
 the contractual conditions;
 the methods for specifying the period of completion of the
work, fees and amount of the required guarantees.
- Works:
 the project description;
 the tender instructions;
 the general and specific conditions of the contractual
agreement; namely, the conditions shown in the contract
agreement book, which is issued by the MPWH;
 the technical specifications, bills of quantities and prices; and
 the forms of contract and guarantees.
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Tenders’ Execution
Methods

Both technical services and work tenders can be executed through:





Tendering
Procedure

The tendering procedure is based on pre-qualification procedures
and follows these steps:







Consultants’
Classifications

Contractors’
Classifications

public tenders;
tenders through special invitation;
direct awards; and
direct execution.

the tenderers shall be invited through one of the above
execution methods;
an adequate period between the announcement on the tender
and the time for depositing offers should be allowed;
the tender offers should be submitted as follows:
1. within one envelope containing the technical information
requested in the tender invitation and the financial offer; or
2. in two separate envelopes: one containing the technical
offer, and the other containing the financial offer;
the tenders’ box shall be opened at the date and time set in the
tender invitation, and it shall be opened in a public session;
the committee shall award the tender to the tenderer with ‘the
best offer’.

Consultants are classified by grades according to their experience,
such as in buildings, roads and sewage. Under each category, the
consultants were classified as: first-grade class A, first-grade class B,
second grade and third grade.
Construction contractors are classified into grades or classes
according
to
their
financial,
technical
and
administrative
qualifications, equipment and experience in the execution of works.
They are classified according to their different expertise such as in
buildings, roads and sewage. Under each one, the contractors were
classified into: grade 1, grade 2, grade 3, grade 4 and grade 5.

Sami Halaseh (the Minister of Public Works and Housing) expressed the importance of
improving the management systems and procurement processes in the public sector in
Jordan during a seminar in Amman, attended by a number of experts and executives of
firms working in the field of construction:
All participants from across the sector have agreed that our biggest challenge over
the next decade is ‘raising the bar’ on quality and excellence [...] the quality of
management systems of our companies, and the quality and integrity of our
regulatory standards and procurement processes. (Jordan Times, 2015)
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No specific, compulsory procurement approaches were reported in the procurement
regulation (see Table 4.8) (Al Assaf, 2017). However, this regulation divided the tender
documents based on the services: technical (design) and work (construction). Moreover,
the technical services and works’ tenders are mentioned as separate stages. Therefore,
the

regulation

leans

towards

two

separate

agreements

between

the

government

consultants and government contractors.
For BIM, there is a paucity of research on the types of procurement approaches adopted
by BIM-based projects in Jordan, especially in the public sector, and on the common
construction procurement approach problems that affect the implementation of BIM in
Jordan. This is because BIM is still in its primitive phase in Jordan, according to the latest
studies (see Section 3.3.3).
For

sustainability,

Alkelani

(2012)

conducted

some

research

on

the

sustainable

procurement practices in Jordan. The findings show that despite the effort to promote
sustainable procurement practices, it is still in its infancy; this is due to the ineffective
procurement framework, and the government policies and regulations as an underlying
cause. She recommended that to move towards more sustainable construction practices,
there is a need to change the construction procurement approaches across the public
sector development projects. Moreover, there is a need to alter the process of evaluation
of the contractors during the tendering by ensuring that the contractors demonstrate their
capacities and capabilities of working with sustainable construction methods (Alkelani,
2012).

4.7 JUSTIFICATION FOR CARRYING OUT THIS RESEARCH
The public buildings in Jordan are frequently constructed in comparison to other types of
construction works (Al Assaf, 2017) (see Table 2.5). However, these public buildings are
criticised for their lack of performance, especially in sustainability (Tewfik and Ali, 2014).
BIM has been introduced to improve the buildings’ performance regarding time, cost,
quality and sustainability (see Sections 3.3.1 and 3.5). Looking at BIM’s global status (see
Section 3.5.1), it can be argued that BIM adoption and implementation vary from
developed to developing countries. This is due to the variations in the political pressure on
BIM as the public client has a significant role in pushing BIM implementation in a country
(see Section 3.5.3). The public client should be acting as the driver and initiator, educator,
regulator, researcher, demonstrator and funding agency for BIM implementation. In
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developed countries, this was demonstrated by placing BIM among the primary objectives
of many governmental construction strategies, such as in the UK, the US and Australia.
However, in developing countries and particularly in the Middle East including Jordan, a
lack of governmental action towards BIM implementation was reported. This has resulted
in a lack of clear, practical frameworks, strategies and mechanisms for its implementation
(see Section 3.5.2).
Many governmental construction strategies and standards clearly stated that in order to
implement BIM, the procurement approach has to be outlined in advance. Therefore, the
selection of a suitable construction procurement approach represents a major concern for
the implementation of BIM (see Section 3.5.2). The literature revealed two main
viewpoints for dealing with these concerns:


Profound process changes are necessary for BIM implementation (Volk et al.,
2014), particularly to deliver the necessary collaborative platform that brings
together

multiple

stakeholders

over

the

project

lifecycle

(Pcholakis,

2010;

Laishram, 2011). Therefore, it could be argued that clients are likely to change the
way

that

they

procure

buildings

when

implementing

BIM

to

ensure

more

integrated and collaborative working processes (Foulkes, 2012). IPD was hailed as
the ideal procurement approach that allows project stakeholders to achieve ‘full
BIM collaboration’ (Cleves and Dal Gallo, 2012) and an efficient BIM-based process.


Others have argued that transforming the construction industry profoundly to a
BIM‐enabled collaborative project environment is a challenging task (Howard and
Bjork,

2008).

Therefore,

a

common

misconception

is

identified

by

many

researchers on the need to change the entire construction practices at once to
adopt BIM practices (Kim, 2014). Instead, researchers recommend identifying work
processes to develop a framework that synchronises with current work processes
(Porwal and Hewage, 2013; London et al., 2008)
The existence of the two standpoints emphasise the need for investigating the current
procurement practices in the public sector in Jordan, its effect on BIM implementation.
There have been no previous studies conducted in Jordan on this, particularly in the public
sector.
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4.8 CHAPTER SUMMARY
This chapter reviewed the existing literature on the construction procurement definitions,
classifications and processes of construction procurement. The effect of a procurement
approach on BIM was also explored. It was found that choosing the right procurement
approach
effectively.

can

bring

The

the

necessary

opportunities

collaborative

and

environment

disadvantages

of

the

for

main

implementing
public

BIM

procurement

approaches for implementing BIM and achieving sustainability were also explored and
discussed. DBB is considered to be the least effective procurement approach
implementing

BIM

and

achieving

sustainability

whereas

IPD

is

seen

as

the

for
ideal

procurement approach for BIM and sustainability. Many procurement attributes and
factors for effectively implementing BIM and achieving sustainability in buildings were
revealed from reviewing the literature:


Early key stakeholder involvement.



Level and method of communications.



Integrated project team consisting of client, designers and constructors.



Compatibility with the project groups ‘team characteristics’.



Team technological- and sustainability-based competency.



Clear roles, responsibilities and communication lines.



Integrated design process.



Common goals and collaborative decision-making.



The iterative design process of modelling and reappraisal.

This research revealed a lack of BIM studies on the public sector in Jordan including
procurement approaches suitable for BIM implementation. Therefore, this research aims
to fill these gaps by investigating the state of BIM adoption and implementation in the
Jordanian construction public sector, the construction procurement approaches used and
whether these affect BIM adoption and implementation. The next chapter discusses the
research methodology used to address the research aim and objectives.
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CHAPTER 5: RESEARCH METHODOLOGY
5.1 INTRODUCTION
The research methodology is “far more than the methods adopted in a particular study
and encompasses

the

rationale and the

philosophical assumptions that underlie

a

particular study” (Knight et al., 2008, p. 3). Therefore, this chapter discusses the
philosophical position supporting this research project (or the theoretical perspective and
epistemology), which guides the methodology (that is the plan of action and strategies
used) and justifies the used methods (the procedures and techniques) (Crotty, 1998;
Creswell, 1994).
Figure 5.1 represents the methodological elements adapted from Saunders et al. (2009).
This chapter unfolds the ‘onion’ layers from philosophy to techniques.

Research
Research approach:
philosophy:
- Inductive
- Ontology
- Deductive
- Epistemology
- Axiology

Research
methodology
- Quantitative
- Qualitative
- Mixed method

Research strategy:
- Experiment
- Survey
- Case study
- Grounded theory
- Ethnography
- Action research

Research time
horizon
- Cross sectional
- Longitudinal

Research design/techniques: Data
collection and analysis

Figure 5.1: Research onion layers, adapted from Saunders et al. (2009)
To design and conduct this research, this chapter aims to provide answers to the questions
stated in Table 5.1 below. Each question refers to a layer in Saunders and Lewis’ (2009)
model.
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Table 5.1: Questions to be answered to design and conduct the research, adapted from Sexton
(2003) and Hay (2002)
Question

Layer

What is knowledge?

Ontology

How do we know knowledge?

Epistemology

What is the value of knowledge?

Axiology

What is the method of reasoning?

Research approach

How can we go about acquiring knowledge?

Methodology

What are the tools used to acquire knowledge?

Research strategy

What is the timeframe of the data to be collected?

Research time horizon

What are the sources of the data to be collected?

Research design

Which precise procedures are used to collect and Research design
analyse the data?
This chapter is structured into the following sections:


Research philosophy or theory of knowledge: ontology, epistemology and axiology (see
Section 5.2).



Research approach to reasoning: induction and deduction (see Section 5.3).



Research methodology: quantitative, qualitative and mixed methods (see Section 5.4).



Research strategy: experiment, survey, action research, grounded theory, case study
and ethnography (see Section 5.5).



Research time horizons: cross-sectional and longitudinal (see Section 5.6).



Research design which includes the research data collection techniques and analysis
methods (see Section 5.7).



Research validity and reliability (see Section 5.8).



Research ethical considerations (see Section 5.9).

The stated aim of this research is to develop a procurement framework for implementing
BIM to deliver sustainable public buildings in Jordan. To realise and achieve the BIM
benefits on a project level, BIM has to be implemented first. BIM implementation needs
both organisational utilisation and managerial implementation. Therefore, this research is
a form of ‘management research’. It is defined by an organisation context and how
managerial systems are conducted to solve problems (Bryman and Bell, 2007).
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5.2 RESEARCH PHILOSOPHY
A research philosophy often called a research paradigm represents a philosophical
worldview. It has been defined as “a basic set of beliefs that guide action” (Guba, 1990, p.
17; Creswell, 2009). A research philosophy includes the following components (Tuchman,
1994; Scotland, 2012): ontology, epistemology and axiology.
5.2.1 Ontology
Ontology is the study of being, the nature of existence and what creates reality (Crotty,
1998). An ontological position can be classified into two categories: realist and relativist
(Fitzgerald and Howcroft, 1998). Realists argue that the social and natural worlds exist
independent of human observation and action (Blaikie, 2007), and it can be measured
objectively by bracketing and methodologically limiting personal human bias (Ramey and
Grubb, 2009). Relativist argues that the external world does not exist independently of our
perception (Blaikie, 2007). Moreover, it is derived from a ‘point of view or evolved
perspective’ (Raskin, 2008; p.13), and it is created by human interpretation, perception
and the consequent actions of social actors (Saunders et al., 2009).
The ontological assumptions, whether realist or relativist, are included in the adopted
theory that guides the research and the methods employed (Blaikie, 2007). Ontological
assumptions need to be reconciled with the epistemological ones (Gee, 2005). Next
section discusses available epistemology stand for a research project.
5.2.2 Epistemology
Epistemology is the study, theory and justification of knowledge (Carter and Little, 2007).
It is the examination of ‘how we make knowledge’ (Dillon and Wals, 2006, p. 550).
According to Carter and Little (2007), epistemology influences the methods of research in
three main ways:


through the relationship between the researcher and the participants, and whether
the participants are considered to be subjects of the study or as active contributors;



by the quality of the methods being demonstrated by ensuring that the actions
undertaken lead to rigorous data collection and analysis; and
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by the researchers communicating with and conceptualising their audience, and
whether the varied methods can be adopted to make the participants act as active
interpreters for both producing and disseminating the research findings.

Onwuegbuzie and Leech (2005) identified two main opposing camps within epistemology:
positivism and interpretivism. These were described by Knight and Ruddock as being:
Bounded by the positivist view that the methods of natural science should be
applied to the study of social phenomena, and the alternative orthodoxy of
interpretivism view that the method of natural science and people in that
phenomena have a different subjective meaning for the actors studied. (Knight and
Ruddock, 2008, p. 3)
Positivism only considers observable phenomena as being driven by natural mechanisms
and laws (Riege, 2003). Theory testing is at the centre of this approach, which can be
obtained by quantitative research methods, such as experiments. On the other hand, in
interpretivism,

which

constitutes

the

philosophical

ideas

principally

adopted

in

management and other social sciences, there is the belief that reality is socially
constructed by people and their experiences, so that the context of this social reality is
conceived through these human backgrounds and experiences (Creswell, 2003). Thus, this
type of research is dependent on context and time. Moreover, interpreting people’s
perceptions is based on the researcher’s own view of reality (Stiles, 1993). In short, and
according to Hyde (2000), the traditional view is that qualitative researchers follow the
interpretivism paradigm, and the quantitative researchers follow the positivist one.
In addition to the above two main epistemological approaches, there is also pragmatism.
This epistemological stand takes a middle position between the positivists and those who
favour

interpretivism.

It

allows

the

researcher

to

use

different

research

methods

(qualitative and quantitative) to achieve the research objectives and answer the research
questions. Pragmatism is based on breaking the traditional social reality viewpoints into a
range that exists on a continuum between interpretivism and positivism. The focus of this
epistemological position is on understanding the ‘what’ and the ‘how’ of the research
questions in a real-life context (Creswell, 2003). Therefore, mixed methods are usually
associated with pragmatism in which both quantitative and qualitative methods are
combined (Creswell 2007; Tashakkori and Teddlie, 1998).
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5.2.3 Axiology
After considering ontology (what is knowledge?) and epistemology (how do we know
knowledge?), the next stage is to identify the axiology (what is the value of knowledge?).
Put in a simple way, this relates to the credibility of the results. According to Saunders et
al. (2009), axiology refers to a judgment about the study’s value, and it stems from the
Greek word αξία - axiā, "value, worth", and λόγος –logos. Axiology is classified according
to whether reality is value-drive and value-laden or value-neutral and value-free (LekkaKowalik, 2010). The latter is followed by positivists (objectivists) researchers who claim
that they are less influenced by their values as cannot change the outcome. For example,
in experiments using laboratory tests, the acidity of a liquid is tested by applying the liquid
on a litmus paper, which will turn red or blue. Therefore, researchers’ value has no impact
on the results. On the other hand, interpretivists (or subjectivists) believe reality depends
on the perspective of a person or the subject. Saundres et al. (2009) claim that researchers
are influenced by their values as soon as they decide to perform a piece of research.
Therefore,
(Silverman,

interpretivism
1998).

suggests

Figure

5.2

that

the

research

represents

these

is

value-drive

considerations

or

value-laden

within

ontology,

epistemology and axiology.

Relativism

Realism
Ontology (What we know)

Epistemology (How we know)

Interpretivism

Subjective

Value-driven/
Value-laden
Axi
olo
gy

value-free/
value-neural

Positivism

Objective

Figure 5.2: Dimensions of research philosophy, adapted from Sexton (2003), Saunders et al., (2009)
and Lekka-Kowalik (2010)
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5.2.4 Research Position
This research aims to develop a procurement framework to enable a more effective BIM
implementation in the delivery of sustainable public buildings in Jordan. This is based on
the belief that a systematic procurement approach is needed to implement BIM and to
achieve sustainable buildings, which is associated with positivism. On the other hand, this
research is also associated with interpretivism as it requires the contribution of the major
stakeholders in the public construction sector in Jordan in which their ‘subjective’
perceptions, collective decisions and ‘socially constructed’ realities are seen as part of the
BIM

‘phenomena’.

Therefore,

this

research

adopts

the

philosophical

position

of

pragmatism.
Moreover, this thesis is considered to be within the field of management research where
the terms ‘hard’ and ‘soft’ are broadly used in the project management literature. Hard
indicates a focus on the tangible aspects or the tasks involved whereas soft indicates a
focus on the intangible or the people involved (Crawford and Pollack, 2004). A hard
paradigm is associated with a positivist position while a soft one is connected to
interpretivism (Pollack, 2007). This research will investigate the tasks and people (both
hard and soft) in managing the delivery process of public buildings in Jordan; therefore,
pragmatism will serve as the worldview of this research.
By adopting pragmatism, this research is better placed to highlight the challenges in the
current procurement processes and provide suggestions for an improved implementation
of BIM to deliver sustainable public buildings in Jordan. Moreover, a practical method for
the framework development can be identified in this research.

5.3 RESEARCH APPROACH
Once the research philosophy has been determined, a research approach needs to be
considered which provides the methods of reasoning about the data (Trochim and
Donnelly, 2006). There are two traditional opposing approaches: deductive and inductive.
These

two

approaches

can

be

differentiated

development (Blaikie, 2010).
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by

hypothesis

testing

and

theory

5.3.1 Deductive Approach
Deduction broadly means going from the general to the particular (Riege, 2003; Hyde,
2000). Therefore, a deductive approach begins by having a tentative hypothesis or a set of
hypotheses in mind, which form a generalisation or theory (Hyde, 2000). The researcher
tests the hypothesis through observation, thus also the theory (Bendassolli, 2013). The
results either confirm or reject the hypothesis, thus the theory. Figure 5.3 represents the
deductive approach.

Theory

Hypothesis

Confirm
Hypothesis

Observations

Confirm
Theory

Figure 5.3: Deductive approach, adapted from Skinner (2010)
5.3.2 Inductive Approach
Induction is the process of going from the particular to the general (or universal) (Locke,
2007). Induction is in contrast to deduction as it is about building the theory from
observations instead of testing a theory (Riege, 2003). Therefore, researchers adopting an
inductive approach build generalisations out of observing specific events (Skinner, 2010).
Their primary focus is on achieving an understanding of individuals, groups of individuals
or a specific situation (Bendassolli, 2013). Thus, inductive reasoning aims to move from
specific instances to a general rule, law or pattern (Hyde, 2000). Figure 5.4 represents the
inductive approach.

Observations

Patterns

Tentative
Hypothesis

Figure 5.4: Inductive approach, adapted from Skinner (2010)
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Theory

5.3.3 Research Approach Adopted
Both deductive and inductive approaches were adopted in this research. The deductive
approach was adopted first by moving from generalised to more specific concepts, that is
from different broad topics such as sustainability, BIM and procurement approaches were
explored by analysing the literature during the early stages of the research. These
components were then further narrowed down to the context of public buildings in Jordan
after the data collection (see Section 5.7). Then, the inductive approach was used to
develop a framework from the interviews, questionnaire analysis and the secondary data
to tackle the construction procurement challenges to effectively implement BIM, and thus
improve the public buildings’ sustainability performance in the context of Jordan.

5.4 RESEARCH METHODOLOGY
Figure 5.5 represents the methodological choices for a research project (Saunders et al.,
2012).

Methodological

choices

are

classified

into:

the

mono-method

and

multiple

methods. The term mono-method refers to the use of a single technique for data
collection and similar analytical procedures. Multiple methods mean the use of more than
one technique for data collection and corresponding analytical techniques to achieve the
research objectives.

Figure 5.5: Methodological choices (Saunders et al., 2012)
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5.4.1 Mono Method
There are two categories of mono methods: quantitative and qualitative (see Figure 5.6).
Quantitative research is usually used to answer questions about how much or how many.
This type of research is observed by positivists (objectivists) researchers as more
consistent and trustworthy, thus enabling a wider acceptance and producing suitable
outcomes

(Baker

and

Foy,

2008).

Quantitative

research

stems

from

the

positivist

philosophy and deductive approach, which begins with a general statement and/or
hypothesis developed from the literature and proposing a general relationship between
the variables in question (Creswell, 2003). Usually, this approach involves collecting and
analysing numerical data and applying statistical tests. Therefore, to interpret this kind of
data, an objective position seems to fit. As an example, a survey can be quantitative since
it provides numerical data by asking narrow and precise questions (Fellows and Liu, 2015).
Qualitative research is mostly employed to answer research questions about the what,
why and how (Bryman, 2004). This type of research follows interpretivism, which is usually
adopted to explore and understand the meaning of groups or individual attributes in view
of a human or social problem (Creswell, 2009). According to Fellows and Liu (2015),
qualitative research can answer such questions as ‘why things are happening’ through the
lens of interpretivism, which is defined by the meanings that groups of people attribute to
processes or events. Moreover, qualitative research can be used to better understand a
phenomenon about which little is known (Strauss and Corbin, 1990).
Table 5.2 represents the main differences between quantitative and qualitative methods,
including the challenges for each method.
Table 5.2: Quantitative and qualitative research features and challenges, adapted from EasterbySmith et al. (2012), Marshall and Rossman (2010), Bryman and Bell (2011, p. 410), Yin (2003) and
Knight and Ruddock (2008)
Quantitative research

Qualitative research

Exploratory, descriptive and explanatory

Exploratory, descriptive and explanatory

Ask how much or how many?

Ask what or why?

Deductive

Inductive

Theory testing

Theory developing

Questionnaire surveys

In-depth interviews

Pre-specified

Open-ended
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Large sample size

Small sample size

Generalisations

Contextual understanding

Considers statistical analysis

Studies, content and pattern analysis

Structured

Unstructured

Objective

Subjective

Outcome oriented

Process oriented

Conclusive

Impressionistic

Aims at truth

Aims at new perceptions

Artificial setting

Natural setting

Behaviour

Meaning

Macro

Micro

Hard, reliable data

Soft, deep data

Weaknesses:

Weaknesses:






It is not very effective in understanding



The results might be less credible to

the significance that people attach to

policy-makers than the results from a

actions.

qualitative approach.

The methods used tend to be rather



It is more difficult to control the

inflexible and artificial.

progress and end-point of the research

It’s hard to generate theories under

process.

quantitative research.



The data analysis and interpretations
might be more time consuming and
difficult.



The process of data collection requires
more resources and can be tedious.

5.4.2 Multi/Mixed Methods
The term ‘multi-method’ refers to the use of two methods that are not integrated, that is
the qualitative data are gathered and analysed within a quantitative framework and vice
versa (Tashakkori and Teddlie, 2003). Mixed methods research has been defined by
Saunders et al. (2009) as “using both quantitative and qualitative data collection
techniques and analysis procedures in one research design” where qualitative data are
analysed qualitatively, and quantitative data are analysed quantitatively.
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Regarding the research philosophy, both quantitative and qualitative methods can be
utilised in a mixed methodology, which Patton (1990) feels is the most appropriate
method. In other words, quantitative and qualitative methods of data collection and
analysis or a combination of the two methods can be employed under any of the research
paradigms. Their use should adhere to the overall information and requirements needed
to answer the research question(s) (Balgheeth, 2016). Mingers explained the benefits of
adopting a mixed methods approach:
Adopting a particular paradigm is like viewing the world through a particular
instrument such as a telescope, an X-ray machine, or an electron microscope. Each
reveals certain aspects but is completely blind to others […] each instrument
produces

a totally

different

and seemingly

incompatible representation.

Thus

adopting only one paradigm, one is inevitably gaining only a limited view of a
particular intervention or research situation […] it is always wise to utilise a variety
of approaches. (Knight and Ruddock, 2008, p. 9, quotes Mingers, 1997)
There are many other reasons for using a mixed methods research, such as facilitation,
triangulation and complementarity. For example, the information generated by

one

method can inform and lead to another data collection and analysis method (Creswell,
2013). Table 5.3 represents the different reasons for using a mixed methods research.
Table 5.3: Reasons for using a mixed methods design (Saunders et al., 2009, p. 154)
Reason

Explanation

Facilitation

“Use of one data collection method or research strategy to
aid research using another data collection method or research
strategy within a study (e.g. qualitative/quantitative providing
hypothesis,

aiding

measurement,

quantitative/qualitative

participant or case selection)”
Triangulation

“Use of two or more independent sources of data collection
methods to corroborate research findings within a study”

Complementarity

“Use of two or more research strategies so that different
aspects of an investigation can be dovetailed (e.g. qualitative
plus quantitative questionnaire to fill in the gaps, quantitative
plus

qualitative

questionnaire

meaning)”
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for

issues,

interview

for

Generality

“Use of an independent source of data to the contextualise
main study or use of quantitative analysis to provide a sense
of relative importance (e.g. qualitative plus quantitative to set
the case in a broader context; qualitative x quantitative
analysis is to provide a sense of relative importance)”

Studying different

“Quantitative to look at macro aspects and qualitative to look

aspects

at micro aspects”

Aiding

“Use of qualitative data to help explain relationships between

interpretation

quantitative variables (e.g. quantitative/qualitative)”

Solving a puzzle

“Use of an alternate data collection method when the initial
method reveals inexplicable results or insufficient data”

5.4.3 Research Method Adopted
This research adopts a mixed methods approach to allow for a subjective, interpretive
analysis and a statistical analogy. Few studies have been implemented on BIM in Jordan,
with no previous research on BIM implementation in the public construction sector in
Jordan. Therefore, this research is exploratory in nature. Both qualitative and quantitative
methods were needed for the nature of this research (see Table 5.2). Mixed methods
sequential procedures were adopted in this research (see Table 5.4), and the study started
by applying a quantitative approach with a larger sample to investigate the feasibility of
BIM in the public sector in Jordan. Moreover, it also aimed to identify the key issues in BIM
implementation. Then, the qualitative methods were adhered to by implementing a
detailed exploration of the BIM practitioners regarding certain issues raised from the
questionnaire
quantitative

study
and

and

literature

qualitative

data

review.

Equal

regarding

the

priority
data

was

given

collection

and

to

both

analysis.

the
Data

integration was considered with some combination of the collected, analysed and
interpreted data. More details about the research strategy, data collection methods and
methods of analysing the data will be discussed in the following sections.
Table 5.4: Reasons for choosing a mixed methods research (Creswell, 2003)
Implementation

Priority

Integration

Theoretical Perspective

No Sequence Concurrent

Equal

At data collection

Explicit

Sequential – Qualitative First

Qualitative

At data analysis

Sequential – Quantitative First Quantitative With some combination Implicit
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5.5 RESEARCH STRATEGY
A researcher adopts a research strategy to design a process, which is conducted to achieve
the research objectives (Saunders et al., 2009). There are various strategies available to
researchers such as experiments, surveys, grounded theory, case studies, ethnography
and action research (Creswell, 2007; Yin, 2009). Each of these strategies has pros and cons.
However, the chosen strategy should be the one where the research objectives can be
most thoroughly and efficiently addressed (Naoum et al., 2007).
Three main aspects need to be considered to select a suitable research strategy, form
appropriate research questions, control behavioural events and decide whether or not the
focus is on contemporary events (Yin, 2003). Table 5.5 represents the features of the
different research strategies in terms of these three key aspects.
Table 5.5: Different research strategies (Yin, 2003)
Research

Research question

Control of behavioural Focus on contemporary

strategy

formation

events

events

Experiment

How, why

Yes

Yes

Survey

Who, what, where, how No

Yes

many, how much
Archival

Who, what, where, how No

Yes/no

analysis

many, how much

History

How, why

No

No

Case study

How, why

No

Yes

This research does not require control over behavioural events as the researcher cannot
intervene in the participants’ thoughts and views about delivering public buildings in
Jordan. On the other hand, the research concentrates on contemporary events, which are
the delivery of public buildings using BIM in Jordan. Moreover, as mentioned above, few
studies have been carried out on BIM in Jordan, with previous research on BIM
implementation in the public construction sector in Jordan being non-existent. Therefore,
this research is exploratory to understand the context of the problem by asking the
question of ‘how BIM is currently implemented under existing procurement approaches in
the Jordanian public sector?’; this will enable an understanding of the current situation,
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identify the problems and propose changes to improve BIM implementation, and thus
reap the benefits involved.
Therefore, this research adopted the use of a survey because this approach, above all the
others, fits with the nature of this research, and thus the research objectives and
questions. Moreover, the limitations inherent in a case study and action research
approaches in their lack of generalisability made it impossible to select these approaches
(Gerring, 2007; Yin, 2009).
5.5.1 Research Survey
Surveys are commonly associated with deductive reasoning, rather than inductive when
they positioned within the positivist paradigm, which is common in the business and
management research fields (Saunders et al., 2009). This kind of survey method is usually
used to answer ‘who’, ‘what’, ‘where’, ‘how much’ and ‘how many’, rather than ‘why’ and
‘how’, and it also concentrates on testing hypotheses (see Table 5.5). Survey methods of
this nature are based on statistical sampling and are rarely on a population survey (Fellows
and Liu, 2015). Table 5.6 highlights the common advantages and disadvantages of the
quantitative elements in using surveys.
Table 5.6: Potential advantages and disadvantages of the quantitative elements in surveys
(Fellows and Liu, 2015)
Potential advantages
The survey can provide a relatively quick
and substantial amount of data if good
response rates are achieved
Surveys can be easy to carry out since they
do not necessarily require fieldwork and
data entry (since online surveys can be selfadministered)
A comparison can be made by repeating the
survey in the future or in a different setting
Surveys can provide generalisable results
with an appropriate sample

Potential disadvantages
There might be a lack of connection to real
human experience or broader theories and
issues
The focus on breadth, rather than depth for its
validity can be considered to be a significant
issue for small-scale studies
The focus on static snapshots of points in
time, rather than process and change can be
problematic
Checking how well the research questions
were understood by the respondents is often
not possible. Therefore, issues such as
accuracy and truthfulness are raised
The occurrence of bias and error in the
sampling might be reflected in the findings
that do not accurately reflect the population
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Other types of the survey methods can use elements of the interpretative paradigm and
inductive reasoning. These types aim to find a relationship between the respondents’
characteristics and their opinions and behaviours (Balgheeth, 2016). Moreover, surveys
were found to be a suitable way of gathering data about people’s thoughts, actions and
beliefs (Martin and Guerin, 2006). There are four main instruments for collecting data
through the survey method: questionnaires, interviews (structured and semi-structured),
attitude

scale

and

standardised

tests

(Al

Awad,

2015).

This

research

has

used

questionnaires and interviews as tools for primary data collection in addition to the
literature review for secondary data. These tools will be further discussed in Section 5.7.

5.6 RESEARCH TIME HORIZONS
There are two types of time horizons for conducting research: cross-sectional and
longitudinal research. A cross-sectional approach is a ‘snapshot’ while a longitudinal one is
over a period of time, such as in a ‘diary’ (Saunders et al., 2009). This research is crosssectional since the data are collected once, at a given point in time about a particular
phenomenon from the participants’ viewpoints. The reasons for this choice are related to
the targeted population in this research as they mainly hold managerial roles in their
organisations, and it is unlikely that their consent would be obtained for participation in a
longitudinal study. Another reason is that there are certain time constraints inherent in
PhD research, as noted by many authors.

5.7 RESEARCH DESIGN
Figure 5.6 clarifies the research design phases that have been followed in this thesis. The
following represent the main four phases:


In Phase 1, an exploratory study (a questionnaire survey) was conducted to investigate
BIM feasibility for public buildings in Jordan, which led and informed Phase 2 by
confirming the feasibility of BIM utilisation in the public sector in Jordan and the
importance of procurement approaches in this utilisation.



In Phase 2, semi-structured interviews were conducted among BIM practitioners in the
public sector in Jordan to obtain further insight and knowledge on BIM utilisation,
current procurement methods and sustainability approaches.
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In Phase 3, a framework for enhancing BIM implementation and thus delivering
sustainable buildings was developed from analysing the literature and data collected in
Phases 1 and 2.



In

Phase

4,

the

developed

framework

was

validated

through

semi-structured

interviews with BIM practitioners in Jordan.

Literature review

Sustainability
approaches

BIM and procurement delivery
approaches in public sector in Jordan

BIM use for public
buildings in Jordan

Research design
BIM feasibility study
Phase 1
BIM, Procurement and Sustainability issues in delivering Jordan public sector
projects

Phase 2

Procurement framework development
Phase 3

Procurement framework validation
Phase 4

Figure 5.6: Research design
The following sections will provide more in-depth information about the research methods
adopted in this thesis.
5.7.1 Literature Review
Davis (2005, p. VIII) described the process of reviewing the literature as a symmetric and
systematic pattern of workflow in which it starts with a plan to search the literature, finds
the literature, choses and evaluates the literature, and then possesses the literature.
However, the literature review should not be developed to the point of distorting the
thesis formation (Denholm and Evans, 2007, p. 212).
In this research, reviewing the literature was based on three interrelated axes. Firstly, a
review was carried out of the current literature on sustainable development and
sustainable construction strategies worldwide and in the public sector in Jordan. In this,
the literature revealed that public buildings in Jordan have poor performance in terms of
sustainability and also problems associated with the time, cost and quality of construction.
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Moreover, despite the existence of many sustainable strategies, research on achieving
sustainable buildings through project management approaches is still lacking. Far less
research has focused on these issues in developing economies, particularly in the Middle
East.
The second part was about reviewing the literature on BIM implementation and its effect
on

delivering

sustainable

buildings.

In

this,

the

literature

explored

different

BIM

definitions, BIM maturity levels, applications and the most effective and theoretical
practices for implementing BIM to enable a learning from these successful studies of BIM
when implemented by different construction stakeholders. The literature also explored
the available support for BIM implementation for delivering sustainable buildings by
introducing

the

implementation

‘Sustainability
supports

BIM

designing

Triangle’.

and

delivering

This

provides

sustainability

evidence
buildings

that
in

BIM

different

project phases, from planning to demolition, and BIM supports for various sustainability
assessment tools. In the third part, the literature on the construction procurement
approaches including the definitions, classifications, processes and types were explored. It
also looked at the construction procurement approaches’ effect on BIM implementation
for achieving sustainable buildings.
The analysis of the literature revealed the need for sustainable public buildings in Jordan,
the BIM implementation supports for constructing sustainable buildings projects, the
effect of different procurement approaches on BIM implementation. However, BIM and
the impact of procurement approaches on BIM implementation are not currently explored
in the public construction sector in Jordan. Therefore, there was a need to explore BIM
theory and the impact of procurement approaches on BIM implementation through
questionnaire surveys and interviews in the context of the public sector in Jordan.
5.7.2 Phase 1: BIM Feasibility Study
This phase was conducted to ascertain BIM’s appropriateness and to identify current
barriers for implementing BIM for public building projects in Jordan. The questionnaire
survey acted as an exploratory type of research. Questionnaires were used because large
amounts of information can be collected from a large number of participants over a short
time span. Moreover, the data collected through the questionnaires can be easily
quantified through a software package, thus measuring changes by comparing and
contrasting the results with other research outcomes (Fellows and Liu, 2015).
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5.7.2.1 Sampling Method
There are two types of sampling: probability and non-probability/purposive (Bryman and
Bell, 2007; Dawson, 2002, p. 48). Probability represents the process whereby each of the
sample members has an equal chance of being chosen while purposive sampling
represents the process in which the samples do not have the same opportunity to be
chosen; moreover, generalisation in this type is not a priority. Probability sampling can be
divided into simple random sampling, stratified random sampling, systematic sampling
and

multi-stage

cluster

sampling

(Bryman

and

Bell,

2007).

Non-probability/purposive

sampling has also been classified into three methods: quota sampling, snowball and
convenience. Furthermore, there is a total population sampling, which is located under
purpose sampling. This type assumes that the sample is the total population. It is more
common when the numbers of cases or participants are relatively small (Etikan et al.,
2016).
Choosing an appropriate and suitable sampling method is a crucial step in questionnaire
surveys (see Table 5.4). Page et al. (2012, p. 70) explained that “a sample size calculation
justifies the proposed study and in doing so demonstrates that the study has the ability to
support the statistical analysis required to answer the research question”. To collect and
reach a variety of viewpoints from construction professionals in the Jordanian public
sector, three groups were targeted, that is the public client, public consultants and public
contractors. The public client is represented by MPWH and GTD for their roles in delivering
public building projects (see Section 2.5.2.2). MPWH and GTD consist of 20 departments
such as the Planning and Project Management Unit, the Support Operations Management
and the Management of Buildings Technical Studies. Each of these departments is
responsible for an aspect of the delivery of public buildings in Jordan. Therefore, the total
population sampling method was chosen for the public client group.
Public consultants and contractors were targeted because of their crucial roles in
delivering public buildings; moreover, the consultants and contractors accounted for the
highest number of BIM users in the Middle East (BuildingSMART, 2011); therefore, the
data can be seen as more reliable. Due to the high numbers in the sampling population,
stratified random sampling (Teddlie and Yu, 2007) was used for the public consultants and
contractors, which combines stratified sampling with random sampling. Stratified random
sampling is a method of sampling that consists of dividing a population into groups known
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as strata. The strata are formed based on the members' shared characteristics and
attributes. The strata in this research were formed based on the public clients, MPWH and
GTD, the classifications for the contractors and consultants, as follows:


Contractor

strata

and

substrata:

the

study

adopted

the

Jordanian

Government

classification as it is mentioned in the Works By-Law: Section 8 Article 23, A:
The classification of the construction contractors in the various types of works shall
be made within the classes or grades according to the financial, technical and
administrative qualifications, equipment and experience in the execution of works
pursuant to the instructions issued by the Council of Ministers, which define the
classification requirements, conditions and classes. (The Hashemite Kingdom of
Jordan, 1986).
MPWH and GTD classified the contractor works in Jordan, according to Government works
by-law No. 71 for the year 1986, Section 8, Article 23. The same article in point E, stated
that these “construction contractors' classification tables, which were issued by the
Minister, shall be adopted for the execution of all governmental works in the Kingdom”
(The Hashemite Kingdom of Jordan, 1986, p. 24). This provides the necessary validity for
using this classification when targeting the public sector in Jordan and for generalising the
research findings. The study used this classification to divide contractors into substrata
(see Table 5.7).
Table 5.7: Number of contractors (Jordan Government Department, 2016)
Category
Contractors

Grade

Grade

Grade

Grade

Grade

1

2

3

4

5

Speciality

Buildings

Number

80

68

136

_

_

_

7

3

1

0.25

The maximum size of the project
allowed to bid for (million JD)


Consultants’ strata and substrata: the MPWH and GTD classified the public consultants
into four groups according to their building speciality, that is first-grade class A, firstgrade class B, second grade and third grade (see Table 5.8).
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Table 5.8: Number of qualified consultants (Jordan Government Department, 2016)
Category
Consultants

First

First

Grade

Grade

class A

class B

Speciality

Buildings

Number

18

11

Second

Third

Grade

Grade

3

0

Table 5.9 represents the combined strata of three major stakeholders in the public
building sector: the public client, consultants and contractors, and it presents the total
population for each stratum. A list of all the MPWH departments, public consultants and
contractors are published online on the GTD department website.
Table 5.9: Questionnaire strata
MPWH &

Contractors/

GTD

Grade

HoD

1st

2nd

3rd

1st A

1st B

2nd

3rd

Population

20

80

68

136

18

11

3

0

Total population

20

284

32

Sample size

20

164

30

20

164

30

Research Strata

Consultants / Grade

Number of sent
questionnaires

5.7.2.2 Questionnaire Administration
There are different approaches in which the questionnaire survey can be distributed via
the Internet, post, phone and by hand. Table 5.10 represents a comparison of the different
approaches. In this research, two methods were used. For the public client representative,
the questionnaires were distributed by hand due to the relatively low numbers in the
sample, to maximise the response rate and to enable the researcher to distribute the
questionnaires easily as all 20 departments are located in one building. For the public
consultants and contractors, the Internet was used to distribute the questionnaire survey.
It was achieved through the use of ‘Survey Monkey’.
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Table 5.10: Different questionnaire survey approaches (Silverman; 2004; Knight and Ruddock,
2008; Ahmad, 2013)
Questionnaire

Internet

Phone

Post

Cost involved

A minimal cost attached

The cost is at its

A higher cost is

to the process of

maximum when

involved in posting

forwarding questionnaire

conducting phone

the

surveys. There are many

interviews, depending

free online survey

on the line called and

websites.

the phone line used to
make the calls.

questionnaires,
which are usually
sent out with
returned stamps and
envelopes.

Communication More information tabs

There is an

It does not provide

flexibility

are provided using online

opportunity to explain

further clarification.

(control)

surveys for more

or clarify any

clarification.

complications.

Communication It is fast, as quick as the

Respondents have to

Delays should be

speed

be available to

expected depending

participate, otherwise

on the postage type.

press of a button.

it is a fast
communication
method.
Data analysis

Faster.

Less time intensive.

Time-consuming.

Online surveys can be

Manually organised.

Manually organised.

The data can only be

A document might

The received surveys

accessed through the

need to be forwarded

are easily accessible.

Internet.

before the phone

time
Data analysis

easily or automatically
analysed by some capable
software.
Data access

survey.
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Data quality

Data storage

The quality of the data

The quality of the data

The quality of the

would be as expected.

can be affected by the

data would be as

network.

expected.

The data is easily

The data has to be

Data in high

managed.

recorded.

numbers could be
difficult to manage

5.7.2.3 Questionnaire Sections
The questionnaire with closed-ended questions was developed based on previous and
similar research carried out on BIM awareness, its status and the benefits and barriers
(NBS, 2011; Kim, 2014). The questionnaire questions were reviewed by the research
supervision team in the University of Portsmouth, and also by a lecturer in the University
of Jordan to eliminate any misleading questions, ambiguity and potential response
difficulties. Then, the questions were reviewed and updated.
The questionnaire comprised 15 questions designed under five main sections (see Table
5.11) to elicit information about BIM in the public sector in Jordan. These sections
explored levels of awareness of BIM, its current status, the benefits and barriers, the
feasibility of BIM adoption for the public sector and the procurement approach used in
BIM public projects. Identifying BIM implementation barriers in the Jordanian public sector
was the focal point of this phase, which had the potential to affect the direction of this
research. A question was added at the end of the questionnaire (see Question 16) asking
the respondents to provide their details if they would like to participate in the next stage
of the study. The questionnaire is in Appendices C and D.

136

Table 5.11: Questionnaire sections
Section
Number
1

What

Why

Profile of
respondents

To ensure the respondents’ appropriateness for the survey

2

Current status and
awareness of BIM

To understand how BIM is currently used in the public sector in
Jordan and for which building type and project

3

Benefits and
barriers to BIM use
in public projects

4

Feasibility of BIM
adoption for the
public sector
Procurement
approaches used in
public projects

5

To find out the potential use of BIM; it is essential to identify if
there is a demand or an awareness of BIM among public
practitioners and public clients in Jordan
To find out whether adopting BIM in Jordan should be topdown (refers to the government push BIM adoption) or bottomup (refer to the grass-root adoption of BIM without a coercive
mandate), and to identify if there is a gap in driving BIM in the
public sector
To identify if they are aware of BIM’s potential benefits for
delivering public building projects in Jordan
The focal point of this phase was to identify barriers to BIM
implementation for delivering public building projects in Jordan
To reveal how the participants consider BIM at present

To identify what type of procurement approaches are used in
delivering public buildings in Jordan

5.7.2.4 Method of Questionnaire Survey Analysis
A questionnaire survey analysis is categorised into two different groups, which are
descriptive and inferential statistics (Farrell, 2011). The descriptive statistics result in
expressive analysis through applying approaches such as mode, average, ranking and
mean.

The

inferential

statistics

are

conducted

through

correlational

statistics

and

probability. The main features for each of the questionnaire groups are presented in Table
5.12.
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Table 5.12: Methods of questionnaire survey analysis (Farrell, 2011)
Descriptive statistics’ features

Inferential statistics’ features

Confident intervals

Using

correlation

coefficients

to

measure validity and internal reliability
Standard score: the Z score
A

measure

of

the

The chi-square test
spread:

range, The difference in the mean test: the ‘t’

standard deviation and variance
Normal
central

distribution:
tendency

test

measures

(mean,

median

of The difference in means, correlations or
and both

mode)
Ranking
A

descriptive

Correlations
questionnaire

analysis

was

used

in

this

research

to

describe

the

questionnaire survey participants’ opinions about the feasibility of BIM implementation in
the public sector in Jordan.
A Likert scale has been implemented in the questionnaire survey questions and analysis to
describe the collected data for this research. Two types of Likert scale were used and
presented in Tables 5.13 and 5.14. These scales were chosen according to the nature of
the questions in the distributed questionnaire.
Table 5.13: Weighting factors used in the analysis of the Likert questions (Type 1)
Likert

Too Low

Low

Average

High

Too High

1

2

3

4

5

scoring scale
Weighting
factors

Table 5.14: Weighting factors used in the analysis of the Likert questions (Type 2)
Likert

Least

Most

scoring scale

Beneficial

Beneficial

Least

Most

Barriers

Barriers

Weighting

1

2

3

factors
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4

5

5.7.3 Phase 2: BIM, Procurement and Sustainability Issues in the Jordan Public Sector
Projects
This phase is a result of the questionnaire survey findings in Phase 1, which verified the
desire for the public client, consultant and contractors to use BIM to deliver public building
projects.

The

questionnaire

survey

also

identified

the

barriers

and

challenges

to

implementing BIM in the Jordanian public sector. The type of ‘procurement approach’ was
one of the major barriers and challenges for implementing BIM in the public sector in
Jordan. Therefore, this phase was undertaken to understand the current procurement
strategies and approaches, the BIM processes and how the procurement strategies and
approaches affect BIM implementation in the public sector in Jordan. Moreover, this
phase assisted the researcher in exploring the current practices, issues and challenges to
delivering sustainable buildings.
Interviews are a suitable approach for collecting in-depth primary data, which a study can
analyse (Easterby-Smith et al., 2008). On the other hand, a relationship between the
interviewer and the interviewees can be created which could affect the interview
outcomes. Therefore, a stable relationship should be created between the interviewer and
interviewees. Denzin and Lincoln (1998, p. 174) expressed that it is preferable if there is “a
constructive, organised, well structured, sensible and stable relationship between the
interviewee

and

the

interviewer

during

the

interview

process

to

collect

impartial,

equitable and unbiased data”.
5.7.3.1 Interviews Types
There

are

(Creswell,

three
2013).

types

of

Structured

interviews:
interviews

structured,
usually

use

unstructured

and

semi-structured

closed-ended

questions

and

are

strongly related to quantitative research. Denscombe (2007) describes these as a form of
face-to-face questionnaire. Unstructured interviews can be compared to a conversation
that is directly related to the research where ideas are developed by the interviewee
following their sequence of thought. A semi-structured interview is taking a middle stand
between unstructured and structured interviews. In this type, a list of themes and
questions need to be covered, but the order of the questions’ may vary depending on the
conversation flow, thus allowing additional questions to be added to explore other aspects
of the research questions (Saunders et al., 2009). In this phase, semi-structured interviews
were

adopted

to

collect

in-depth

information
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about

BIM

phenomena.

Open-ended

questions and questions oriented towards BIM implementation, procurement approaches
and sustainability practices were posed by the researcher.
5.7.3.2 Sampling Method
The sampling methods explain the process by which suitable elements (organisations
and/or people) were chosen. The purpose ‘quota sampling’ method was used as the
interviewees were selected, which depended on their previous experience in the BIM
process, procurement approaches and delivering sustainable buildings; moreover, the
target was to get interviewees representing the three major stakeholders: the public
client, consultants and contractors. Phase one (the BIM feasibility study) assisted the
researcher in identifying the possible interviewees that have the necessary and related
experience. 29 respondents were already using BIM. All of those had previous experience
in procurement approaches and delivering sustainable buildings as the BIM feasibility
study targeted managerial level professionals. Moreover, they were registered in one of
the organisations that had been labelled by the Jordanian Green Building Council as one of
the major players in sustainability in Jordan. Therefore, an invitation to participate in an
interview was sent to these 29 BIM practitioners (see Appendix E). 12 of them agreed to
be interviewed (see Table 5.15).
Semi-structured interviews were conducted with the project managers, BIM managers,
contract managers, construction managers and the tender managers that had been
working on public building projects with costs ranging between one million to billions of
Jordanian Dinners (JD). The interviewees were selected from four areas of work (public
client, public consultant, public contractor and construction management).
Table 5.15: Stakeholders’ information
Organisation
size
M

M
S
S
M

Participants Department/
Company
P1
Public client/
design
department
P2
Public client
P3
Public client/
GTD
P4
Public client
P5
Consultant

Position
Project manager

No. of years’
experience
18

Size of the
projects
Hundreds of
million JD

Project manager
Tender manager

15
24

1-50 million JD
1-50 million JD

Project manager
BIM manager

10
8

1-20 million JD
20-100 million
JD
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S

P6

Consultant

M

P7

Consultant

S

P8

S

P9

Construction
management
Construction
management

M

P10

Contractor

M
S

P11
P12

Contractor
Contractor

Contract
manager
Project manger

36

Construction
manager
Project manager
and construction
manager
Contract
manager
Project manager
BIM regional
manager

45

23

18

1-629 million
JD
1-260 million
JD
5-200 million
JD
Several billion
JD

13

1-20 million JD

8
9

1-80 million JD
20m-4.5 billion
JD

5.7.3.3 Interview Design
This research adopted semi-structured interviews as mentioned in the previous sections.
However, both open-ended and closed-ended questions were used due to the need for indepth data and for the purpose of clarity (in the statistical data). Open-ended questions
were used to allow the stakeholders to give information on what and who is involved, and
also when, how and why things are performed. As no clear answer was found in the
literature review findings on how procurement influences the implementation of BIM to
achieve sustainable buildings in the public sector in Jordan, closed-ended were used in
certain specific contexts. Therefore, closed and open-ended questions were deemed
appropriate and were used for collecting the data. To control the process of the
interviews, Swetnam and Swetnam, (2007, p. 68) claimed that the following guidelines
should be followed:


prompt interviewees for clarification, but do not direct them;



be formal and open;



do not be superior with the interviewees;



avoid sarcasm;



treat all interviewees equally;



avoid volunteering to support interviewees with answers;



be patient; and



follow a systematic approach and develop further.
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5.7.3.4 Interview Approach
Face-to-face semi-structured interviews were conducted with the list of stakeholders in
Table 5.15. Two pilot interviews were conducted to validate and refine the interview
questions. Then, the interview questions were updated. As the interviews were conducted
in Jordan, the interview questions were translated into Arabic, which is the official
language in Jordan.
Interviewee approvals for participation were received; then, the researcher visited the
participants in their workplace, and each of the participants was interviewed individually.
Each of the interviews lasted between forty-five minutes and one and a half hours. The
funnel approach was implemented during the interviews, which very broad questions
were firstly asked, then it was progressively narrowed down the scope of the interviews
question until the end, and so there were four stages to the interviews (Oppenheim,
2000):
(1) The introductory questions:


These questions were oriented towards obtaining background information from the
interviewees, such as their previous experience, size of their organisation and the size
and type of the projects usually undertaken.

(2) The transitional question themes:


BIM status, benefits and barriers; and



BIM impact on delivering sustainable buildings.

(3) The main question themes:


procurement approach impact on BIM process implementation;



types of procurement approaches to deliver public building projects in Jordan;



tender processes;



key stakeholders’ involvement and responsibilities;



improvement measures for BIM implementation in Jordan;



barriers to deliver sustainable public buildings; and



significant procurement factors to tackle sustainability issues.
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(4) A closing question for the participants to add any further points.
5.7.3.5 Interview Transcribing Process
Transcribing interviews is the process by which the collected data is translated into text.
This could be from the face-to-face, online or phone recorded interviews. The transcribing
process in this research comprised five steps: the first was recording the interviews; the
second was to transcribe the recorded interviews in Arabic using Microsoft Word; thirdly,
the interviewees were allowed to ensure the validity and reliability of the interview
process; fourthly, the content of the transcript was translated into English. Finally, both
the Arabic and English transcripts were passed onto two Arabic PhD researchers in the
School of Civil Engineering and Surveying in the University of Portsmouth to check the
validity of the translations from Arabic to English. Although this process was time
consuming, it led to the outcomes and results being doubly verified as the data were
validated in Arabic and English. In fact, this part had a significant effect in identifying the
common patterns and themes. In total, the recorded interviews resulted in 70 pages of
transcription in both Arabic and English.
5.7.3.6 Interview Analysis
Once the interviews were recorded and transcribed, it was essential to develop a general
strategy for analysis (Yin, 2003). Interview analysis is complex and critical because of the
large amount of available data for analysis. The qualitative data analysis was illustrated by
Dainty (1998) as a process of describing, connecting and classifying the primary data. This
process depends on three key features (Renner, 2003):


the aims and objectives to be achieved;



the needs of those who will use the information; and



the available resources.

The content analysis technique was used as a basis for the interview analysis. Green and
Thorogood (2004) stated that content analysis is suitable for conducting exploratory
research in an area where not much is known to enable the common issues from the data
to be reported. Content analysis follows three steps: understanding the interview data;
focusing on the analysis and categorising the information; and identifying patterns among
the categories (Renner, 2003).
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After deciding the technique, the researcher needs to choose whether to analyse the data
manually such as with a ‘manual colour coding’ or with the help of a software programme
such as NVivo. NVivo is the principle software programme for qualitative analysis. Despite
the long learning curve to be able to use this software, especially considering the time
constraints during a PhD, NVivo was employed since it enabled the varying patterns to be
stored and broken down into various thematic headings and subheadings.
5.7.4 Phase 3: Framework Development for the Public Sector in Jordan
This aim of this phase was to develop a framework based on the collected data from the
interview analysis and the literature review based on a problem-solving approach.
Qualitative research answers the questions related to what, why and how (Bryman, 2004).
Phase 2 (the interviews) was an exploratory study where questions in the form of what,
why and how were posed to BIM practitioners in Jordan. Therefore, specific tasks,
stakeholders’ involvement and additional information to implement BIM effectively under
the existing procurement approach in the public sector in Jordan should be identified
through the interviews. Additional questions could cover the barriers, constraints and
possible solutions in the eyes of the BIM practitioners in the public sector in Jordan. The
literature will be used to reflect on the barriers and issues raised in the interviews as the
research

has

adopted

this

problem-solving

approach.

After

identifying

the

tasks,

processes, stakeholders and the additional information required, all the defined variables,
sequences,

stakeholder

involvement

and

additional

information

were

integrated

and

combined into a framework.
5.7.5 Phase 4: Framework Validation
The framework validation aims to refine and examine the suitability of the proposed
framework for construction in the public sector in Jordan. The validity, reliability and
identification of the gaps that can improve the proposed framework were the basis for the
validation process.

5.8 DATA VALIDITY AND RELIABILITY
The aim of obtaining validity and reliability is to assess the research quality. In the
Cambridge online dictionary, validity is defined as “the state of being acceptable or
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reasonable”, whereas reliability is defined as something which is “accurate or able to be
trusted” (Cambridge University Press, 2018).
5.8.1 Validity
Validity is obtained by employing a process of measuring concepts that focus on validating
the research. Validity can be divided into five groups (Bryman and Bell, 2007, p. 165):
●

Concurrent validity: is when the research deals with the criteria based on
subjective perspectives, so the research analysis needs to be taken further.

●

Face validity: is also called logical validity. It is simply a form of validity where a
subjective

and

superficial

assessment

is

carried

out

to

ensure

that

the

measurements reflect the content of the concept in question. Feedback and
comments from experienced professionals in the field can be used.
●

Convergent validity: is when a researcher wants to measure certain ideas and
concepts by using different research methods and by comparing the outcomes.
For example, time wastage due to road closures can be analysed through
observation or questionnaires to verify the process.

●

Construct validity: is when the research intends to adopt hypotheses from existing
theories and presume that they apply to the concept in hand. For example, in a
cause and effect situation, easting junk and getting fat. However, this example is
not applicable to all cases where this approach can be invalidated or misguided.

●

Predictive validity: involves testing a concept for a certain construct and then
comparing the results with other results that are going to be obtained in the
future.

5.8.2 Reliability
Reliability can be defined as the degree to which the findings can be accurate. It is related
to issues of measures. Three different factors have been stated by Bryman and Bell (2007,
p. 163) which can be used to measure the reliability of a concept. These are described in
the following:


Internal reliability: is a measure based on key indicators that should lead to
consistency. It depends on the correlations between different objects in the same test.
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When measuring a concept, if the relevant indicators score opposite or they are not
consistent, then an internal unreliability should be recorded.


Stability reliability: is a measure of the repeatability of a test over time. Stability
requires obtaining the same results if a concept is measured over a period of time. On
the other hand, if the outcome is different due to the time factor, a variation should be
registered.



Inter-observer consistency: defines the necessity for consistency when deciding how to
deal with concept analysis. This is commonly requested when more than one body of
research is involved. For example, in research when qualitative data is collected, a
decision should be made on how the primary data is categorised.

5.8.3 Validation and Reliability Adopted
The questions employed in the data collection are clear and simple due to the use of
scientific theories. The reliability of the primary data is shown in the usage of the existing
literature to support the research findings and to make recommendations for future
research.
The types of validity methods relevant

to

this research include concurrent, face,

convergent and construct validity. The researcher conducted validation interviews with
tender managers, project managers, BIM managers and construction managers working in
the public building sector in Jordan. Table 5.17 describes the validity and reliability of this
research according to the Bryman and Bell (2007, p. 165) validity classifications.
Table 5.16: Adopted validity and reliability measures
Issues
Concurrent validity

Face validity

Measures employed
For example, the BIM feasibility study findings showed that
public procurement approaches are one of the main barriers to
implementing BIM in the public construction sector in Jordan
(see Chapter 6) whereas the interviews were used to find out
how and why public procurement approaches affect BIM
implementation (see Chapter 7).
The contents of the proposed framework were verified by
conducting interviews with construction professionals in the
public sector in Jordan (see Chapter 8).
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Convergent validity

The use of different research methods to obtain the data showed
a strong correlation between the different data results. An
example is the distribution of questionnaire surveys by hand and
through Survey Monkey (online). Another example is the reuse of
some of the questionnaire questions in the interviews, in the
case of the BIM barriers which enabled an exploration and
confirmation of the research outcomes.
Existing theories were explored and used to develop a
constructive approach towards the findings. Moreover, different
data sources (public clients, contractors and consultants) were
employed as well as the use of questionnaires and interviews to
confirm the research outcomes. The literature verified some of
the research findings.
The literature review, BIM feasibility study (the questionnaires)
and interviews were used sequentially through the process of
this research. The findings from the literature review support
some of the findings from the primary data.

Construct validity

Reliability

5.9 RESEARCH ETHICAL CONSIDERATIONS
An ethical review process is required by the University of Portsmouth for any research that
involves human participants to ensure that the relevant ethical issues are fully considered
in view of the participants’ well-being throughout the research. The process requires an
application

to

be

submitted

for

ethical

approval

before

conducting

the

research.

Therefore, an application involving the study description, with the aim and objectives,
methodology,

methods,

sampling

methods,

invitation

letters,

consent

forms

and

participant information form was submitted to the ethical committee at the Faculty of
Technology in the University of Portsmouth. The committee read through the application
to find out whether the researcher had fully considered all the ethical issues and the
appropriate and sufficient information had been provided to the participants.
As a result, ethical approval for this research was received in the form of ‘favourite
opinion’. This approval in addition to the consent form and participants’ information sheet
are attached in Appendix A.
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5.10 CHAPTER SUMMARY
This chapter presented the research methodology and research design to achieve the
goals of this research. The use of BIM for delivering building projects in Jordan has
received little academic interest, especially in public building projects. Therefore, this
research is exploratory in nature. Surveys and a problem-solving approach in the form of
strategies were adopted in the development of a framework for public building projects in
Jordan based on the philosophy of pragmatism. The following chapters will present the
findings of each of the four phases of the research design, as discussed in Section 5.7.
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CHAPTER 6: BIM FEASIBILITY STUDY
6.1 INTRODUCTION
This chapter is Phase 1 of the research design, as introduced in the previous chapter. This
chapter presents and discusses the results of the BIM feasibility study in the public sector
in Jordan based on the questionnaire survey method. The questionnaire survey was used
to determine the BIM feasibility for the Jordanian public building projects, and it acted as
an exploratory piece of research.
The closed-ended questions in the questionnaire were developed based on previous
research implemented on BIM awareness, its current state, the benefits and barriers (NBS,
2011; Kim, 2014). The questionnaires were used because large amounts of information
can be collected from a large number of participants within a short period of time. Also,
the data collected through the questionnaires can be easily quantified through a software
package, thus measuring the changes by comparing and contrasting them with previous
research findings (Fellows and Liu, 2015).
In order to collect the varying viewpoints from the construction professionals in the
Jordanian public sector, the Jordanian MPWH and GTD departments were targeted
because of their roles in delivering public construction projects. The questionnaires were
also sent to their registered contractors and consultants. This is because the consultants
and contractors accounted for the highest number of BIM users in the Middle East
(BuildingSMART, 2011); therefore, the data received would seem to be more reliable.
6.1.1 Response Rate
The sample size and response rates were calculated (see Table 6.1). As the questionnaires
were distributed through Survey Monkey, a Survey Monkey sample size calculator was
used with a confidence level of 95% and 5% margin of error to calculate the number of
questionnaires to be sent out to the contractors and consultants. This calculator is based
on the following formula:
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Sample Size =

Population Size = N | Margin of error = e | z-score = z
For MPWH and GTD, the questionnaires were distributed by hand to the project managers
in each MPWH department, as stated above.
Table 6.1: Questionnaire statistics (based on the MPWH classification for consultants and
contractors (see Section 5.7.2.1))
Consultants /
MPWH &

Contractors/

GTD

Grade

HoD

1st

2nd

3rd

1st A

1st B

2nd

3rd

Population

20

80

68

136

18

11

3

0

Total population

20

284

32

Sample size

20

164

30

20

164

30

20

87

18

questionnaires

20

85

17

Response rate

100%

52%

56.7%

Time taken to collect data

60 days

Research Strata

Grade

Number of questionnaires
sent
Number of completed
questionnaires
Number of valid

6.1.2 Questionnaire Sections
A Likert-type scale was used to describe the collected data for this research (see Section
5.7.2.4). The respondents were requested to provide their opinions on the level of their
BIM awareness, how they implemented BIM, BIM implementation drivers and the benefits
and barriers to BIM implementation in the public construction sector in Jordan. The

150

questionnaire comprised 15 questions, and it was structured under five main sections (see
Table 6.2).
Table 6.2: Questionnaire sections
Section

What

Why

Profile of respondents

To ensure that they were appropriate for the

Number
1

survey
2

Awareness and current

To understand how BIM is currently used in

status of BIM

the public sector in Jordan and for which
building type and project
To find out the potential use of BIM, it is
essential to identify if there is a demand and
an

awareness

of

BIM

among

public

practitioners and public clients in Jordan
To find out whether adopting BIM in Jordan
should

be

top-down

(refers

to

the

government push BIM adoption) or bottomup (refer to the grass-root adoption of BIM
without a coercive mandate), and to identify
if there is a gap in driving BIM in the public
sector
3

Benefits

and

barriers

To

identify

if

they

are

aware

of

BIM’s

to BIM use for public

potential benefits in delivering public building

projects

projects in Jordan
To

identify

the

barriers

to

BIM

implementation for delivering public building
projects in Jordan
4

Feasibility

of

BIM

adoption for the public

To reveal how the participants consider BIM
at present

sector
5

Procurement
approaches

To
used

BIM public projects

in

identify

approaches

what
are

buildings in Jordan

151

type

used

in

of

procurement

delivering

public

It is worth mentioning that an additional question was asked at the end of the
questionnaire about whether or not the participants were willing to contribute to an
additional data collection stage (Phase 2) of this research.

6.2 QUESTIONNAIRE FINDINGS
Section 1: Profile of the Respondents
The respondents were spread across the major stakeholders in the public sector in Jordan,
including public client representatives, public consultants and contractors operating in
Jordan. From Figure 6.1, it can be seen that the contractors were the highest number of
respondents with a percentage of 69.7%, followed by the public client at 16.4% and the
consultants at 13.9%. This is due to the total population of each group and the method of
questionnaire distribution, as shown in Table 6.1. It is worth mentioning that this research
adopted the public sector classification for public contractors and consultants (see Section
5.7.2.1).
From Figure 6.2, it can be seen that almost all the respondents on the contractor side are
working in small- or medium-sized companies, but one respondent stated that he works
for a large construction company. On the consultant side, 82.36% work in small- or
medium-sized companies, 11.76% are in a large company and 5.9% work in small-sized
companies. This is because small- and medium-sized companies were targeted in this
research as they more accurately represent the local market in Jordan. These companies
tend to manage one stage or element of the overall building process and respond to the
local market needs (ECTP, 2008). This approach also enabled the gathering of information
from the companies which have the most knowledge of current market trends and design
software. These are also the target groups for the manufacturers of BIM software (Al
Awad, 2015).
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Figure 6.1: Respondents’ role

Figure 6.2: Size of respondents’ company
The respondents were then asked about their years of experience in the Jordanian public
sector, which varied from less than 5 years to more than 20 years, giving an indication of
the range of experience levels in the Jordanian public sector. 14 stated that they have less
than 5 years’ experience, 58 reported that they have between 6 and 10 years’ experience,
39 had between 11 and 20 years and 11 claimed to have more than 20 years of experience
(see Figure 6.3).
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Figure 6.3: Years of respondents’ experience in the Jordanian public building sector
Section 2: Awareness and Current Status of BIM
The respondents were asked if their workplace uses BIM in delivering construction
projects in Jordan. One participant skipped the question. The majority of the respondents
(76% or 92 responses) are not currently using BIM. 13.22% of the respondents (16
responses) have just adopted and started using BIM. The study showed that 9.92% (12
responses) are using BIM for small-sized projects, but only 0.83% (1 response) uses BIM
for every project (see Figure 6.4).

Figure 6.4: BIM adoption level in the public sector in Jordan
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Table 6.3 shows the difference between the BIM adoption levels in the public client,
consultants and contractors who work within the public construction sector in Jordan.
MPWH and its 18 departments are the most important public bodies that are responsible
for the implementation of the central governmental construction projects in Jordan (Al
Assaf, 2017). These departments are divided according to the scope of work within the
public sector, such as new builds, maintenance and refurbishments, buildings, roads,
designing and project management. The data revealed that 5 departments, that are 25%
of the public client representatives, have just adopted and started using BIM. The
researcher found that the departments responsible for the new construction projects have
just started to use BIM.
For the consultants, 70.6% have employed BIM while 29.4% have not. However, for the
contractors, 87.07% have not used BIM, and only 13% have used it. Therefore, it can be
said that there is a BIM adoption gap between the consultants and contractors in the
construction public sector in Jordan.
Table 6.3: BIM adoption level between public client, consultants and contractors
Public Client

Contractor

Consultant

30.00%

30.60%

5.88%

25.00%

9.40%

23.53%

0.00%

2.35%

47.06%

Yes, we use BIM for every project

0.00%

1.18%

0

No, but we plan to adopt BIM

45.00%

56.47%

23.53%

Adopted and implemented BIM

25.00%

13.0%

70.6%

Not adopted and implemented BIM

75.00%

87.0%

29.4%

No, we do not use BIM
Yes, we have just adopted and started using
BIM
Yes, we use BIM mainly for the small-sized
projects

For the 29 responses (23.97%) who had used BIM (see Figure 6.4), they were further asked
what functions they used BIM for. Figure 6.5 shows the results. Apart from using BIM for
pilot projects, the majority stated that they had used BIM for visualisation to present the
design in 3D.
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18
16

16

14
12
9

10
8
6
4

2

2

1

1

0
Just adopt and use Adopted and used Technical analysis Fully integrated
BIM for pilot
BIM for the
and predication
stage
projects
visualisation stage
stage

Other (please
specify)

Figure 6.5: BIM adoption stages
The respondents were also asked whether they were willing to continue using BIM. The
majority of the 20 responses were undecided because 16 of them had only just adopted
BIM for the pilot projects. On the other hand, 9 respondents stated that they liked BIM
and were willing to continue using it. None of the respondents stated that they were going
to stop employing BIM in the public construction sector in Jordan.

Figure 6.6: Respondents’ opinions about using BIM
Public buildings are classified under the headings of: government (office buildings),
healthcare (hospitals), education (schools) and residential (housing) (see Table 2.5). The
respondents who used BIM in their projects were asked about which type of building they
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utilized BIM for. The results are shown in Figure 6.7. Most of the BIM use in the public
sector is for non-residential constructions in the form of office buildings (82.76%). This
indicates the frequency of this type of building compared to the others in the public
sector. 17.24% (5 responses) specified other types, such as prisons.

Figure 6.7: Type of buildings that BIM was used to deliver
The consultants and contractors were chosen based on their significant experience in
delivering public building projects. Therefore, they were asked to rank the level of BIM
awareness or rather desire for BIM in their public clients. A Likert scale was used from 1
(very low) to 5 (very high). As shown in Figure 6.8, 73.5% of the respondents claimed that
BIM awareness or desire in the public client is below average. Therefore, it can be said
that there is a lack of awareness and demand for BIM implementation from the public
client.

Figure 6.8: Consultants and contractors’ levels of BIM awareness and desire in the public client

157

The respondents were then asked about who should drive the implementation of BIM in
Jordan. The highest number of respondents at 55.74% stated that it is the joint
responsibility of the government and the industry. 20.5% claimed that it is only the
government’s responsibility whereas 16.9% placed the responsibility on the construction
associations.

4.1%

stated

that

implementation, and only 3.3%

large

construction

reported

that the

companies
private

should

drive

client should drive

BIM
the

implementation of BIM in Jordan (see Figure 6.9). Therefore, it can be said that the
government has a crucial role in driving BIM implementation, not only in the public
construction sector, but also in the private construction sector.

Figure 6.9: BIM implementation driving authorities in the Jordanian buildings sector
Section 3: Benefits and Barriers to BIM Use for Public Building Projects
The researcher wanted to find out what the perceived or potential benefits were in BIM
implementation for the delivery of public buildings in Jordan. The aim was to identify
whether the respondents were aware of the potential benefits of BIM usage and to assess
their attitude towards this technology. Therefore, a well-documented list of BIM benefits
(see Section 3.3.1) was used.
The respondents were asked to rate these benefits on a Likert scale from 1 (the least
beneficial) to 5 (the most beneficial). 6 respondents skipped this question, and 116
responded. The weighted average was calculated, and the benefits were ranked from 1 to
11 where 1 is the most beneficial, and 11 is the least beneficial (see Table 6.4). The
component ‘better design and multi design alternatives’ has the greatest potential benefit
when implementing BIM in the public sector in Jordan whereas improving safety has the
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least potential benefit. Enhancing the sustainability of the public buildings was ranked 5
out of 11, indicating the key stakeholders’ levels of awareness of the potential for BIM in
delivering sustainable buildings.
Table 6.4: BIM implementation benefits for the public sector in Jordan
Rank

BIM benefits

Public Clients

Public Consultants

Public Contractors

19 Respondents

17 Respondents

80 Respondents

Ranking
Better design/multi
design alternatives
Reduced project time
and cost

Weighted
average

Ranking

Weighted
average

Ranking

Weighted
average

1

4.05

1

4.25

2

4.15

2

4.00

5

3.82

1

4.17

3

4.00

2

4.24

4

3.95

4

3.95

4

4.06

3

3.95

5

3.89

3

4.18

5

3.94

6

3.84

6

3.76

6

3.54

7

3.84

10

3.40

9

3.44

8

3.74

8

3.59

7

3.49

9

3.58

7

3.71

8

3.46

10

3.21

9

3.53

10

3.02

11

2.74

11

2.91

11

2.29

Improved decisionmaking process (better
visualisation and ‘what
if’ scenarios)
Improved collaboration
in design and
construction
Sustainability
enhancement
Reduced claims or
litigation (risks)
Improved quality
Improved operations
and maintenance
(facility management)
Improved construction
process and efficiency
Predictive analysis of
performance
Improved safety
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This question was followed by an open-ended question on any other BIM benefits that the
respondents wished to add. The following were added by the questionnaire respondents:
‘improve communication between the technical team and the public client’; have ‘better
coordination with the different parties’; ‘reduce conflicts and changing orders and
accordingly variation orders during construction’; and ‘reduce construction waste’. The
answers to both questions showed that the respondents are well aware of the BIM
benefits even if they are not implementing BIM.
A further aim of the survey was to investigate BIM implementation barriers. The
respondents were provided with a list of BIM implementation barriers based on previous
research, as outlined in Section 3.3.2. The respondents were then asked to scale their
answers for each barrier to BIM implementation in the public construction industry in
Jordan. A 5-point Likert scale was used from 1 (the least related barrier) to 5 (the most
related barriers). Six respondents skipped this question, and 116 responded. The weighted
averages for the BIM barriers were calculated for each group (the public clients,
consultants and contractors), and then the barriers were ranked from 1 to 11 for each
group (see Table 6.5). The main five barriers for BIM implementation, as stated by the
respondents and agreed by different groups, are ‘additional resources and expenses’,
‘procurement strategies’, ‘a lack of BIM skills, education and training’, ‘complexity (long
hours to develop a BIM model)’ and ‘a lack of a comprehensive framework or
implementation plan’. This question was followed by an open-ended question on any
other BIM barriers that the respondents wished to add. The respondents provided no
additional BIM barriers. This could be because most of the BIM users in the public sector in
Jordan have only started using BIM recently on their pilot projects, or they have used it
only for visualisations to present the design in 3D (see Figure 6.5).
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Table 6.5: BIM implementation barriers to the public sector in Jordan
Rank
BIM Barriers

Additional resources/
expenses
Procurement approach
Lack of BIM skills,
education and training
Complexity (long hours to
develop a BIM model)
Lack of a comprehensive
framework or
implementation plan
Culture change
Attitude and awareness
(resistance to change
from 2D drafting
practices)
Organisational challenges
among construction
professionals
Lack of a legal framework
(model ownership and
legal contract)
Lack of interoperability
Lack of standards
Increased risk and liability

Public Clients

Public Consultants

Public Contractors

19 Respondents
Weighted
Ranking
average

17 Respondents
Weighted
Ranking
average

80 Respondents
Weighted
Ranking
average

1

4.00

2

3.65

1

4.60

2

4.00

3

3.65

2

4.26

3

3.95

4

3.41

3

4.11

4

3.95

1

3.71

5

4.08

5

3.84

5

3.41

4

4.11

6

3.79

7

3.27

9

4.00

7

3.79

8

3.27

7

4.03

8

3.76

6

3.40

8

4.01

9

3.72

9

3.24

6

4.08

10
11
12

3.68
3.58
3.58

11
10
12

3.06
3.18
2.82

10
11
12

3.99
3.86
2.76

Section 4: BIM Feasibility in the Public sector
Respondents were asked about the BIM feasibility for the Jordanian public sector. A Likert
scale was used from 1 (too early) to 5 (too late). Six respondents skipped this question,
and 116 responded. As can be seen in Figure 6.10, more than half of the respondents
(55.17%) indicated that now is an appropriate time to adopt BIM since they need it.
Almost 40% of the respondents said that they have been late in adopting BIM, but that
there was still a possibility to catch up with this technology. Only 2.6% reported that it was
too late whereas 4.31% said it was early to talk about the adoption of BIM. None of the
respondents said it is too early to adopt BIM and that the industry is not ready for BIM
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adoption. This indicates that now seems to be the appropriate time to properly consider
BIM implementation.
The respondents to question 10 were asked to give reasons for their answers about
whether BIM adoption and implementation is too early, early, timely, late or too late. The
following includes some of their reasons:
“It is timely because mainly in Jordan, the business and the volume of investments
in the construction sector have become significant and improving the efficiency of
this sector becomes crucial.”
“It is timely due to the lack of resources in the country; BIM will optimise materials,
energy, water usage.”
“It is timely in order to avoid the many mistakes that are happening now in
construction and wasting time.”
Answers to both questions give an indication of the feasibility of BIM in the Jordanian
public sector and the need for this technology.

2.59%

4.31%

Early: possibly in the coming
future
Timely: now is the time to
adopt BIM since we need it

37.93%

55.17%

Late: there is still the
possibility to adopt this
technology
Too late: we are too behind

Figure 6.10: Public industry current situation towards BIM adoption
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Section 5: Procurement Approaches Used in the Public Sector in Jordan
Finally, the respondents were asked about the type of procurement approach they used
when delivering the public buildings in Jordan. 122 responded to this question. 77% stated
that DBB was used. DB came second with 16.4%, and only 6.5% claimed that had adopted
CM as a procurement approach to deliver public building projects. None of the respondents
stated that IPD was used to deliver public buildings (see Figure 6.11).
90.00%
80.00%

77.00%

70.00%
60.00%
50.00%
40.00%
30.00%
16.40%

20.00%

6.60%

10.00%

0.00%

0.00%
DBB

DB

CM

IPD

Figure 6.11: Procurement approaches adopted for delivering public buildings in Jordan

6.3 DISCUSSION
The construction industry is the largest industry in Jordan, and the building sector
accounts for more than 33% of the country’s energy consumption since Jordan is not an oil
producing

country.

BIM

has

been

considered

to

be

one

of

the

most

effective

organisational and technological innovations in the AEC. Moreover, BIM has the potential
to achieve more sustainable construction processes, and thus enhance the construction
industry performance. The findings of the BIM feasibility study demonstrated in this
chapter reveal certain key points regarding BIM implementation in the public sector in
Jordan, which are detailed in the forthcoming sections.
6.3.1 Need for BIM
Jordan and GCC were surveyed by BuildingSMART (2011) about the penetration of BIM.
The survey results suggest that the penetration was “moderate”, and 25% of the
participants were “familiar” with the BIM processes, but only 5% were using it
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(BuildingSMART, 2011). Comparing BuildingSMART’s (2011) statistics to the results of this
research, it can be stated that BIM adoption in Jordan is on the rise for many reasons,
including the fact that the Jordanian government itself embarked on BIM in 2011.
Moreover, the number of foreign construction companies has increased, with 898.1
million JD of construction works compared to 619.1 million JD worth of work for local
construction companies in Jordan (JCCA, 2016). Studies showed that the competitive edge
of the foreign firms over their local counterparts resulted from their ability to deliver a
higher quality of work with a timely completion because of their superior project
management and technological expertise (Ofori et al., 2013). Therefore, it is believed that
foreign companies were able to assist in the introduction of many innovative technologies,
such as BIM.
BIM adoption and implementation in the public sector in Jordan is expected to increase
over the coming years as none of the respondents who adopted BIM in the public sector in
Jordan mentioned that they did not like BIM, nor that they intended to stop using it.
Moreover, only 4.3% of respondents said that it is too early to adopt BIM whereas 93.1%
of the respondents either expressed that BIM adoption is timely because they need it now
or that although they have been late in implementing BIM, there is a possibility to catch
up. Therefore, these results demonstrate the need for BIM in the public sector.
The main reasons why the respondents believe that there is a need for implementing BIM
in the Jordanian construction industry was stated as: “it is timely in order to avoid the
many mistakes that are happening now in construction and wasting time”; “it is timely due
to the lack of resources in the country”; “BIM will optimise materials, energy, water
usage”; and “due to the increased volume of investment in the industry”. These indicate
that the public stakeholders understand the likely benefits of adopting and implementing
BIM in Jordan even if they are not implementing it themselves.
6.3.2 Gaps in BIM Adoption and Implementation
Although the Jordanian government was the first in the Middle East to take the BIM oath,
and that it was part of the agreement in 2011 with BuildingSMART and JCCA to promote
BIM in Jordan, no standards, protocols or guidelines have been developed by the
Jordanian government, and there are no mandates to use BIM for the public projects, as
the literature review revealed.
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The first gap revealed in the questionnaire survey is the one between the primary
government role of pushing BIM in the public sector in Jordan and its actual awareness
and desire to implement BIM. Despite the fact that 76.24% of the respondents claimed
that the government has a key role in driving BIM adoption and implementation in the
public sector, 73.5% of the respondents stated that the desire for BIM amongst the public
client is below average or very low. Similarly, Al Awad (2015) conducted a survey on SMEs
in the Jordanian construction industry, and the majority of the respondents were of the
opinion that there is a need for the government to step up and drive BIM adoption.
This

research

has

also

found

that

there

is

a

gap

between

BIM

adoption

and

implementation by consultants and contractors in Jordan as 87% of the contractors are
not using BIM whereas 70.6% of the consultants are using it. Gerges et al. (2017) explained
that the contractors’ financial issues are behind that lack of BIM usage, which has resulted
in the slow growth of BIM implementation in construction projects in Jordan.
6.3.3 Barriers to BIM Implementation
The focal point of this phase is to identify the barriers to BIM adoption and
implementation in the Jordanian public construction industry. A well-documented list of
barriers to BIM adoption and implementation worldwide (see Table 3.7) was used to ask
the participants about their views on these barriers in the Jordanian context. Some of the
major barriers to adopting and implementing BIM in Jordan have been identified as:
‘additional resources and expenses’, the type of ‘procurement approach’, a ‘lack of BIM
skills, education and training’, a sense of ‘complexity (in the long hours required to
develop a BIM model)’ and a ‘lack of a comprehensive framework or implementation
plan’.
For the ‘additional resources and expenses’, many construction industry professionals
have been deterred from adopting BIM due to the perceived high initial cost of
implementing it as any new technology costs money (Giel, 2010). In the Middle East, BIM
contractors look at this type of technology as an additional cost (Gerges et al., 2017).
Furthermore, Nanajkar and Gao (2014) investigated the status of BIM in India, and they
concluded that the cost of the software was perceived as the main barrier to adopting
BIM.
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For the ‘procurement approach’ barrier, the current regulatory frameworks, and in
particular the contract procurement strategies, which have a major impact on the success
of BIM use, may at times obstruct, rather than support the employment of BIM (Holzer,
2015). The majority of the public projects in Jordan were awarded with a DBB contract
procurement method as 77% of the respondents stated that they had been using DBB to
deliver their projects. This procurement approach has been the predominant approach for
delivering construction projects in Jordan and the region for decades. Although BIM
implementation through the DBB procurement approach can improve the overall process,
it cannot express all the BIM potential benefits due to the structure of this approach
(Salmon, 2012). This, therefore, could hinder the project stakeholders from implementing
BIM in a collaborative environment in order to obtain the full benefits. Indeed, the
contractors’ late involvement is not ideal because of their limited contribution to the
design process (Roginski, 2011; Eastman at al., 2011, p. 10).
The third barrier is the ‘lack of BIM skills, education and training’. This finding is similar to
the research by Ahmed (2014), who also identified the main barriers to implementing BIM
in Qatar, a Middle Eastern country, as ‘the availability of skilled professionals’ and ‘the
knowledge about BIM’. The fourth barrier is ‘complexity’. As a result of the lessons learned
from the early adopters of BIM, Howell (2005) stated that the size and complexity of the
files that BIM creates, represent a major barrier. The fifth barrier is the ‘lack of a
comprehensive framework or implementation plan’. Howard and Bjork (2008) stated that
there is an absence of a framework or implementation plan into which BIM can fit.
6.3.4 Ways of Overcoming the Gaps and Barriers to BIM Adoption and Implementation
This study has confirmed that government acceptance of BIM is fundamental to the
success of BIM adoption and implementation in Jordan. Therefore, there is a need to
conduct workshops to educate all the government departments and other stakeholders in
the

public

sector on ‘model-based’

deliverables

and its

benefits. Political

pressure

influences BIM adoption and implementation in many countries. In Jordan, most of the
respondents reported that the government should play a key role in driving BIM.
Therefore, the enforcement of BIM adoption and implementation by the government will
assist in overcoming many BIM barriers, such as the ‘resistance to change’ barrier.
Moreover, the government can encourage BIM adoption and implementation by giving
grants to consultants or contractors that implement BIM. Furthermore, there is a need as
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well to determine the cost savings of implementing BIM in the public sector in Jordan and
to show the returns on the investments (ROI) of paying additional fees.
Apart from the political drive, BIM is a collaborative platform; thus, receiving the
maximum benefits from its implementation requires a collaborative environment between
all

disciplines.

Different

procurement

approaches

can

achieve

different

collaboration

levels by establishing the relationships between the involved parties and tasks throughout
the building lifecycle (Laishram, 2011). Therefore, there is a need to align the various
procurement approaches used in the Jordanian public construction industry with the novel
opportunities offered via BIM.

6.4 CHAPTER SUMMARY
The questionnaires revealed that BIM use in the public sector is rising. Moreover, the
findings ascertain the feasibility of BIM use in the Jordanian public sector, and that it is
timely to adopt BIM. The questionnaires also revealed that most of the construction
professionals in the public sector in Jordan are well aware of the benefits of BIM. On the
other hand, most of the public consultants and contractors stated that the government
has a key role in implementing BIM in Jordan. However, 73.8% of them reported that the
government awareness and desire to implement BIM is below average. Therefore, the
main barriers to BIM implementation in the public sector in Jordan are represented by this
lack of government demand in addition to the ‘additional resources and expenses’
required,

getting

the

appropriate

‘procurement

approach’,

the

‘lack

of

BIM

skills,

education and training’, the ‘complexity’ and finally the ‘lack of a comprehensive
framework or implementation plan’ (see

Table 6.5). The ‘additional resources

and

expenses’, ‘complexity’ and ‘lack of BIM skills, education and training’ are not within the
scope of this research because these barriers require a level of national awareness and the
implementation of relevant training plans to overcome these barriers. However, the
‘procurement strategy’ and ‘lack of a comprehensive framework and implementation plan’
are the focus of this research. Therefore, this research moves on to Phase 2, which
investigates the BIM barriers in more depth, specifically how and why the ‘procurement
approach’ and the ‘lack of a comprehensive framework and implementation plan’ affect
BIM implementation.
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CHAPTER 7: BIM, PROCUREMENT AND SUSTAINABILITY ISSUES IN
JORDANIAN PUBLIC SECTOR PROJECTS
7.1 INTRODUCTION
The findings presented in Chapter 6 have verified the feasibility of BIM use in the
Jordanian public sector, and that it is timely to adopt BIM. The questionnaire survey also
identified the particular barriers and challenges to implementing BIM in the Jordanian
public sector. The ‘procurement approach’ and the ‘lack of a comprehensive framework or
implementation plan’ were among the major barriers and challenges to implementing BIM
in the public sector in Jordan. Therefore, BIM implementation will be investigated through
the lens of a public procurement strategy.
A set of semi-structured interviews were conducted with the BIM practitioners to obtain a
better understanding of BIM, procurement and sustainability issues in the public sector in
Jordan. The focus of this chapter is on these interviews and the qualitative data analysis
from the interviews. The method of data collection, the data collected and the analysis of
this data will be discussed. In previous chapters, the nature of research was identified as
exploratory. In the same vein, the interviews were undertaken with key BIM practitioners
in

the

construction

procurement

public

approach

sector

and

its

in

Jordan

effect

on

to

explore

BIM

the

current

implementation.

construction
Sustainability

considerations were also explored.
7.1.1 Aim and Objectives of the Interviews
The aim of the interviews was to investigate the current practices and common issues
regarding BIM implementation in the Jordanian construction public sector through the
lens of the procurement approach adopted.
The objectives of the interviews were set on delivering public construction projects in
Jordan and were focused essentially on gaining insight into the following:
●

BIM delivery issues in the Jordanian public projects including BIM status, the
processes involved, the drivers and the benefits and barriers.

●

The current construction procurement approaches implemented in the Jordanian
public sector including the tender processes and stakeholders’ involvement in the
public projects lifecycle.
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●

The main challenges in the adopted construction procurement approaches that
affect the implementation of BIM.

●

How to overcome BIM procurement issues.

●

Issues of delivering sustainable buildings in the public sector in Jordan.

The above objectives were attained by sending out an invitation letter about conducting
the interviews with a comprehensive guide to the prospective interviewees. This was to
introduce this research topic and define the aim and objectives of the interview.
7.1.2 Interview Sampling
A total of 12 interviews were conducted in May 2017 and June 2017 with those with a high
level of managerial expertise in the public sector in Jordan. The interviewees were
selected depending on their previous experience of BIM processes, procurement delivery
approaches and delivering sustainable buildings. In Chapter 6, the Phase 1 data collection
(from the BIM feasibility study) assisted the researcher in identifying the possible
interviewees that have the necessary and relevant experience. As seen in Figure 6.4
(Chapter 6: BIM Feasibility Study), 24% of the respondents were using BIM, which
represents 29 of the BIM practitioners interviewed. All of these have substantial
experience in procurement approaches and in delivering sustainable buildings since the
BIM feasibility study was targeted at managerial level professionals. Moreover, the
selected candidates were registered in one of the organisations called by the Jordanian
Green Building Council as one of the major players for sustainability in Jordan (see Figure
2.5). Therefore, an invitation to participate in an interview was sent to 29 BIM
practitioners. 12 BIM practitioners agreed to being interviewed.
Semi-structured interviews were conducted with these project managers, BIM managers,
contract managers, construction managers and tender managers that have been working
on public projects sized between 1 million and 4.5 billion Jordanian dinars (JD)(between
1.08 million and 4.87 billion pound sterling). The interviews covered four disciplines: public
bodies, consultants, construction management and contractors (see Table 7.1).
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Table 7.1: Interview participants
Organisation
size
M

Position

M

Participants Department/
Company
P1
Public client/
design
department
P2
Public client

Project manager

No. of years’
experience
18

Size of the
projects
Hundreds of
million JD

Project manager

15

Tender manager

24

P4

Public client/
GTD
Public client

Project manager

10

M

P5

Consultant

BIM manager

8

S

P6

Consultant

36

M

P7

Consultant

Contract
manager
Project manger

S

P8
P9

M

P10

Contractor

M

P11

Contractor

Construction
manager
Project manager
and construction
manager
Contract
manager
Project manager

45

S

Construction
management
Construction
management

1-50 million
JD
1-50 million
JD
1-20 million
JD
20-100
million JD
1-629 million
JD
1-260 million
JD
5-200 million
JD
Several
billion JD

S

P3

S

S

P12

Contractor

BIM regional
manager

9

23

18

13
8

1-20 million
JD
1-80 million
JD
20m-4.5
billion JD

7.1.3 Interview Analysis Method
Two pilot interviews were conducted with one lecturer at the University of Portsmouth
and another lecturer at the University of Jordan to validate and refine the interview
questions. Then, the interview questions were updated, according to their suggestions. As
the interviews were conducted in Jordan, the questions were translated into Arabic, the
official language in Jordan. The interview questions are in Appendix F. Two key stages
were followed to prepare the interview data to be analysed:
Stage 1 – Conducting the interviews: This began by obtaining the interviewees’ approval
for participation. The researcher then visited the participants in their workplace, and each
of the participants was interviewed face-to-face individually. Each of the interviews lasted
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between 45 and 90 minutes. The interviews were conducted with the BIM experts listed in
Table 7.1.
Stage 2 – Transcribing the interviews: the transcribing process comprised five steps:
recording the interviews; transcribing the recorded interviews in Arabic using Microsoft
Word; the interviewees ensuring the reliability and validity of the transcripts from the
interview process; translating the content of the transcripts into English; finally, two Arab
PhD researchers in the School of Civil Engineering and Surveying at the University of
Portsmouth checking the validity of both the Arabic and English transcripts and the
translation from Arabic to English. Although this process was time consuming, it led to the
outcomes and results being doubly verified as the data were validated in Arabic and
English. In fact, it also resulted in being able to identify the common patterns and themes
in the data analysis. In total, the recorded interviews resulted in 70 pages of transcription
in both Arabic and English. A sample of the transcript is in Appendix G.
The richness and diversity of the resulting data required a robust analysis. For instance,
BIM is understood and implemented differently by distinct individuals and organisations
with varying backgrounds. Therefore, the transcripts of the interviews were analysed using
a content analysis approach. This approach can be used to identify and examine phrases
and words within the available data. Thereafter, certain themes and connections can be
created to explain the findings, attaching meaning and importance to the data analysed. It
was suggested by Renner (2003) that in order to analyse and interpret the data, three
questions need to be asked: what are the major lessons? What new things did you find?
And, what will those who use the results be most interested in knowing? These questions
will be answered in the discussion in Section 7.8.
7.1.4 Analytical Tool Used to Analyse the Interview Data
The NVivo, version 11.3, data management software was used in this study to analyse the
collected

interview

data.

The

software

was

downloaded

from

the

University

of

Portsmouth’s free access application website. Four steps were used in the software to
analyse the data:
1.

Interview data sources were inserted into NVivo: interviews transcripts and participant
demographics were inserted into NVivo, as seen in Figure 7.1.
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2.

Interview data were organised and coded: obvious topics were abstracted from the
transcript interviews. This includes organising and grouping the related ideas into
nodes.

3.

Interview data were analysed, and queries were run by the researcher. This step
involved the initial merging of the nodes and running queries, so it allowed for a
further investigation into the more complex aspects of the nodes; this complies with
Bryman’s (2008) suggestions. The final node structure is shown in Figure 7.2, which
represents the NVivo screenshot entitled “thematic coding framework”. Five main
issues emerged from the nodding process: ‘BIM implementation issues in the public
sector

in

Jordan’;

‘construction

procurement

in

the

public

sector

in

Jordan’;

‘procurement approaches for BIM implementation in the public sector in Jordan’; ‘key
improvement measures for better BIM implementation’; and ‘construction public
projects’ performance’. Each of these issues has major themes and sub-themes that
emerged from analysing the data. The nodes were streamlined and arranged in a
hierarchical order to tolerate greater analytical coding for the researcher and by using
queries in NVivo.
4.

Answers to the questions were drawn from the interview data.

Figure 7.1: Step one of the interview analysis – data source entered
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Figure 7.2: Step two of the interview data analysis - data was coded and organised in NVivo

7.2 INTERVIEWS: THE MAIN FINDINGS
The main findings from analysing the interviews qualitatively are provided in this section.
Table 7.2 represents the key findings in the form of main issues, key themes and subthemes. The following sections discuss these issues separately.
Table 7.2: Interviews’ key themes and findings
MAIN ISSUES
KEY THEMES
BIM implementation in
● BIM status
the public sector in Jordan ● BIM process
● BIM drivers
● BIM benefits
● BIM for
sustainability
● BIM barriers

Construction procurement ● Procurement
in the public sector in
approaches
Jordan
adopted
● Issues associated
with the currently
adopted

SUB THEMES
● BIM is mainly implemented in the design phase
for 3D visualisation and clash detection
● BIM processes are fragmented
● Lack of government demand
● Perceived benefits from implementing BIM in
construction in the public sector in Jordan
● Business and legal, technical and organisational
BIM barriers (Table 7.2)
● Procurement approaches are one of the major
barriers to BIM implementation
● Traditional procurement is the most common
approach
● Most of the public building projects have been
delivered using a one-stage tender under the
traditional procurement approach
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procurement
approaches
● Main tasks and
stakeholder
involvement
Procurement approaches ● Procurement
for BIM implementation in
approaches
the public sector in Jordan
adopted for BIMbased projects
● Best fit
procurement
approach for BIM
implementation
● Construction
procurement
approach issues
that affect BIM
implementation
Key improvement
measures for better BIM
implementation

Public sector construction
projects’ performance

● Traditional procurement approaches are the
most commonly used for BIM-based building
projects.
● DB and IPD are the best fit for BIM
implementation
● Key issues for effective BIM implementation
are: a lack of procurement processes for BIM
implementation; unclear roles and
responsibilities; late stakeholders’
involvement; rigidity of the tender process;
limited pre-qualification list; and unclear
guidance on the needed BIM level of details
(LODs) over the project lifecycle

● Critical steps and
action
● Procurement
delivery
approaches up
take for BIM
● BIM meetings
● BIM units

● Changing procurement approach and guidance
on BIM training and education are the key
steps to implementing BIM
● DB and IPD are the optimal procurement
approaches for BIM implementation. However,
there are many issues to implementing these
approaches in Jordan
● BIM meetings are needed to enhance
collaboration and communication
● Contractors started to train BIM units to be
involved early in the design stages
● Performance
● Cost, time and quality are the most used
assessment pre
metrics
and post project
● The existence of a performance gap between
completion
design intent and the final building product
● Metrics used in
● Adopted procurement approaches, financial
public construction
support, policies and legislation and
projects
compliance and certification are among the
● Sustainable
major barriers for achieving sustainable
construction in the
buildings in Jordan
public sector
● Sustainability procurement factors under a
preferred procurement approach have been
identified

174

7.3 BIM IMPLEMENTATION IN THE PUBLIC SECTOR IN JORDAN
The interview analysis revealed many issues experienced by BIM practitioners in the public
construction sector in Jordan. Issues such as the current usage of BIM, adopted
fragmented

BIM

processes,

BIM

drivers,

BIM

benefits

and

the

main

barriers

to

implementing BIM. The following sections discuss each of these issues.
7.3.1 BIM Status
Interview participants were asked about BIM implementation in Jordan, P5 (a BIM
manager) and P12 (a BIM regional manager) in consultant and contractor companies
commented that: “the main letter in BIM is the I; everything is to maintain the I and to
keep it available to everyone involved in the project”; “BIM is all about the letter, I; if we
give correct input for the software, then we will get the required output”.
Interview participants commented on the current usage of BIM in the public sector in
Jordan. P2 expressed that “most BIM practitioners in Jordan use the modelling tool to get
the sections and elevations and then export them to Auto cad (2D)”. Another, P7, stated
that “the main goal for the BIM model in Jordan is clash identification”. This has confirmed
the survey results in Figure 6.5 that visualisation and clash detection are the main
applications of BIM in the public sector. P7 also added that “there are many projects
delivered using BIM in terms of the design, but very few have delivered construction
through BIM”. P12 agreed by stating that “BIM has been adopted only by consultants in
most of the projects”. Therefore, it can be said that BIM implementation in the public
construction sector in Jordan has been used mostly in the design phase for the purpose of
visualisation and clash detection.
7.3.2 BIM Process
BIM has been implemented in a fragmented way through two main BIM processes as
reported by the interview participants. These processes can be summarised as follows:
Process one: P3, P6 and P8 confirmed that most of the projects delivered utilising BIM
followed these stages:
1.

The consultants build the BIM model in the design stages.

2.

They export the designed BIM model into 2D drawings.
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3.

The contractor then bids based on these 2D drawings, and the construction work is
carried out based on these 2D drawings.

Process two: The other BIM-based process was confirmed by P4, P6 and P7 as the
following:
1.

The consultants build the BIM model.

2.

They export the designed BIM model into 2D drawings.

3.

The contractor bids based on these 2D drawings.

4.

The contractor builds his own BIM model based on the drawings to calculate the
quantities and to detect any clashes.

These BIM fragmented processes are adopted for many reasons (issues) exist in the
Jordanian public building sector, as stated by the interview participants. These issues:
1.

The procurement system most used in the public sector in Jordan is DBB. This type of
procurement

is

fragmented

in

nature,

and

the

stakeholders’

involvement

and

responsibilities are separated in the design and construction phases. This, therefore,
leads to the late involvement of the contractor and sub-contractors in the delivery
process and the adoption of fragmented BIM processes.
2.

In terms of the rigid tender procedures, P8 claimed that “fragmented BIM process are
adopted due to the rigid system in tendering in the governmental tendering
procedures” as the pricing is based on the 2D drawings. In BIM-based projects, these
drawings are extracted from the 3D BIM model and are sent to the bidders. The
bidders in turn do not have access to the model.

3.

The permit loop includes JEA, JCCA, MPWH, CCD and the Amman municipality. P7
commented that “these parties cannot audit the BIM models; therefore, each time
that you need to obtain the permit, you need to print it on 2D drawings”.

4.

The lack of BIM competency with the contractors is also one of the reasons for using
these BIM processes as few contractors have delivered public buildings using BIM.

7.3.3 BIM Drivers
The majority of the interview participants claimed that BIM implementation in Jordan is a
top-down approach in which the government addresses BIM at a strategic level. P12
stated “the starting point to influence BIM implementation in Jordan should be the
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government”; P4 confirmed this by claiming that “the public sector will push the private
sector to use BIM”. P9 and P11 also added respectively that “the government needs to
propose BIM usage to the other stakeholders” and “the government is the party who
initiate the projects and employ the whole team and decide whether to use BIM or not”.
This is in accordance with the survey results in Chapter Six (see Figure 6.9) and a study that
has been performed by Al Awad (2015). However, the interview participants confirmed
that there is a lack of government demand, which also agrees with the survey conducted
in Chapter six, as shown in Figure 6.8. P1 commented that “the agreement which was in
2011 between JEA, JCCA and MWPH on promoting BIM was just paperwork with no
actions”.
The interview participants reported that the first step to implementing BIM effectively is
by having a law on implementing BIM. P8 stated that “the government associations such
as JEA, JCCA need to enforce the usage of BIM by having a law on implementing BIM and
employing a BIM specialist. The government is represented by the MWPH”.
On another governmental level, P5 (a consultant) expressed that “efforts were made by
the early BIM implementers in Jordan to work with the Greater Amman Municipality
(GAM) to influence BIM implementation in other municipalities like Dubai. Meetings,
workshops

and

implementation.

seminars
These

were

conducted

in

meetings,

workshops

and

GAM

workplaces

seminars

showed

to

influence

that

people

BIM
are

educated on BIM. However, BIM implementation should start from a higher position like
MPWH”.
On the other hand, P12 (a contractor) claimed that the government role should not only
be to enforce BIM for its own projects, but also in the public education system, such as
with students in undergraduate and post-graduate related courses: “at the moment, our
fresh graduates don’t know about BIM; the government needs to push and ask for it to be
included even in the undergraduate programmes. So, associations, education bodies, the
private sector, and most importantly the government, all have shared responsibilities”.
7.3.4 BIM Benefits
The construction public sector in Jordan has many perceived benefits from implementing
BIM. One of the main BIM benefits that have been expressed by most of the interview
participants is the BIM contribution to enhancing the poorly coordinated design drawings
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when delivering public building projects. P8 stated that a “public project can be delivered
without BIM. However, BIM utilisation will aid in avoiding a lot of clashes in the
coordination between different stakeholders”. P4 added that “BIM was utilised because it
overcomes the coordination problems in the traditional type of design”. P5 also stated
that “BIM will enhance the design process, and it will produce well-coordinated designs.
Therefore, it will reduce the issues that can cause changes, disruptions and delays”.
Another

BIM

perceived

benefit

is

enhancing

the

collaboration

between

project

stakeholders. P9 claimed that:
BIM will improve the collaboration in design and construction through enhancing
the project stakeholders’ relationships and patterns to produce and exchange the
project information by using this platform for the project’s whole lifecycle.
BIM implementation will reduce the time and cost of the public building projects through
the time and cost savings from the information exchange. P6 stated that:
In supply chain management, the wastage of information in the conventional way
will occur between different stakeholders at the same stage, and between different
stages, as for example, the contractors have complained that although the
building’s lines and drawing are usually completed, the whole information was not
delivered due to the information wastage which happens in the design phase.
P5 expressed that “BIM has changed the way information is exchanged; it becomes easier
using BIM tools with less time and money wastage on information exchange compared to
the traditional ways”. P9 added that this will lead to a reduction in the project delivery
time and cost. P7 also expressed that “BIM benefits are in terms of minimising time and
cost, and enhancing the quality of the final product”.
In terms of the cost, P12 expressed that:
In Jordan, construction projects are usually highly uncertain in terms of cost. This is
why we are going for BIM; it’s to know everything; what do we need? Forecast and
hiding prices that we will not be able to see it until we run the BIM 4D simulation;
that’s why the 4D in BIM is a very major aspect that we use and need.
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P8

also

added

that

“when

BIM

is

implemented,

more

accurate

cost

estimations

(measurement and quantity) can be calculated. Cost estimations will be accurate with an
error as low as 2%”.
BIM can also improve the decision-making process, as expressed by the interview
participants. P4 expressed that “BIM for sure can improve the decision-making process
because convincing the project sponsors and end-users based on the modelled project is
easier than with the 2D drawings”.
7.3.5 BIM Effect on Sustainability Performance
Most of the respondents stated that BIM has a significant potential to contribute to public
building sustainability performance. This confirmed the questionnaire survey (see Table
6.4) in which the questionnaire respondents placed sustainability enhancement as one of
the main five benefits of BIM implementation. Further to this, P4, P7, P11 and P12
identified BIM as the core aspect of sustainability.
The

interviewees

were

also

asked

about

how

BIM

contributes

to

sustainability

performance. Answers can be classified under two main aspects: visualisation and
sustainability analysis. For the visualisations, P3 and P5 claimed that BIM’s ability to
provide visual building information will have a positive effect on the decision-making
process. This will minimise the changing orders and reworking, thus obtain a better
building performance.
For the sustainability analysis, the interview participants highlighted that the ability to
integrate BIM with other performance analysis software to perform different scenarios
will lead to more sustainable and better performance buildings; P12 stated that:
We aim for cutting costs, minimising changes, clashes on site and wastage as the
construction industry has the highest percentage of waste among all the other
industries in Jordan. We have 27% wastage on any project, so for sustainability, the
first run of the energy model gives us an indication of how the building is going to
run in hot and cold weather, and how effective the envelope of the building has
been designed through BIM.
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7.3.6 BIM Barriers
In spite of the benefits reported above, BIM implementation in the Jordanian public sector
has faced business and legal, technical and organisational problems:
7.3.6.1 Business and Legal Problems
Barrier 1: Adopted procurement approach
The procurement approach is considered to be one of the major challenges and barriers to
implementing BIM in the public sector in Jordan. Most of the participants said that the
chosen procurement approach does have a direct impact on the success of BIM
implementation. Moreover, the others claimed that to fully implement and perceive the
full benefits of BIM, a procurement approach that enhances collaboration between
stakeholders is needed. A detailed discussion about the adopted procurement approaches
and their effect on BIM implementation will be presented in Sections 7.4 and 7.5
Barrier 2: Additional resources and expenses
The interview participants were asked to provide the barriers faced when implementing
BIM in the public sector in Jordan. The majority of the 12 participants reported that the
initial investment cost is one of the main barriers. P5 stated that “the problem with BIM
implementation in Jordan is that they consider it to be an increase in investment”. P6
added the reason for considering BIM as an increasing cost and additional expense “is due
to the traditional way of working which depends on the lowest cost”. P4, a project
manager on the public client side, added that the “consultants and contractors will be
investing in hardware and software in BIM projects that they can avoid by using the
conventional way of working”.

Barrier 3: Lack of a legal framework
The interview participants claimed that the legal barriers are among the main BIM
implementation barriers in the public sector in Jordan. P5 and P7 highlighted the
importance of having amended forms of contract. P5 stated that “there is a lack of
amended forms of construction contract that goes with BIM implementation”. P7 further
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argued that “as there is a lack of BIM demand from the government, other stakeholders
will not be bothered to create any form of contract for BIM implementation”. Copyright
and ownership of BIM models are also among the main barriers to implementing BIM in
Jordan, and they should be included in the main contract, as expressed by P7 and P12.
Barrier 4: Lack of an existing framework and implementation plan
P9 expressed that a “lack of public client awareness and demand for BIM has led to the
absence of a standardised approach, framework or plan to implement BIM”. P4 expressed
the significance of having a framework or implementation plan for BIM in order to have
better building performance: “the most important thing in construction is the quality of
the drawings, and as a public client representative working on BIM, I think it’s important
to have clear communication channels with the consultants, contractors and suppliers”.
He added that “by not having this, the process performance will be reduced due to a
misunderstanding between the parties; and, therefore, the final product will not perform
as expected”.
7.3.6.2 Technical Problems
Barrier 1: No standard BIM library
In terms of an existing BIM library in Jordan, the interview participants reported that there
is a lack of standardised BIM library. Therefore, P6 claimed that two methods are used for
collecting material information to import into a BIM model. Firstly, suppliers are asked
about the specification of certain items, then the information is imported and saved in the
BIM library. The second way is to browse the Internet for BIM components for this certain
item. He added that “this is easier, but we browse and import to the BIM model without
consulting the contractor or their sub-contractors as they are not on board yet”.
7.3.6.3 Organisational Problems
Barrier 1: Changing the payment mechanism
Changing the payment mechanism was considered to be a barrier for the government to
implementing BIM. P12 suggested that “BIM implementation will hold the project back;
more time and money will be spent on the design and preparation stages to make the
construction stage shorter in time compared to the conventional approach by reducing the
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rework and having more accurate drawings”. P11 (a contractor) described changing the
payment mechanism as a barrier to BIM implementation: “it’s considered a barrier to BIM
implementation to spend more time and money on the design as it’s not the way that the
sector is used to working”. He added that “the flow of the money then, of course, will be
completely different between BIM and the conventional approaches. So, if this issue is not
well understood by both sides, the public client and his supply chain, major conflicts will
occur in the payment mechanism, planning and scheduling of the project”.
Barrier 2: Culture change
The interview participants expressed that the resistance to change is one of the main BIM
barriers in Jordan. P3 stated that “it starts with the culture, as for example many engineers
in Jordan still use hand drawings for small projects”. These people need to be educated
about the new tools. He added that “the problem is to make BIM a culture and style”. On
the other hand, P9 expressed that “legally, there is no obligation to make someone work
on, for example, auto cad or any software”.
Barrier 3: Current audit process
Another barrier to BIM implementation is the permit loop, as expressed by P5 and P6. The
permit loop in a Jordanian construction project includes JEA, JCCA, MPWH, CCD and the
Amman municipality. These parties cannot audit BIM models, as the interview participants
claimed; therefore, each time the consultants or contractors need to obtain a permit, they
need to print a design out in 2D drawings. This will consume more time, cost and effort.
Thus, the full benefits of BIM will not be recognised by the project stakeholders; therefore,
to implement BIM, there is a need to change the way JEA, JCCA, MPWH, CCD and the
Amman municipality review and audit the design. Moreover, these audit units need to be
trained, so they can audit the design through a BIM model.
Barrier 4: Lack of qualified contractors
There is a shortage of qualified contractor companies compared to the consultant
companies, as shown in Table 6.8. This issue has been outlined by the interview
participants, that is the public client representatives, consultants and contractors. P5 (a
consultant) reported that “I know many big consulting firms in Jordan have started to
utilise BIM, but I don’t know so far about the contractors who have the capability to use
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BIM”. P7 (a consultant) also added that “there is a lack of Jordanian contractors
experienced in BIM implementation and pricing”.
P3 (a public client) stated that there is a need to have a transitional period in BIM
implementation in the public sector where more contractors’ engineers get trained on the
BIM approach. He added that “because of this, most of the public projects were delivered
using BIM for only 3D visualisation and clash detection as contractors usually bid and
deliver projects in the conventional way”. P4 (a public client) reported that “due to the low
numbers of qualified contractors who work on BIM, they ask for a lot of money to deliver
using a BIM model”.
On the contractor side, P12 commented that “it’s a costly approach because the
contractors who do it are very few, and they are taking advantage of that. So, there is not
much competition in choosing the contractors working on BIM”. On the other hand, P10
added that “the increase in cost will be saved in the construction if they went through
clash detection, 4D, 5D and 6D simulation. The public client will be saving much more than
the increase in up-front cost”. He added that “in the near future, more construction
companies

will

adopt

BIM;

therefore,

competition

will

increase

and

prices

for

implementing BIM by the contractor will decrease”.
The contractors’ competency is behind the lack of implementing BIM in the construction
phase. P8 stated that “you need a contractor who is well trained in using the designed BIM
model because he has to prepare and submit a final technical and financial offer based on
the designed BIM model”. As a result, the interview respondents suggested a transitional
period of time for the public contractors to train their staff in BIM implementation.
On the other hand, BIM contractors are taking advantage of the current situation in
Jordan. P9 (a construction manager) commented that “in one of the projects, we asked
the main contractor to use BIM to deliver the project; he asked for 300,000 JD to build a
BIM model”; P12 (from a contractor company), agreed with this by stating that “the
contractor usually asks for a lot of money to implement BIM because the people who do it
are very few, and they are taking advantage of that”.
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7.4 CONSTRUCTION PROCUREMENT IN THE PUBLIC SECTOR IN JORDAN
The procurement approach is considered to be one of the major challenges and barriers to
implementing BIM in the public sector in Jordan. This has firstly expressed by the public
major stakeholders in the questionnaire survey (see Table 6.5) and BIM practitioners in the
interviews (Section 7.3.6). Therefore, the following sections will discuss the issues related
to the adopted construction procurement approaches.
7.4.1 Types of Construction Procurement Approaches
The interview participants were asked to state the types of procurement approaches used
in the public projects as well as the percentage for each approach (see Table 7.3). The most
commonly used procurement approach in the public sector in Jordan is DBB with an
average of 76% of all those used in the public building sector. According to FHWA (2005),
the traditional method of DBB is the most widely used procurement approach worldwide.
This type of procurement has been widely criticised due to its fragmentised nature as
there is a total separation between the responsibilities and risks by the consulting and the
contracting sides.
Table 7.3: Procurement approaches in the Jordanian public industry
Procuremen
t approaches

Percentage
P1
P2
P3

DBB

70
%
20
%
10
%

DB
CM

80
%
10
%
10
%

80
%
20
%
0%

P4

P5

P6

P7

P8

P9

P1
0

P1
1

P1
2

Avera
ge

80
%
20
%
0%

70
%
30
%
0%

70
%
20
%
10
%

80
%
10
%
10
%

70
%
30
%
0%

80
%
20
%
0%

90
%
10
%
0%

70
%
20
%
10
%

70
%
20
%
10
%

76%
19%
5%

The interview participants stated many reasons for adopting DBB to deliver public building
projects. One of the main reasons is the certainty of the cost that this approach offers to
the government. P6 (a consultant) reported that:
The design will be fully completed; and, therefore, the public client will know how
much it will cost before going to the construction phase. Therefore, he will choose
to continue if he has enough funding or not and choose accordingly.
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Resistance to change is also among the main reasons P7 (a consultant) claimed that:
The government is used to doing business in a certain way, and they will be
resistant to change to new tools or ways of working because they don’t know the
benefits, how to implement it or why to choose one approach and not another.
On the other hand, the DB and CM procurement approaches were used by the
government for a few significant projects as one of the interviews participants, P6 (a
consultant) stated that, “20% of the projects that I mentioned before on being awarded
with the DB or CM procurement approaches on public projects are only big unique
projects such as the ‘airport new building’ and the ‘fast lane bus’”.
Only 19% of the public projects in Jordan utilised DB. This is due to many reasons. For
instance, P2 stated it was because of a “lack of public client control beyond awarding the
contract” in this approach; P6 reported it to be due to a “lack of experience and
understanding of the DB processes as they are not fully aware of what is happening in the
business”, and P8 claimed that “there are few construction companies that are capable of
working in the DB approach”.
Another reason is that as there are few qualified contractors capable of working on the
design and build, according to P9, the “contractors tend to hire external consultants to
work on the design development”. P7 added that the:
Projects that have been completed using DB approach were done so by assigning
outsourced consultants, and this is because there is not one company in Jordan
able to do the design and construction using in-house resources.
He also reported that:
Hiring outsourced consultants will lead to the poor implementation of the DB
approach as it will not overcome the issues that this integrated project delivery
approach is supposed to, such as the collaboration and coordination issues.
Further to this, P6 expressed that:
Implementing such an approach in Jordan is similar to the design-bid-build
approach because the main contractor bids for the DB of a certain project, then
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once they are awarded the contract, they establish a contract with the external
consultant companies to design the project; then they will have a contract with the
sub-contractors to carry out the construction work. The role of the main contractor
becomes one for the project manager to manage and control the process of
delivering.
These views on DB provide further evidence to support Moore and Dainty’s (2000) and
Muriro’s (2015) findings; they clearly stated that such an approach does not deliver the
necessary integrated culture in the project; more specifically, the roles and responsibilities
under DB were similar to being under a traditional design-led procurement method.
CM is the least adopted approach due to a range of barriers in the public sector. These
barriers include a rigid tendering system. As such, P8 reported that “there is a rigid system
in tendering in the governmental tendering procedures”. Moreover, P8 added that “there
was no real definition for a CM firm as they are used to having a contractor registered in
the contractor association, and consultant firm and client”. In terms of the contract forms
commonly used, P9 reported that:
The contract itself that is used by the MPWH is based on the FIDIC contract. This
type of contract deals with the main contractor, the engineer (the designer and
supervision) and the owner. It is, therefore, easier to implement CM in the private
sector.
7.4.2 Tender Process
According to the ‘Government Works By Law No. (71) of 1986, Article 9’, the tender offers
should be submitted as technical and financial offers, which can be in two separate
envelopes, or in one envelope if the tenderer wishes that the technical and financial offers
are studied and evaluated together. The technical tender includes a method statement, an
outline of their capabilities, the staff and their CVs, the quantity and the methods used to
calculate it and a list of suppliers. The financial tender constitutes the prices offered for
the job. Moreover, it is stated in Article 8 that most of the ‘invitations to tender’ are
through a public announcement in at least two of the local daily newspapers, or they are
handed to the contractors or consultants who are approved by the employer to be invited
to tender on the recommendation of the Chairman of the Committee (The Hashemite
Kingdom of Jordan, 1986).
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The interview participants were asked about the type of tender strategy used by the public
client when delivering public building projects. As the DBB is the dominant procurement
approach adopted to deliver such projects, most of the interview participants stated that a
single-stage tender strategy was the most frequently used to deliver public building
projects in Jordan. However, few buildings projects were delivered using the two-stage
tender strategy. The following describes the issues faced by the key stakeholders in the
adopted tender strategies.
P7 (a consultant) reported that “after bidding for a project on either approach (publicly
announced or by invitation), the public client will choose depending on the lowest cost
that complies with the minimum specifications”. P5 (a consultant) agreed by stating that
“the public client will choose depending on the price that fits his budget, and in most
cases, they go to the lowest price with not much attention on the quality”. P11 (a
contractor) added another issue about limiting the space for innovation in the process as
the focus of the bidders is only on minimising the cost to win the project; he stated that
“the government choice depends mainly on the lowest price that meets the specification
included in the design; this process will produce no space for innovative contractors”.
Moreover, as expressed by P3 (a tender manager in the public sector), the public client
strategy in Jordan is always to achieve the lowest capital prices that comply with the
required quality through competitive tender processes: the “DBB approach will increase
competitiveness in the bidding process, and therefore achieve lower prices.”
Another issue that has been highlighted by the interview participants is the prequalification list prepared by the public client. P6 (a consultant) claimed that “prequalification leads to submitting the tender, then pricing the tender and awarding the
contract”; he added that “many conflicts and issues that arise from the procurement
approach is due to the pre-qualification list for consultants or contractors that have been
written by the public client as the majority of the pre-qualification lists are too limited, and
anyone can pass and apply for the job”. For public construction projects in Jordan, P2 and
P4 stated that MPWH qualifies consultants and contractors on the basis of their expertise.
This includes the buildings and civil engineering projects on roads, bridges and water, they
have worked on.
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7.4.3 Key Tasks and Stakeholders’ Involvement and Responsibilities
The interview participants were provided with an empty table of the RIBA (2013) stages.
They were requested to fill in the table according to their previous experience in delivering
typical public projects. As seen in table 7.4, the key tasks and key stakeholder involvement
were agreed upon by the interviewees for a typical public construction project under the
dominant construction procurement approach (DBB).
Table 7.4: Key tasks and key stakeholder involvement throughout the procurement process
RIBA (2013)
Plan of Work
Stages
Stage 0:
Strategic
definition
Stage 1:
Preparation
and brief

DBB
Key Tasks

Key Participants

● Public Client requirements
● Public Client business case

● Project sponsor (PS)
● MPWH
● PM

● Tender documentation for consultants
● Brief development
● Identify project targets

● MPWH
● PM
● Consultants

Stage 2:
● Consultants and sub-consultants to develop a concept
Concept design
design
● MPWH and PM to approve it
Stage 3:
Developed
design

● Consultants and sub-consultants to develop a detailed
design
● MPWH and PM to approve it

Stage 4:
Technical
design

● Consultants and sub-consultants to develop a technical
design
● MPWH and PM to approve it

Stage 5:
Construction

● Contractor and sub-contractors to undertake the work
● Consultants (the supervision) to undertake the quality
control of the delivered work
● PM and MPWH to approve it
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● Consultants and
sub-consultants
● PM
● MPWH
● Consultants and
sub-consultants
● PM
● MPWH
● Consultants and
sub-consultants
● PM
● MPWH
● Contractor and subcontractors
● Consultants (the
supervision)
● PM
● MPWH

Stage 6:
Handover and
close out

Stage 7: In use

● Consultants (the supervision) to request for the
inception and verifying the compliance based on an
inception testing procedure (ITP). There is ITP for every
kind of work
● Contractors to record any unmet work
● PM to carry the evaluation process by checking the
compliance of the final as-built drawing with the
contract drawings
● PM and MPWH to approve it
● Contractors to hold the defect liability for the structural
work for 10 year and the MEP work for 2 years
● MPWH (the facility management) to occupy the
building

● Consultants (the
supervision)
● Contractors
● PM
● Public clients

Contractors

The key issues with the stakeholders’ involvement were clarified by the interview
participants. Late stakeholder involvement and assigning two different consultant teams
(the design and supervision) were among the main issues. P1, P6 and P9 considered the
late involvement of the contractor as one of the main issues when using DBB. P9 stated
that “DBB is the most procurement approach adopted by the public client. However, it is a
fragmented approach with no or very limited involvement of the contractors or subcontractors in the design phase”. P6 added that this will affect the development of the
design in that “if we keep the design stage for the consultants, they will design away from
the technology, availability of materials and build ability”. Moreover, when asking about
the reasons for the contractor late involvement, P6 said “it is because the public client
does not understand or accept bringing the contractor into the design phase without a
tendering process, which is usually after stage 4”. On the other hand, P1 is a project
manager in the design department in MPWH, she says “I prefer to involve the contractor
early in the design phase as the contractors usually bid low to win the project, and then
raise claims through variation orders”. P4 added that:
If the contractor is assigned to construct the job early in the design stage, their
contribution will be valuable, of course. They might reduce the risk of rework
resulting in a lack of coordination between the different parties and form a
constructive point of view.
The other main issue raised by the interview participants is having different consultant
teams during the design and construction phases. Design consultants are involved in the
design stage to develop the public client design and to supervise the consultants involved
in the quality assurance during the construction and handover stages. P8 was the first
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interview participant to point out the issues related to the consultants’ involvement in the
design and supervision by stating that:
There are two types of consultant teams: the design and supervision. A lack of
involvement of the supervision team in the design stage will lead to a lack of
understanding of some of the design aspects, such as the types of materials used.
Moreover, poor communication and involvement of the supervision team in the
design process will certainly affect the project performance in terms of wasting
time, cost and quality.
P7 (a project manager) added that:
The main issue with the DBB approach is the late involvement of the contractor;
therefore, the relationship between the contractors and consultants will start in
the construction phase. Assigning the design consultants to a supervisory role will
eliminate any conflicts related to the design documents.
P12, on the contractor side, also stated that:
As a contractor, we usually get poorly coordinated design drawings, and when we
try to build them, we usually have a lot of time and material wastage occurring
during this stage, leading to a lot of variation orders and claims; therefore, we
usually hire consultants to work with us onsite to overcome these issues […] Having
design consultants in a supervisory role will assist in minimising the waste in time
and materials when redesigning the poorly coordinated design drawings.

7.5 PROCUREMENT APPROACHES FOR BIM IMPLEMENTATION
7.5.1 Procurement Approach Effect on BIM Implementation
The interview participants were asked whether the procurement approaches affect BIM
implementation. They were divided into two opposing viewpoints:
1. The procurement approach has a direct impact on the successful implementation of
BIM. P8 reported that the “type of procurement affects the implementation of BIM, of
course”. P11 added that “of course, the selected procurement approach will affect the
usage of BIM considering the supply chain, the mentality and culture of procurement, how
we are going to procure and when we going to procure”. He continued by saying that
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“there is a gap between implementing BIM and understanding BIM and procurement in
Jordan”.
2. BIM can be implemented under any procurement approach. However, to maximise the
BIM benefits, a collaborative procurement approach is needed. P5 expressed that the:
Procurement approach does not affect the implementation of BIM as the employer
can enforce the stakeholder to use it. However, to maximise the utilisation of BIM,
we need a procurement approach that facilitate collaboration between the project
stakeholders.
It can be said that both arguments show the importance of construction procurement for
the implementation of BIM. This is whether procurement approaches are essential for the
successful implementation of BIM, or whether it is necessary to maximise the benefits
achieved through implementing BIM.
7.5.2 Types of Procurement Approaches when Implementing BIM
As mentioned in Figure 6.11 and Table 7.3, more than three quarters of the procurement
approaches used in the public sector are traditional DBB. This, therefore, provides further
understanding of the procurement approaches used when BIM was implemented in the
Jordanian public sector. P2, P3, P6, P7 and P8 stated that BIM was only implemented
under DBB to deliver the public building projects in Jordan. They reported that this is
because BIM has only been recently introduced to the JCI, and so it has not yet been
explored with other procurement approaches.
7.5.3 Construction Procurement Approaches Issues that Affect BIM Implementation
The interview participants were asked about the issues associated with the adopted
procurement approach, and the procurement processes that affect the implementation of
BIM. Six main issues were provided, and each of these issues will be illustrated by
quotations from the interview transcription, as in the following.
●

Issue 1: Lack of procurement process for BIM implementation

The interview participants stated that because there is a lack of existing BIM standards in
Jordan, procurement processes for BIM implementation are missing. P2 reported that “the
absence of structure and a standardised procurement process has affected the ‘know
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how’ to implement BIM throughout the procurement process”. P8 added that “the first
step to implementing BIM is by having a standardised procurement process not only to
follow, but also to educate the public stakeholders on how BIM should be implemented”.
●

Issue 2: Unclear roles and responsibilities for BIM-based projects in the public
sector in Jordan

The interview participants identified that there are unclear roles and responsibilities for
the project stakeholders for BIM-based building projects, and that this is one of the key
issues in the current procurement process. This is because there is an absence of BIM
standards in Jordan. The interview participants stated that the reason for such issues is
that BIM has only been recently adopted to deliver public buildings in Jordan. Therefore,
BIM implementation is not yet at the stage of having set standards. Moreover, the
construction industry, management systems and procedures are not mature for BIM
implementation.
●

Issue 3: Late stakeholder involvement, lack of contractor involvement in the
design phase and assigning two different consultant teams for the design
development and construction supervision

BIM was mainly implemented under DBB. Therefore, the lack of contractor and subcontractor involvement in the design phase is one of the major barriers to effective
implementation of BIM, as stated by the interview participants. P6 said that “no one here
understands or accepts bringing the contractor into the design phase without the
tendering process, which is usually after stage 4”. In BIM-based building projects, it has
been commented by P2 (a public client) that late contractor involvement in the project
lifecycle was reflected in the fragmented nature of the BIM processes in Jordan; this led
the contractors to build and use BIM models from scratch.
On other hand, P12 (a contractor) claimed that:
The biggest issue with DBB is the contractors’ expectations to be in the same
position as the consultant team who have been on the project for a while; so by
having the contractor on board early in the project lifecycle, greater opportunities
for understanding the dynamics of the project will occur.
P4 (a public client) expressed another issue in that:
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Usually, the contractor submits a very low bid with the intention of recovering their
losses through claims and variation orders […] by including the contractors early in
the design phase through BIM, not only can this predatory bidding be eliminated,
but also a more accurate estimation of final cost and completion time can be
achieved.
●

Issue 4: Rigidity of the tender process

Tendering is a significantly important step under a procurement approach. The interview
participants stated that the tender process adopted by the public client is rigid, and it is
necessary to adhere to it. P8 reported that “there is a rigid system of tendering in the
governmental tendering procedures”. These processes are explained in Section 4.6 and
Section 7.4.2.
●

Issue 5: Limited pre-qualification list

P2 and P4 stated that MPWH qualifies consultants and contractors on the basis of their
speciality, that is their experience in buildings and civil engineering projects, such as with
roads, bridges and water. However, the interview participants criticised the limited nature
of the pre-qualification list for consultants and contractors

for BIM-based building

projects. They stated that there is a need to extend this list to BIM-based projects. This will
be discussed further in Section 7.6.5.
●

Issue 6: Unclear guidance on the required BIM level of development (LOD) over
the project lifecycle

An interesting issue that has been highlighted is the necessary level of development (LOD)
throughout the procurement process. P1 commented that:
Now, BIM is not part of the tender stage. However, if BIM becomes an essential
part in the public procurement process, guidance is necessary on the LOD required
for procuring the delivery team.
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Moreover, P7 stated the following:
There is a sentence that we keep repeating: How much information do we need to
implement BIM at each stage. Sometimes, too much information could cause too
much confusion.
P12 also expressed that “the major challenge we face in implementing BIM in our projects
is how much information and what developments do we need at each stage of the
project”.
Based on the above, one of the main and important lessons learnt from the interviews is
that in order to improve the implementation of BIM in the public sector in Jordan, a
standardised

procurement

process

that

addresses

the

above

procurement

issues

is

needed. Improvement measures suggested by interview participants are discussed in the
following sections.

7.6 KEY IMPROVEMENT MEASURES FOR BETTER BIM IMPLEMENTATION
7.6.1 Critical Steps and Action
The

participants

were

asked

about

the

critical

steps

and

action

necessary

for

implementing BIM. 8 out of 12 chose to change the way that the government procures its
buildings for an increased sense of collaboration between the stakeholders. The rest of the
interview participants (4 out of 12) expressed the view that guidance on BIM training and
education is vital to start implementing BIM more effectively when delivering public
buildings in Jordan.
7.6.2 Procurement Approaches for a More Effective BIM Implementation
The procurement approaches that best suit BIM implementation are the ones that
facilitate an increased collaboration between project stakeholders, as stated by the
interview participants. For governmental building projects, the contractors represented by
P10 and P12, claimed that DB is the optimal method for implementing BIM. On the other
hand, P6 and P7 (the consultants) said DB and IPD are the optimal procurement delivery
approaches for implementing BIM. However, as confirmed by P3 (a tender manager), an
IPD approach was not used in the public sector.
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Moreover, P9 reported that:
Construction companies should be transferred to DB contractors because if they
have the know-how, then the unfair relations that exist between the consultants,
the CM and the contractors will be eliminated, especially in terms of the contract.
However, the DB approach has been criticised by the interview participants for the limited
involvement of the public client beyond the tender stage. Furthermore, as mentioned in
Section 7.4.1 about the participant views on the DB approach, it was stated that an
integrated culture had failed when implementing BIM through the DB procurement
approach; further to this, the roles and responsibilities remained the same as when using
the traditional design-led procurement method. This is because the contractors tend to
hire external consultants and sub-contractors and act as the project manager.
7.6.3 BIM Meetings
P5, P7 and P12 stated that in order to enhance the collaboration and communication
between the different stakeholders during the procurement process, a BIM start-up and
BIM progress meetings are required early in the design phase. In the BIM start-up
meetings, all the project stakeholders, that is the public clients, client representatives,
consultants (the design and supervision), risk managers, construction managers and
contractors, are gathered together. P12 claimed that:
As a BIM expert, I think an initial BIM meeting is needed where all the stakeholders
sit at the same table. On the other hand, progress meetings should occur weekly so
that everyone can go through the 4D simulation and provide their comments.
7.6.4 Early Contractor Involvement by Establishing Contractor BIM Units
Late contractor involvement and lack of contractor competency in BIM were among the
main issues for BIM implementation. The interview participants (P2, P3, P5 and P12)
stated that the contractors in Jordan started to establish what is called a ‘BIM unit’ to offer
consultation services and to get involved in the design phase. P2 and P3 claimed that a
transitional period is necessary whereby the contractors’ engineers are trained in the BIM
approaches. P5 (a consultant) said that “we proposed that the contractors should have a
BIM unit that we can provide training for. This BIM unit will act as a consultant or
designer”. P5 and P12 stated that this unit would be the starting point for shifting the
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industry to notice the importance of the involvement of the contractor during the design
phase, and to overcome the lack of contractor competency in BIM. P8 reported that:
This step, after a while, will enable the government or the employer to understand
that for a better performance of the process and final product, the contractor
needs to be involved in the design phase.
P12 also added that “many contractors established BIM units because the private and
public clients in Jordan started requesting BIM to deliver their projects”.
The lines of communication in the contractors’ BIM units were described by the interview
participants. These BIM units are to be used during the BIM implementation transitional
period. BIM units on the contractors’ side will take consultation from the sub-contractor
firms and facility management units, and from the public client organisations during the
design phase. After BIM becomes the norm, the selection criteria will be changed. P3, P4
and P8 stated that it could be beneficial for the companies that have these BIM units as
the their profiles will be seem more robust in terms of their capacity to implement BIM,
and thus it will increase these companies’ chances of being chosen by the MPWH.
P2, P3, P5 and P12 expressed their views, respectively, on these BIM units in the following:
●

In regard to its contractual status, this unit can be part of the design phase and
can be working for payment at the same time. Therefore, as stated by the other
interview participants, this unit will have expertise in: consultations, design
reviews and feedback.

●

These units can be named as ‘contractor as a consultant’.

●

They can offer the best solutions in terms of the technology, availability of
materials and constructability in the development of the design.

7.6.5 Appointment of Experienced Consultants and Contractors
According to the BIM managers in the consultant and contractor companies (that is P5 and
P12) and a project manager from the public client side (P2), when constructing the
delivery team in BIM-based projects, the MPWH and PM should create the pre-contractual
conditions for choosing the consultants and contractors. The pre-contractual conditions
include general information, software experience and a project information plan (PIP).
PIPs include a BIM assessment form, an IT assessment form and a human resource
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assessment form. These forms should be sent out to the entire list of classified consultants
and contractors; the classified consultants and contractors are chosen depending on the
MPWH classification. These forms are used for assessing the consultants and contractors
when the project has been chosen to be delivered using BIM. Moreover, the capacity of
the companies selected to work with BIM will be assessed. These steps lead to appointing
a project delivery team within the area of architecture, structure, MEP, contractor and
sub-contractor works. These forms were firstly introduced and requested by the UK
government under Section 6.3 of the British standard (PAS 1192-2:2013).

7.7 PUBLIC CONSTRUCTION PROJECT PERFORMANCE
7.7.1 Performance Assessment Pre-Completion and Post-Completion
The participants were asked about how the public building projects are evaluated during
the design and construction phases. P1, P5 and P7 claimed that the evaluations are
through the contract administration. This is through:
●

The quality management using quality and control forms.

●

Weekly and monthly reports.

The quality and control forms are used to:
●

Record any unmet work.

●

Request for inception and to verify the compliance based on the inception testing
procedure (ITP). There is an ITP for every kind of work.

●

Help submit the method of statement before carrying any works.

P1, P4 and P5 reported that the building performance is assessed post-completion through
an evaluation process by checking the compliance of the final as-built drawings with the
contract drawings; then, a report will be prepared including the following:
●

Missing items from the as-built drawings.

●

Manuals.

●

Testing system commission.

●

Outstanding works.

●

Minor or major defects.

197

The interview findings revealed that BIM had not been used for performance assessment
pre- or post-completion. This is because BIM been mostly been used in the design stage
for visualisation and clash detection, as described in Figure 6.5 and Section 7.3.1.
7.7.2 Metrics Used in Public Construction Projects
The metrics that are mostly used in the public projects are cost, time and quality. P9
agreed by stating that “most of the projects in the public sector were evaluated by cost,
time and quality”; P7 added that:
It depends, in fact, on the type of project, so if it is a project that is out of the
ordinary, such as the new Queen Rania airport, then other metrics might be used,
but, generally speaking, 80% of the public building projects use the basic metrics:
time, cost and quality.
P3 claimed that the metrics depend on the project’s success criteria used by the different
project stakeholders. As a government employee reported, “the common criteria involve
the financial reality of doing business, meeting appropriate schedules, minimising legal
claims and for the project to be completed on time and within the budget”.
7.7.3 Performance Gap
The performance of the public construction projects has been criticised by the interview
participants. P9 reported that a performance gap exists. P12 stated that “PS and MPWH
usually begin with specific requirements for building projects. However, they are often not
delivered as requested”. This quite often leads to disputes between the public client,
consultants and contractors, as P9 has claimed.
P5 and P12 said that the main reasons for the performance gap are the changes made by
the public client to both the design and the construction phases. The interview
participants stated that there are always variations in the JCI in the design and
construction phases. P8 said that “most of the changes are during the design phase
because it is more flexible than the construction stage. Moreover, the public client knows
that changes made during the construction phase will cost more”. P1 confirmed this by
stating that “the performance gap is caused mostly by the design phase as the contractor
will follow the design documents”. P4 (a public client) added that:
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If you sit with a contractor, he will say that there are a lot of design mistakes due to
the lack of coordination. In fact, some of the contractors have an engineering office
onsite to correct the design errors or to complete the consultant shop drawings.
It’s the consultants’ duty to produce the shop drawings, but sometimes the
contractor might find a lot of mistakes in the final design drawings.
Therefore, there is a need for the documents stating the employer requirements to be
well defined early in the delivery process. Moreover, the interview participants also stated
that in order to enhance the performance of the building and minimise the performance
gap, project targets need to be clearly defined early in the delivery process.
7.7.4 Sustainable Buildings in the Public sector
Sustainability is new to Jordan and the surrounding area. The following are key themes
found in the data analysis:
●

The existence of barriers to sustainable practices.

●

The sustainability factors under the preferred procurement delivery approach.

7.7.4.1 Barriers to Sustainable Practices
The interview participants expressed the view that sustainability is an important subject in
Jordan. However, they stated that in building performance, the focus is on the triangle,
that is cost, time and quality, and this is due to the barriers described in the following
parts.
Barrier 1: Public procurement approaches
The most frequently used procurement approach in the public sector is DBB. P6 stated
that the “competitively sealed bidding processes under DBB is mandated and awarded
based on the lowest priced bid”; he further added that “to win the contract, I need to
present the lowest price, which means less sustainable practices”. On the public client
side, P3 (a tender manager) commented that “we have concerns about continuing to use
the traditional procurement approach, which means calling for the lowest price as the cost
maintenance and operations are not taken into consideration”.
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P9 claimed that:
One of the key factors for increasing the probability of meeting the sustainability
goals is the early involvement of the contractor, which is not the case when
delivering public projects in Jordan as DBB is the dominant procurement approach
in the public sector.
Barrier 2: Financial support
Higher costs coupled with the governmental lack of push and funding were among the
major barriers to introducing sustainability technologies, as stated by the interview
participants. P11 said that “it’s the government’s responsibility to push and ask for
sustainable buildings. As the contractor, it represents extra costs, but once it’s at the
mandatory stage, we go ahead and do it”. P3, P6 and P12 added that, currently,
sustainable construction practices are necessary, but not obligatory in both the public and
private construction sectors.
Barrier 3: Policies and legislation
The interview participants stated that there is a lack of existing policies and legislation that
govern sustainable construction. P5 expressed that “this can result in major shortages in
the protection and monitoring of the impact of the construction projects on the
environment”.
Barrier 4: Compliance and certification
The interview participants expressed the view that there is a lack of compliance and
certification standards that are suitable for both the public and private construction
sectors in Jordan. P12 stated that “in spite of having the Jordanian Green Building Council
that tries to promote sustainability, there is no accreditation of sustainability in Jordan.
Therefore, we sometimes follow the LEED accreditation”.
7.7.4.2 Sustainability under the Preferred Procurement Approach
The interview participants were asked about how the environmental and sustainable
issues should be addressed in their preferred procurement approach. Nine factors were
provided, ranked from 1 (the least important) to 5 (the most important). Six factors were
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found to be significant to enhance sustainability in building projects in the public sector in
Jordan.
Table 7.5: Sustainability factors under the preferred procurement approach
Procurement sustainability factors

Mean

Ranking

Highlighting sustainability in the project brief

5+4+5+4+4+3+4+5+5+5+3+5/12

1

as a primary aim

= 4.31

Integrating sustainability requirements into

4+3+5+5+5+4+4+5+4+3+4+4/12

contract specifications and conditions

=4.25

2

(including specifying any project-specific
sustainability requirements)
Emphasising the importance of sustainability

5+4+5+4+4+3+5+4+5+5+3+3/12

in tender evaluations and selection

= 4.17

3

procedures
Requirements and incentives for the supply

4+5+3+5+4+5+3+4+4+4+3+4/12

side to demonstrate a commitment to

= 4.0

4

sustainable development through policy and
implementation
Requiring the supply side to demonstrate

3+4+3+4+4+5+3+4+4+5+3+4/12

the capability to deliver sustainability

= 3.83

5

requirements
Encouraging tenderers to suggest innovative

3+3+4+4+5+3+5+4+3+3+4+3/

solutions and approaches that support the

12= 3.67

6

public client’s overall sustainability
objectives
Provision of incentives and rewards based on 2+3+3+2+4+3+3+2+3+3+4+3/
sustainability performance throughout the

7

12= 2.91

project lifecycle
Ensuring that payment mechanisms take

2+2+3+2+4+3+2+1+3+2+4+3=

account of whether sustainability

2.58

8

requirements are delivered
Requiring the employment of a properly

1+1+2+1+3+3+3+2+3+4+2+3/

trained workforce within the supply side

12= 2.33
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P2, P5 and P6 added to the provided list above, that there is a need to have an iterative
process in developing the design to enhance the design integration and sustainability
outcomes.

7.8 DISCUSSION
BIM implementation has increased in the public sector in Jordan, as shown in Chapter 6.
Moreover, in the future, BIM’s usage will certainly increase because the key public
construction stakeholders stated that it is timely to implement BIM. Also, the government
can influence the implementation of BIM in Jordan.
Recommendations from the literature were considered about whether it is necessary to
change the way that clients procure their buildings or whether it is requisite to develop a
supplement to the existing contract and procurement documents to facilitate BIM
adoption.

Therefore,

reviewing

and

evaluating

the

current

performance

of

the

procurement process in the public sector in Jordan is important. The literature revealed
that there is a lack of studies on BIM implementation and procurement processes in the
public sector in Jordan (see Section 3.4.2). Therefore, a BIM feasibility study was
conducted (see Chapter 6). However, there was a need to further investigate certain BIM
issues. Figure 7.3 represents the data generated themes from analysing the interviews,
and how these themes are interrelated. Thus, the upper part of Figure 7.3 represents the
BIM adopted processes, BIM benefits and BIM barriers in the public sector in Jordan.
The procurement approach was found to be a major barrier for BIM implementation. This
verifies the results of the BIM feasibility study (see Table 6.5) and the literature review
(see Section 4.3). This is because BIM is adopted only under DBB for many reasons as
described in Section 7.4.1. The use of DBB has resulted in implementing two fragmented
BIM processes. The key issues under the DBB approach that led to such fragmented BIM
processes are outlined in Figure 7.3, highlighted in red. To overcome the currently
adopted procurement delivery approach issues, a framework tackling the issues that affect
BIM implementation is required; otherwise, the other option is to change the current
public procurement delivery approach to a more integrated one, such as DB or CM. The
latter is faced with many challenges, such as a lack of public client experience in ‘how to’
implement

different

procurement

delivery

approaches,

the

current

rigidity

of

the

governmental tendering system, the lack of a real definition for a CM firm and the
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currently used type of contracts. Therefore, this research aims to develop a framework
that can smoothly introduce BIM to the existing public procurement approach.
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Figure 7.3: Interview analysis findings
According to Renner (2003), after conducting the interviews, three main questions should
be answered as part of discussing the results. These are:
●

What are the major lessons?

●

What new things did you find?

●

What will those who use the results be most interested in knowing?
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7.8.1 What are the Major Lessons?
●

BIM

implementation

in

Jordan

should

be

a

top-down

approach,

and

the

government should address BIM at a strategic level. The lack of government
support and availability of BIM standards and guidelines are among some of the
hurdles to a higher level of BIM adoption in Jordan. The clear message was that in
the absence of attention from policy makers and the government, construction
companies are not interested in adopting BIM.
●

BIM is mostly used in the design phase for visualisation and clash detection. On
the other hand, BIM has not been used for performance assessment in the precompletion and post-completion phases.

●

BIM practitioners have started to realise the BIM benefits in delivering public
buildings in Jordan. Enhancing sustainability performance, providing coordinated
design drawings and limiting cost uncertainty is among the perceived benefits of
BIM.

●

Two fragmented BIM processes have been identified. BIM is used in the design
phase only, and two separate BIM models are built in the design and construction
phases by the consultants and contractors.

●

The adopted procurement approach is seen by the three stakeholders as the
reason why there are such fragmented BIM processes. In addition, the current
procurement approach is considered to be one of the major challenges and
barriers to effectively implementing BIM in the public sector in Jordan. Most of
the participants stated that the chosen procurement approach does have a direct
impact on the success of BIM implementation; by contrast, the others felt that to
fully implement BIM and to gain the full benefits of BIM, a procurement approach
that enhances collaboration between stakeholders is needed. DB and IPD are
considered

by

the

interview

participants

as

the

closest

fit

with

BIM

implementation.
●

DBB, DB and CM are the procurement approaches adopted in the Jordanian public
sector. DBB is the dominant approach for delivering public building projects in
Jordan, according to the interview participants. The reasons for using DBB are:
1. The culture of the construction industry.
2. The existing rigid system in the governmental tendering procedures, explained
by interview participants as relating to the need for the public sector to be
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accountable to the public, and thus have an open competitive bidding process
where the awarding criteria is based on price only.
3. The lack of experience and knowledge on how to apply other procurement
approaches.
4. Few construction companies have in-house design teams to deliver the DB
procurement approach.
5. There is no real definition of a CM firm.
6. The contract form itself, which is based on the FIDIC contract, deals with the
main contractor, the engineer (the designer and supervision) and the owner
(the government).
●

Time, cost and quality are the most frequently used metrics when delivering
public

buildings in Jordan.

On the

other hand, sustainability

is important.

However, it is still optional.
●

The main cause for the performance gap is the unclear public client requirements,
resulting in significant changes during the design phase.

7.8.2 What New Things Did You Find?
●

The procurement approach has a significant effect on BIM implementation and
achieving sustainability in the public sector in Jordan.

●

The main six contractual procurement factors that affect sustainability outcomes
are: highlighting sustainability in the project brief as a primary aim; integrating
sustainability

requirements

into

the

contract

specifications

and

conditions

(including specifying any project-specific sustainability requirements); emphasising
the

importance

of

sustainability

in

the

tender

evaluations

and

selection

procedures; the requirements and incentives for the supply side to demonstrate
their

commitment

to

sustainable

development

through

policy

and

implementation; requiring the supply side to demonstrate their capability in
delivering sustainability requirements; and encouraging the tenderers to suggest
innovative solutions and approaches that support the public client’s overall
sustainability objectives.
7.8.3 What Are those who Use the Results Most Interested in Knowing?
●

The adopted fragmented BIM processes are followed because of the adopted
procurement approach (DBB), rigid tender procedures, permit loop including JEA,
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JCCA, MPWH, CCD and the Amman municipality and the lack of contractors’ BIM
competency.
●

Changing the procurement approach for an increased level of collaboration
between the stakeholders was considered by the participants as a critical step
towards implementing BIM. The DB approach is seen as the optimal procurement
approach for implementing BIM. However, the clear message from the key BIM
practitioners in the public sector is that a fundamental change to a more
collaborative procurement approach is not possible due to technical, cultural and
economic issues. Barriers to implementing the DB approach were raised by the
participants:
1. lack of construction companies that can design and construct in Jordan;
2. contractors tend to hire an external consultant team and work together; and
3. public clients lack involvement in the design and construction phases.

●

CM was applied only to a few complex projects (see Figure 6.11 and Table 7.2).
The reasons for not implementing CM are:
1. lack of public client experience in ‘how to’;
2. rigid system in tendering in the governmental tendering procedures;
3. no real definition of a CM firm; and
4. type of contract used.

●

The effect of the current procurement approaches and processes for BIM
implementation in the Jordanian public sector are:
1. lack of procurement processes for BIM implementation;
2. unclear roles and responsibilities in BIM-based projects in the public sector in
Jordan;
3. late stakeholder involvement, a lack of contractor involvement in the design
phase and assigning two different consultant teams for the design development
and construction supervision;
4. rigidity of the tender process;
5. limited pre-qualification list; and
6. unclear guidance on the necessary BIM level of development (LOD) over the
project lifecycle.

●

The suggested measures to overcome some of the issues associated with the
current procurement approach that affect BIM implementation are as follows:
1. appointment of experienced consultants and contractors;
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2. establishment of BIM units inside the contractor organisation, and being
involved in the development of the design;
3. conducting BIM meetings to overcome the coordination and communication
problems; and
4. national training efforts in BIM processes.
●

The adopted procurement approach is considered to be one of the major barriers
to sustainability practices in the public sector in Jordan due to late contractor
involvement and the focus on the lowest price bid.

7.9 CHAPTER SUMMARY
This chapter is one of two chapters on the data analysis. In Chapter 6, the desire for the
public clients, consultants and contractors to use BIM to deliver public projects has been
verified. However, the focal point of the survey was to ascertain BIM feasibility for the
public building sector in Jordan and to identify the BIM implementation barriers. The
current public procurement strategy was one of the major barriers and was ranked at
number two after the ‘additional resources and expenses’. Therefore, this chapter
provided an analysis of the findings from the interviews undertaken as Phase 2 of the
research, outlined in the methodology section in Chapter 5. It has focused on BIM
implementation in the Jordanian construction public sector through the lens of the
construction procurement strategy. The main construction procurement issues that affect
BIM implementation have been identified. Changing the current procurement approach to
a more collaborative and integrated approach, such as DB, CM and IPD, is required.
However, the interview participants argued that this is not possible due many reasons
such as lack of public client experience in ‘how to’, and rigid system in tendering in the
governmental tendering procedures. Therefore, a framework that tackles the current
procurement approach issues is necessary. The next chapter will present the framework
development, validation and discussion.
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CHAPTER 8: FRAMEWORK DEVELOPMENT, VALIDATION AND
DISCUSSION
8.1 INTRODUCTION
The sustainability performance of buildings, particularly in developed countries, has been
the subject of considerable research including the sustainable design process, tools for
sustainable assessments of buildings and building design regulations (see Section 2.4.4).
However, research on achieving sustainable buildings through a project management
approach is still lacking. Far less research has focused on these issues for developing
economies, particularly in the Middle East. For example, public buildings in Jordan have
been criticised due to their poor performance in terms of their sustainability and the
problems associated with the time, cost and quality of construction (see Section 2.5.2.4).
This research investigated BIM implementation and procurement approaches from a
project management point of view to identify and explore their effect in delivering
sustainable buildings in the context of Jordan.
In Chapter Three, the ‘Sustainable BIM Triangle’ was introduced which suggests that BIM
adoption and implementation support sustainability in the different project phases, from
planning to demolition in addition to a sustainability assessment. However, in order to
implement BIM, the procurement approach has to be outlined in advance, as clearly
stated

in

many

governmental

construction

strategies

and

standards.

Therefore,

the

deployment of a construction procurement approach that supports BIM implementation
in a specific context represents a major concern (see Section 3.5.2). Reviewing the
literature revealed two main viewpoints in dealing with this concern:
●

A profound procurement change is necessary for BIM implementation (Volk et al.,
2014), particularly to deliver the necessary collaborative platform that brings
together

multiple

stakeholders

over

the

project

lifecycle

(Pcholakis,

2010;

Laishram, 2011). Therefore, it has been stated that clients are likely to change the
way that they procure buildings when implementing BIM to ensure a more
integrated and collaborative working process (Foulkes, 2012). IPD was hailed as
the ideal procurement approach that allows the project stakeholders to achieve
‘full BIM collaboration’ (Cleves and Dal Gallo, 2012) and efficient BIM-based
processes.
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●

Others have argued that profound changes and transforming the construction
industry radically to a BIM‐enabled collaborative project environment are a
challenging task (Howard and Bjork, 2008). Therefore, a common misconception
has been identified by many researchers on the need to change the entire
construction practices at once to adopt BIM practices (Kim, 2014). Instead,
researchers recommend identifying work processes to develop a framework for
BIM implementation that synchronises with the currently adopted procurement
process in a specific context (Porwal and Hewage, 2013; London et al., 2008).

In the context of the Jordanian public sector, the interview participants agree with the
latter argument due to the issues associated with changing the entire procurement
approach, as mentioned in Section 7.4.1. The traditional procurement approach is the
main one for delivering public buildings in Jordan. Therefore, this research proposes a
framework for better BIM implementation under the traditional procurement approach
with an emphasis on sustainability performance.

8.2 FRAMEWORK DESIGN AND DEVELOPMENT
8.2.1 Aim of the Framework
The proposed framework aims to deliver a more effective BIM implementation under the
currently adopted procurement approach in the public sector in Jordan with an emphasis
on sustainability performance. In particular, the proposed framework is applicable at the
strategic or rather project management level for delivering public buildings in Jordan.
Therefore, the content of the proposed framework will be of particular interest to project
managers working public clients (represented by the MPWH and GTD), public consultants
and public contractors. It is expected that the proposed framework will assist the key
stakeholders in public construction to overcome the existing construction procurement
issues that hinder the effective implementation of BIM, and thus sustainability. Moreover,
the framework may be of interest to the private sector when it comes to implementing
BIM.
8.2.2 Framework Development Methodology
The problem-solving approach has been adopted to develop the proposed framework.
This approach is used to explore and understand the means for minimising the issues in
view of a certain situation. This approach aims to address a specific situation in which
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what is happening is less than desirable, and it intends to rectify it (Straker, 1995). One of
the simplest techniques to explain this approach is through the DRIVE technique (see
Table 8.1). This technique has been successfully implemented in construction (Gamage,
2011; Serpell and Alarcon, 1998). A Construction Process Improvement Methodology
(CPIM) was developed by Serpell and Alarcon (1998) to improve the construction
processes, which is based on these DRIVE techniques. It was also demonstrated by Serpell
and Alarcon (1998) that the successful implementation of the developed methodology
would improve the project-related process performance.
Table 8.1: DRIVE techniques (DTI,n.d)
Define

The scope of the problem and the criteria by which success will be
measured, and the agreed upon deliverables and success factors

Review

The current situation, understanding the background, identifying and
collecting information about the performance, identifying problem areas,
improvements and ‘quick wins’

Identify

The improvements or solutions to the problem, and the required
changes to gain and sustain the improvements

Verify

The improvements bringing about benefits that meet the defined success
criteria, prioritising and piloting the improvements

Execute

The implementation of the solutions and improvements, planning a
review, gathering feedback and reviewing

The key principles of the DRIVE technique and CPIM methodology are diagnosing the
current issues (that is whether the current practices are less than desirable), and to
identify and propose improved measures. These principles will be discussed in detail in the
following section.
8.2.3 Framework of the Themes’ Development
This section provides an overview of the framework of the development of the themes at
the various stages. This research adopted a problem-solving approach as a methodology to
develop the framework. Two main points are discussed below. Firstly, the key construction
procurement attributes and challenges identified by analysing the literature and the
interviews with the key BIM practitioners in the public sector in Jordan. Secondly, the
proposed solutions to the challenges were identified from the interview analysis and the
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literature. This section is concluded by the development of certain framework themes, as
shown in Table 8.4.
Key challenges for effective BIM implementation and enhancing sustainability outcomes
in the public sector in Jordan
Table 8.2 represents the key findings on the implications of construction procurement for
BIM implementation and enhancing sustainability. The first column represents the key
construction procurement attributes necessary for effective implementation of BIM and
enhancing sustainability (see Sections 4.3 and 4.5). The second column represents the key
challenges

of

the

current

construction

procurement

approach

that

affect

BIM

implementation and the capacity to enhance sustainability in the public sector in Jordan,
as discussed in the interview analysis (see Section 7.5.3).
Table 8.2: Key procurement attributes and challenges for effective BIM implementation and
enhancing sustainability performance in the public building sector in Jordan
After the literature review
● Integrated design process.
● Clear roles, responsibilities and
communication lines.
● Early key stakeholder involvement
● Team technology- and sustainabilitybased competency.
● Levels and methods of communication.
● Integrated project teams consisting of
client, designers and constructors.
● Compatibility with the project groups’
‘team characteristics’.
● Common goals and collaborative
decision-making.
● Iterative design process of modelling
and reappraisal.

After the interviews
● Lack of procurement processes for BIM
implementation.
● Unclear roles and responsibilities.
● Late stakeholder involvement, lack of
contractor involvement in the design
phase and assigning two different
consultant teams for the design
development and construction
supervision.
● Limited pre-qualification list.
● Rigidity of the tender process.
● Unclear guidance on the necessary BIM
level of development (LOD) over the
project lifecycle
● Lack of sustainability considerations in
the procurement process.

Possible

procurement

solutions

for

construction

challenges

to

improve

BIM

implementation and sustainability in the public sector in Jordan
A detailed analysis of the interviews is presented in Chapter 7. The design phase, as a
consequence of producing poorly coordinated design drawings, is the main issue affecting
the performance of the public buildings in Jordan in terms of cost, time, quality and
sustainability

(from

the

interviews).

Moreover,
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environmental,

economic

and

social

sustainability also depends on the subject matter of design (Chong et al., 2017). Therefore,
managing the design stages (using the RIBA stages 0-4) was the focus of the procurement
framework development. The following are the proposed solutions to the issues stated in
the above table to implement BIM effectively and enhance the performance of the public
buildings in Jordan.
●

Lack of procurement processes for BIM implementation

The literature was used in the framework development by identifying the features related
to BIM, procurement and the sustainability processes. A clear structure and compatibility
with the existing standards and practices are amongst the basic attributes in the proposed
framework.

Therefore,

three

British-based

guidelines

are

used

in

developing

the

framework:
●

The RIBA Plan of Work 2013 (RIBA, 2013).

●

The RIBA Overlay BIM Plan of Work (RIBA, 2012).

●

Green Overlay to the RIBA Plan of Work (2011).

These guidelines are used because of the lack of standards, regulations and guidelines
specific to the JCI (AlKilani, 2012), the lack of standards, regulations and guidelines for BIM
implementation in Jordan (see Sections 6.3 and 7.3.5) and the absence of rigid
governmental actions, such as policies, strategies and plans for delivering sustainable
buildings (Tewfik, 2014). On

the

other hand,

the

significant

economic

relationship

between the Middle East and the UK has led to the dominance of British architects,
consultants, contractors and project managers in that region (Gerges, 2016). Moreover,
RIBA established an international chapter called the ‘RIBA Gulf Chapter’ for members in
Jordan, UAE, Bahrain, Saudi Arabia, Kuwait and the Sultanate of Oman. This chapter is
actively engaged with a diverse and very significant number of RIBA and non-RIBA
practitioners to support and communicate with RIBA members overseas. It is believed that
the RIBA has spread in popularity and lead to the increased adoption of the RIBA Plan of
Work in Middle Eastern countries (RIBA Gulf Chapter, n.d). Furthermore, the interview
participants demonstrated their knowledge and proficiency of the RIBA (2013) Plan of
Work.
The RIBA Outline Plan of Work 2013 (RIBA, 2013) is used to establish the different work
stages. The RIBA Overlay BIM Plan of Work (RIBA, 2012) is used to identify the core tasks
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and activities of BIM implementation. Finally, the Green Overlay to the RIBA Plan of Work
(2011) is used to identify the key sustainability tasks.
●

Unclear role and responsibilities

The existence of these unclear roles and responsibilities added to the lack of standards
and regulations when implementing BIM, as mentioned in Section 3.4.2. The development
of clear roles and responsibilities among the key project stakeholders for information
exchange is important for employing BIM effectively (Kim, 2014). A framework has been
proposed by Hjelseth (2010) for managing the project information for a BIM-based
construction project (see Table 8.3). In this framework, the primary and secondary roles of
the key project participants for each level in the BIM model were identified throughout
the project lifecycle based on the International Organization for Standardization (ISO)
22263:2008 lifecycle stages. However, this framework is too broad to apply to a certain
construction sector without customising the roles amongst the key project stakeholders;
therefore, the key project stakeholder roles in the proposed framework were identified by
Hjelseth (2010) and through the interviews to comply with the current working processes
in the public sector in Jordan, and thus the local market in Jordan.
Table 8.3: Framework for key roles and responsibilities for a BIM-based project (Hjelseth, 2010)
BIM Orders
Demand BIM

Phases
● Pre‐project

Draft

Draft Model

● Pre‐
construction

Detailed

● Construction

Model

Roles

Lifecycle Stages

● Owners (primary)
● Architects
(secondary)
● Engineers
(secondary)
● Contractors
(secondary)
● Architects (primary)
● Engineers
(secondary)
● Contractors
(secondary)
● Contractors
(primary)
● Engineers
(secondary)
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● Portfolio requirements
conception of need
● Outline of feasibility
● Substantive feasibility

● Outline of the conceptual
design
● Full conceptual design
● Coordinated design (and
procurement)
● Production in formation
● Construction

As-Built Model

● Post‐construction

Facility Management

● Hand‐over and use life

●

● Contractors (primary)
● Engineers (secondary)
● Facility Manager

● Operation
● Maintenance
● Disposal

Late stakeholders’ involvement, lack of contractor involvement in the design phase and
assigning two different consultant teams for the design development and construction
supervision

Late contractor involvement and procuring two different consultant teams for the design
and supervision (in the construction phase) (see Section 7.5.3) are among the main
criticisms for the current procurement approach for BIM-based projects in the public
sector in Jordan. Involving the contractor in the design phase is necessary in order to
overcome the existing fragmented BIM processes in Jordan, and thus being able to
implement

BIM

more

effectively

and

enhancing

the

public

buildings’

sustainability

performance. The contractors started to establish BIM units inside their companies to
work on BIM-based projects (see Section 7.6.4). This is due to the lack of public
contractors’ competency on BIM and also the increased demand for BIM implementation
in the public sector in Jordan (see Sections 7.3.5.3 and 6.3).
The interview analysis revealed the need to involve the contractors’ BIM units in the
design stages on a fee basis due to the rigid tender system. This is because securing the
contractors’ involvement for the pre-contractual services on a competitive basis will assist
in

obtaining

the

necessary

input

on

constructability,

sequencing

and

subcontractor

selection (ACIF and APCC, 2015) as well as providing the best solution in terms of the
technology and availability of materials (taken from the interviews). The roles of
responsibility for the BIM units are in consultation, the design review and feedback (see
Section 7.6.4). Moreover, the early involvement of the contractor in the design stages will
enhance the buildings’ sustainability performance; Swarup (2011) clearly stated that “the
constructor should be on board by the design development phase, contractually or
informally”

for

successful

sustainability

outcomes.

Moreover,

Enache-Pommer

and

Horman (2009), Horman et al. (2006), Lapinski et al. (2006), 7 Group and Reed (2009),
Riley et al. (2004) and Robichaud and Anantatmula (2011) stated that better outcomes
would be achieved from the early involvement of the key participants. They also argued
that the level of integration during the design stages would be increased by the
contractor’s early involvement.
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No restrictions on the type of construction procurement approach were reported in the
procurement regime in Jordan. The procurement regime is governed primarily by the
Government Works Regulation No. (71) of 1986, issued pursuant to Articles 114 and 120
of

the

Constitution,

and

by

the

‘National

Procurement

Legislation’.

However,

as

mentioned in Section 4.6, the technical services (consultants) and works’ tenders (the
contractors) are mentioned as separate stages. Therefore, these laws lean towards two
separate

agreements

between

the

government-consultants

and

the

government-

contractors.
Therefore, this research proposes the use of a two-stage tender strategy under the
traditional procurement approach to involve the contractors earlier in the design stage for
effective BIM implementation in Jordan. A two-stage tender strategy is used when there is
a need to involve the contractor early in the design phase, which was illustrated by the
BIM practitioners in the public sector in Jordan for effective BIM implementation.
Moreover, the two-stage tender strategy has been employed previously in the public
sector in Jordan, but without implementing BIM (see Section 7.4.2) (Alkelani, 2012). On
the other hand, completely changing the procurement approach to a DB one or to CM to
involve the contractor early in the process also faces many challenges, as discussed in
Section 7.4.1.
Other benefits related to adopting the two-stage tender strategy under the traditional
procurement approach, according to Rawlinson (2006), include: focusing on issues of
constructability and economical construction during the late design stages; achieving a
more accurate final account and close to the contract sum as the second stage of the
tender is based on better understanding the scope of the work and all the information; the
ability to develop the design in conjunction with the main contractors and subcontractors; enhancing the project risks identified within a timescale where action can be
undertaken; and minimising the main contractual bidding costs.
The two-stage tender strategy can be used as part of the RIBA (2013) stages by involving
the contractor early in the design stages, but where the first stage of the tender occurs
during the RIBA stages 2 or 3 (Garner, 2014). Then, the preferred contractor joins the
design team on a consultancy basis using PCSA to complete the design as a team before
presenting a bid at stage 4.
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●

Limited pre-qualification list

Pre-qualification is an essential step in construction procurement, and it has a significant
impact on project performance (Aje, 2012). As part of the public tender process for
selecting consultants and contractors, pre-qualification was criticised by the interviewees
for the limitations it has in assigning BIM consultants and contractors to implement BIM
effectively (see Section 7.5.3). This led to the assignment of unqualified consultants and
contractors that were biding low in order to win the projects with the intention of
recovering their losses through possible claims and variation orders. Therefore, the
proposed framework will tackle this issue by extending this list to include general
information (the Jordanian government tender instructions, 1987), past project experience
(Porwal, 2013), sustainability competency (Sourani, 2013) and the Project Information
Plan (PIP) (see Section 7.6.5) (BSI, 2013). PIP includes a BIM assessment form, an IT
assessment

form

and

a

human

resource

assessment

form.

This

pre-qualification

assessment list should be applicable to the consultant and contractor appointments. An
example of BIM assessment form is in Appendix H.
●

Rigidity of the tender process

The tender stage in the public sector in Jordan has been criticised for its rigidity.
Therefore,

the

tender

stage

in

the

proposed

framework

must

comply

with

the

Government Works By Law no. (71) of 1986. Article 9 of this law states that the tender
offers should be submitted as technical and financial offers. A technical tender includes
general information, such as the method statement, the capabilities available, the staff
and their CVs and a list of suppliers. The financial tender comprises the offered prices.
●

Unclear guidance on the necessary BIM LOD over the project lifecycle

The BIM LOD for each stage in the procurement process is identified as an issue for
effectively implementing BIM in Jordan (taken from the interviews). The LOD has been
identified as an important and critical issue since it represents the model information at
specific stages, and it is linked to the practical application of BIM (Wu and Issa, 2014).
Moreover, it is important to identify the required LODs for procuring the project team
(interview analysis). Therefore, the BIM model LOD over the RIBA stages were adopted
from the literature and included in the proposed framework (AIA, 2013; CIC, 2013). The
different LODs were described in Section 3.2.5.4.
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●

Lack of sustainability considerations in the procurement process

Despite the importance of embedding sustainability into the procurement process, the
academic literature is lacking (Preuss, 2009), especially in the public sector (Brammer and
Walker, 2011). One of the first and most important studies was conducted by Sourani
(2013) with a view to enabling the public client to better address sustainable construction
in developing procurement strategies. Nine factors were identified, and 6 out of the 9
factors were found to be important when implementing public projects in Jordan to
enhance and achieve sustainable building projects (see Section 7.7.4.2). These factors are
used for the development of the proposed framework
Moreover, the interview participants added the requirement of having an iterative process
of modelling and reappraisal at the design stage to achieve an integrated and optimal
design, and thus enhance the buildings’ sustainability (see Section 7.7.4.2). This is
confirmed

by

the

suggestions

by

Masterman

(2002),

Bower

(2003),

Hamza

and

Greenwood (2007) and HEEPI, SUST and Thirdwave (2008).
As a result, Table 8.4 represents the framework development themes for the public sector
in Jordan taking into consideration all of the above possible solutions that were identified
from the interviews and the literature.
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Table 8.4: Framework development for the public sector in Jordan
Framework themes
Work Stages (RIBA, 2013)

Tasks identified based on the
interview analysis and modified
based on RIBA Overlay BIM Plan
of Work (RIBA, 2012), the Green
Overlay to the RIBA Plan of Work
(2011), the building design
management (Gray and Hughes,
2001) and early BIM partnering
(Porwal and Hewage, 2013)
Sustainability contractual factors
in the public sector in Jordan
identified by the literature
(Sourani, 2013) and the interview
analysis

Stage 0: Strategic
Definition

Stage 1: Preparation
and Brief

Stage 2: Concept Design

Stage 4:
Technical
Design

●
●
●
●
●

Statement of needs
Business case development
Brief development
Identify project targets
Develop architecture reference model

●
●

Highlighting sustainability in the project brief as a primary aim
Integrating sustainability requirements into contract specifications and conditions (including specifying
any project-specific sustainability requirements)
Emphasising the importance of sustainability in tender evaluations and selection procedures
Requirements and incentives for the supply side to demonstrate a commitment to sustainable
development through policy and implementation
Requiring the supply side to demonstrate the capability of delivering sustainability requirements
Encouraging tenderers to suggest innovative solutions and approaches that support the client’s overall
sustainability objectives

●
●
●
●
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●
●
●
●
●
●
●
●

Stage 3:
Developed
Design
Pre-start up BIM meeting
Development of concept design
Sustainability and area analysis
Start-up BIM meeting
Prepare developed design
Prepare technical design
Conduct BIM model analysis
Correct BIM model errors

Work Stages (RIBA, 2013)

Key stakeholder involvement for
BIM -based projects identified by
the literature (Hjelseth, 2010) and
the interview analysis
BIM LOD (AIA, 2013; CIC, 2013)
Two-stage tender strategy (RICS,
2014)

Stage 0: Strategic
Definition
●
●

Stage 1: Preparation
and Brief

Public client (MPWH, PS and PM)
BIM consultants (the designers)

LOD 100

Stage 2: Concept Design

●
●
●

Stage 3:
Stage 4:
Developed
Technical
Design
Design
Public client (MPWH and PM)
BIM consultants (the designers)
The contractor BIM Units (the preferred contractor)

LOD200
Tender stage 1
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LOD 300, LOD 350
Tender stage 2 at the end of
RIBA stage 4

8.2.4 Framework Structure
This section is focused on the methodology of building the proposed framework based on
Table 8.4. According to Arora and Johnson (2006), a framework is defined as a set of
processes created to achieve a set of goals. Four main steps have been identified by Arora
and Johnson (2006), which are:
●

the project boundaries and confinements to be defined;

●

the first step in the process is the first boundary;

●

the last step in the process is the last boundary; and

●

all major steps between the first and last are to be identified.

Arora and Johnson (2006) believed that creating a sequential process within a framework
is to document and describe the process, generate ideas about improvement, determine
the best method and train others. RIBA is used for modelling the processes under the
proposed framework. The RIBA Plan of Work follows a descriptive approach to describe
the way a construction process should be organised and managed (Hughes, 2003). This
kind of approach has been adopted by many researchers for mapping the construction
process (Edel and Christenson, 1967; Ahuja and Nandakumar, 1985; London et al., 2008).
Zanni (2017) argues that this descriptive model can be used as a framework which focuses
on the procurement approaches. Therefore, the RIBA Plan of Work (2013) stages is used to
model the proposed framework.
This research defines construction procurement as a set of tasks that govern the activities
undertaken by the client, consultants and contractors to plan, design, assess, purchase
and construct projects to deliver the required end-product to the client (see Section 4.2.1).
Therefore, the structure of the proposed framework constitutes three main vertical axes:
the procurement tasks, key stakeholders’ involvement and responsibilities and additional
information with the intention of solving any procurement issues in the public sector in
Jordan. All three axes are aligned with the RIBA (2013) stages (see Figure 8.1).

220

Additional
Information

Procurement Tasks

Stakeholders
Involvements and
Responsibilities

Strategic Definition

RIBA (2013) Stages

Preparation and Brief

Concept Design

Developed Design

Technical Design

Figure 8.1: The conceptual framework
The tasks axis is based on the current procurement tasks, as stated by the interview
participants in Table 7.4. This is because the aim of the framework is to improve the
implementation

of

BIM

and

enhance

sustainability

under

the

currently

adopted

construction procurement. However, this tasks list has been modified and includes tasks
related to BIM and sustainability. This modified list is based on the interview analysis, the
RIBA Overlay BIM Plan of Work (RIBA, 2012), the Green Overlay to the RIBA Plan of Work
(2011), Gray and Hughes (2001) and Porwal and Hewage (2013). These references were
used for their relevance to the scope of this research. As a result, the following tasks were
added:
●

architecture reference model development;

●

pre-start up BIM meeting;

●

sustainability and area analysis;

●

start-up BIM meeting;

●

conduct BIM model analysis; and

●

correct BIM model errors.

221

The tasks axis also includes procuring the project team: the consultants and contractors.
As stated in Table 8.4, this research proposed the use of a two-stage tender strategy under
the traditional procurement approach to tackle the issue of late contractor involvement.
These stages in addition to the consultants’ appointment need to comply with the
adopted tender procedures followed by the public sector in Jordan. Therefore, the prequalification procedures were adopted for the consultants’ appointments and the firststage contractor appointment. The contractor appointment in the second-stage tender is
based on negotiation. Table 8.5 represents the procurement tasks in addition to the
stakeholders’ involvement and responsibilities.
Table 8.5: Procurement tasks and stakeholders’ involvement and responsibilities
Framework
Stage (RIBA, 2013)

Tasks

Stage 0: Strategic
Definition

● Develop a statement of requirement
● Develop a full business case

Stage 1:
Preparation and
Brief

● Develop an outline of the project brief
● Set project targets
● Prepare a ‘request for proposal’ document
● Prequalification list
● Choose based on the lowest price
● Assigning BIM consultants
● Architect BIM model development LOD 100

● MPWH/PM

● Pre-start-up BIM meeting
● Develop a BIM model LOD 200
● Sustainability and area analysis
● BIM design model development LOD 200
and early sustainability analysis

● BIM consultants
● MPWH/PM

Stage 2: Concept
Design
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Stakeholder involvement and
responsibilities
● PS
● MPWH/PM

● Architect BIM
● MPWH/PM to approve

● BIM consultant
● MPWH/PM to approve

Stage 3 & Stage 4:
Developed Design and
Technical Design

● Prepare ‘request for proposal’
document
● Prequalification list
● Choose based on the lowest price
● Assigning a contractor BIM unit in the
pre-contractual agreement basis

● BIM consultants
● MPWH/PM

● Start-up BIM meeting

● MPWH/PM
● BIM consultants
● Contractor BIM units

● BIM design model development LOD
300-350 to meet the project brief

● BIM consultants
● Prefer bidder contractor BIM
unit to consult, advice and
give feedback.
● MPWH/PM to approve

● Construction award based on the
negotiation process

● MPWH/PM

The additional information axis includes information connected to the main procurement
tasks in the task axis. The reason for this is to explain and/or describe the main
procurement tasks, and to add any additional information related to BIM implementation.
This additional information is based on the literature and interview analysis to solve the
current procurement issues that affect BIM implementation, and thus hinder sustainability
in the public sector in Jordan; these are shown in Table 8.4 and include the following:
●

BIM core activities recommended by the RIBA BIM Overlay (2012);

●

key tasks recommended by the Green Overlay to the RIBA (2011);

●

BIM model LOD;

●

procurement sustainability factors;

●

tender procedures according to the Jordanian Government Tender Instructions
pursuant to Article (16) of the Government Works By-Law No. (71) of 1986;

●

extended pre-qualification list; and

●

BIM model analysis.

The final proposed framework is presented in Figure 8.2. It includes all three main axes
modelled using the RIBA (2013) stages. The tasks should be executed in the sequence that
they are presented. Therefore, the links between the tasks are interrelated; task 3 cannot
take place before task 2. This applies throughout the framework.

223

Proposed Framework
Additional Information

Tasks

A

Develop statement of
requirements

Public Client

BIM benefits

B

Stage0&1: Strategic Definition &Preparation and Brief

Stakeholders

Develop full business Case

BIM extend (4D,5D, etc)
Sustainability as primary aim

C

Develop outline project brief

Constraints

Set project targets

Cost ceiling
Time

D

Request for proposal

Quality
Sustainability performance

Prequalification

Financial Offer

E

Technical Offer
Past Project Performance
General Information
Sustainability competency
Project Information Plan
1. IT assessment form
2. BIM assessment form
3. Human resource assessment
form

Choose based on lowest compliant
price






F

Architectural reference model LOD
100

Assign BIM Consultants
Develop Architect BIM model
LOD 100

YES

BIM consultants

NO

MPWH/PM to
approve

Stage 2: Concept Design

Set pre-start BIM meeting
Outline structure
Building services design

G

Develop BIM Model LOD 200

Preliminary cost information




Project strategies
Sustainability strategy
Maintenance and Operation
Handover

Sustainability and Area Analysis
NO

MPWH/PM to
approve

BIM Model LOD 200

K

Request for proposal

Stage 3 &4: Developed and Technical Design

E

F

Financial Offer
Technical Offer

Past Project Performance

General Information

Sustainability competency

Project Information Plan
1. IT assessment form
2. BIM assessment form
3. Human resource assessment
form
Constructability

Prequalification
Choose based on lowest compliant
price
Assign Contractor BIM Unit

I

Set Start up BIM Meeting

Contractor

Develop Coordinated Design BIM
Model (LOD 300/350)

Clash Detection

J

Sustainability Analysis

Conduct Model Analysis

Cost Analysis
Energy Performance Analysis

NO

MPWH/PM to
approve

K

YES

Correct Model Errors
Final Coordinated BIM Model LOD
350

Coordinated BIM Model (LOD 300/
350)
Construction Award
Construction Stage

Figure 8.2: The proposed procurement framework for delivering public buildings in Jordan
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Table 8.6 illustrates the meaning of the symbols, abbreviations, research methods and
provides a description of the references used in the framework.
Table 8.6: Framework key and references
References
A

Research
methods
I and LR

B

LR

C

I and LR

D
E

I and LR
I and LR

F

I and LR

G
I
J

LR
I and LR
LR

K

LR

Description of reference
Described in the stakeholder involvement (see Table
7.4.3) (Hjelseth, 2010)
Core
BIM
activities
recommended
by
the
BIM
Overlay
to
the
RIBA
Outline
Plan
of
Work
(RIBA, 2012)
Key tasks recommended by the Green Overlay to the RIBA
Outline Plan Work (RIBA, 2011; Sourani, 2013) and
sustainability as the primary target in the project brief, as
stated in Section 7.7.4.2
Identified in Section 7.7.3 (Sourani, 2013)
Financial and technical offers described in Section 7.4.2,
and the Government Tender Instructions, pursuant to
Article (16) of the Government Works By-law No. (71) of
1986
Described and stated in Section 7.6.5 (the interview
analysis) (BSI, 2013; Porwal, 2013; Sourani, 2013)
Information exchange (RIBA, 2013)
Discussed in Section 7.6.3 (Porwal, 2013)
(Porwal and Hewage, 2013)

The iterative process of modelling and reappraisal to
achieve an integrated and optimal design (Masterman,
2002; Bower, 2003; Hamza and Greenwood 2007; HEEPI,
SUST and Thirdwave, 2008)
Key: LR: Literature Review, I: Interviews
Next Process Task:

Task:

Relationship:

Additional information:

Stakeholders:

Stakeholders keys

MPWH
BIM manager
Project manager (internal Architect
of external)
Project sponsor (PS)
Other consultants
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Preferred bidder
Awarded contract

8.3 MAIN FRAMEWORK COMPONENTS FOR IMPROVING BIM
IMPLEMENTATION AND ENHANCING SUSTAINABILITY OUTCOMES
A large portion of the building sector in Jordan especially the public buildings suffer from
sustainability performance issues (FFEM and ANME, 2010). The importance of the building
sector is that it accounts for 33% of the final energy consumption in Jordan (UNEP, 2007)
and consumes a significant amount of the available water in a country that is considered
to be one of the world’s most water stressed countries (Kisbi, 2011). Therefore, delivering
sustainable buildings becomes a key target (RSSJ and FES, 2013).
BIM was identified as a promising solution in terms of improving sustainability and
meeting the global need for sustainable buildings (Kumanayake and Bandara, 2012).
Moreover, BIM was also identified as being at the core of sustainability by BIM
practitioners in Jordan (see Section 7.3.4). However, BIM is mostly used for basic functions
in the Jordanian public sector such as visualisation and clash detection (see Section
7.6.2.5). To achieve effective BIM implementation and enhance building sustainability, the
level of integration should be taken into consideration. The time of the participants’
involvement and team characteristics are some of the main attributes for enhancing this
integration.
8.3.1 Timing of the Contributors’ Entry to the Framework
In Chapter 6, the questionnaire respondents verified that the procurement approach is
among one of the major barriers to implementing BIM. In Chapter 7, the interview
participants claimed that the main procurement attribute that contributes to effective BIM
implementation and thus improving the buildings’ sustainability in Jordan is the early
involvement of the contractor in the design stage. However, they also expressed the view
that the public client does not accept contractually bringing the contractors into the
design phase because of the culture of procurement in Jordan. On the other hand, it was
suggested that the contractors be enrolled on a PCSA basis through a contractor BIM unit.
Therefore, the contractor is hired through the means of a two-stage tender process under
a

traditional

procurement

approach

to

enhance

sustainability performance.
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team

integration,

and

thus

also

8.3.2 Team Characteristics
In Chapter 7, the interviewees stated that prequalification is part of the current tender
procedure in the public sector in Jordan. It is also one of the most popular procedures
worldwide (Plebankiewicz, 2009). However, the prequalification procedure in Jordan has
been criticised due to its limiting list, which has a direct effect on the effective
implementation of BIM and achieving sustainability. Therefore, this framework proposes a
pre-qualification list suggested by the interview analysis and the literature review to
appoint BIM and sustainability qualified consultants and contractors. This list includes BIM
and IT assessment forms, and it assesses the bidders based on their sustainability
competency through:
●

emphasising the importance of sustainability in the tender evaluations and selection
procedures;

●

requiring the tenderers to demonstrate a commitment to sustainable development through
policy and implementation;

●

requiring the tenderers to demonstrate their capability in delivering sustainability
requirements; and

●

requiring the tenderers to suggest innovative solutions and approaches that support the
client’s overall sustainability objectives.

8.4 FRAMEWORK VALIDATION
8.4.1 Validation Aim and Objectives
Refinement and examination of the proposed framework suitability for the public building
sector in Jordan is the aim of the framework validation phase. Validity and reliability as
well as identifying further gaps that can improve the proposed framework were the basis
for the validation process objectives. These objectives are:
●

to determine if the framework is reliable and valid;

●

to verify if the framework can be implemented under the governmental procurement
regime in Jordan;

●

to identify possible gaps in the framework;

●

to examine the appropriateness and practicalities of the RIBA (2013) stages;

●

to elicit areas for improvement for the proposed framework.
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8.4.2 Validation Process and Respondents’ Profile
The framework validation includes two stages (see Figure 8.3). In the first stage,
discussions were undertaken with three researchers at the University of Portsmouth that
have experience and knowledge in the construction industry in the Middle East and
Jordan. The aim of these discussions was to refine the developed framework before the
actual validation process. The second stage (the actual validation process) was conducted
through validation interviews with experts in the public construction sector in Jordan in
order to examine and refine the suitability of the proposed framework for the public
building sector in the country. A focus group approach was considered; however, the
researcher could not gather all the participants at the same place and time. Therefore,
semi-structured interviews were used.
Validation process and tools

Points to validate

Pre-validation discussions:
- Interviews’ questions refinement

Proposed framework
refinement:

- Proposed framework
- Participants: three construction
management researchers with
experience in the Middle East and
Jordan construction industry

- Structure and language of the
framework
- Information flow clarity
- Content clarity
- Suggestions for improvement

Semi-structured validation
interviews:

Refine and examine the
validity and suitability of
the framework

- Participants: seven interviews
with a BIM regional manager, a
BIM manager, a contract manager,
a project manager, a construction
manager and a tender manager
- Proposed framework
- Table 8.6 and 8.7 without
responses

- Clarity of the structure
- Information flow clarity
- Facilitating public buildings
delivery in Jordan
- Implementation under
existing public procurement
systems
- The applicability of the RIBA
plan of work stages (2013) in
Jordan
- Facilitating BIM
implementation
- Best to own the framework
- Suggestions for improvement

Figure 8.3: Validation process map
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Outcomes
Outcome:
- The proposed framework is
ready for the semi-structured
validation interviews

Outcome:
- The framework has a clear
structure and information flow
- The framework facilitates the
delivery of public buildings in
Jordan
- The framework can be
implemented under the existing
public procurement systems
- RIBA plan of work stages (2013)
are applicable in Jordan and it
was used before
- The framework was found to be
able to facilitate BIM effectively
in the public sector in Jordan.
However, some concerns were
raised and discussed in Section
8.5.4.
- The best entity to execute the
framework and to own the BIM
models is MPWH

The BIM feasibility study (in Phase One of the data collection) identified the BIM
practitioners (29 responses) in the public Jordanian construction sector, and they were
contacted for interviews. 12 experts responded and were part of the interviews (in Phase
Two of the data collection) (see Section 7.1.2). In order to gather wider views on the
proposed framework, and to give it more validity and reliability, all the 29 respondents
who stated that they had used BIM in delivering public buildings in Jordan were contacted
to participate in the validation stage (the final phase of the study). This is because the
validation process can involve the respondents who participated in the first place in the
research (Patton, 1990; Lincoln and Guba, 1985). 7 out of the 29 respondents agreed and
were available to take part in the framework validation process, and four of the seven
were also part of the main interviews (in Phase Two of the data collection) (see Table 8.7).
Table 8.7: Validation participants
Company
size
S

Participant Company

Position

P1

Public client/ GTD

Tender manager

No. of years’
experience
24

M

P2

Project manager

8

S

P3

Public client/
MPWH
Consultant

Project manager

22

M

P4

Consultant

BIM manager

8

S

P5
P6

M

P7

Contractor

Construction
manager
BIM regional
manager
Project manager

45

S

Construction
management
Contractor

9
13

Size of the
project
1-50 million
JD
1-150 million
JD
1-50 million
JD
20-100
million JD
5-200 million
JD
20 million 4.5 billion JD
1-50 million
JD

8.4.3 Findings from the Validation Interviews
Semi-structured validation interviews were used for obtaining in-depth data and a
statistical analysis to improve the framework. In order to achieve the validation interview
aim and objectives, the proposed framework (see Figure 8.1) was sent to the interviewees
before asking the questions. Two sets of questions were used: closed-ended ones
requiring an answer of yes or no, as shown in Table 8.8, and open-ended questions, as
shown in Table 8.9. Seven interviewees responded, and they indicated and agreed that the
proposed framework is useful and is a good stepping stone towards integrating BIM under
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the existing procurement approach to deliver sustainable public buildings in Jordan. A
summary of the responses from the respondents in the validation phase from the closedended questions are shown in Table 8.8 whereas Tables 8.9 to 8.15 represent the
validation responses on the open-ended questions for each of the validation participants.
Table 8.8: Summary of the results of the framework validation
Questions
1.
2.
3.
4.

5.

6.

7.
8.

9.

P P
1
2
Does the framework have a clear structure?
1
1
Does the framework have a clear information 1
1
flow?
Does the framework facilitate delivering 1
1
public buildings in Jordan?
Does
the
framework
facilitate
BIM 1
1
implementation in the public sector in
Jordan?
Does the framework have the potential to 1
1
enhance
public
buildings’
sustainability
performance?
Can the framework be implemented under 1
1
the current public construction procurement
systems?
Does the framework have clear procurement 1
1
processes?
Does the framework have the potential to 1
1
overcome the poorly coordinated design in
the public sector?
Are the RIBA (2013) stages applicable in 1
1
Jordan?
Should the project manager have a leading 0
1
role in implementing the framework?
Pn (n=1-7) = Participants (BIM regional manager, BIM
project manager, construction manager and tender manager)
Yes= 1 and No= 0
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P
3
1
1

P
4
1
1

P
5
1
1

P
6
1
1

P
7
1
1

Tota
l
7
7

1

1

1

1

1

7

1

1

1

1

1

7

0

1

1

0

1

5

1

1

0

1

1

6

1

1

1

1

1

7

0

1

1

1

1

6

1

1

0

1

0

5

0

1

0

0

1

3

manager, contract manager,

Table 8.9: Validation questions and results (P1)
Validation Findings
Is this
Who should
framework
take
useful to you?
ownership of
Please give your this
reasons.
framework?
Yes,
It provides
guidance for
procuring
consultants and
contractors for
BIM-based
building
projects.

The GTD.

Under what
circumstances
would you use the
framework?

How would you compare
this framework to
current BIM approaches
in Jordan?

It can be used to
guide the
Governmental
Tender Department
(GTD) on the process
of delivering public
buildings using BIM.

There is no specific
process for BIM
implementation.
However, in the public
sector BIM has been
mostly used in the design
phase only for
visualisation and clash
detection.

231

Is there anything missing in
the content of the
procurement processes,
BIM implementation and
sustainability
considerations?
The procurement process:
Consultants (the designers)
and contractors are
appointed through two
approaches: request for
proposal or direct award
depending on previous
performance; this should
be included in the
framework.

How can this framework
be improved?

Points to consider.

The one-stage tender
should be with the
contractor organisation
and not a specific unit (a
contractor BIM unit).
However, the existence of
such a unit in the
contractor organisation
can be treated as an
essential requirement for
them to bid for projects.

The framework can
guide the public
major stakeholders
on the required
LODs.
Is there a need to
change or amend
the contract form
for BIM
implementation?

Table 8.10: Validation questions and results (P2)
Validation Findings
Is this
Who should take
framework
ownership of this
useful to you?
framework?
Please give your
reasons.
Yes,
It is a step in the
right direction
for increasing
BIM awareness.

The project
manager as the
representative of
MPWH.

Under what
circumstances
would you use the
framework?

How would you compare this
framework to current BIM
approaches in Jordan?

As a design tool to
guide the key
stakeholders during
the design phase.

Limited opportunities are
offered from the current BIM
approaches as BIM
implementation is supposed to
generate more accurate
project schedules and costs.

Is there anything missing in
the content of the
procurement processes,
BIM implementation and
sustainability
considerations?
The BIM process:

Who manages the various
BIM models?

How can this
framework be
improved?

Points to consider.

Identify who
executes the
framework.

BIM should be part of
the contract documents.
How have
interoperability issues
been tackled?

Many contractors tend to bid
low to win the project and
then raise VOs to get money
back at the end of the
construction work.

Consultants (the
designers) should be
appointed as consultants
(or as supervision) in the
construction phase.

Therefore, involving the
contractor in the design phase
during the implementation of
a BIM-based design model will
minimise such issues.

How have ownership and
copyright of the model
information been
tackled?
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Table 8.11: Validation questions and results (P3)
Validation Findings
Is this
Who should take
framework
ownership of this
useful to you?
framework?
Please give
your reasons.

Yes,
As a design and
procurement
guidance.

MPWH as all the
governmental
construction works
are delivered
through this
ministry.

Under what
circumstances would
you use the
framework?

How would you compare this
framework to current BIM
approaches in Jordan?

It can be used to
simplify the delivery
process using BIM.

BIM is considered by most of
the public construction sector
stakeholders as only software;
therefore, there is a lack of an
existing plan or guidelines for
implementing BIM as
processes. This can be seen in
the absence of organisational
structure and procurement
processes for BIM
implementation.
This framework has a clear
and easy to follow tender
processes, including the need
for a pre-qualification list.
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Is there anything
missing in the content
of the procurement
processes, BIM
implementation and
sustainability
considerations?
This framework is clear
and easy to follow;
therefore, I am not
quite sure if there is
anything missing.

How can this
framework be
improved?

Points to consider.

By stating who
should execute
the framework.

Stakeholders’ attitudes
need to be changed.

By identifying
who should
manage the BIM
information
throughout the
framework.
By identifying the
design and
construction
responsibilities.

How risk will be
distributed under two
stages with the
implementation of BIM.
The public client needs to
be educated on the
benefits of BIM on time
and cost savings as the
two-stage tender
strategy offers less
competitive prices than
single stage strategy
which is frequently used
in the public sector.

Table 8.12: Validation questions and results (P4)
Validation Findings
Is this framework
Who should take
useful to you?
ownership of this
Please give your
framework?
reasons.

Yes,
This framework is
a stepping stone
for an integrated
BIM
implementation in
Jordan.

The project
manager or the
MPWH.

Under what
circumstances
would you use the
framework?

How would you compare this
framework to current BIM
approaches in Jordan?

If the public client
requests BIM, this
framework could be
used as a guidance
for the project team
assembling it.

There is no standard
approach for BIM in Jordan.
However, for most projects,
BIM was used for 3D
visualisation and clash
detection
Contractor BIM units will
overcome the current issue of
having two separate BIM
models in the BIM
approaches.

Is there anything
missing in the content
of the procurement
processes, BIM
implementation and
sustainability
considerations?
BIM implementation:

How can this
framework be
improved?

Points to consider.

I would say that there is
a need to have an
information manager.

How can
communication
be improved
between the
different parties?

How to eliminate
additional and specific
risks to BIM
implementation.

Project objectives
and goals need to
be identified in
the framework.

Currently, the focus
in the public sector is
on minimising cost
when delivering their
buildings. However,
there is the potential
to shift to sustainable
buildings due to the
recent political and
economic issues in
the region.
Having a framework
for implementing BIM
to achieve
sustainability is a step
forward.
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Table 8.13: Validation questions and results (P5)
Validation Findings
Is this framework
useful to you?
Please give your
reasons.

Who should take
ownership of this
framework?

Under what
circumstances
would you use the
framework?

How would you compare this
framework to current BIM
approaches in Jordan?

Yes,

MPWH.

It can be used to
simplify the delivery
process when
implementing BIM.

Current BIM approaches are
segregated in nature, and BIM
has mostly been used in the
design stage for visualisation.

It can be used to
educate and guide
the major
stakeholders when
implementing BIM.

This framework is a structured
process that brings more team
integration into the design
stages.

Is there anything
missing in the content
of the procurement
processes, BIM
implementation and
sustainability
considerations?
BIM implementation:
Identifying who should
manage the BIM
information
throughout the
framework?
Sustainability
considerations:
The facility manager
inside the MPWH
should be involved or
consulted early in the
process for
sustainability
approaches.
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How can this
framework be
improved?

Other points to
consider.

Implementing the
framework under
a more
collaborative
procurement
approach.

Before considering
sustainability, the
government needs to
ask and enforce it.

How construction
BIM models fit in
the framework

Table 8.14: Validation questions and results (P6)
Validation Findings
Is this framework
Who should take
useful to you?
ownership of this
Please give your
framework?
reasons.

Yes,
This framework
looks very useful
as it describes a
structured
procurement
process for
implementing
BIM.

MPWH and
specifically the
Governmental
Tender
Department (GTD).

Under what
circumstances
would you use the
framework?

How would you compare
this framework to current
BIM approaches in Jordan?

BIM is new in
Jordan; many
professionals have
limited experience in
‘how to’ implement
this technology,
especially the
contractors and subcontractors; this
framework can
introduce these
professionals
through their
involvement with
the consultants in
the design stage.

There is no existing BIM
standard in Jordan.
Therefore, BIM has been
implemented in many
different ways with a total
segregation between the
design and construction.

Is there anything missing
in the content of the
procurement processes,
BIM implementation and
sustainability
considerations?

How can this
framework be
improved?

Points to consider.

By including the
agreed project
objectives and
targets in terms
or cost, time,
quality and
sustainability.

Sustainability options
cost more.
There is a need to
change the attitude
and awareness in order
to implement BIM
more effectively.
BIM implementation
will change the
payment mechanism.
Graphic and nongraphic information will
not be at the same LOD
at each stage for the
different areas
throughout any project.
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Table 8.15: Validation questions and results (P7)
Validation Findings
Is this framework
useful to you?
Please give your
reasons.

Yes,
This framework is
mapping the timely
involvement of the
major stakeholders,
their responsibilities
and obligations;
therefore, it can be
used as a reference
document
throughout the
process.

Who should
take ownership
of this
framework?

Under what
circumstances
would you use the
framework?

How would you compare
this framework to current
BIM approaches in
Jordan?

MPWH and the
project manager.

If the public client
requires public
buildings using BIM.

We do not have a specific
BIM process. However,
the public sector started
to implement BIM
recently; thus, having a
structured framework for
that is a good step.
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Is there anything
missing in the
content of the
procurement
processes, BIM
implementation
and sustainability
considerations?

How can this
framework be
improved?

Points to consider.

Besides
implementing BIM
effectively, what
exactly are you
looking to achieve?

Limited public projects
have been delivered with
the two-stage tender
process. This is because
most of the public projects
were delivered using a
single-stage tender after
the design completion.

The project
objectives and goals
need to be clearly
identified and stated.

In order for the framework
to work better, pre-start
up BIM meetings, start-up
BIM design meetings and
other BIM-based meetings
should be held in the
MPWH design department.

8.4.4 Concerns Raised by the Validation Interviewees
The validation interviewees agreed on the need for this framework in order to implement
BIM and enhance sustainability performance for the public buildings in Jordan. However,
some concerns were raised regarding the framework. These concerns can be identified as
key points to consider and key questions raised by the validation interviewees to be able
to improve the framework.
●

Who should execute the framework?

The aim of the framework is to guide the public client in Jordan in applying for BIM when
designing

public

buildings

to

improve

their

performance.

Therefore,

as

all

the

governmental buildings are executed by the Ministry of Public Work and Housing (MPWH),
the framework should be executed by the MPWH. Moreover, the validation interviewees
agreed that the ownership of the framework should be with the public client. The
validation interviewees P1, P2, P3, P4 and P6 expressed the view that the MPWH should
own the framework. P5 and P7 were more specific by stating that the Government Tender
Department, which is one of the MPWH’s departments, should own the framework in
order to guide the public consultants and contractors through the tender stages.
●

Besides implementing BIM effectively, what can the framework be used for?

The framework is important to the building project stakeholders in the public sector in
Jordan; it has been designed to inform all the stakeholders about the procurement process
for implementing BIM and sustainability. As BIM is mostly used in the public sector in
Jordan for visualisation and clash detection, this framework can be used to educate the
different stakeholders through their early involvement in the design phase. P5, a
validation interviewee, stated that:
BIM is new in Jordan, many professionals have limited experience in ‘how to’
implement such technology, especially the contractors and sub-contractors; this
framework can introduce such professionals through their involvement with the
consultants in the design stage.
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●

Governmental initiation and enforcement of sustainability

There is a lack of enforcement of sustainability by the public client. The validation
interviewee P5 stated that “before considering sustainability, the government needs to
ask for sustainable outcomes and enforce it”. This confirmed the lack of an enforcement
body in Jordan, which has been reported by RSSJ and FES (2013). Moreover, the interview
participants (see Section 7.7.4.1) also claimed that the government’s lack of initiative and
funding were among the major barriers to introducing sustainable technology. Therefore,
in order for the framework to work, the government needs to step up and start requesting
and enforcing sustainability in the delivery of its public buildings.
●

Who should manage the BIM?

BIM models contain information collected from various stakeholders. This information
should be managed and secured over the project lifecycle. Certain protocols and plans
such as the CIC BIM protocol (2013) and the BIM Overlay to the RIBA Outline Plan of Work
(RIBA, 2012) require the appointment of an information manager (a BIM manager).
However,

the

interview

participants

in

Chapter

7

claimed

that

because

BIM

implementation is limited, roles such as a BIM information manager are lacking in Jordan.
However, the lead consultant (the architect) could be appointed as a BIM information
manager to manage and secure the BIM inputs from various stakeholders (Barnes and
Davies,

2015).

Moreover,

the

interviewee

participants

(see

Section

7.5.3)

and

the

validation interviewee P2 recommended that the design consultants be assigned to the
role of supervisory consultant in the construction phase to eliminate any conflicts and
issues related to the designed stages. Therefore, by assigning the lead design consultant
(the architect) as a BIM manager, he/she will be able to manage the design and
construction BIM, which will support greater coordination in developing and maintaining
an integrated BIM models (Porwal and Hewage, 2013).
●

How can communication between the different parties be improved through the
framework?

Communication is a significant factor in executing complex buildings projects. BIM is an
effective communication tool among building stakeholders (Kim, 2014; Azhar et al., 2012)
through BIM features such as visualisation (3D) and walkthrough. These features will
ensure that the public client is informed, educated, and that their expectations are met.
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Moreover, BIM will assist the government in evaluating the options and improving the
decision-making process. This leads to a promoting of the building management, saving
time and reducing wastage and thus project costs (Eastman, 2011; Hartmann, 2012).
In

the

framework,

BIM

pre-start-up

and

BIM

start-up

meetings

are

to

enhance

communication and collaboration. These meetings were recommended by RIBA (2012)
and the interviewees in (see Section 7.6.3) as they stated that to overcome BIM
implementation barriers and to achieve effective communication, they are essential to the
process.

The

communication

validation
between

interviewees
the

P1

and

stakeholders

P5

under

reported
this

that

framework,

to

enhance

these

the

meetings

alongside other progress meetings, should be held in the MPWH design department;
moreover, the development of BIM over the project lifecycle should be registered and
updated in the MPWH design department servers.
●

How to eliminate additional and specific risks to BIM implementation?

There are many studies on the risks entailed in BIM implementation, and they can be
classified within two main themes: technology and process-related risks. A lack of BIM
standards for model integration and managing multidisciplinary teams is one of the
significant technology-related risks. Multidisciplinary information integration in a single
BIM model needs to have access from multiple users, which in turn makes it requisite that
there are BIM protocols to ensure consistency of information and formatting styles (Azhar,
2012). In the absence of a standard protocol, each stakeholder uses his/her own
standards, which could lead to inconsistencies and inaccuracies in the BIM model.
Weygant (2011) suggested having frequent “model audits” to avoid such issues.
Other technological-related risks, according to Azhar (2012), are interoperability and
licensing issues. Interoperability issues are not in the scope of the proposed framework.
However, they can be defined as issues related to the data exchange between different
applications to avoid data re-entry and to facilitate automation. Common languages such
as XML, Schemas and IFC have significantly helped to solve the interoperability issues
(Smith and Tardif, 2009). Moreover, identifying BIM requirements and goals during the
early stages of a given construction project will enable an efficient exchange of
information.
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BIM process-related risks include a “lack of determination of ownership of BIM data, and
the need to protect it through copyright laws and other legal channels” (Azhar, 2012).
Rosenberg (2007) suggested that setting ownership rights and responsibilities in the
contract documents are the best solution for preventing copyright disagreement issues.
RIBA (2012) suggested the need to define long-term responsibilities, including ownership
of the model, early during the ‘preparation and brief’ stage. For the ownership of the ‘Final
Coordinated BIM Model LOD 350’ in the framework, the public client is the best entity to
own the model. This is because the information embedded in this model will be used to
deliver the BIM Model LOD 500 (facility management), which includes information that
can be used to manage the public buildings effectively and efficiently over the building
operation lifecycle. Moreover, as the preferred bidding contractor in the first tender stage
might not be the awarded the role of construction contractor in the second stage, a clear
statement should be embedded in the PCSA about the ownership of the ‘Final Coordinated
BIM Model LOD 350’.
Moreover, the responsibility for controlling the data entry and inaccuracies is also among
the BIM process-related risks. This is a BIM contractual issue where being responsible for
updating the project information model data and maintaining data accuracy over the
project lifecycle entails a high risk. Another risk is that the BIM integrated concept blurs
responsibility levels to the limit that risk and liability might be enhanced. Azhar (2012)
suggested that implementing an integrated and collaborative procurement approach, such
as with IPD and DB, is one of the most effective ways to deal with such risks.
●

Is there a need to change the contract form?

There are two main contract forms that have been adopted by the public sector; the
Jordan Engineering Service Contract C1 and C2 (for the consultants), and the Contract
Agreement Book for Construction Part 1 and 2. The validation interviewee P6 reported
that in order to implement BIM, it should be embedded in the contract for engineering
services and contractor appointments. However, implementing BIM will raise additional
contractual issues relating to contractual indemnities, project risks, responsibilities and
copyright. These issues are not addressed in such standard contracts forms, which could
affect the speedy adoption of BIM. Investigating the types of existing construction contract
forms is not within the scope of this research. However, international efforts were made
by issuing BIM protocols in order to address these issues related to BIM implementation.
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The idea of a supplementary protocol outside of the contract means that a gradual
approach to BIM adoption could be achieved without the need to redraft contracts. In the
UK, the 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

contract

and

professional

service

appointments

by

way

of

a

simple

amendment. Moreover, this protocol puts in place specific liabilities, obligations and
associated limitations on the use of BIM models.
In the USA, the AIA released its ‘Building Information Modelling Protocol Exhibit’, which is
intended to be attached to the owner–architect and owner–contractor agreements.
Another construction contract family is the ‘ConsensusDocs’, which could be used as an
alternative

to

the

standard

form

of

contract.

‘ConsensusDocs’

covers

digital

communication, such as emails, drawings and payments with a focus on the BIM models.
One

of

the

‘ConsensusDocs’

construction

contracts

is

‘ConsensusDOCS

301

BIM

Addendum’, which was issued in 2010 by ConsensusDocs (Lowe and Muncey, 2010). This
BIM addendum tackled one of the main risks specific to BIM-based projects, which is that
stakeholders may assume that the contribution of other stakeholders to the BIM model as
being accurate. This was achieved by specifying that each stakeholder is responsible for
any contribution they make (Lowe and Muncey, 2010).
●

How construction BIM models are generated?

The final outcome in the proposed framework, as shown in Figure 8.2, is the ‘Final
Coordinated BIM Design Model LOD 350’. ‘ConsensusDOCS 301’ was issued as a BIM
addendum document that can be used alongside the traditional procurement approach
(Lowe and Muncey, 2010). This document makes clear the difference between the two
types of BIM models: design and construction models. The full or final BIM design models
should comprise all the design models. The BIM construction models consist of data
derived from the full or final BIM design model. This document defines the BIM
construction models as being equivalent to the shop drawings. Porwal and Hewage (2013)
drew a conceptual diagram to explain the design and construction models’ generation, as
explained in the BIM addendum (see Figure 8.4).
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Figure 8.4: Diagrammatic representation of model definitions (Porwal and Hewage, 2013)
The federated model was defined in the BIM addendum as:
A model consisting of linked, but distinct component models, drawings derived
from the models, texts, and other data sources that do not lose their identity or
integrity by being linked, so that a change to one component model in a federated
model does not create a change in another component model. (Lowe and Muncey,
2010).
●

BIM LOD limitation

LOD is identified as an important and critical issue as it represents the model information
at specific stages, and it is allied with the practical side of BIM implementation (Wu and
Issa, 2014). The proposed framework aims to tackle this issue by providing a LOD for each
stage and also for the contractor appointment. However, the validation interviewees P4
and P6 stated that despite the need to have guidance on BIM LOD for different stages, as
shown in the framework, there is a limitation on the use of the specific BIM LOD during
the different stages. P4 further claimed that “during one stage or another, the mechanical
design might be LOD 300, the electrical might be LOD 350 and HVAC might be LOD 400”.
P6 added that “for the ‘Final Coordinated BIM Model LOD 350’, you might have LOD 300
for the electrical, which we consider to be acceptable for construction as most of the parts
are procured; on the other hand, HVAC, for example, needs to be LOD 350-400”.

243

The suggested BIM LOD in the framework are used to guide the public stakeholders in
Jordan on what is required during the different stages when implementing BIM, especially
with the absence of standardised and structured processes for BIM implementation.
However, this framework can be customised for a specific building project by identifying
BIM LOD for each package at different stages.

8.5 FRAMEWORK REFINEMENTS
The framework for delivering public buildings in Jordan was developed based on the
questionnaires, interviews analysis and the literature review. The framework was revised
and

refined

based

on

certain

key

issues

and

concerns

raised

by

the

validation

interviewees. These issues are:
●

project targets should be identified early in the process;

●

facility managers in the MPWH should be consulted and involved, as solo entities
early in the

development of

the

project

brief to

advise

on sustainability

approaches;
●

MPWH contractor and consultant classifications should be part of the selection
process;

●

in the processes, consultants and contractors are usually appointed either on
request for proposal or by a direct award; these need to be clearly shown in the
framework;

●

design

consultants

should

be

assigned

as

supervision

consultants

in

the

construction phase.
The refinement of the framework based on the validation interviews findings
Setting project targets early in the delivery process are necessary to achieve value for
money. ‘Setting project targets’ is the fourth step in the framework in ‘RIBA (2013) stages
0&1:

‘the

Strategic

Definition

&

Preparation

and

Brief’.

However,

the

validation

interviewees claimed that this is for information purposes only. The public clients including
PS and MPWH and represented by PM are involved at the beginning of the project to
develop a statement of need and proceed with the project. The validation interviewees
stated that there is also a need for a facility manager inside the MPWH to be involved in
the process in order to advise on cost effectiveness, value for money and sustainability
approaches. It is worth mentioning that the public buildings in Jordan are managed by an
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internal department in the MPWH called the ‘Planning and Project Management Unit’
(MPWH, 2018b). Pilanawithana and Sandanayake (2017) studied the role of the facility
managers under the RIBA stages (2013), and they found that they have a vital role in
briefing the client’s requirements during the preparation and brief stage. Therefore, the
MPWH facility manager will be added to the process at an early stage whilst developing
the outline brief for the project.
The validation interview participants pointed out the need to clearly indicate the different
public consultant and contractor grades during the tender process in the framework. The
public consultants and contractors are classified into different grades depending on two
criteria: their expertise in areas such as buildings, roads and sewerage, and also the
maximum size of the projects that they have been allowed to bid for. As the focus of this
research is on buildings, the building contractors are classified into grades 1 to 5, and the
building consultants are classified into first grade class A, first grade class B, second grade
and third grade. These grades will be added to the selection of the consultants and
contractors under the framework. Moreover, despite the issues with the limited prequalification list for the public consultants and contractors, the validation interviewees
wanted to add a direct award as the method for appointing the consultants and
contractors since most of the public projects were delivered on the basis of a prequalification or direct award. In order to assign the design consultants’ team into the
supervisory role, a clause in the Jordan Engineering Service Contract C1 and C2 should be
added.

8.6 FRAMEWORK IMPLEMENTATION BARRIERS
The stakeholders’ mind-sets and attitudes need to be changed to appreciate lifecycle
thinking. The

framework is suitable

for public

buildings in Jordan. However,

BIM

implementation and sustainability decisions might cost more, but operational cost is
reduced when a building is environmentally friendly, socially acceptable and economically
viable. The lack of enforcement of BIM implementation by the Jordanian public client has
led to an absence of a standardised procurement approach towards implementing this
technology in delivering buildings (taken form the validation interviews). Therefore, it
would not be an easy task to change the normal practices of the major stakeholders to use
a defined framework that can provide a thorough guide on the procurement process for
implementing

BIM

to

achieve

sustainable

buildings.

245

Although

changing

the

current

practices will always have its advantages and disadvantages, the major stakeholders (the
public client, consultants and contractors) have gained BIM experience over the last few
years to enhance their decision-making and buildings’ performance (taken from the
questionnaires and interviews). In spite of this, the BIM competency gap between the
public consultants and contractors is still an issue (see Table 6.3 and Section 7.3.5.3),
which could affect the implementation of the framework. However, the public contractors
have started to train using BIM units inside their companies to fill this gap (see Section
7.6.4).
The public client in Jordan used to procure their buildings using DBB (see Figure 6.11 and
Table 7.3), and on the lowest cost that met the minimum specifications (Section 7.4.1). By
contrast, despite the advantages of implementing two stages of tender processes under
the framework, the competition will be less than under the DBB approach. Therefore, the
public client needs to be educated on the benefits of early contractor involvement on BIM
implementation and sustainability, including the cost and time savings and constructability
(taken from the interviews). Moreover, tendering could be based on an open-book basis
to allow the client to understand and monitor the contractor pricing. Therefore, a culture
change is needed to move towards a more collaborative culture in place of one that
induces conflict. The revised framework is presented below in Figure 8.5.
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Final Framework
Additional Information

Tasks

Stakeholders

Develop statement of
requirements

BIM benefits
BIM extend (4D,5D, etc)
Sustainability as primary aim

Public Client

Develop full business Case

Stage0&1: Strategic Definition &Preparation and Brief

Constraints
Public Client/ Facility
Manager

Develop outline project brief

Cost ceiling
Time

Set project targets

Quality
Sustainability performance
Second grade

First grade
class A

Third grade

First grade
class B

Request for proposal

Direct Award

Identify targeted
consultants grade
Prequalification

Financial Offer
Technical Offer
Past Project Performance
General Information
Sustainability competency
Project Information Plan
1. IT assessment form
2. BIM assessment form
3. Human resource assessment
form

Choose based on
lowest compliant price






Architectural reference model
LOD 100

Assign BIM Consultants
Develop Architect BIM model
LOD 100

YES

MPWH/PM to
approve

BIM consultants

NO

Stage 2: Concept Design

Set pre-start BIM meeting
Outline structure
Building services design





Project strategies
Sustainability strategy
Maintenance and Operation
Handover
BIM Model LOD 200

Grade 3

Grade 2

Grade 1

Grade 6

Grade 5

Grade 4

Financial Offer

Stage 3 &4: Developed and Technical Design

Develop BIM Model LOD 200

Preliminary cost information

Technical Offer

Past Project Performance

General Information

Sustainability competency

Project Information Plan
1. IT assessment form
2. BIM assessment form
3. Human resource assessment
form
Constructability
Clash Detection
Sustainability Analysis

Sustainability and Area Analysis
NO

MPWH/PM to
approve

Request for proposal

Direct Award

Identify targeted
contractor grade
Prequalification
Choose based on
lowest compliant price
Assign Contractor

Set Start up BIM Meeting
Develop Coordinated Design BIM
Model (LOD 300/350)
Conduct Model Analysis
NO

Cost Analysis
Energy Performance Analysis

Contractor

MPWH/PM to
approve
YES

Correct Model Errors
Final Coordinated BIM Model
LOD 350

Coordinated BIM Model
(LOD 300/350)
Construction Award
Construction Stage

Figure 8.5: The final procurement framework for delivering public buildings in Jordan

247

8.7 CHAPTER SUMMARY
This chapter concentrates on the framework development, validation and discussion for
delivering sustainable public buildings in Jordan. The framework was developed based on
a problem-solving approach and under the currently adopted procurement approach in
the

public

sector

in

Jordan.

The

procurement

issues

and

suggested

improvement

measures were taken from the interview analysis and the literature.
The framework was validated through interviews with BIM practitioners in the public
sector in Jordan. The framework presents a sequential process that can facilitate BIM
implementation and achieve sustainable public buildings in Jordan. The findings from the
validation interviews were presented in detail. The framework implementation has certain
challenges and benefits for the public sector in Jordan that have been identified. The
challenges include the following: changing the norms such as from the one-stage tender to
the two-stage tender process, which is considered to be a less competitive approach;
there is a lack of contractor BIM competency as few contractors have delivered BIM-based
projects; the ownership of the BIM models; and paying more for adopting sustainable
options and the BIM models. For the framework benefits, this research did not prove how
much cost and time can be saved, or how much improved quality and sustainability
performance

can

be

achieved

by

implementing

the

framework.

However,

BIM

implementation can doubtlessly save time, cut costs and improve the sustainability of
buildings by increasing the integration between the delivery team, automated continuous
sustainability

performance

analysis

and

easing

the

decision-making

process

through

features such as visualisation (3D) and walkthrough. All the validation interviewees agreed
on the usefulness and suitability of the framework. Nevertheless, they highlighted some
points to consider. These points include: the use of the defined MPWH contractor and
consultant classifications as part of the tender process; involving the facility manager early
as a solo entity in developing the project brief to advise on sustainability approaches; and
adding another possibility for selection (the direct award) as an option in the tender
process. A summary of the entire research will be presented in the next chapter.
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CHAPTER 9: CONCLUSIONS, LIMITATIONS AND RECOMMENDATIONS
9.1 INTRODUCTION
This chapter will focus on providing the general conclusions and recommendations. The
first section presents how the research aim and objectives have been met and achieved.
The subsequent section provides key contributions of this research. Subsequent to this,
this chapter discusses the research limitations, challenges and recommendations for
future research.

9.2 ACHIEVEMENT OF THE RESEARCH AIM AND OBJECTIVES
The aim of the research was to develop a procurement framework to enhance the
implementation of BIM in the Jordanian public sector for better sustainable building
performance. In pursuing this aim, seven objectives were established. This section
summarises how the research objectives have been met and provides the related
references to the chapters and sections in the thesis.
9.2.1 Objective 1: To investigate the importance of delivering sustainable public building
projects in Jordan (Chapter 2):
In order to justify this research, it was necessary to start by investigating the importance
of delivering sustainable public buildings in Jordan. Accordingly, the literature review
enabled certain insights into the importance of delivering sustainable buildings worldwide
and in Jordan. It was found that globally buildings consume more energy than any other
single sector; therefore, it is expected that the greatest cuts can be achieved from this
sector. In Jordan, the building sector accounts for 33% of the final energy consumption in a
country which imports 96.5% of its energy needs from neighbouring countries. This
consumes a considerable portion of the state’s annual budget, which is equal to 83% of
the total export gains. Moreover, it was found that the building sector consumes a
significant amount of the available water in a country that is considered to be one of the
world’s most water stressed countries.
A Lack of national resources combined with significant population growth and rapid
urbanisation due to political, cultural and economic reasons have put pressure on the
public buildings in Jordan to be more sustainable. Moreover, the public client is the major
client and key driver for the building sector in the country. However, it has been shown
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that a large portion of public building projects suffers from sustainability performance
issues. Therefore, greening this sector becomes a key focus. Finally, it has been evidenced
that research on achieving sustainable buildings through project management approaches
is still lacking. Far less research has focused on these issues for developing economies,
particularly in Jordan.
9.2.2 Objective 2: To investigate the impact of adopting BIM approaches on the design
and delivery of sustainable building projects (Chapters 3 and 7):
Research suggests that BIM as a management approach can help overcome many of the
issues reported in the public buildings in Jordan, that is time delays, cost overruns and a
lack of sustainability performance. Indeed, sustainability enhancement is among the main
BIM benefits. The ‘Sustainable BIM Triangle’ has been introduced in Chapter 3, and it
provides evidence that BIM adoption and implementation supports sustainability in two
aspects. Firstly, BIM supports sustainability throughout the building lifecycle from planning
to demolition by:
●

Visualisation including 3D models and walkthrough features; this will ease the
stakeholders’ decision-making, and thus be more sustainably oriented.

●

The ability to exchange data embedded in BIM among the multi-disciplinary users
with the help of different sustainability analysis tools and the automation of the
design evaluation processes.

●

BIM contributes by improving the collaboration and communication between
various stakeholders during sustainable design, construction and operations.

Secondly, BIM adoption and implementation supports the analysis and assessment of
sustainable building projects. BIM facilitates the acquisition of much needed data for
sustainability that is the coordinated dataset of information that has been naturally
captured over the project lifecycle in the building information models. Moreover, BIM
integration
sustainability

with

other

analyses

performance

performed

on

analysis
the

software

buildings’.

significantly

Furthermore,

BIM

simplifies
can

aid

the
in

enhancing the efficiency of sustainable assessment standard methods by estimating and
interpreting

the

credentials

of

the

different

methods,

which

could

enhance

the

stakeholders’ understanding of this, thus ensuring the achievement of the certification
requirements. Finally, the stakeholders can choose more effective strategies through BIM
to achieve the required building certification.
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The support given from BIM on the design and for delivering sustainable buildings is also
illustrated by the key stakeholders in the public sector in Jordan. It was found that BIM has
a potential to significantly contribute to delivering public buildings in Jordan. This can be
achieved through visualisation and a sustainability analysis.
This research also revealed that despite the well-defined BIM benefits to building
sustainability, there are three main barriers to the employment of BIM: business and legal
barriers; human and organisational barriers; and technical barriers. The procurement
approach, which falls within the business and legal barriers, is considered to be one of the
most significant challenges to BIM implementation in the public sector. Thus, when many
public clients around the world posed a range of actions to implement BIM, deploying
collaborative procurement approaches have been requested. In spite of this, the literature
revealed the absence of any preceding research on BIM, and the effect of procurement on
BIM implementation in the public sector in Jordan.
9.2.3 Objective 3: To investigate the impact of procurement approaches on the uptake of
BIM and delivering sustainable buildings (Chapter 4)
This has been achieved through reviewing the literature on the potential advantages and
disadvantages of the main public procurement approaches (DBB, DB, and CM) on the
implementation of BIM (see Section 4.3). IPD was also explored as the optimum
procurement approach for implementing BIM. The potential contributions of BIM under
each of these approaches were also discussed. It was found that the traditional DBB is the
most popular procurement approach implemented in the public sector in many countries
around the world. Despite the positive impact of BIM on the process of DBB, it has been
shown that this procurement approach is the least able to realise the BIM benefits. This is
due to many reasons, such as the late contractor involvement and limited BIM adoption
during the tender stage. On the other hand, IPD was found to be the closest fit for BIM
implementation. This is due to the stakeholders’ involvement and integration from the
beginning of the process, which creates an effective environment for BIM implementation,
and thus the full realisation of BIM benefits. However, IPD in its pure form is too idealistic
for the common adoption on construction projects globally due to many legal, financial,
cultural and technological issues. Therefore, researchers started to develop innovative
procurement

approaches

that

adopt

some

elements

related

to

the

collaborative

procurement approaches, and which are a closer fit between aspiration and specific
market dynamics to facilitate BIM implementation (see Section 4.4).
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Finally,

despite

the

focus

on

procurement

approaches

and

their

effect

on

BIM

implementation to realise the potential benefits, including sustainability enhancement,
this thesis has shown that procurement approaches also have a significant impact on
achieving sustainable outcomes (see Section 4.5). This is through the level of integration
achieved under each different procurement approach, and the more integrated the
procurement approach, the better the sustainability outcomes.
9.2.4 Objective 4: To investigate the current BIM status, feasibility, benefits and barriers
in the public sector in Jordan (Chapters 5 and 6 and Section 7.3)
Reviewing the literature revealed the absence of any previous research on BIM in the public sector
in Jordan (see Chapter 3). Therefore, BIM was still unknown in this context. Consequently, this
research conducted a BIM feasibility study and interviews with key stakeholders and BIM
practitioners in the public sector in Jordan as an exploratory study (see Chapter 5) to investigate
BIM's status, its benefits and barriers, and also whether it is feasible for public building projects in
Jordan as a management tool. As a result, this research has shown that BIM is feasible for public
buildings in Jordan as a management tool, and it is timely to adopt BIM (see Chapter 6). It was also
revealed that BIM has been mainly implemented in the design phase for 3D visualisation and clash
detection. Finally, it was found that the current procurement approach and the lack of a
comprehensive framework or implementation plan constitute significant barriers to implementing
BIM in the public building sector in Jordan (see Chapter 6 and Section 7.3).
9.2.5 Objective 5: To investigate the procurement approaches used in the Jordanian
public sector and their effect on the adoption of BIM and the subsequent ability to deliver
sustainable building projects (Chapter 5, Section 6.2 and Chapter 7):
The procurement approach has been identified as a significant challenge to implementing
BIM as a management tool (see Chapter 4 and Sections 6.2 and 7.3). Therefore, it was
necessary to investigate the procurement approaches currently adopted in the public
sector in Jordan and their effect on BIM implementation. This research found that the
traditional DBB is the most frequently used procurement approach in the public sector in
Jordan, and the key tasks and stakeholders’ involvement and responsibilities under this
approach have been identified (see Section 7.5). This research also confirmed that this
approach is the only used one when delivering public buildings using BIM (see Section
7.5.2). The major effect of such an approach on BIM implementation is the consequence
of having two BIM fragmented processes (see Section 7.3).
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The main reasons for implementing this approach for the majority of public buildings have
been explored (see Section 7.4), and the clear message was that changing the traditional
procurement approach to a more collaborative one needs a national effort in terms of
changing the legislation, the culture of the stakeholders and conducting trainings for the
consultants and contractors. The interview participants raised the main issues associated
with the current procurement approach that have affected the implementation of BIM
(see Section 7.5). Moreover, they suggested some improvement measures to overcome
these issues (see Section 7.6). Therefore, for an improved BIM implementation and the
ensuing sustainable outcomes, these issues need to be solved.
For sustainability, the management of the current procurement approach was found to be
one of the major barriers to achieving sustainable public buildings in Jordan. The main
features of this approach that hinder sustainable outcomes are the late contractor
involvement and the selection of the contractor based on the lowest price bid. Finally, this
research

identified

the

most

important

procurement

factors

for

addressing

the

environmental and sustainable issues under the preferred procurement approach in the
public building sector (see Section 7.7).
9.2.6 Objective 6: To develop a procurement framework to enhance the implementation
of BIM in the Jordanian public sector for better sustainable buildings’ performance
(Chapter 8)
The literature analysis (see Chapter 4), questionnaire analysis (see Chapter 6) and
interview analysis (see Chapter 7) clearly stated that the procurement approach is one of
the major challenges for effective BIM implementation in the public sector in Jordan. The
interview

participants

(the

BIM

practitioners)

indicated

that

changing

the

entire

procurement approach for a more collaborative approach is a challenging task. Therefore,
the aim of the framework was to deliver a more effective BIM implementation under the
currently adopted procurement approach in the public sector in Jordan with an emphasis
on

sustainability

performance.

A

problem-solving

approach

was

adopted

as

the

methodology for developing the framework to respond to the issues raised about the
current procurement approach that affects BIM implementation in the public sector in
Jordan (see Section 8.2.2). The proposed solutions for these issues were based on the
interview participants’ suggestions and the secondary data (see Section 8.2.3). The
framework was structured based on the RIBA (2013) stages, and the main tasks and key
stakeholder involvement under the current procurement approach in the public sector in
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Jordan were provided by the interview participants. These tasks are considered to be the
foundation of the proposed framework. The framework is described in Section 8.2.4.
9.2.7 Objective 7: To refine and validate the developed framework (Chapter 8)
There was a need to validate the procurement framework before it is implemented.
Therefore, the validation process aimed to determine the reliability and validity of the
proposed framework and to identify further gaps in the proposed framework (see Section
8.4.1). This was achieved by determining the clarity of the structure, information flow and
appropriateness and practicalities of the proposed framework, and also whether the
framework can be implemented under the government regime in the public sector in
Jordan.
The validation process was conducted over two stages (see Section 8.4.2). In the first
stage, in the form of a pilot study, there were discussions with the construction
management researchers at the University of Portsmouth to refine the developed
framework before the actual validation process. In the second stage, the process was
carried out through the validation interviews with the experts in the public construction
sector in Jordan to refine and examine the suitability of the proposed framework for the
public construction sector in Jordan.
It was found that the proposed framework is useful, and that it is a good stepping stone
towards integrating BIM under the current procurement approach to be able to deliver
sustainable public buildings in Jordan. On the other hand, a few concerns were raised by
the

validation

interviewees

(see

Section

8.4.4).

The

refinements

to

the

proposed

framework are described in Section 8.5. These refinements were used to further improve
the framework.
As discussed above, the objectives of this research were achieved, and the main aim has
been realised. This has been achieved through: studying the importance of delivering
sustainable public buildings in Jordan; the potential contribution of BIM in being able to
deliver sustainable buildings; the impact of the different procurement approaches on BIM
implementation and

sustainability

considerations;

designing

a

procurement

framework

based on the BIM practitioners’ suggestions and the literature; and validating the
framework through the help of the researchers and BIM practitioners working in the
public sector in Jordan.
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9.3 CONTRIBUTION TO KNOWLEDGE
This study is of significance to the construction public sector in Jordan because it deals with existing
and future problems. The government has recently started to press for BIM implementation.
However, there is a lack of studies to help with this BIM implementation, and thus be able to
address these current and future problems of sustainability. This research has made significant
contributions in the following areas:
●

Filling a gap in the built environment body of research by providing a systematic review of
the effect of project management systems, BIM and procurement approaches on the
delivery of sustainable buildings.

●

Being the first study about BIM in the public sector in Jordan, thus making a significant
contribution by providing solid knowledge about BIM adoption and implementation in this
context. The knowledge acquired and developed will support policy makers and decision
makers in designing strategies and plans for BIM adoption and implementation in Jordan.
This knowledge will also pave the way for other researchers to focus on the issues revealed
in this study when conducting research on BIM in the public sector in Jordan.

●

Enabling insight into the subjective perception of professionals (that is the project
managers, BIM managers, tender managers and construction managers) in regard to the
relationship between the procurement approaches and effective BIM implementation.

●

Providing a systematic procurement framework for BIM uptake in the public sector in
Jordan to enhance building sustainability performance. Currently, the procurement
approaches adopted by the Jordanian public sector are the main barriers to an effective
implementation of BIM and the main cause of BIM being utilised in a fragmented way.
Consequently, BIM is used mainly for visualisation and clash detection. The proposed
procurement framework will help overcome the procurement barriers faced by the BIM
practitioners in the public sector in Jordan and enhance the integration of the key project
stakeholders to effectively implement BIM and so improve sustainability performance.

9.4 RESEARCH LIMITATIONS
Due to the time restrictions of a research project and the scope of this study, the following
limitations are identified; however, these do not limit the value of the findings established in this
study.
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●

The generalisability of the proposed framework: despite the employment of rigorous
scientific methods to develop the proposed framework, it was based on data collection
from a single case (the Jordanian public sector).

●

The developed framework not being implemented in any particular organisation: the
framework, however, has been validated by BIM practitioners in the Jordanian public
sector.

●

The limitation of the sample size: this research considers the MPWH and GTD as
representatives of the public client due to their significant role in procuring the public
buildings. Nevertheless, the researcher acknowledges that conducting the study with a
larger sample will enable broader generalisations of the research outcomes. Collecting data
from other governmental ministries such as the Ministry of Municipal Affairs, the Ministry
of Higher Education and the Ministry of Health would be appropriate.

●

Many organisational, technical, business and legal barriers for BIM implementation in the
Jordanian public sector were identified through the questionnaire and interview analysis.
This research provided recommendations to overcome these barriers. However, these
barriers need to be investigated more.

9.5 RESEARCH CHALLENGES
This research has been faced with certain challenges. These challenges are:
●

The use of the NVIVO software to analyse the main interviews: the researcher was not
familiar with the software, and thus it constituted a long learning curve to be able to use the
software, arrange the sources and perform the necessary enquiries.

●

Transcribing and translating the interviews: the official language in Jordan is Arabic, so
transcribing the interview data included: listening to the recorded interviews, typing these
records in Arabic, sending it back to the interviewees to check the content, translating the
content into English, and then sending the Arabic and English transcripts to two Arabic
speaking researchers to check the translations. This process was time consuming.

●

The data collected for this research was based on a field study: the researcher had to travel
several times from the UK to Jordan. In addition, as the targeted sample for the interviews
were at a high managerial level, such as the tender managers, project managers and
directors, the researcher had to rearrange a few interviews due to last minute requests for
cancellation from the interviewees due to their busy schedules and deadlines.

●

The follow up process with the research participants: this was due to some of the
participants lacking of access to their email addresses and because of their busy schedules.
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Therefore, the researcher had to use different methods such as second and third email
reminders in addition to phone calls.

9.6 RECOMMENDATIONS FOR FUTURE RESEARCH
Investigating the BIM theory and procurement approaches in light of this research has
paved the way for future research in Jordan. As discussed throughout this research, the
procurement approaches have a significant role in the successful implementation of BIM.
Therefore, some of the potential areas for future research are as follows:
●

As the proposed framework has not been implemented on any organisation, the
researcher recommends future research on applying the proposed framework to a
case study to measure the actual impact of the framework and to suggest
modifications if any are needed based on a longitudinal study.

●

The researcher recommends future studies on the applicability of the proposed
framework to comparable industries in Jordan and also to the construction
industries in other similar countries.

●

Future research could also further develop the procurement framework into a
detailed process map by researching and reshaping the tasks carried out by the
consultants and the contractors for each stage throughout the building lifecycle.

●

Taking into consideration the recommendations of the BIM practitioners in the
Jordanian public sector, the proposed framework is based on the traditional
procurement approach to smoothly introduce BIM to the current procurement
environment. However, there is still a need for an in-depth investigation into the
adoption of a collaborative based procurement approach, such as IPD in Jordan.
This could be achieved by identifying the challenges and constraints of applying
these approaches, and how to overcome these challenges and constraints.

●

Other

organisational,

technical,

business

and

legal

barriers

for

BIM

implementation in the Jordanian public sector were identified. This research
provided recommendations to overcome some of these barriers. However, future
studies need to be conducted to investigate these barriers in a thorough and
detailed manner.
●

This study provided recommendations for overcoming the barriers to delivering
sustainable public buildings in Jordan. However, these barriers need to be
investigated further.
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PARTICIPANT INFORMATION SHEET (INTERVIEWS)
Title of Project: A Model of a Procurement approach for effective implementation of Building Information
Modelling
Name and Contact Details of Researcher(s): Mohammad Alhusban,
Email: mohammad.alhusban@port.ac.uk
Name and Contact Details of Supervisor: Salam Al-Bizri,
Email: salam.al-bizri@port.ac.uk
Ethics Committee Reference Number: MA2
Date and version: November 2016 (version 3.0)
Invitation
I am a second year PhD student in construction management field with background in civil engineering. This
research is a part of my PhD degree requirements.
I would like to invite you to take part in my research study. Joining the study is entirely up to you, before you
decide I would like you to understand why the research is being done and what it would involve for you. I will go
through this information sheet with you, to help you decide whether or not you would like to take part and
answer any questions you may have. I would suggest this should take about 60 minutes. Please feel free to talk to
others about the study if you wish. Do ask if anything is unclear.
Study Summary
In Jordan and most developing countries, the construction industry faces problems such as chronic resource
shortages, general situation of socio-economic stress, institutional weaknesses and a general inability to deal with
the key issues. There is also evidence that the problems have become greater in extent and severity in recent
years. Building Information Modelling (BIM) has emerged as a potential solution to these problems and to
improve the performance of the construction industry. Construction procurement approaches currently applied in
Jordan predate the use of lifecycle BIM for the delivery of construction projects. To date, little has been done to
align the various procurement approaches used in delivering buildings with the novel opportunities offered via
BIM. Participation in the research would require you to attend an interview with the researcher and take
approximately 1 hour of your time.
What is the purpose of the study?
This study seeks to explore the current procurement practices to deliver public buildings. The study will also
investigate whether these practices are fit for BIM implementation needs and its ability to assess to deliver high
performance sustainable buildings. The primary reason behind conducting the research is to gain the Doctoral of
Philosophy degree.
Why have I been invited?
You have been invited to take part because you have identified yourself of having experience in delivering a public
buildings and BIM implementation.
Do I have to take part?
No, taking part in this research is entirely voluntary. It is up to you to decide if you want to volunteer for the study.
I will describe the study in this information sheet. If you agree to take part, I will then ask you to sign the attached
consent form, dated November 2016, version number, 3.0.
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What will happen to me if I take part?
You will be interviewed for no more than one hour. If the interview has not been completed in this time, the
interview can be extended by mutual agreement or arrangements for continuation at a later date will be made. By
mutual consent additional interviews may take place to discuss specific areas of managing delivery process. The
interview will look at particular areas of the delivery process but will allow scope for open answers and discussion
of particular areas of interest in more depth.
Expenses and payments
There will be no expenses or payments on your part
Anything else I will have to do?
No
What data will be collected and / or measurements taken?
The researcher will tape record the entire interview if the participant agreed, then transcribe the text word for
word. The transcribed text then becomes the data that are analysed.
What are the possible disadvantages, burdens and risks of taking part?
There are no known risks or disadvantages of taking part, as we strive to protect your confidentiality, unless you
explicitly agree that the name of your company can be mentioned in publications arising from the research. If you
are taking part in the face-to-face interview, we will send you the transcript of the interview before the analysis to
allow you to ensure that you have not been misrepresented.
What are the possible advantages or benefits of taking part?
In taking part, you will be able to reflect on the current way of working. If you take part in an interview with us, we
will provide you with the final research results which could have an impact on changing for better.
Will my taking part in the study be kept confidential?
Yes. All of the information you give will be anonymised so that those reading reports from the research will not
know who has contributed to it, unless you explicitly agree that the name of your company may be made public.
Nobody other than the researchers will have access to the data, which will be saved securely on passwordprotected computers and stored securely for 10 years in accordance with the Data Protection Act 1998.
The data, when made anonymous, may be presented to others at academic conferences, or published as a project
report, academic dissertation or in academic journals or book. It could also be made available to any
commissioner or funder of the research. Anonymous data, which does not identify you, may be used in future
research studies approved by an appropriate research ethics committee.
The raw data, which would identify you, will not be passed to anyone outside the study team without your
express written permission. The exception to this will be any regulatory authority which may have the legal right
to access the data for the purposes of conducting an audit or enquiry, in exceptional cases. These agencies treat
your personal data in confidence.
What will happen if I don’t want to carry on with the study?
As a volunteer you can stop any participation in the interview at any time, or withdraw from the study at any time
before, without giving a reason if you do not wish to. If you do withdraw from a study after some data have been
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collected you will be asked if you are content for the data collected thus far to be retained and included in the
study. If you prefer, the data collected can be destroyed and not included in the study. Once the research has
been completed, and the data analysed, it will not be possible for you to withdraw your data from the study.
What if there is a problem?
If you have a query, concern or complaint about any aspect of this study, in the first instance you should contact
the researcher(s) if appropriate. If the researcher is a student, there will also be an academic member of staff
listed as the supervisor whom you can contact. If there is a complaint and there is a supervisor listed, please
contact the Supervisor with details of the complaint. The contact details for both the researcher and any
supervisor are detailed on page 1.
If your concern or complaint is not resolved by the researcher or their supervisor, you should contact the Head of
Department:
The Head of Department
School of Civil Engineering and Surveying
University of Portsmouth
Portland Building
Portland Street
Portsmouth
PO1 3AH
If the complaint remains unresolved, please contact:

DR DOMINIC FOX
023 9284 2420
dominic.fox@port.ac.uk

The University Complaints Officer
023 9284 3642

complaintsadvice@port.ac.uk

Who is funding the research?
This research is funded by the Middle East University, None of the researchers or study staff will receive any
financial reward by conducting this study, other than their normal salary / bursary as an employee / student of the
University.
Who has reviewed the study?
Research involving human participants is reviewed by an ethics committee to ensure that the dignity and wellbeing of participants is respected. This study has been reviewed by the Technology Faculty Ethics Committee and
been given favourable ethical opinion.
Thank you
Thank you for taking time to read this information sheet and for considering volunteering for this research. If you
do agree to participate your consent will be sought; please see the accompanying consent form. You will then be
given a copy of this information sheet and your signed consent form, to keep.
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CONSENT FORM

DR DOMINIC FOX
Head of School
Portland Building
Portland Street
Portsmouth
PO1 3AH

School of Civil Engineering and Surveying
Email: dominic.fox@port.ac.uk
Telephone: +44 (0)23 9284 2420

Title of Project: A Model of a Procurement approach for effective implementation of Building Information
Modelling
Name and Contact Details of Researcher(s): Mohammad Alhusban,
Email: mohammad.alhusban@port.ac.uk
Name and Contact Details of Supervisor: Salam Al-Bizri,
Email: salam.al-bizri@port.ac.uk
Ethics Committee Reference Number: MA2
Please
initial box

Date and version: November 2016 (version 3.0)

1.

I confirm that I have read and understood the information sheet dated November 2016 (version 3.0) for
the above study. I have had the opportunity to consider the information, ask questions and have had
these answered satisfactorily.

2.

I understand that my participation is voluntary and that I am free to withdraw at any time without giving
any reason.

3.

(If appropriate) I understand that the results of this study may be published and / or presented at
meetings or academic conferences, and may be provided to research commissioners or funders. I give my
permission for my anonymous data, which does not identify me, to be disseminated in this way.

4.

(If appropriate) I agree to the data I contribute being retained for any future research that has been
approved by a Research Ethics Committee.

5.

I consent for my interview to be audio / video recorded. The recording will be transcribed and analysed
for the purposes of the research (add further details about destruction or subsequent storage of
recordings and / or transcripts).
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6.

I consent to verbatim quotes being used in publications; I will not be named but I understand that there is
a risk that I could be identified.

7.

I understand that the information collected about me will be used to support other research in the future,
and may be shared anonymously with other researchers.

8.

I agree to be named as a participant and referred to accordingly.

9. I would like to receive further information about the results of the study.

10. I agree to take part in the above study.
Name of Participant:

Date:

Signature:

Name of Person taking Consent:

Date:

Signature:

Note: When completed, one copy to be given to the participant, one copy to be retained in the study file
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APPENDIX B: INVITATION LETTER
Study Title:

A Model of a Procurement approach for effective implementation of Building

Information Modelling
Dear Sir/Ma,
This is Mohammad Alhusban, a research student from School of Civil Engineering and Surveying,
University of Portsmouth, UK. I am writing to invite you to participate in my research project. The
research aim is to investigate whether procurement approaches influence the ability to use Building
Information Modelling (BIM) techniques to deliver sustainable buildings in the Jordanian public
construction industry.
The aim of the questionnaire survey is to investigate the feasibility of BIM implementation in the
Jordanian public sector. Targeted respondents are public client, public consultants and public
contractors. This questionnaire should take about 10 minutes to complete.
I would be very happy to answer any questions you may have and can be contacted on the e-mail
address: mohammad.alhusban@port.ac.uk
I look forward to hear from you in due course. Thanking you in anticipation
Thank you,
Mohammad Alhusban
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APPENDIX C: BIM FEASIBILITY STUDY QUESTIONNAIRE (MS WORD
VERSION):
1. How long is your experience in construction?





Less than 5 years
6-10 years
11-20 years
More than 20 years

2. What type of company do you represent?





Public Client
Consultants
Contractors
Other

3. What size of company do you represent?





Micro 1-9 employees
Small 10-49 employees
Medium 50-249 employees
Large 250 and above

4. Does your company adopt and/ or use BIM? If yes, please go to question 5






No using
Yes, we have just adopted and started using BIM.
Yes, mainly for small-size projects.
Yes, we use BIM for every project.
No, but we plan to adopt it.

5. How open are you to adopting BIM?




We liked BIM and, we are willing to continue using it
We didn’t like BIM, and we think of stopping using it
Undecided

6. What is the stage of BIM utilization in your company?





Not using
Just adopt and use BIM for pilot projects
Adopted and used BIM for visualization Stage
Technical analysis and predication Stage
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Fully Integrated Stage
Other, Please specify:

7. For what type of buildings does your company use BIM?







Commercial/Retail
Residential
Education
Healthcare
Industrial
Other, Please specify:

8. On a scale of 1 to 5 how will you rank the level of BIM awareness of you clients? Please use
the scale in the following table.






1 Low
2
3
4
5 high

9. Who should drive the adoption of BIM?







Government
construction professional organizations as Jordanian Engineering Association
Large construction companies
Clients
Joint responsibility between (government and the industry)
Other, Please specify:

10. From literature review, the following are some of the documented benefits of adopting BIM.
On a scale of 1-5. How will you rank them with 5 being the most beneficial and 1 being the
least beneficial to the Jordanian public construction industry?
BIM benefits
 Improved decision-making process (better
visualization and "what if "scenarios)
 Reduced project time and cost
 Improved quality
 Improved construction process and efficiency
 Improved safety
 Reduced claims or litigation (risks)
 Better design/multi design alternatives
 Predictive analysis of performance
 Improved operations and maintenance (facility
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1

2

3

4

5




management)
Improve collaboration in design and construction
Assist producing sustainable buildings

11. What other benefits, not listed in question 9 do you think BIM has for the Jordanian public
construction industry?




1.
2.
3.

12. From literature review, the following are some of the documented challenges to adopt BIM.
On a scale of 1-5. How will you rank them with 5 being the most related challenge and 1
being the least related challenge to the Jordanian public construction industry?
BIM barriers
• Culture change
• Lack of legal framework (model ownership, legal
contract)
• Additional resources/ expenses
• Lack of interoperability
• Lack of BIM skills/ education and training
• Lack of Standards
• Attitude and awareness (resistance to change from
2D drafting practices)
• Increase risk and liability

1

2

3

4

• Procurement approach
• Complexity (long hours to develop a BIM model)
• Organisational challenges among construction
professionals
13. Do you think BIM adoption in the Jordanian public construction industry is timely?






Too early: the industry not ready yet
Early: possibly in the coming future
Timely: now is the time to adopt BIM since we need it
Late: there is still the possibility to adopt this technology
Too late: we are too behind

14. Could you please give any reasons for your answer to question 13 above?




1.
2.
3.
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15. With your experience in public sector and with projects that you have worked in the previous
five years/ or are currently working on, which of the following procurement types are most
adopted?






Design-bid-build
Design and build
Construction management
Integrated Project Delivery
Other, Please specify

16. Please provide your contact details below if you would like to participate in the next stage of
the study:



Phone number:
Email Address:
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APPENDIX D: BIM FEASIBILITY STUDY QUESTIONNAIRE (ONLINE
VERSION):
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APPENDIX E: INTERVIEW INVITATION LETTER

REQUEST FOR PARTICIPATION IN RESEARCH STUDY

School of Civil Engineering and Surveying
Researcher(s): Mohammad Alhusban,
Email: mohammad.alhusban@port.ac.uk
Supervisor: Salam Al-Bizri,
Email: salam.al-bizri@port.ac.uk

Study Title: A Model of a Procurement approach for effective implementation of Building

Information Modelling
REC Ref No: MA2
Dear Sir/Ma,
This is Mohammad Alhusban, a research student from School of Civil Engineering and Surveying,
University of Portsmouth, UK. I am writing to invite you to participate in my research project. The
research aim is to investigate whether procurement approaches influence the ability to use Building
Information Modelling (BIM) techniques to deliver sustainable buildings in the Jordanian public
construction industry.
For this study, I need to collect first-hand information about the construction procurement process
that adopted by your organisation. Considering your experience and presence in the construction
industry, I believe that your feedback is very important for my research. I would be grateful if you
would give me 45-60 minutes of your busy schedule to conduct an interview.
I would be very happy to answer any questions you may have and can be contacted on the e-mail
address above.
I look forward to hear from you in due course. Thanking you in anticipation
Thank you,
Mohammad Alhusban
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APPENDIX F: INTERVIEW QUESTIONS
● Background information:
A.

What is your title and what are your responsibilities in the company/
department?

B.

How many years of experience do you have in delivering public construction
building projects?

C.

What are the construction project sizes (in term of values) you have been
working on?

● Does your company/department adopt and/ or use BIM? If yes, what is the stage of BIM
utilisation?
● What do you see as the main benefits of BIM in the Jordanian public construction industry?
● Do you think BIM will enhance public buildings’ performance? If yes, how?
● What are the barriers to adopt BIM in the Jordanian public construction industry?
● What do you think is the most critical step/action to implement BIM in delivering public buildings
in Jordan? And why?
● Do you think procurement approaches adopted affect the implementation of BIM on public
construction buildings projects? And why?
● If yes, in your opinion what types of procurement approaches should be adopted to effectively
implement BIM for public building projects?
● What types of construction procurement approaches are used? And why? Can you please give a
percentage of usage for each approach?

Procurement approach
1

Design-Bid-Build

2

Design and Build

3

Construction Management

4

Integrated Project Delivery

5

Other (Please specify)

Percentage

● A. Can you describe the process of tender under the preferred procurement approach?
B. Is it single or two-stage tender?
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● Can you please provide the key procurement tasks and key participants involvement under the
adopted procurement approach at the following stages:

Work Stages (RIBA,2013)

Procurement Tasks

key participants

Stage 0: Strategic Definition

Stage 1: Preparation and Brief

Stage 2: Concept Design

Stage 3: Developed Design

Stage 4: Technical Design

Stage 5: Construction

Stage 6: Handover and Close
Out

Stage 7: In Use

● What are the key issues under the adopted procurement approach that affect BIM
implementation?
● What measures would you suggest to overcome these issues?
● What are the main barriers for delivering sustainable buildings in the public construction
industry? And why?
● How environment and sustainability issues have been addressed in the preferred procurement
approach? Can you please rank the following procurement sustainability factors from 1 to 5,
where 1 is the least important and 5 is the most important?
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Highlighting sustainability in the project brief as a primary aim,



Integrating sustainability requirements into contract specifications and conditions,



Emphasising the importance of sustainability in tender evaluation and selection
procedures,



Requirement/ incentive for the supply side to demonstrate commitment to sustainable
development through policy and implementation,



Requiring the supply side to demonstrate capability of delivering sustainability
requirements,



Encouraging tenderers to suggest innovative solutions and approaches that support the
public client overall sustainability objectives,



Ensuring that payment mechanisms take account of whether sustainability requirements
are delivered,



Having sufficient room for significant innovation through the process,



Others.

● During the delivery of the buildings, how is the buildings performance evaluated? What metrics
have been used?
● Post-completion:
A.

How is building performance assessed? What metrics have been used? For
example: schedule growth, cost growth and quality?

B.

In general, what are the results of these evaluations?

C.

Does the performance of the building meet the intended design? If not, what
measures have been taken to address this gap?

● Any comments that you wish to highlight
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APPENDIX G: INTERVIEWS TRANSCRIPT STAGES SAMPLE
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APPENDIX H: BIM ASSESSMENT FORM
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