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Abstract

Offsite construction (OSC) has been recognised as one of the alternative technological
solutions to address the housing shortage and historical problems associated with the
construction industry’s performance, such as labour shortages, time and cost overruns. Most
developed countries have already adopted offsite construction and are benefitting from its
advantages; however, the slow adoption of such technologies is evident in some developing
countries. Iraq is one such developing country, despite the vital and urgent need to rehabilitate
the country after the disasters of the last decade.

This research aims to develop a strategic guideline to help increase the knowledge and use of
OSC in the Iragi construction industry by investigating the drivers and barriers affecting the
adoption of OSC in Irag. Therefore, in order to develop an appropriate and effective strategic
guideline to support the adoption of OSC in Iraq, the researcher adopted a mixed-method
approach, combining both quantitative and qualitative data. Questionnaires were developed
and distributed to two different groups - construction companies (CC) and Universities’
Scientific Engineering Consulting Bureaux (USECB). The CC group reflects the practical facet
of projects, while the USECB group reflects the theoretical side related to design with the use
of modern technologies. Data from the questionnaire were further analysed using the Chi-
Square for Independence test to determine whether there is a relationship between factors
affecting the use of OSC in Irag. Furthermore, a correlation test was conducted to identify the
strength of these relationships, whilst the Kruskal-Wallis test was applied to identify
differences between construction companies and USECB regarding the factors affecting the
use of OSC in Irag. To collect qualitative data, semi-structured interviews were conducted
amongst 14 expert participants in the construction industry in Irag. The collected qualitative
data were analysed using a thematic analysis technique to identify themes and patterns.

The results showed no significant gap in perception between both the CC and USECB groups
on the adoption of OSC in Irag. Both groups support the use of OSC in Irag and strongly believe
that its use will increase in the coming years; however, they are concerned about its adoption
due to the existence of many barriers, such as client resistance, lack of guidance and

information, the unstable security situation and financial issues.
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Nevertheless, the findings indicate that the presence of drivers is fundamental to the adoption
of OSC in Irag. Indeed, the effective availability of such drivers could ultimately enhance the
successful adoption of such technology in Irag, which in turn could increase housing delivery,
improve construction performance, reduce CO2 emissions, and improve energy efficiency. The
findings revealed eight main drivers enhancing the use of OSC in Irag, and nine main barriers
can hinder its use in the country. The results also highlighted significant relationships between
time, quality and cost related drivers for both CC and USECB. In comparison, highly
significant relationships are found between the related barriers of industry & market culture
with skills & knowledge as well as supply chain & procurement with project complexity for
both groups. These findings will not only benefit the construction industry in Iraq but also
contribute to an increased understanding of these influences and their relationships in other
construction industries in different countries. The valuable contributions of this research are
the schematic diagrams of the relationships between the influential factors, which could be
integrated into higher education programmes within construction-management-related

disciplines.

The strategic guidelines produced at the end of the thesis are designed to enable solutions and
offer guidance on how to combat the negative factors that can inhibit the optimal outcomes
following the application of OSC in Iraqg. It also offers effective tools to facilitate the shift in
focus of these construction companies towards the best management of OSC projects. The
proposed strategic guideline is expected to benefit governments, policymakers, industry and
academics by enabling them to identify areas of concern and determine best practice in order

to take full advantage of the benefits offered by OSC for all types of buildings.
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Chapter 1 Introduction

1.1 Background of the research

The construction industry is one of the most important employment sectors in any country,
playing a vital role in the provision of buildings, public institutions, infrastructure, job creation,
environmental improvements, and economic development. Ultimately, the success of a
construction project can be assessed according to the degree to which it meets the key project
management indicators of time, cost and quality, and the overall level of satisfaction for the
client, end user and general public. As the construction industry has historically suffered from
poor performance worldwide, many initiatives have been established to improve its
performance and image. Offsite construction (OSC) was introduced under the comprehensive
umbrella as one of the ‘modern methods of construction’ and as a means for both improving
and changing the construction industry’s way of thinking and its practices (Akintoye,
Goulding, & Zawdie, 2012).

Many research findings demonstrate that OSC techniques offer numerous advantages,
including the minimisation of construction time, a reduction in the number of skilled labourers
onsite, an increase in project quality, the improvement of onsite safety performance, increased
labour productivity, and the consideration of environmental issues (Wu et al., 2019; Al-Mutairi,
2015). Further benefits include eradicating commercial risk, overcoming skills shortages, and
meeting the needs of the local market (Goulding & Arif, 2013). Therefore, the use of OSC to
combat and resolve housing crises in different countries has been widely explored in the
literature (Ojoko, Osman, Rahman, & Bakhary, 2018; Bendi, 2017). Moreover, Krishnanunny
and Anoop (2018) conclude that OSC is an ideal replacement for traditional construction due

to the social, economic and sustainability advantages that it offers.

Although most developed nations have already accepted OSC techniques due to their many
advantages, OSC has had a relatively low uptake in the construction industries of developing
nations. One example of this is Irag where there has been a slow adoption of such
construction techniques despite their benefits (Abbood, Al-Obaidi, Awang, & Rahman,
2015). Indeed, during the mid-seventies to mid-eighties, Iraq’s government purposely
embraced and adopted new structural techniques and different methods of construction that
sped up the construction process whilst minimizing the housing shortage problems.
1



However, during this time in Iraq, there was also a fluctuation in production and a gap

between what was required and what was produced (Abod, Hussain, & khafaji, 2011).

Indeed, Iraq faced a series of disasters between 1980 and 2014, as each disaster severely
impacted the country and subsequently lead to further catastrophes (Jaffar, 2015). In fact,
during the Iran-lraq War of 1980 to 1988, investment in the construction industry came to a
halt due to decreased revenue and the diversion of the country’s wealth to fund the war effort
(Al-Obaidi, 2018). Moreover, in 1991 the First Gulf War occurred, and its subsequent
draconian sanctions lasted for the next 13 years, as the international response to the Iraqi
invasion of Kuwait wreaked havoc on an already distressed economy and caused a collapse in
the Iraqi infrastructure (Sanford, 2003). Thus, international economic sanctions prohibited Iraq

from working out any trade or financial actions with other countries.

Moreover, in 2003, the Iraqgi regime was felled as the result of invasion and war, which lead to
the destruction of most of the country’s infrastructure. Indeed, security, political and economic
issues have arisen and proved unstable since that time. Furthermore, from 2014 to 2016, Iraq
faced the entry of a terrorist organization (Islamic State of Irag and Syria) that resulted
further financial, economic and political problems and halted most construction projects in the
country (AL-Azawi, 2015; Al-Kafaji & Salman, 2015).

Even though the Iragi government attempted to establish various strategic plans to overcome
the financial and housing crises, such as the public housing scheme (1980-2000) and the
National Development Plan (2010-2014) these proposals did not achieve their objectives due
to either circumstances related to war or economic, administrative and security-related
hinderances (Jaffar, 2015). Consequently, this succession of crises, challenges, and weak or
unsuccessful policies have all exacerbated problems deepening their impact and affecting all
aspects of Iraqgi society (Iragi Ministry of Planning, 2018). This has meant that the

aforementioned policies adopted by the government have not achieved their objectives.



1.2 The rationale for this research

Iraq has been subjected to dramatic change, especially in its political and economic systems.
Politically, the country has altered radically from dictatorial and centralised systems to a more
modern democratic system that believes in pluralism and the sharing of governance. On an
economic level, for the first time since 1990, Iraq has been able to freely use and invest in oil
revenues in the reconstruction of its economy and infrastructure that was completely destroyed
by the wars and international sanctions during the 1980s and 1990s (Al-Obaidi, 2018).
However, reconstruction projects in Iraq have experienced a high failure rate due to immature
and unprofessional development plans, problematic routine procedures, and a lack of properly
qualified people and ongoing training (Al-Turfi, 2017). Additionally, according to Khaleefah
and Alzobaee (2016), the proportion of failed projects in Iraq is relatively large due to poor
management performance and insufficient knowledge of the ethical application of construction

project management.

Moreover, Bekr (2017) states that construction projects in Iraq suffer from many problems in
performance, such as time, cost, quality and safety, mainly due to its political and security
situation. In fact, Iraq’s economy, including the construction sector, has clearly been adversely
affected by a series of wars; additionally, after 2003, it became a base for a terror organization,
thus becoming a region of “explosion and instability”. Indeed, research by Al-karawi (2018)
points out that the construction sector in lIraq has failed to achieve the same level of
development and competition as similar sectors globally. Moreover, political, financial and
administrative problems alongside tenders and security issues could threaten construction
projects and negatively impact their performance (Al-karawi, 2018; Mohammed, 2018; Bekr,
2017).

Furthermore, there are other problems associated with construction in Iraq that mainly depend
on classic construction. Khammas, Mohamed, and Rzayej (2014) indicated that Iraq’s field of
construction suffers from a problem with waste of materials as a result of traditional
construction activities. In addition, this construction system is no longer sustainable due to the
increasing effect of technological advancement and global warming (Abbood et al., 2015;
Kadury & Ali, 2010). The continuing energy crises in Iraq since the Gulf war highlighted the
difficulties in achieving energy efficiency, whilst the situation worsened due to the invasion in
2003. In addition, the crises are likely to increase by 2028 due to the increasing population and
inability to meet the demands for energy (Abbood et al., 2015; Istepanian & Al-Khatteeb, 2014;



Kazem & Chaichan, 2012). However, Abbood et al. (2015) showed that OSC is able to decrease
the demand for heating and cooling in Iraq compared with conventional systems. Another
problem is the low productivity of workers, which causes problems for local contractors and
sub-contractors. Indeed, Toama and Adavi (2015) ascertained that, in most countries, but
especially in Iraq, low labour productivity is a big problem for the building and construction
industry. In addition, the shortage of skilled workers is one of the greatest challenges facing
the Iragi construction industry (Alkinani, 2013). This labour shortage has forced the
construction industry around the world to find creative solutions to meet the demand for such
services. OSC methods provide a possible solution to the labour shortage (Killingsworth,
Mehany, & Ladhari, 2020). Moreover, Mahmoud (2009) and Mohammad and Rasheed (2014)
indicated that a poor safety record in the Iragi construction industry compared with other
countries could lead to increased costs from the treatment of injuries. Indeed, a long period of
traditional construction can cause many problems, such as difficulties in securing payments
from contractors and owners, increasing materials prices or stolen materials, and changing
client requirements. However, the advantages of using OSC are substantial as it can reduce the
familiar problems of the Iragi construction industry through shorter project durations, enhanced
health & safety, fewer workers required onsite, better labour productivity, and improved
environmental aspects (Wuni & Shen, 2019; Al-Mutairi, 2015). Furthermore, the simplification
of OSC design helps the contractor to organise work activities in an appropriate sequence and
this includes the ability to freeze design early to reduce late changes by clients (Yunus, 2012a).
Furthermore, the risk of onsite OSC equipment theft significantly decreases, as costly
components/elements of construction are finished in the factory and assembled on site (Paliwal,
2019).

Notably, one of the biggest problems in Iraq is the shortage of housing. As previously
mentioned, the housing crisis has increased due to the destruction and catastrophes that have
occurred as a result of wars and terrorist acts (Teen & Gramescu, 2018; Abramov, Stepanov,
& Ibrahim, 2017; Al-Hafith, Satish, Bradbury, & de Wilde, 2017). Moreover, Al-Hafith et al.
(2017) argued that the country’s housing production is weak, its financial system is inefficient,
and there are problems with the infrastructure services and availability of construction
materials. Furthermore, the production deficit is evident from the growing gap between the

annual housing production and household formation since the 1990s (Al-Hafith, Satish, & de



Wilde, 2019). Furthermore, the population of Iraq is estimated to increase by 51,211,700 in
2030 according to the Iraqi Central Statistical Organization (Iragi Ministry of Planning, 2013).

An estimation of housing needs in Iraq for the end of 2016 was placed at 2.5 million housing
units, furthermore the number of informal settlements totalled 521,947 houses, while the
population of the slums reached 3,292,606 people in 2017 (Iragi Ministry of Planning, 2018).
According to Al-Hason (2016), Iraq needs more than 5 million housing units to fill the existing
deficit whilst an estimation of the increasing number of units needed amount to millions each
year (Al-Hason, 2016). In comparison, Teen and Gramescu (2018) estimate that Iraq currently
requires 4 million housing units. In addition, there is a need to repair and rebuild infrastructure
after the destruction it suffered as a result of the wars (Iragi Ministry of Planning, 2018; Teen
& Gramescu, 2018).

Consequently, although the Iragi government has attempted to outline and deliver certain
policies to rebuild and develop the country, particularly the housing sector, not all objectives
have been achieved due to the crises that have occurred. Therefore, in order to improve and
develop the country, the government has prepared a National Development Plan (2018-2022),
with support from the UNDP and other UN Agencies, to develop a reconstruction framework

for the country (United Nations Development Programme, 2018).

Two of the key objectives detailed in the National Development Plan and adopted by the Iraqi

Ministry of Planning are:

e To encourage large private companies in Iraq to contribute to the financing and
implementation of residential complexes through the establishment of low-cost
housing instead of slums.

e To secure the implementation of housing units according to modern methods and
techniques, in order to contribute to the fulfilment of the housing deficit for all regions,
including those that have been destroyed by terrorist and military operations (Iraqi
Ministry of Planning, 2018).

Moreover, there have already been some academic attempts to highlight the OSC concept
when addressing the issue of housing shortages in Irag. Abod et al. (2011) ascertained a
need to rehabilitate the OSC industry and keep up with technological developments in the
construction field. This would enable the implementation of residential buildings and limit

the issues and challenges encountered as traditional construction is unable to implement



construction in such a short time. Moreover, Mohee (2011) affirmed the presence of a
knowledge gap related to OSC in Irag, whilst Afif (2013) believed that pre-fabrication
companies were rare in Iraq despite the declaration in 2013 by the Ministry of Housing and
Construction that a pre-fabricated system would be the main construction system used.
Furthermore, a recent study by Abbood et al. (2015) confirmed that OSC in Iraq is rare and
that there is insufficient and limited knowledge of prefabrication construction and its
application. In addition, Abod et al. (2011) stated that the poor quality of prefabricated
building products constructed between 1970 and 1980, was the main reason for their
rejection, thus increasing the cost of production and reducing the production performance

economically.

Furthermore, recent studies also offer several recommendations regarding the use of OSC.
For instance, Al-Taai (2015) stated that the housing shortage in Iraq was estimated at 6.5
million housing units; therefore, the researcher recommended the involvement of both the
private sector and government when addressing this issue and the development and
introduction of prefabricated manufacturing factories. Moreover, in order to improve the
construction performance in Irag, emphasis has been placed on the importance of
introducing modern technology including OSC, the use of modern materials, and the
development of project management systems (Khaleefah & Alzobaee, 2016). In addition,
Abramov et al. (2017) recommended the use of prefabricated reinforced concrete for
reconstruction housing in Irag, while Teen and Gramescu (2018) recommended the use of
modern technology and construction materials to resolve the housing and infrastructure
deficiencies in Irag. Another possible solution was suggested by Al-Hafith, Satish,
Bradbury, and de Wilde (2018) who believe that the mass construction of multi-family
courtyard residential buildings could offer a solution for the housing shortages in Irag.
Meanwhile, Al-Hafith et al. (2019) recommended the support of formal, private, sector-led
housing production as a promising primary approach as it has enabled countries to benefit

from the development of sustainable housing.

In brief, there are calls to use OSC by both the government and academic researchers in Iraq,

but so far there has been slow progress in such production within the Iragi construction

industry. Moreover, there is no comprehensive study on the status of OSC in Iraq, especially

with regard to the factors affecting its adoption to date. Likewise, there is no evidence of the

successful implementation of OSC within an Iraqi context in the literature. The best
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construction organisations will constantly search for proven technologies to gain a competitive
advantage in the industry; however, insufficient information regarding the benefits of new
technologies and a lack of awareness will discourage industry stakeholders from embracing
new practices (Yang et al., 2007). Therefore, the driving factors of this research aim to leverage
knowledge and awareness of this type of sustainable construction, which can present benefits

to Iraqg in terms of: -

o Cities rehabilitation in the face of excessive destruction due to disaster (in comparison,
the application of classic construction would take longer);

e Meeting housing needs around the country by providing mass production in a short

time.
e Meeting the need to rehabilitate the infrastructure of the country as a whole.

e Improving the performance of construction projects with regard to time, cost, quality

and productivity.
e Improving safety records in construction projects.

e Reducing the problems associated with waste materials and improving environmental

aspects.
e Improving labour productivity.
e Solving the problem associated with the skilled labour shortage.
e Reducing energy demand.

e Contributing to the transference and exchange of global knowledge in the Iraqi

construction industry in order to progress and improve the prevailing situation.

e The current research intends to fill gaps in the available literature thus raising awareness

and highlighting the benefits and constraints of OSC.

Therefore, addressing the high demand for housing and infrastructure facilities, along with
a sustainable built environment, and the transference and exchange of global knowledge in
the Iragi construction industry is vital in order to progress and improve the prevailing
situation. As a result of this research, the researcher aims to develop an OSC strategic
guideline for the extensive implementation of off-site practices for the Iraqi construction

industry.



1.3 Research questions
e What factors drive and hinder the stakeholders in pursuing OSC practices in Irag?
e What types of good practises does the construction industry require to support and
maximise the uptake of OSC?

e How can stakeholders be persuaded and guided to move from conventional method to
best use of OSC?

1.4  Aim of the research
The aim of this research is to develop a strategic guideline that will assist in increasing the
knowledge and use of OSC in the Iragi construction industry.

1.5 Objectives of the Research

1. Toreview and explore the current knowledge about OSC concepts, and the barriers
and drivers for using OSC in both developed and developing countries.

2. To investigate (professional and practitioner) perceptions towards the barriers,
drivers, and good practices of utilizing OSC in Iraqg.

3. To establish the relationships and interdependencies between factors that impact on
the implementation of OSC in Irag.

4. To formulate the strategic guideline that support the use of OSC in Iraqg.

5. To refine and finalise the strategic guideline through validation from industry

experts.

1.6 Scope of the Research

This research study is broadly focused on the development of an OSC strategic guideline for
Iragi construction organisations. During the process, it investigated the current state of OSC in
Irag along with the drivers and barriers to the adoption of its practices. The research scope and
population for the data collection was limited to large Iragi construction companies owned by
Ministry of Construction and Housing, and one significant private company in Irag; therefore,
medium and small sized companies were not considered. All required data were collected

through a questionnaire and interviews methods, whilst the developed strategic guideline



validated through semi-structured interviews. However, the researcher does not address how

to implement this guideline or the factors that can affect the implementation process.

1.7 Structure of the Thesis

The thesis consists of seven chapters, which were composed as follows:

1)

2)

3)

4)

5)

6)

7)

8)

9)

Introduction to the Research: This chapter provides an introduction, outlines the
need for this research, states the research problem, research aim and objectives, and
delineates the scope of the study.

Literature Review: The first section of this chapter discusses OSC and the various
related terms. The advantages, disadvantages, drivers and barriers related to OSC are
identified in this chapter. The next section highlights the current challenges and
problems in the construction industry in Iraq along with the current application of
OSC.

Methodology: This chapter discusses all key steps involved in the research, including
the research philosophy, research approach, research strategy, choice of data gathering
tools, procedure and data analysis methods.

Quantitative Data Analysis: This chapter includes an analysis (considering the
research objectives) of the data collected from the administration of the questionnaire
survey.

Qualitative Data Analysis: This chapter includes an analysis of the data collected
from the interviews.

Discussion: This chapter discusses the main findings generated from the
questionnaires, interviews and literature review. Emphasis is placed on both drivers
and barriers related to the use of OSC in Iraq.

Strategic guideline. In this chapter guidance is provided on how to deal with both the
drivers and barriers of using OSC in Iraqg.

Validation: In this chapter, the strategic guideline will be validated by a number of
expert participants working in OSC field in Irag.

Conclusion: In this chapter, conclusions are drawn from the study based on the main
findings from the quantitative and the qualitative methods. Future work will be

provided in the context of OSC in Iraq.



1.8 Summary

Irag has faced many disasters, which have led to countless challenges and issues, including
the destruction of infrastructure, a severe housing shortage and the halt of several
construction projects. Therefore, this thesis has introduced OSC as a solution to help
reconstruct the country and support government initiatives to develop the field of
construction in Irag. However, there is a knowledge gap and a slow adoption of OSC within
Irag. Moreover, there is a gap in academic research related to the Iraqi context in terms of
OSC, specifically regarding the drivers and barriers. In addition, there is no clear
management system to enhance its use. Therefore, the research aims to develop a strategic
guideline to enhance the use of OSC in Iraq. Moreover, five objectives are considered in
order to gather sufficient information and understanding of the research topic and to offer
validated guidelines which can then be used to support and enhance the implementation of
OSC in Irag. Subsequently, there is a need to understand the drivers and barriers when using
this type of construction, in order to avoid any potential pitfalls and encourage good practice

when employing this strategic guideline in the future.
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Chapter 2 Literature review

This chapter presents an understanding of OSC and the different terms from the existing
literature. The first part documents the relevant literature on OSC, the terminology, the various

practices, and worldwide trends.

The chapter reveals the larger picture of the application of OSC techniques across the
worldwide, and attempts to identify the similarities that can be drawn with respect to the current
research area, Irag. In detail, it introduces the term of OSC, and the various terms related to it.
It also gives a discussion of the main types of OSC techniques, the drivers and barriers towards
OSC adoption.

Nevertheless, the second section examines the current construction industry in Irag. It
highlights the problems associated in this industry. It also discusses the available literature in
OSC related to Irag. It also identified the recent application in OSC in Iragi construction

industry.

SECTION A

2.1 Background

Industry stakeholders in many countries have started consider innovative ways of constructing
by incorporating off-site and on-site activities (Ansari, Thaheem, & Kbhalfan, 2016). A
significant amount of published literature exists on offsite technologies and their use in the
worldwide construction industry. In the UK, OSC has been promoted as an innovation to
improve the efficiency of construction (Pan & Sidwell, 2011). Rogers (2003, p. 12) defined
innovation as “an idea, practice, or object that is perceived as new by an individual or other
unit of adoption”. Diffusion of Innovation (DOI) theory is one the oldest social science
theories developed by Rogers, Morgenthaler, and Morgenthaler (1962). It generates
communication to explain how, over time, an idea or product gains momentum and becomes
diffused through a specific population or social system. Moreover, it explains the rate at which
users will adopt a new product or service. Therefore, the theory helps marketers understand
how trends happen, and supports companies to assess the likelihood of success or failure of
new initiatives. Moreover, Rogers (2003) model of innovation adoption advocates a set of
stages before an initiative is implemented. Individuals develop the ability to express attitudes,

make decisions, apply, and confirm whether innovations should be practiced. The concept of
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innovation in construction indicates the creation of new ideas in design, production, and
implementation processes, where attention focuses on planning, technical solutions and
implementation (Larsson, Eriksson, Olofsson, & Simonsson, 2014). Taylor (2010) indicated
that OSC is an important contributor to the continuous development of construction processes
and site procedures. Moreover, Akintoye et al. (2012) clarified that OSC has been adopted as
one means of enabling the construction industry to overcome skill shortages and meet market
demands. Despite an organizational decision to adopt technological innovation, its actual use
depends on how workers execute an innovation. Therefore, it is important to assess the
adoption of innovations by workers within organizations because, if there is no acceptance
among workers, the desired benefits cannot be achieved and the organization may ultimately
abandon the innovation (Talukder, 2012). Accordingly, Roger’s theory of innovation will be
adapted for this research in order to understand and assess the adoption of OSC technology in
the Iragi construction industry. Further sections discuss the concept of OSC in more detail;
furthermore, researchers have examined the diversification of the concept, its terminology and
the definition of OSC in several contexts and backgrounds. Researchers stated that OSC was
extensively used after World War 11 due to the need for housing. Indeed, OSC can now be used
for a variety of applications including residential, educational, health care, civil engineering,

infrastructure, and so forth.

2.2 Off-site construction (OSC) and related terms

OSC is amethod that was introduced under the comprehensive umbrella of the 'modern method
of construction' as a means for both improving and changing the construction industry’s
thinking and practices (Akintoye et al., 2012). OSC is the manufacture and pre-assembly of
building components, elements or modules before installation into their final locations Goodier
and Gibb (2007). Moreover, Fraser, Race, Kelly, and Winstanley (2015) refer to OSC as the
part of the construction process that is carried out away from the building site; for instance, in
factories or in especially created production facilities close to the construction site. In other
words, it means moving some activities that used to be implemented and completed onsite to a
manufacturing environment where products are manufactured prior to their final installation
on site (Gibb and Pendlebury (2006). For Elnaas (2014), the preferred definition is that OSC is
understood to be a construction strategy aimed at producing more in less time, with better
quality and less environmental impact, by using an off-site manufacturing processes that takes

place under a factory-controlled environment. It transforms the traditional construction site into
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an assembly workshop of prefabricated elements and/or components. The adoption of OSC
involves the use of standardisation, technology, and labour more efficiently and provides a

well-organized, integrated product management process, both offsite and onsite.

Hence, this research concludes that the definition adopted by Elnaas is a closer description and

is thus adopted in this study. The reasons for this are detailed as follows:

> Itis quite a comprehensive definition as it summarises several definitions identified by

other researchers and gives a broader picture of the concept of OSC.

> Moreover, section (1.2) highlighted several issues regarding the Iragi construction
industry as a consequence of the wars that left large destruction to the infrastructure.
Also, many of its factories are either destroyed or stolen while others need
rehabilitation. Therefore, Iraq needs to rehabilitate its manufacturing factories and
support its local production. Although developed countries have achieved good
progress in the supply of different types of OSC product, in Iraq few factories produce
such materials. Elnass states that OSC is produced via a manufacturing process that
transforms the traditional construction site into an assembly workshop of prefabricated
elements and/or components and modules. These components or elements include
panels, pods, doors, doors handle, trusses framework, and so forth. Accordingly, Iraq
in a post war era, needs to produce different levels of OSC or import these

internationally. The levels of OSC will be explained in the next section

» The first chapter identifies the poor performance of the construction industry in Iraq,
which mainly depends on facets of classic construction, including time, cost and
quality. Therefore, Elnaas’ definition clarifies the benefits associated with OSC, which

helps to enhance the construction project performances in Iraq.

» Poor labour productivity is another issue highlighted in section 1.2. Elnass’ definition
demonstrated that OSC improves labour efficiency as the products are prefabricated
under a factory environment that provides a good work environment that mainly
depends on machines and reduces the need for workers onsite, which contrasts with

classic construction.

» The large-scale destruction of Irag and its subsequent housing shortage (clarified in

section 1.2) necessitate the need for technology and standardisation in design in order
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to produce simple units and rapid assembly. Indeed, Elnaas’ definition pinpointed the

use of technology and standardisation when applying OSC.

There are different terms for OSC in the literature, which are considered worth highlighting.
Off-site construction, off-site manufacturing, manufactured construction and modern methods
of construction are some common terms that have been used interchangeably in the literature
to describe pre-fabricated construction; the commitment is to move some of the construction
effort into the controlled environment of a manufacturing facility (Goulding, Rahimian, Arif,
& Sharp, 2012). It is important to know the differences between modern methods of
construction and OSC. The OSC is a sub-set of modern methods of construction (MMC).
Therefore, most OSC can fall under MMC but not all MMC can be considered off-site. Despite
the terminology differs in many countries, attention towards OSC is significant worldwide. It
is widely known as Modern Methods of Construction (MMC) in the UK, Off-Site Construction
Technigues (OSCT) in the US, ,Offsite Manufacturing (OSM) in Australia and Industrialised
Building Systems (IBS) in Malaysia (Bendi, 2017).

2.3 Types of OSC

The classification of the construction industry for OSC technologies is based on the degree of
innovation in the process, products, construction materials and system (Elnaas, 2014). Two
production sites are involved when using OSC technologies. These are off-site factory and on-
site (Mostafa, Chileshe, & Zuo, 2014). Factory assembly offers advantages for manufacturing
of complex components or highly repetitive building elements, which means that off-site is not
restricted to the prefabrication of volumetric or big building elements (Hall, 2010).Various
authors classified OSC into a number of types, namely volumetric, non-volumetric, modular,
component manufacture and sub-assembly, and hybrid (Jonsson & Rudberg, 2014; Mostafa et
al., 2014; Gibb & Pendlebury, 2006). These are detailed in the following sub-sections.

2.3.1 Volumetric system

A type of OSC that includes units providing usable space produce volumetric buildings (Gibb,
1999). These units’ form parts of a building but do not form a whole building. Very little work
is needed to complete these units on-site because they are almost completed in the factory and
ready for transportation and installation on site. Volumetric buildings involve 3D modules and

commonly refer to pods that are pre-assembled (Ross, Cartwright, & Novakovic, 2006).
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Volumetric buildings design to be easily dis-assembled, moved and repositioned (Hall, 2010).
Some examples of volumetric building are toilets, rooms, bathrooms, and plant rooms (Gibb
& lIsack, 2003).

2.3.2 Non-volumetric system

Non-usable spaces are typically enclosed by pre-assembly units (Gibb, 1999); some examples
for this type of OSC are pre-cast concrete bridge sections, structural steel work, timber trusses,
pipework, and so forth (Gibb & Isack, 2003).

2.3.3 Modular system

This type of construction produces pre-assembled volumetric units, which form a whole or part
of a building, including the envelope and structure (Gibb, 1999; Mostafa et al., 2014). Most
work on the units is done off-site. However, some work may be completed on site, such as
finishing the operation and assembly of the modules. There is also a possibility of 10
assembling fully fitted out modules before transportation to the site (Elnaas, 2014). Examples

include prison cell units, hotel/motel rooms and restaurant facilities.

2.3.4 Component manufacture and sub-assembly

This falls short of being categorised as systemic OSC but utilises factory manufactured
innovative sub-assemblies or components. This category refers to relatively small items such
as light fittings, windows, door furniture and trusses (Gibb & Pendlebury, 2006). The sub-
assemblies and components are always produced off-site (Mostafa et al., 2014). However, there
is other system indicated in the literature which is the following:

2.3.5 Hybrid system

Arif and Egbu (2010) have mentioned a new category of OSC as a combination of any two or
more volumetric or non-volumetric systems, named as Hybrid systems. Such as: factory
finished bathrooms with interior finishing, plumbing and electrical service, factory completed
office room (Lu, 2007).
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2.4 Influential factors to OSC adoption

Following significant progression in the concept of OSC, researchers started to focus on
clarifying the factors that predominate as the real drivers of, and barriers to, OSC. This helps
the stakeholders to gain an understanding of how the benefits of OSC can be used to increase
its uptake and how obstacles can inhibit this uptake if not properly overcome. In this regard, a
number of studies have attempted to analyse these factors (for example, (Al-Mutairi, 2015;
Arif, Bendi, Sawhney, & lyer, 2012; Pan, Gibb, & Dainty, 2008; Blismas & Wakefield, 2007).
Moreover, since the current research aimed to develop a strategic guideline to enhance the
adoption of OSC in Iraq, the identification of such factors is essential. Therefore, this part will
highlight a brief listing of drivers that affect the use of OSC as identified by different authors.
It will also discuss each driver. While the second part in (2.5) will highlight the brief list of
barriers identified by different researchers in different countries, it will also provide a
discussion for each barrier later.

Researchers worldwide have identified the advantages of using OSC, which are somewhat
similar to the drivers. In this regard, Goulding and Arif (2013) indicated that the drivers behind
global interest in the use of OSC methods are generally similar in terms of the benefits that
they can deliver including faster, safer, better-quality and cheaper construction capable of being
delivered at scale and meeting the needs of the local market . This is supported by Bendi (2017)
who stated that the term ‘driver’ is known as the factor that affects the positive adoption of
offsite techniques in construction activities. In similar vein, Mohamad Kamar (2011) indicated
that OSC methods have apparent advantages that drive industry stakeholders to adopt it in their

projects; these benefits lead to cost advantages.

In this regard, Gibb and Isack (2003) identified the expectations and drivers for using OSC in
a project from construction clients' perspectives in terms of time, cost, quality and productivity
benefits through the minimisation of on-site processes and duration, less congestion on site,
improved health and safety, and greater and more predictable quality. However, Pasquire,
Gibb, and Blismas (2004) confirmed Gibb and Isack findings, but decide to restate the original
project driver sets of cost, time and quality and create sub-sets to accommodate the major
variables under those headings also adding two softer drivers, which are sustainability and
health & safety. Later, Blismas, Pendlebury, Gibb, and Pasquire (2005) noted that the verified
list of benefits in the original client guide and toolkit provided both positive and negative
aspects for OSP; it was these attributes that would determine the use of OSP on a project. The
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positive influences evolved into the driver subsets and the negative influences were labelled
constraints to the process. It is worth to mention that one of the objectives of this toolkit was
to help the stakeholders in identifying the key project drivers and barriers and support the
project team in enhancing the benefits of standardisation and preassembly.

However, Pan (2006) declared that this developed method for assessing standardisation and
preassembly has contributed to understanding the drivers for using offsite in a project context.
However, the organisational context seems to be less reassessed in the drivers identified in the
toolkit. This may include organisations’ considerations for the organisational strategy, and
commercial drivers, the government's environment and revisions to building regulations.

Hence, Pan added new drivers to be considered when using OSC.

Further, Pan et al. (2008) examined a list of drivers and highlighted the most important from
housebuilders’ perspectives when using OSC, which are quality, time, cost, productivity and
health and safety. However, Goodier and Pan (2010) believed that one of the important factors
to drive the move towards OSC is the need to achieve higher environmental standards. Pan and
Goodier (2011) indicated that the UK Government’s sustainability and 'zero carbon' homes
agenda undoubtedly provide incentives for the UK housebuilding business to consider adopting
innovative technologies, which offer an important driver for OSC. Also, government-funded
social housing has traditionally been the main driver for offsite technologies. Blismas and
Wakefield (2009) identified drivers for using OSC in the Australian construction industry
under the features of process and programme, cost/productivity, people and OHS, quality and

environmental/sustainability.

Sustainability aspects seem to be largely consider by the decision makers for their consideration
of using OSC. Lawson, Ogden, Goodier, and Goodier (2014) agreed with other researchers in
consideration of the drivers by emphasising on the importance of understanding of decision-
making parameters of cost, time, and quality, which in turn can be quantified in financial terms.
The researcher further added that in modern building projects, the range of decision-making
parameters are further extended to include sustainability in terms of its economic,

environmental, and social impacts (Lawson et al., 2014).

Consequently, it seems that researchers acknowledge the drivers for using OSC. There is also
development in assessing the drivers for using OSC, which also includes assessing drivers at
the project and organisation levels. Indeed, it seems that most researchers considered the

benefits of OSC as drivers. This may be because researchers consider every positive
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factor towards the adoption of such construction as a driver. This research will also consider
every positive factor as a driver, which also aligns with the findings of Bendi (2017) and
Mohamad Kamar (2011). This introduction gave a brief summary of the drivers; however, the
next section will provide more detail as well as the related drivers which will cluster similar

factors in one cluster.

2.4.1 Time related drivers

The traditional construction is unable to meet the demand in the short run. In addition, time
overruns and project delay remain as a critical issue in the sector of construction industry. As
such, the construction industry recognised the need for a construction technique in order to
speed up the construction process represented by OSC. Legmpelos (2013) stated that time is a
significant factor for all projects; a typical saying “time is money” is particularly true for the
construction industry, and enormous benefits can be achieved from early completion. Gibb and
Pendlebury (2006) indicated the significant value of time when using OSC; this is due to the
associated benefits, including less time required for onsite activities, a predictable completion
date (because it is not weather dependent). This is also supported by (Fraser, Race, Kelly,
Winstanley, & Hancock, 2015).

Therefore, numbers of researchers supported the related time drivers such as reduction of
construction time or speed of construction as indicated by (Gibb and Isack (2003). This is also
supported by Mohamad Kamar (2011) & Goodier and Gibb (2007); GOODIER and GIBB
(2005).

The saving on time when using OSC is result from a large number of onsite activities being
moved offsite into a factory. This is supported by (Alazzaz & Whyte, 2014) who founded
reduction onsite time as most significant benefit for using OSC. This is also agreed by Lawson
et al. (2014) who indicated that slow unproductive site activities are replaced by more efficient
and faster factory processes when using OSC. The writers also mentioned that further savings
in time on site can be achieved in projects_with high levels of OSC and this in turn can be
beneficial if the project need to be built in poor weather or in difficult site working conditions
(Lawson et al., 2014).

Similarly, a number of authors (Fraser, Race, Kelly, Winstanley, et al., 2015) argued that there

are some factors that cause reduction on time duration of the project including:-
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e Less equipment and fewer facilities need to be removed at the end of the project, thus
decreasing disruption, noise, dust, etc for local residents and minimising time.

e The concurrency of activities allows the overall project schedule to be shortened; for
example, the groundworks on site can occur whilst major elements of the facility
commence offsite. Furthermore, offsite work can be conducted in several different
locations at the same time. This approach also helps co-ordination between different
jobs.

e Higher productivity rates in factories result in shortened times. In fact, as productivity
tends to reduce the delivery time, it is expected that individual benefits are greater under
such circumstances (Yokota & Aye, 2016).

e The use of OSC contributes to the progressive commissioning of the overall facility.
This is because the onsite M&E phase can be shortened (due to factory testing) and may
be started earlier and completed easier on a zone-by-zone basis.

e Both time and cost are reduced, mainly due to the fact that building offsite removes the
unknown elements and variables associated with assembly on site. Indeed, it is less
costly to use OSC to build large and repetitive designs within a short time (Mydin, Sani,
& Phius, 2014).

On the other hand, time reduction driver has positive affect on other factors. The reduction of
time on site can have marked and beneficial effects on contractor cash flow and the cost of
finance (Krug & Miles, 2013). This is because a shorter build time leads to reduced site
management costs and an earlier return on investment. In addition, the speed of construction
confers a major financial advantage to the building developer in the form of reduced financing
costs. Fraser, Race, Kelly, Winstanley, et al. (2015) agreed with Krug & miles and further
added that reducing time on site means that commissioning (electrical & mechanical services)
can start sooner. Thus, both reduced the commissioning programme and improved the
commissioning process leading to cost benefits. Indeed, clients considers time is an issue, as
many would incur significant costs if they failed to meet agreed completion dates for their
projects and some would benefit from the early income stream from shorter projects (Gibb &
Isack, 2003).

Furthermore, the early completion is fundamental and highly benefits to some projects. This is
supported by Krug and Miles (2013); Gibb and Isack (2003) and Fraser, Race, Kelly, and

Winstanley (2015) as they found that time is crucial for some types of projects, such as:
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e Airports: when a long time is required due to operational disruption, this can have
substantial negative effects on the primary revenue-generating operations of the client.

e Prisons: time is important for security considerations.

e Hospitals: private hospitals have a very strong financial drive to open sooner, and

National Health hospitals have a combination of financial and public policy drives.

Moreover, supporters of OSC argue for the faster delivery of projects than with on-site
construction. Bendi (2017) confirmed that the speed of delivery is an important driver to the
use of OSC in India, and the other two significant drivers include ensuring time certainty and
minimising the onsite duration. Vernikos (2016) also agreed with Bendi (2017) in terms of
faster onsite delivery and assembly when using OSC. Krug and Miles (2013) further added that
OSC methods are up to 60% faster than conventional construction methods. Indeed, Fraser,
Race, Kelly, Winstanley, et al. (2015) determined that, if OSC is adopted early in the design
process, it can cut build times in half depending on the project.

The researchers further indicated benefits obtained from faster delivery of the project. In this
regard, Legmpelos (2013) illustrated the benefits from accelerating the project that can impact
positively on people, which are: -

» Most projects need to borrow money (raise debt) to be constructed. Each month interest
has to be paid for borrowed money. It will be a major advantage to pay back faster than
scheduled.

> The net present value of the project is also significantly increased by saving money
from interest and receiving a positive cash flow faster. For example, if a hotel is
delivered three months earlier than schedule, the benefits from renting rooms three
months earlier are tremendous. Consequently, the overall investment might become
much more favourable.

> It can help the contractors to move faster to the next project as well as save money on

insurance and interest if they have outstanding loans.

The shorter project duration when using OSC has a positive impact on other factors. Gibb and
Isack (2003) mentioned that shorter project durations mean less risk in terms of market
changes. Pan (2006) further mentioned that, for a private housing development, it was
significant to match the build speed with the rate of sales in order to reduce market risks. The
researcher’s case study company was motivated to maintain control over the speed of

construction, by ensuring time certainty through using offsite technologies. The company had
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a negative experience of market change, and so desired to benefit from the time predictability

in using OSC within their projects.

In the similar vein, Jiang, Mao, Hou, Wu, and Tan (2018) stated that the benefits of time saving
could bring significant financial savings and social benefits and help reduce the risks associated
with stakeholders. For example, for the contractor this meant less site work (concreting,
plastering, etc.) and risks (falls from heights, etc); for the client this meant less loan interest
and a faster return on investment, whilst for the government this meant more available dwelling
units and related infrastructure. OSC can also reduce the need for onsite workers and difficult

activities because part of the onsite work is taken off site into factories.

Accordingly, time-related drivers have been explored widely in the literature such as the speed
of construction, reduction of overall project duration and ensuring time certainty and it can,
therefore, being investigated for their impact on the driving of the use of OSC in Irag. The
time-related drivers also seem to have a positive impact on other factors, such as cost and
quality management, the reduction of health & safety risks, enhancing environmental aspects,

and so forth.

2.4.2 Quality related drivers

The biggest advantages of OSC over traditional construction were the decreased
construction time on site, increased quality, more consistent products, reduced snagging and
defects, and the reduced whole life cost (GOODIER & GIBB, 2005). Pan, Gibb, and Dainty
(2007) also indicated that high quality is one of the most important drivers to use OSC in
UK.

Moreover, according to the results of an interview survey conducted with major UK
construction clients, Gibb and Isack (2003) demonstrated that quality is the second most
cited reason for using OSC. The researchers explained that: -

e The quality obtained from factory-made components is better than on site.

e The ability to ensure consistent quality

e Parts were more liable to be engineered to fit together correctly. This means
preventing the need for (snagging) remedial works to achieve the required standard;
this is one of the goals in re-engineering construction in order to get rid of waste

from the process.
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e Another factor that appeared to be important is the ability to visit the factory and see
the final product before installation on-site.

There are many factors contributed to achieve high quality indicated by researchers. As OSC
methods are factory based, this offers better potential to ensure high functional and design
quality standards (Burwood & Poul, 2005). Alistair (1999) also indicated that producing
high-quality products is more conductive in a factory environment. Manufacturing facilities
usually have a stable workforce who can be trained properly and are likely to produce higher
quality work (Alistair, 1999). Also, quality control and assurance procedures are easier to
apply in the factory environment. Fraser, Race, Kelly, and Winstanley (2015) further agreed
with Alistair (1999) that the components and assemblies are made under better factory
quality control and are tested prior to delivery on site. Hence, better quality and more reliable

assemblies reduce the need for re-work and result in fewer total resources.

Another driver related to the quality factor is OSC products are less defects than traditional
construction products. Taylor (2009) further mentioned that factory-controlled conditions
mean a better quality of build, a better finish, and fewer defects. Also, all snagging is
complete, and all services are tested. These benefits are matched by those for the skilled
labour who implement the work — a warm, controlled and enclosed workplace using

production line techniques that pointedly reduce the risk of accidents and ill health.

Similarly, Blismas and Wakefield (2008, 2007) identified that one of the important drivers
for the use OSC in the Australian industry is to provide higher quality, better control, and
greater levels of consistency. Furthermore, product testing allows for the better control of
safety factors/margins, improved component life, and reduced whole life cost and defects
through a quality-controlled factory environment. Design can be refined in manufacture to

improve quality and enable the use of new/different materials and processes.

Within the Malaysian market, Mohamad Kamar (2011) mentioned that the first most
important driver for contractors using OSC is high quality. This is because OSC offers
improvements to quality, productivity and efficiency from the use of factory-made products,
thus reducing the possibilities of poor workmanship and a lack of quality control. Complex
shapes and finishes can be inspected, and any sub-standard components can be rejected
before becoming incorporated into the structure (Mohamad Kamar, 2011).

Furthermore, OSC offers good quality products with better surface finishes, which are more

refined than those made possible by traditional construction. This is because the
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former are typically made of superior quality materials which use advanced technologies
and are produced under the supervision of prominent experts in the field (Mydin et al.,
2014).

Nevertheless, the survey results gathered by Zhai, Reed, and Mills (2013) explored the
driving forces for using OSC in the urban residential construction industry in China shows
that the most frequently mentioned key benefit of off-site production, namely improved
quality, was not as highly rated as in previous studies (e.g. Jaillon and Poon (2008)) in which
improved quality control and waste reduction were the most significant benefits. This means
that the industry was suspicious about the potential to ‘achieve a high building quality’ with
OSC, which might describe the reason why off-site applications are hardly ever used in
structural construction process for high-rise apartment buildings. However, this opinion may
no longer supported by researchers in china offsite market. A SWOT analysis by Jiang et al.
(2018) on promoting the use OSC in China shows ensuring building quality as a strength
for the use of OSC. This is because prefabricated products tend to be developed in
manufacturing factories in which each component is millimetre-perfect, which significantly
reduces the need for site-measuring and problem-solving. Consequently, OSC is
increasingly seen as a worthwhile approach for the delivery of high-quality products; this is

due to the higher quality control in a factory environment.

However, to obtain optimal quality of the final products and finishing, it requires to consider
some factors such as design and implementation process. Gibb and Pendlebury (2006)
argued that the correct design and execution of OSC products will: consistently achieve a
predefined quality in a factory-controlled environment; decrease damage from handling and
storage onsite, and limit the risk of damage from follow-on trades by using modular units

and sealed volumetric.

In the same vien, Callistus, Felix, Ernest, Stephen, and Andrew (2014) found that there are
some factors related to consultants that can affect the quality performance in the project
including fraudulent practices and kickbacks, lack of coordination between designers and
contractors and; poor monitoring and feedback. In addition, other factors related to
contractor can affect the quality which are: lack of training on quality by teamwork, lack of
management leadership and lack of contractor experience. In the same vein, Gan et al.
(2017) highlighted that there are factors can affect the quality in OSC divided into

categorises which are:
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% Factors related to production such as:

e Poor quality raw materials

e A lack of production quality management system in the factory production process.
e A lack of quality assurance measures for the storage and transportation of OSC
components

e A lack of production codes and standards for OSC components.
¢+ Factors related to construction such as:

e Inadequate construction of the connecting points between the core components

e Poor-quality components due to the lack of on-site checking measures and poor
equipment testing.

e Limited construction time imposed by project clients.

e A lack of technical guidelines for the construction of OSC projects

e Low cost adopted in the contract for the construction.

% Factors related to design

e Low cost allocated in the contract for the product design.
e Failure in funding the whole project.

e Lack of design codes and standards for OSC components
e No building information modelling (BIM) application

e Change design

e Unsuitable design

Therefore, Callistus et al. (2014) and Oke, Aigbavboa, and Dlamini (2017) demonstrated some

recommendation which are:-

e Developing skills.

e Completing a suitable design available at the right time.

e Decreasing the numbers of design change. Clients need to be aware of the consequences
of changes as OSC needs an early design freeze to produce components

e Evaluating design before construction
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e Implementing a monitoring system has during the project process in order to ensure
quality performance.

e Ensuring proper material procurement

e Implementing a quality assurance programme

e Improving monitoring systems

e Ensuring proper structured site management and supervision

e Ensuring clear communication and cooperation

Accordingly, the researchers emphasised on the quality related drivers such as; achieving
high quality, quality control review during manufacturing process and site assembly and
OSC products are less defects than traditional construction products. The researcher also
explored the reasons that can contribute to achieve high quality of the products with less
defects than traditional construction such as manufacturing environment which involves
quality test and assurance before it being shipped to the site and skilled staff. Meanwhile,
there are some factors can affect the quality of the final products including teamwork, design
change and so forth. Therefore, the quality factor needs to be investigated within Iraqi

construction industry to understand its related drivers to the adoption of OSC in Iraq.

2.4.3 Cost related drivers

There is an opportunity for OSC to present itself in a positive light regarding the growing
emphasis on sustainability (Goulding & Arif, 2013). This is because OSC can deliver a tighter
building envelope, by using materials such as structurally insulated panels, together with smart
components and materials. It can also offer savings in transportation, waste and the use of
embodied energy in the construction process. Therefore, a viable cost-effective solution is
presented and strongly defended using OSC. These can also embrace other benefits, including
improved in-use and lifecycle costs and safer working environments. These benefits, in turn,

need to be more obvious and more readily available (Goulding & Arif, 2013).

Therefore, it is recommended to evaluate the immediate and life cycle cost when using OSC.
This is emphasised by Fraser, Race, Kelly, Winstanley, et al. (2015) in which costs need to be
evaluated in the total context of the project, including the beneficial impacts on project
durations and risks, in order to understand its value to projects. In the same vein, Hashemi
(2009) clarified that cost can be divided into two main groups of immediate cost and life costs;

the immediate costs are involved in the building process, while life-costs mean building
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running costs in the long term, such as energy requirements and maintenance. When applying
a modern method of construction both cost types should be considered; however, in practice,
many people are usually more concerned with the immediate cost than life costs (Hashemi,
2009).

In the same vein, Blismas et al. (2006) found that the evaluation system currently used to select
the optimal construction approach solely relied on a direct cost-based, rather than value-based,
system. However, Blismas and Wakefield (2007); GOODIER and GIBB (2005) emphasised
the importance of measuring the cost savings over the whole life cost of OSC products. This
can be achieved by understanding the value rather than only emphasising the direct cost of

materials/labour.

On the other hand, there are some factors can affect the cost of OSC projects. In this regard,
Vernikos, Goodier, Gibb, Robery, and Broyd (2012) stated that the country and location of the
project considerably affects the variances in cost; for example, some countries in the Middle
East have very cheap workers, and where local natural rock armour is not obtainable in the
scale needed, concrete is employed. Other factors affect material costs; for example, “in
Australia the cost of concrete is higher therefore it is sometimes cheaper to ship huge precast
units from Asia (4000 miles) to Australia because it may cost less” (Vernikos et al., 2012). In
the UK, rocks of the required size and quality may be available from quarries nearby, or precast
units may be sourced.

In the same vein, the following key factors involved in the finished modern method of
construction prices have been illustrated by Hashemi (2009), which are: transportation, fixed
factory running costs (labour, storage, energy, etc), design, material, labour, maintenance,
machinery economy stability, price fluctuation and inflation, quality, waste, speed & time,
building type, area and number of storeys, volume (mass production), and characteristics of the
construction industry. All factors mentioned under practicality, have direct or indirect effects
on the finished MMC price.

Additionally, some of the cost related factors mentioned above were identified as a cost benefit.
The use of prefabrication techniques within a project allows for cost savings at every stage of
the production chain due to mass production (Lu, 2009); for example, material savings at the
procurement stage and labour savings at the construction stage. Moreover, design for offsite
methods allow for greater standardisation, the use of off-the-shelf products, and in turns the

contribution to reduced material cost and lower material waste (Fraser, Race, Kelly,
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Winstanley, et al., 2015). Other cost savings may include savings from fewer material
deliveries and reduced crane usage; the cost of transporting a large assembled unit may offer
savings over several deliveries of individual pieces, as well as lower tracking and storage costs
(Haas & Fagerlund, 2002).

Haas and Fagerlund (2002) and Mohamad Kamar (2011) confirmed that reductions in cost
were attributed to the lower cost of offsite labour as a result of less labour required onsite.
Fraser, Race, Kelly, Winstanley, et al. (2015) further added that the cost of factory-based labour
is characteristically less than the cost of site labour. This is because factory facilities can be
located where skilled labour is more readily available and the costs of labour, power, materials,

space and overheads are lower. Also, the increased labour productivity in a factory environment
has a direct effect on the financial outcome of a project.

Other associated benefits that lead to cost saving include Elnaas (2014) a faster construction
programme that leads to reduced overall project costs. Cost benefits will result both from a
reduced commissioning programme and improved commissioning process (Fraser, Race,
Kelly, Winstanley, et al., 2015). The use of OSC can lead to reductions in the time required to
complete a project, lessen the need for skilled craft labour on-site, reduce the number of
incidents causing on-site disruption by other adjacent operations and, finally reduce costs (Al-
Mutairi, 2015).

The risk of accidents and injury are reduced and this, in turn, contributes to reduced project
cost. Fraser, Race, Kelly, and Winstanley (2015) confirmed that reduced on site labour means
fewer health and safety risks from site activities. The equivalent activities in a factory
environment can be better organised and managed and have been shown to have better safety
records. The cost of stoppages, injuries and investigations are all to be avoided. In fact, the
total reduction in site hours worked on OSC; projects can easily lie in the range of 60-80% and
the reduction of workers required onsite can be expected to reduce the occurrence of major
injury and death, which in turn leads to financial benefits based on the cost of treating injuries
(Krug & Miles, 2013).

Another cost benefit results from the quality control environment; Alistair (1999) highlighted
that cost savings occur as a result of the reduction to unplanned onsite remedial works. This is
due to higher quality finished products that are made in factory environment. However,
advantages such as increased quality and reduced snagging are rarely included in costings and
many projects are still judged purely on first or initial costs (Goodier & Gibb, 2007).
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This quantifiable cost saving is also demonstrated by Fraser, Race, Kelly, Winstanley, et al.
(2015); Gibb and Isack (2003); Gibb (1999).The site initial cost for fully modular buildings
most likely forms 7 to 8% of the total build cost leading to savings of 5 to 8% compared with
site-intensive building projects (Alistair, 1999). The advantages include:
e A reduced number of site personal and hence costs and facilities needed.
e Minimised waste
e A decreased need for shuttering and scaffolding, or formwork, as offsite products are often
self-supporting
e Reduced labour
e Reduced plant, tools and craneage
e Less site storage and related security and management
e Reduced water and energy utilisation because of onsite activities
e Decreased installation time, with associated quality control by the installer,
contractor and for customer benefits.
e The minimised effect of a terrible climate at the building site.
e Reduced overall energy costs.
e Less site congestion
In the same vein, Gibb and Pendlebury (2006) identified some cost savings that should be
considered when using offsite manufacturing. These include: -
e Cost certainty and decreased risk.
e Less unsuccessful work and fewer defects.
e Improved quality so reduced maintenance, etc.
e Minimised construction time, which can result in cost advantages from earlier
occupation
e Reduced overall lifecycle costs
Cost related drivers of using OSC indicated in different developed and developing countries.
A survey by Pan et al. (2007) involving 100 UK housebuilders demonstrated that ensuring cost
certainty is a key important driver for the use of OSC in UK housebuilding. Elnaas, Gidado,
and Philip (2014) also agreed with Pan in which a reduction in overall project cost is a key
driver of the use of OSC in house building in the UK. Moreover, the findings of Bendi (2017)
regarding cost drivers were similar to those from the UK market, confirming that ensuring cost

are major driver for the extensive adoption of OSC in India. Reduced demand for labour, lower

28



costs and ensuring project cost certainty are also seen as key drivers for the use of OSC in
China’s housing construction industry (Zhai et al., 2013).

In fact, considerations of the economic benefits of off-site production should be an all-inclusive
and the whole-life cost concept rather than a direct and immediate cost saving. This is also
linked to enhanced cost certainty, reduced maintenance costs, lower overall lifecycle costs,
minimised site access and additional economic benefits from early occupations (Zhai et al.,
2013; Blismas, Pasquire, & Gibb, 2006).

Therefore, it appears that many drivers related to cost when using OSC are acknowledged by
researchers worldwide such as reduce construction cost, reduce maintenance cost and reduce
life-cycle cost. However, sometimes stakeholders neglect some indirect costs, such as reduced
cost as a result of other benefits, like minimising the time required onsite which leads to cost
savings and only concerns direct cost. It is important to focus on the direct and indirect costs

to fully understanding the cost related drivers when using OSC.

2.4.4 Productivity & market related drivers

Productivity “is the ratio of output to all or some of the resources used to produce that output”
(Construction McGraw Hill, 2011). Thus, the resources can include capital, labour, energy,
raw materials, etc. Stakeholders are closely aligned in the belief that the primary drivers to the
future usage of OSC will be the improvements it can offer to elements of productivity including
time, cost, safety and quality (Alazzaz & Whyte, 2014; Construction McGraw Hill, 2011).
Eventually, this means that the process is more productive over traditional construction per unit

of input.

Accordingly, the improved productivity of OSC is one of the benefits perceived by clients as a
result of fewer difficult activities onsite and a reduction in the need for wet trades (Gibb &
Isack, 2003). Moreover, Durdyev and Ismail (2019); Gibb and Isack (2003) emphasised
improvements to productivity due to lower site disruption from less equipment, materials and

less congestion on site.

Furthermore, a potential solution to the need for a successful increase in housing supply is
offsite manufacturing (Blismas & Wakefield, 2008). The UK government sought to promote
house building rates using OSM (Krug & Miles, 2013). This was due to the inability of the
current UK housing supply to cope with the demand in addition to inability of those on low

incomes to afford the increasing houses prices in UK (Ross et al., 2006). Chairman (2012)
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pinpointed that factory productivity can reach 80% in comparison to only 40% for typical site
production. Thus, the use of OSM systems can contribute to improved housing supply rate in
the UK. Moreover, the shortage in housing supply is one of the drivers to use OSC in the UK
(Elnaas et al., 2014).

Researchers also found a large housing shortage in Nigeria, Rahimian, Goulding, Akintoye,
and Kolo (2017) believed that OSC has been proffered as a potential solution to address this
challenge, particularly due to its ability to deliver high volumes of units at reduced costs and
improved quality. However, barriers need to be assessed before this can be considered a viable
solution. Nevertheless, Ojoko, Osman, abd rahman, and Bakhary (2018) found that embracing
OSC to overcome the huge housing shortage in Nigeria would represent a move in the right

direction.

Similarly, in China at least 6 million housing units need to be provided in the next 36 years
thus demonstrating an urgent need for the construction industry to significantly increase its
productivity and expand its dwelling inventory to meet this growing demand for living (Jiang
et al., 2018). OSC improves the build rate of housing schemes by dramatically increasing the
number of houses completed over a period of time (Mohamad Kamar, 2011). This could help
stakeholders to meet demands for housing and support government objectives to provide a
sufficient supply of affordable housing. Moreover, Bendi, Arif, Sawhney, and lyer (2012)
demonstrated that the demand for affordable housing is also reflected in the Indian government
agenda through its strategies and policies, which could also act as a driver for the adoption of
OSC. The aim of mass housing is to provide proper housing units at affordable costs for people
who cannot deal with the huge investments associated with land acquisition and the direct
construction of buildings. Therefore, the governments and private sectors need to develop
strategies to meet this need through public private partnership (Ezema, Opoko, & Oluwatayo,
2017).

Furthermore, Javed, Pan, Chen, and Zhan (2018) indicated the important drivers and constraints
concerning construction productivity in Hong Kong, and explored the interdependence of these
factors in driving or hindering productivity enhancements. They found that this is underpinned
by five strategic aspects - policy formation, regulatory requirements, planning and design, site
construction and project management, and administration — which operate at three focus levels,
namely industry, project and activity. The researchers further identified enhancement to the

productivity at the site level such as:
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» The adoption of OSC and automated production.

» Enhancing the standardisation of productivity measurement tools.
» Effective site management and efficient supervision system.

» Effective planning and scheduling (Javed et al., 2018).

2.4.5 Labour related drivers

One of the advantages of using OSC is the reduction the numbers of workers required onsite;
this is a consequence of moving much of the work offsite into factories (Jiang et al., 2018).
Alazzaz and Whyte (2014) also agreed on this and stated that one of the major factors behind
stakeholders’ favourable impressions of OSC was the fact that it alleviates skills shortages in
the construction industry Jaillon and Poon (2008) indicated that, as OSC components are
produced in a factory, fewer carpenters, plasterers, and steel reinforcement workers are
required on-site. Furthermore, Fenner, Razkenari, Shojaei, Hakim, and Kibert (2018) refer to
improvements in workforce productivity and wellbeing as a result of the automated and/or
repeated functions that lead to reduced unnecessary moves in the factory and in the number of

exhaustive activities performed by workers.

Nevertheless, Fraser, Race, Kelly, and Winstanley (2015) believed that the use of OSC
requires less labour onsite, although also recognised that higher levels of skill are required for
implementation than for traditional construction. These skills include the assembly of ready-
made components, the use of new materials and systems, the handling of large building
modules and the need to ensure that sophisticated systems work as they should. Also, at the
manufacturing stage, appropriate skills are needed to match production requirements. These

findings were also emphasised by (Alawag, Yunus, handan, Kasim, & Hussain, 2019).

The findings of a study by Fernando, Fernando, and Gunarathna (2016) found that less
motivation amongst labourers, poor examination of their skills and limited guidance are the
major hindrances for the development of skills in the construction industry of Sri Lanka.
However, training, motivation and a safe workplace are required to improve the productivity

of workers and the quality of the final product (Fraser, Race, Kelly, & Winstanley, 2015).

31



2.4.6 Social related drivers

Traditional construction is a relatively dangerous activity which has a poor reputation
worldwide due to the lower status working environment (Krug & Miles, 2013; Zhai et al.,
2013). Indeed, the traditional construction involves many activities with risks, such as working
from height and working with heavy machinery; thus, many researchers believe that reducing
health and safety risks is a driver for using OSC (Wuni & Shen, 2019); Bendi (2017); Blismas
et al. (2005). Indeed, the use of OSC can improve the safety and stability of workforce working
conditions which can significantly reduce the number of accidents and occupational illness, as
most work would be implemented in the factory that provides a more controlled environment
and reduces the number of risks (Krug & Miles, 2013; Zhai et al., 2013).

Fraser, Race, Kelly, and Winstanley (2015); Elnaas (2014) agreed with Krug and Zhai by
illustrating that reductions to time, onsite labour and activities onsite alongside the increased
control of site activity can potentially reduce the overall number of serious and fatal accidents
on site, which in turn results in cost reductions. This is because to most of the activities are
moved offsite which result in increased health and safety and reduced risks, including:

e Better welfare facilities in the factory environment,

e Cleaner work conditions with less risk of fall and slip

e Automation use reduces manual handling

e Safe from all-weather working

e Reduced need to work from height.

However, others argue that the use of OSC may not completely eradicate the risk of accidents
in the processes involved, although the risks are more predictable and can be more effectively
managed during the design and construction processes than with classic construction
(Chairman, 2012). Therefore, onsite work still has to be made as safe as possible by ensuring
the timing of delivery, the assemblage of components, and the requirement for mechanical
handling and strategies are considered in minimising potential risks (Fraser, Race, Kelly, &
Winstanley, 2015; McKay, 2010).

Consequently, the use of OSC is generally considered safer than traditional construction. Thus,
the control of work situations by providing safe conditions, and the application of safe working
methods and procedures alongside effective safety training is the aim of accident prevention

(McKay, 2010). One example of such safety measures was stated by Lawson, Ogden, and
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Bergin (2011) “The modules can be installed with pre-attached protective barriers or, in some

cases, a protective “cage” is provided as part of the lifting system.”

Another OSC driver associated with social drivers is the ability to offer employment
opportunities for local communities with long term secure job (Elnaas, 2014; Zhai et al., 2013;
Yunus, 2012a; Blismas & Wakefield, 2007). Using OSC can offer potential improvements to
working conditions, as factory-based jobs offer greater long-term security for individual
workers with better training (Ross, 2002). Factories usually try to recruit employees from a
local community with offers of permanent jobs in order to save time and transportation for
employees; moreover, they are likely to offer good training to ensure they sustain appropriate
standards in work. A greater OSC uptake means more labour involved in training process which
in turn produces semi or skilled labour who can achieve better salaries than traditional labour
(Zhai et al., 2013).

Thus, researchers believe that OSC has a better potential to improve working conditions for
workers by reducing health and safety risks and offering secure jobs, particularly for local
communities. Therefore, these related themes will be considered as social drivers for testing in

this research.

2.4.7 Environmental related drivers

The use of OSC methods can contribute to the conservations of materials and reduction to
waste, since the waste generated from OSC is easier to re-use and recycle (Jaillon & Poon,
2008). Moreover, Mtech Consult and Yorkon (2008) stated that improved designs often
associated with OSC can decrease material wastage by nearly 50% and reduce on-site waste
by up to 90%, particularly with using volumetric construction. Meanwhile, Fraser, Race, Kelly,
and Winstanley (2015) indicated that a 90% reduction in material waste occurs when using
OSC compare with traditional construction. This is because the design for manufacturing
usually ensures that the process of ordering and cutting materials to size is far more controlled
to ensure fewer faults and waste, whilst recycling is also easier to control. Moreover, Jaillon
and Poon (2008) indicated that many environmental benefits occur when using OSC, including
material conservation, reductions to waste, and lower air pollution and water consumption. The
reductions to waste are explained by the move of most trades into factory environments, for
example tiling, which results in higher quality, greater durability and less maintenance due to

the quality control processes in a factory. This permits the easy identification of defects and
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the rejection of unsuitable precast elements before they are transported to the site resulting in
less wastage on site arising from defects and rebuilt works. Moreover, OSC reduces the time
spent working on-site; this means that the impact of construction sites on the local environment

is reduced and fewer hours are spent working in extreme weather (Wasket, 2001).

A recent study by Gunawardena, Ngo, Mendis, Aye, and Crawford (2014) found that OSC
construction has proven to be more environmentally friendly than traditional construction
because it requires minimum access to roads. Prefabricated units can be shipped or transported
on trucks and placed on-site using mobile cranes, whilst less work is required for installation
on-site. Therefore, less pollution is generated by OSC. Fraser, Race, Kelly, and Winstanley
(2015) agreed with this finding and stated that benefits were generated from OSC by using less
vehicle delivery compare to traditional construction, which in turns leads to less pollution,
noise and congestion around the site.

Another driver related to the environment is energy efficiency during construction and building
in use. When they conducted a comparison between the two types of construction for a
residential building in Irag, Abbood et al. (2015) found that 61% greater energy efficiency was
achieved for cooling and heating when using OSC than for traditional construction. Fraser,
Race, Kelly, and Winstanley (2015) also found that energy use in onsite reduced by 70-80% as
a result of less time spent on construction and fewer resources required onsite. Moreover, the
researchers added that the use of OSC can deliver better building performances for the finished
product with reduced energy-in-use. This is because there are reduced opportunities for human
error and the build quality tends to be better; for example, improved fabric and structural quality
can reduce heat loss, improve energy efficiency, and improve sound performances. Likewise,
building operational efficiency can be enhanced — for instance, preassembled and
commissioned mechanical and electrical elements can deliver test and operational

performances that are much closer to the target than those assembled and commissioned onsite.

Zhai et al. (2013) found that among the top ten factors that drive the use of OSC in China those
related to the environment represented the largest proportion, which included: reduced
construction waste, reduced on-site dust, less noisy pollution and fewer local community
disruptions, reduced material waste, and reduced energy consumption in construction. Hence,
it appears that environmental related drivers for the use of OSC have been widely studied. Most

of the highly related drivers recognised were reduced waste resources (materials and water),
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improved energy performances and reduced environmental impacts, such as less noise,

pollution and congestion onsite.

2.4.8 Policy related drivers

One of the most important milestones for OSC policy is the regulation of OSC in the
construction industry (Mohamad Kamar, 2011). Moreover, Jiang et al. (2018) found that the
absence of government regulations and incentives were perceived as the most critical barrier
to the adoption of OSC in China. They identified that a number of transferable driving factors,
including strategic roadmaps, appropriate policies and sufficient workable guidelines, are
needed to enhance such construction. In fact, the positive intervention of government has
always been the driving force for the advancement of OSC; therefore, the existence of strong
OSC policies and legal frameworks represent policy drivers for OSC (Wuni & Shen, 2019).
OSC policies highlight the commitment of decision-makers to support the approach. Indeed,
the government is the greatest stakeholder and actor in the OSC revolution in the UK, Hong
Kong, Malaysia, India, Iraq and many other countries. As such, there is government support,

regulations, policies promotion schemes and incentives to encourage its implementation.

A significant policy driver is the revision of building codes and regulations, and permits to
encourage the adoption of OSC (Elnaas, 2014; Azhar, Lukkad, & Ahmad, 2013; Pan et al.,
2007). The UK Government and industry are working on revisions to regulations and standards
in order to address some aspects of new offsite manufacturing products, for example the
Buildoffsite Registration Scheme (Elnaas, 2014). There are several policy initiatives that
recognise and promote the adoption of OSC in many countries. In the report “Advancing the
Competitiveness and Efficiency of the US Construction Industry”, the National Research
Council of the United States officially stipulated that the wider use of prefabrication,
preassembly, modularization, and offsite fabrication represent one significant breakthrough
that is needed in the construction sector within the next two decades (Council, 2009).
Moreover, the Cooperative Research Centre for Construction in Australia introduced the
initiative “Construction 2020 to encourage the use of OSC in the country (Hampson &
Brandon, 2004), whilst the New Zealand government is currently promoting the use of OSC to
deliver prefabricated housing. Furthermore, the government of Iraq presented a 2018-2022 plan
to rehabilitate the country and promote the use of OSC by providing 100,000 housing units in
an attempt to address the housing shortage (Iragi Ministry of Planning, 2018). These suggest
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that there are diversified policies and practice priorities worldwide to enhance the use of OSC;

hence, this study argues that policy is a critical driver for OSC.

2.4.9 Systematic references of the literature review for drivers of the using
of OSC
The table below shows the systematic references of the literature review for the drivers of using

OSC that used later in the questionnaire stage. From literature, developed a 25 items-

questionnaire, under 8 factors.

Table 2-1: Systematic references of the literature review for drivers of OSC

Reduce the overall project time

Time Wuni and Shen (2019); Fraser,
Race, Kelly, and Winstanley
(2015); Blismas et al. (2005);
Gibb and Isack (2003)

High speed of construction Lawson et al. (2014); Krug and
Miles (2013); (Pan et al.,
2007); Gibb and Isack (2003)

Ensuring time certainty Pan etal. (2007) (Bendi, 2017);
Fraser, Race, Kelly, and
Winstanley (2015); (Pan et al.,
2007)

Achieving high quality Mohamad Kamar (2011); Pan et
. al. (2007); Blismas et al. (2005);
Quality Gibb and Isack (2003)

Quality control review during manufacturing [Fraser, Race, Kelly, and
process and site assembly Winstanley  (2015); Taylor
(2009); Blismas and Wakefield
(2007); Alistair (1999)

OSC products are less defects than traditional | Mydin et al. (2014); Taylor
construction products (2009); GOODIER and GIBB
(2005); Gibb and lIsack (2003)
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Cost

Minimizing maintenance and replacement cost

and
Elnaas
(2009);

Fraser, Race, Kelly,
Winstanley (2015);
(2014);  Hashemi
Pasquire et al. (2004)

Reducing construction cost

Elnaas  (2014);  Hashemi
(2009); Blismas and Wakefield
(2007); Blismas et al. (2005)

Minimizing overall life-cycle cost

Elnaas (2014); Goulding and
Arif (2013); Goodier and Gibb
(2007); Blismas et al. (2005)

Social

Reducing accidents onsite

Elnaas (2014); Krug and Miles
(2013); Zhai et al. (2013);
Taylor (2009)

Offers employment opportunities for local
communities with greater long-term security for the
individual worker

Fraser, Race, Kelly, and
Winstanley (2015); Elnaas
(2014);  Yunus  (2012a);

Blismas and Wakefield (2007)

Improves working conditions for workforce and
industry

Fraser, Race, Kelly, and
Winstanley (2015); Elnaas
(2014); Krug and Miles (2013)
Blismas and Wakefield (2007)

Policy

Revision to building regulation to support OSC

Elnaas (2014); Azhar et al.
(2013); Mohamad Kamar
(2011); Pan et al. (2007)

Government promotion and support

Wuni  and Shen (2019);
Rahimian et al. (2017); Elnaas
(2014); Hashemi (2009); Pan et
al. (2007)

Availability of legal, standards and codes framework
to cover all stages of the project

Wuni and Shen (2019);
Rahimian et al. (2017); Azhar
etal. (2013); Goulding and Arif
(2013)

Productivity &
Market

Improve overall project productivity

Durdyev and Ismail (2019);
Alazzaz and Whyte (2014);
Gibb and Isack (2003)

Addressing the problem of housing
shortage in Iraq

Iragi  Ministry of Planning
(2018); Teen and Gramescu
(2018); Rahimian et al. (2017);
Abbood et al. (2015); Elnaas
(2014); Abdulrazak and Mori
(2012); Blismas and Wakefield

(2008)
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High volume production of mass units in short time

Ezema et al. (2017); Rahimian
et al. (2017); Elnaas (2014)

Providing affordable housing

Arif et al. (2012); Mohamad
Kamar (2011); Ross et al.
(2006)

Environmental

Decrease the energy use during construction and
building usage

Abbood et al. (2015); Elnaas
(2014); Zhai et al. (2013);
Blismas and Wakefield (2007)

Reduce materials waste

Fraser, Race, Kelly, and
Winstanley (2015); Zhai et al.
(2013); Jaillon and Poon

(2008); Blismas and Wakefield
(2007)

Reducing environmental impact during construction

Fraser, Race, Kelly, and
Winstanley (2015); Zhai et al.
(2013); Jaillon and Poon

(2008); Blismas and Wakefield
(2007); Pan et al. (2007)

Labour

Reduces labour for  onsite

construction

required

Jiang et al. (2018); Fraser, Race,
Kelly, and Winstanley (2015);
Jaillon and Poon (2008)

Improve labour productivity performance

Fenner et al. (2018); Al-
Mutairi (2015); Elnaas (2014)

Improves management and coordination among
workers at the site

Fenner et al. (2018); Elnaas
(2014); Blismas and Wakefield
(2007)
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2.5 Barriers to the use of OSC

Many researchers explored barriers towards OSC worldwide. Some of these barriers are similar
between countries such as cultural resistance and skills shortage. However, the priorities of
barriers may differ from country to country or even from project to project. It is worth to
emphasise that there is mature market in adopting OSC, while there is immature market

represented in most of developing countries.

In regard to UK construction industry, Gibb and Isack (2003) found that a negative image from
past experiences of poor quality, disjointed offsite products and limitations in the supply chain
can hinder the use of OSC in the UK. There is also a belief that OSC is more expensive than
traditional construction, which is the main barrier to its use (Goodier & Gibb, 2007; GOODIER
& GIBB, 2005). Also, the researchers found longer lead in times, client resistance, a lack of
guidance, few codes and standards, and negative images represent various kinds of barriers to
its adoption. These barriers were also mentioned by Pan et al. (2008) in their survey results
from UK house builders; they found that higher capital costs, longer lead-in times, and current
manufacturing capacities pose significant deterrents. Also, they added that interfacing
problems and delayed planning processes can hinder the use of OSC. Furthermore, at different
importance ratings, Elnaas et al. (2014) also illustrated that system, process, regulatory,
logistics, resources, and costs were barriers to the use of OSC in UK housing building. Thus,
barriers such as negative image, high capital cost, long lead time seem like significant barriers
for the adoption of OSC that agreed amongst researchers for the construction industry in UK.

There are some barriers similarities to UK identified within Australian construction industry
for the use of OSC. Blismas et al. (2005) indicated four important project level barriers to the
uptake of OSC in Australia, which are process, value, supply chain and knowledge, as a result
of a survey involving the majority of construction industry stakeholders. Further, Blismas and
Wakefield (2009) highlighted a number of features with related barriers for the use of OSC ,
such as process/programme, cost, skills knowledge, logistics and site operation, environmental
concerns, regulations, industry and market culture, and supply chain and procurement. The
same barriers have been examined by Shahzad (2011) in the New Zealand construction

industry.
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In the same vein, recent research by Rahimian et al. (2017) identified three related barriers to
the uptake of OSC in Nigeria, which are human, technical and industrial barriers.
Consequently, it seems that researchers have acknowledged the barriers to the adoption of
OSC. This introduction gave a brief summary of the barriers; however, in the next section,
more detail will be provided, and the barriers related to similar factors will be clustered as

appropriate.

2.5.1 Cost related barriers

The increased capital costs and higher initial costs have long been criticised as the most
significant factors that hinder the wider adoption of off-site production (Zhang, Lee, Jaillon, &
Poon, 2018; Rahimian et al., 2017; Pan et al., 2007; GOODIER & GIBB, 2005).

The OSC method of building construction is more expensive than the traditional method.
Faghirinejadfard et al. (2015) explained that the main reason for the cost differences directly
relates to the industrialized process for OSC components. High expenses must be paid to
purchase the transport and mechanization tools, and to assemble the prefabricated components
at the construction site. In the same vein, Fraser, Race, Kelly, and Winstanley (2015) suggested
that the main barrier to the adoption of OSC in the UK is the perception that it is more expensive
than traditional construction. This can be attribute that there is not enough knowledge about
the cost of the overall project including life cycle cost caused by lack of effective cost benefit
analysis tools. Furthermore, one of the root causes for the low uptake of OSC in western
Australia was found to be the reluctance amongst stockholders to adopt a relatively ‘unfamiliar’
building method. They were particularly worried about unfamiliar costs and cash-flow streams
for delivering OSC projects. This is exacerbated by the limited availability of cost information
regarding OSC projects, which were mainly residential projects (Sutrisna, Cooper-Cooke,
Goulding, & Ezcan, 2019). Therefore, it seems that there is a need for having a clear cost
benefit analysis tool for the whole of the project of OSC including life-cycle cost. Moreover,
Alomairi, Aboud, and Mahmood (2019) recommended to reduce the length of the
implementation chain when using OSC in Iraq as this increases the cost of the housing unit; as
the tender refers to several parties and each party wants to achieve a profit, which leads to an
increase in the final cost of the product. In the same vein, Yunus (2012a) recommended early
occupation of the constructed building for cost effectiveness, and emphasised on the

importance of offering work to local workers in order to reduce cost and sustain work.
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In regard to China market, Jiang et al. (2018) believed that higher initial costings were the most
noticeable barrier to the use of OSC in China, as the country is at the stage of tentatively
adopting OSC techniques, which requires an extensive upfront investment. However, this could
be addressed with the increasing application of OSC that could lead to reduced component
fabrication costs.

Transportation cost believes to be higher than traditional construction, particularly when there
is long distance involved. Jaillon and Poon (2008) found that the transportation costs for
prefabricated elements were higher compared with conventional construction due to the
factories locations which requires long distance to construction sites in China. Therefore, Xue,
Zhang, Su, and Wu (2018) believed that the location of OSC factories were important and thus
should be determined with consideration of both economic outcomes and reasonability.
Indeed, there may be limited supply source options or limited capacity as they may have long
order books leading to increased transportation requirements (Fraser, Race, Kelly, &
Winstanley, 2015). This is because, in this situation, the need to purchase from an alternative
supplier who may be far from site can increase the cost of transportation.

However, researchers recommended evaluating direct and indirect cost and life cycle cost. in
order to compare cost barriers related and cost benefits related enabling understanding the real
cost of the project. In this regard, Blismas et al. (2006) found that the evaluation system used
to select the optimal construction approach solely relied on a direct cost-based, rather than a
value-based, system. Hence, it is imperative to address stakeholders’ barriers in terms of cost,
and to understand the cost related benefits of using OSC in order to help achieve a step-change
towards its faster adoption. In addition, components can be standardised to reduce the initial
cost of the project. Goodier and Gibb (2007) indicated the importance of using a life cycle cost
approach to compare between OSC and traditional methods of construction.

Accordingly, the primary barrier frequently cited in the literatures is the expensive cost of off-
site production that results from high initial costs, including the transportation and installation
of components onsite. However, this barrier can be offset by other factors such as reduced
project time, less labour required onsite, and minimised waste and resources. Therefore, this
research will study the cost related barriers regarding the Iragi construction industry to evaluate

the effect of this factor in inhabiting the use of OSC in this country.
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2.5.2 Industry & market culture related barriers

Market resistance is regarded another important obstacle to the application of off-site
production, particularly in the residential sector. In European countries, Japan and Australia,
the sharp growth of off-site production for prefabricated housing was initiated following the
Second World War when it was perceived as the most effective solution to severe housing
shortages (Elnaas, 2014; Zhai et al., 2013; Blismas & Wakefield, 2007). However, Blismas and
Wakefield (2007) indicated that “the whole industry is conservative”, with resistance to change
noted amongst stakeholders. Indeed, the historically negative attitude towards OSC is common
to both Australia and the UK; this is due to the poor application of housing built during the
post-war and in the 1960-70’s when social housing projects gave OSC dwellings a poor
reputation. Although the client profile has since changed, some of this sentiment remains, and
is often reflected in a client’s desire for particular structures or traditional finishes (Blismas &
Wakefield, 2007). Client resistance and scepticism and negative images are also barriers within
the Indian construction industry (Bendi, 2017). Peoples’ attitude towards housing and building
materials is a major barrier to the uptake of OSC in India; the house is treated as an important
investment for any individual, hence there is strong resistance towards the adoption of new
building materials and technologies (Bendi, Arif, Sawhney, & lyer). In the same vein, Alomairi
et al. (2019) found that the length of the implementation chain in Iraq when using OSC
increases the cost of the housing unit; this is because the tender refers to several parties and
each party wants to achieve a profit, which leads to an increase in the final cost of the product
and this consequently leads to reluctance of people to buy a house.

Another issue related to the industry and market culture is the difficulty in obtaining finance
from institutions that are more familiar with traditional approaches (Shahzad, 2011; Blismas &
Wakefield, 2007). This is may be justified by the lack of understanding for the OSC method
by local regulators and authorities (Elnaas, 2014). Consequently, many worldwide markets
may still suffer from negative attitudes towards the application of OSC. Therefore, strategies
need to leverage knowledge about this type of construction and its benefits.
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2.5.3 Skills & knowledge related barriers

Offsite technology needs highly skilled labour during the manufacturing and onsite phases. In
fact, OSC adoption is described by a high degree of mechanization; it necessitates the presence
of sufficiently highly qualified construction workers as a lack of qualified labour leads to poor
erection practices which affects the final structural integrity (Polat, 2010). As aresult, incorrect
skills or the inadequate training of labour impacts on a project’s operation, its productivity and
its performance. Moreover, unclear targets, poorly communicated interfaces, poor monitoring
and control, and a lack of clear responsibility can all lead to poor quality, delays and errors
(Fraser, Race, Kelly, & Winstanley, 2015).

Although the skills shortage in construction is most likely to be a worldwide phenomenon,
some industries in developing countries consider this to be one of the main barriers to the
uptake of OSC. India shows a significant skills shortage in its construction industry, both within
the design and implementation of OSC, whilst there is also a lack of guidance and information
and no experience of its use (Bendi, 2017; Bendi et al., 2012).

Likewise, a lack of requisite knowledge and skills was the second highest factor influencing
OSC performance in Nigeria (Ojoko, Osman, abd rahman, et al., 2018). This problem is
widespread in countries like Nigeria where the level of OSC is small and dependent on
expatriate skills.

China also shows a shortage of skills and expertise within its OSC industry, as Jiang et al.
(2018) indicated that a lack of extensive upskilling has become the bottleneck to the spread of
OSC in China. The lack of skills is also agreed by Jiang, Huang, Peng, Fang, and Cao (2020)
who argued that China has barriers in adoption OSC such as lack of skilled workers and lack
of technical experienced suppliers, designers and contractors which in turns can cause problems
such as inferior site management and poor structural performance. The researchers further
added that the lack of integration of between different stakeholders in the project can lead to
problems such as mismatch in design, lack of skills labour and quality problems. the process
In the same vein, the lack of knowledge and expertise is also indicated by the study of Gan,
Chang, and Wen (2018) and Gan, Chang, Zuo, Wen, and Zillante (2018) who further found
that a lack of knowledge and expertise directly affected some factors, causing ineffective
logistics, complicated management, poor manufacturing capacities, high initial costs, limited

market demand and poor quality performance. However, addressing this factor by leverage
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awareness and knowledge amongst the public through workshops, training and academic

courses could offer positive influences and improve the uptake of OSC.

Similarly, Bendi et al. (2012) also emphasised the importance of systems integration and
assembly skills in developing the use of OSC in India. In addition, team building, motivation
and creating a shared identity with a common goal for the project are key to effective workforce
management. In comparison, within the Iraqi industry, researchers illustrated the lack of
knowledge regarding OSC (Abbood et al., 2015; Mohee, 2011). Moreover, Teen and Gramescu
(2018) illustrated the benefits and importance of OSC in meeting housing shortages in Iraq as

traditional construction cannot meet this requirement due to the length of time it takes.

In addition, a lack of research and development seems to represent another barrier under the
skills and knowledge factor, particularly amongst developing countries. Indeed, Bendi et al.
(2012) stated that very little research is being undertaken on OSC in India. However, in order
to develop the use of OSC within the country, there is a significant need for research through
academic- industrial collaboration. Similarly, the Chinese construction sector has long been
impacted by both a lack of research and development practice and motivation as well as a
reluctance to innovate due to the lack of R&D investment (Mao, Shen, Pan, & Ye, 2013).
Although China is promoting OSC, it still lacks a national standard that justifies the techniques
and process. Furthermore, there is also an absence of qualified and tested organisations to
assess the quality of manufactured components, which results in greater uncertainty toward
products entering the market. To bridge the gap, university-industry collaboration is needed
(Jiang et al., 2018).

Indeed, the recent OSC advancements in the Australian construction industry demonstrated
that the collaboration of industry, academia and government authorities can heavily impact on
its growth for the fundamental benefit of society (Navaratnam, Ngo, Gunawardena, &
Henderson, 2019). However, the market in Australia still shows limited awareness of the
performance, benefits, skills and knowledge required for prefabrication design and
construction practice. These still need to be expanded and strengthened to increase the uptake
of OSC. Accordingly, skills and knowledge include these related barriers; a lack of knowledge
and awareness; a lack of previous experience and skilled workforce, and a lack of research and

development. This will be tested in this research within an Iragi construction industry context.
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2.5.4 Project complexity related barriers

Technological innovations in any area face a series of knowledge-based hardships and the
construction industry is no exception. OSC works are more complex compared with traditional
construction methods, since the use of OSC needs integral knowledge alongside specific
machinery processes and operations that require effective coordination between developers,
designers, contractors and off-site manufacturers and suppliers.

However, from the perspective of the designer and developer, an inflexible design and
resistance to change significantly influences the inclination to use off-site production
(Venables, Barlow, & Gann, 2004). Indeed, the inability to make changes onsite during
construction and limited design options were noted as challenges in the US and barriers to the
uptake of OSC (Lu, 2007). Moreover, Fenner et al. (2018) also illustrated some barriers
regarding design limitations; the nature of OSC production processes represent limitations on
designers and builders that could threaten the spread of this method. Also, the design should
be locked as early as possible so that the module fabrication can start. This requires earlier
design decisions and a resistance to change orders. A lack of proper design, and minimal
regulatory and contractual frameworks to support modular construction also weakens the

adoption of modular construction.

Jaillon and Poon (2008) also pinpointed the same issues regarding the limitations on design,
which could inhibit the use of OSC in China. This is because the elements are prefabricated
offsite before construction starts, which results in a lack of flexibility for late design changes
to meet market needs; therefore, early cooperation between the designer and contractor is
required. In this regard, Yunus (2012a) recommended:

» improving the aesthetic value and providing variation to the external outlook.

» Providing creativity for interior design.

» Providing a building design or components that are sufficiently flexible to adapt

to future requirements.

Moreover, Zhai et al. (2013) found the biggest obstacle to the use of off-site production in
China is the lack of available codes and standards. The scarcity of relevant legislation for the
variety of OSC in China is a broader societal problem, which increases difficulties in applying
this method. Although numerous OSC-related policies and regulations have been introduced

in China, most are seen as general implementation frameworks and incentive mechanisms
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rather than specific decision-making guidance, detailed goals, steps and measures, effective
working procedures and sufficient standards (Jiang et al., 2018). Moreover, Bendi et al. (2012)
found that the scarcity of standards and data, such as codes of practice and guidance, functions
as a major barrier to the implementation of OSC in India, in addition to the lack of guidance

and information, and restricted regulations.

Although the Nigerian government have embraced OSC since 2011, there is still no defined
policy statement, standards and codes that enable the efficient uptake of OSC (Ojoko, Osman,
abd rahman, et al.,, 2018; Rahimian et al., 2017). Thus, to ensure the success of this
construction, the vision of all stakeholders has to be anchored in clear and precise goals with
OSC policies incorporated into construction development plans and reinforced with regulatory
institutions. Indeed, countries have adopted this approach with a good measure of success in
OSC implementation (for example, Sweden and the UK).

A longer lead time is needed for design and pre-planning (Blismas & Wakefield, 2007), as this
can become a problem if it is not understood sufficiently early. Indeed, Fraser, Race, Kelly,
and Winstanley (2015) indicated that lead in times can become a barrier as a result of late
decisions to adopt this method, Therefore, they recommended an early decision to adopt OSC.
This is fundamental to ensure the development of appropriate project strategies sufficiently
early in the project and tends to be driven by clients and their consultant advisers. Some authors
found this factor was a barrier, such as Bendi (2017), while others did not find it a significant
barrier, such as (Zhai et al., 2013) and (Fenner et al., 2018).

Accordingly, this research will study these related barriers under the project complexity factor:
Complex and limited design options, the inability to make changes in the field when using

OSC, and the need for building regulations/a legal framework.

2.5.5 Supply chain & procurement related barriers

A lack of manufacturing capacity is seen as a barrier in different countries. Blismas and
Wakefield (2007) indicated that the Australian market appears to have emphasised limitations
in the OSM supply-chain due to the relatively small size of the market coupled with the massive
physical discrepancy of production centres. Manufacturing capacity was another barrier to the
uptake of OSM as there are only few factories involved in the manufacturing of OSM
components (Rahimian et al., 2017). However, these issues are eliminated in countries where
OSM has already been established, (e.g. UK, US, Japan and Nordic countries) as these tend to

46



have a robust supply chain, including manufacturing factories, to support the OSM market
(Rahimian et al., 2017; Blismas & Wakefield, 2007).

However, a recent study by Fenner et al. (2018) in the US still shows a low market share and
limited diversity of product types, which has hindered the spread of OSC. The researcher
explained that, due to the high level of investment needed to establish factories that explain the
slow spread of such construction, especially amongst companies that are classed as small to
medium size. Therefore, strong marketing strategies and the introduction of new products to
the market can improve this weakness (Fenner et al., 2018). Similarly, the findings of a case
study project in the UK (Arif, Killian, Goulding, Wood, and Kaushik (2017) emphasised the
importance of assessing the supply chain capacity and its experience in OSC. At the same time,
researchers found that the project would have benefited from the application of a more
integrated approach in both the design management and supply chain as the team suffered from
the lack of integrated communication. OSC requires a procurement strategy that can clearly
recognize the supplier, manufacturer and sub-contractor with not only minimal costs but with

the right capability, competence and capacity (Mohamad Kamar, 2011).

The poor integration of the supply chain was noted as a barrier for the use of OSC in China
(Zhai et al. (2013). Indeed, the lack of manufacturers and suppliers of prefabricated
components along with experienced collaboration groups, prefabrication contractors, and
design consultants in China clearly reflects the fragmented nature of the industry (Mao et al.,
2013). Moreover, Jiang et al. (2018) indicated that the immature development conditions of the
OSC market in China mainly revealed from two aspects; firstly, a less developed supply chain,
and secondly, dependence on the government. In recent years, OSC has been more widely
adopted in public projects, such as public rental housing, affordable housing, and schools,
which are driven primarily by the government, rather than the market itself.

A firm control of the supply chain was mentioned as a barrier by Shahzad (2011) in New
Zealand. Therefore, other previously mentioned researchers ascertained the importance of
effective integrated communication throughout the supply chain in order to ensure the optimal
results. This is due to the fact that the OSC supply chain involves complex information and
material flow between project participants; therefore, managing the entire supply chain requires
a good level of coordination between these participants (Polat, 2010). Hence, participants can
benefit from using OSC if, for example: the timely delivery of prefabricated components is

achieved; manufacturers have a daily production capacity; there is storage patio availability,

47



and rigorous planning and the efficient management of the project overcome any restraints on

transportation.

Another barrier under this cluster was found by Blismas and Wakefield (2007), which was the
potential loss of project control, especially onsite, and different payment terms and cash-flow
arrangements for OSM. Shahzad (2011) agreed with the findings of Blismas and Wakefield,
although believed that these issues could occur where mixed offsite and onsite components are
required. Hence, Shahzad stated that a requirement for multiple account system would be
required, which could be quite cumbersome to follow. Indeed, Fraser, Race, Kelly, and
Winstanley (2015) believed that, when there is a site, there will never a project that is 100%
offsite. Therefore, the optimum mix of offsite and onsite content can be achieved by an early
consideration of the options by designers to eliminate risks and arrange a procurement strategy
and supply chain partners.

Furthermore, if products or materials need to be imported from overseas, such products are
critical or require a lengthy design or fabrication period; hence, payments need to be made in
advance of any delivery (Construction Excellence South West, 2018). The key elements of
practical risk are arrangements for the transportation of products, complications due to longer
delivery periods, such as payment arrangements, finance and security arrangements, cash flow

concerns and additional insurance requirements, and currency fluctuations.

Although Fraser, Race, Kelly, and Winstanley (2015) agreed with other researchers that there
could be limited supply sourcing options for OSC, which may limit choice, or lead to extra
time and cost needs due to transportation from remote locations where the number, location
and capacity of suitable providers of offsite work components is limited. However, they
indicated that there are numerous capable offsite M&E manufacturers that are well established
in the UK. Also, the researcher emphasised on the importance of setting up effective supply
chain management and integration in order to achieve the time, quality and cost benefits of
OSC.

Hence, it was found that the limited capacity in supplying different types of OSC products may
hinder the use of OSC, particularly in developing countries. Therefore, strong strategies are
required to manage this gap. Also, integration is required between project participants from the
early stages in order to maintain a firm control over the supply chain. Moreover, different terms
of payment are required when using OSC, especially when there is a need to import materials

internationally or to mix onsite and OSC.
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2.5.6 Logistic and site operation related barriers

The barriers related to this factor have been widely addressed in the literature, including:
Restricted site layouts, space sizes, access, storage and site locations along with difficulties in
the transportation of materials and components from the factory to site (Elnaas, 2014; Shahzad,
2011; Blismas & Wakefield, 2007). The study by Jaillon and Poon (2008) shows that narrow
sites, site access and transportation, and the lack of on-site storage areas are critical when using
OSC in dense urban environments. The researcher found that site access for large precast
components appeared to be an issue due to narrow access roads and traffic congestion. Shahzad
(2011) agreed with the findings of Jallion and Poon, who indicated that the solution for
transportation issues is the transportation of large-sized items during off-peak hours or
midnight, even dispersed from manufacturing factories to minimise travelling distances.
Indeed, transportation issues and erection logistics need early attention during the design of
offsite components (Elnaas, 2014). The researcher added that unit storage on building sites
before erection is another issue that is not recommended when using OSC. This is perhaps due
to limited storage space on site, to avoid theft or to reduce the possibility of handling of material
costs when building site storage decreases. Therefore, Fraser, Race, Kelly, and Winstanley
(2015) on the importance of improving site tidiness and provision of suitable equipment, cranes
and special transport vehicles for lifting and transporting products. The researchers added that
early consideration for site related issues need to be considered such as transporting moving,
accessing and lifting components especially large components. Moreover, to face disturbance
in supply chain, the company can have redundant suppliers since its since it is unlikely that all

suppliers would be disrupted at the same time (Chopra & Sodhi, 2004).

Another barrier related to the logistic and site operation cluster could be the restriction to sites
by external parties; this was illustrated by Blismas et al. (2005) as a possible barrier related to
site constraints. Moreover, Pasquire, Gibb, and Blismas (2005) indicated the factors to measure
site benefits, such as restrictions on site or factory works by other parties, such as neighbouring
residents, local authorities, etc; however, for countries with safety and political concerns, such
as Iraq, external parties could be militias. Haitham and Shibani (2016) found that war, military
operations and terrorist attacks were the most significant risk factors to threaten construction
projects in Irag. (Mohammed, 2018) reported that the instability of a project region and disputes
over land ownership are also risk factors that confront construction projects in Irag; these can

arise due to the existing weak security situation following the extinction of the regime in 2003
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when Irag became a base for many terror organisations. Hence, logistics and site operations
will be investigated in this study, as this could be an important factor inhibiting the use of OSC

in Irag.

2.5.7 Management related barriers

The adoption of OSC requires the relocation from a conventional building process to a
manufacturing process. The huge change in approach from traditional to OSC, requires
enormous support, a clear vision from management (particularly from the leadership), and
commitment, and motivation, which are critical for convincing decision makers, customers,
clients and one's own organisation structure to utilise OSC (Kamar, Alshawi, & Hamid, 2009).
Indeed, there are numerous benefits of OSC, although these can only be achieved if it is
implemented with a capable team along with OSC knowledge, a fully industrialised and
integrated process from the beginning along with client leadership in the adoption of OSC (Arif
et al., 2017). Moreover, Ozorhon, Abbott, and Aouad (2013) agreed with Arif and added that,
in order to obtain better results from innovation processes, like modern methods of
construction, a stronger relationship is needed between the project parties. Another important
factor is the effective leadership of the managing director, which indicates that innovation
champions play a key role in seeing through the challenging innovation process. On the other
hand, a lack of effective management and leadership can cause project failure in construction.
The study by Damoah, Akwei, and Mouzughi (2015) found that poor leadership is the biggest
cause of the Ghana government’s project failure; this was followed by management and
administration practices. Similarly, Al-Turfi (2017) found that reconstruction projects in lraq
show a high failure rate due to immature and unprofessional development plans, a lack of
properly qualified leadership, slow decision making and a lack of ongoing training, deficiencies
and corruption in managing projects, and the absence of efficient communication and
information systems. Furthermore, Khaleefah and Alzobaee (2016) emphasised that financial
and administrative corruption are key failure factors for construction projects in Irag.
Therefore, they recommended developing the abilities and characteristics of project managers

and engineers with a focus on leadership through proper and continuous training programs.

Meanwhile, OSC methods need new delivery and integrated practices; hence, improper
management and a lack of construction industry knowledge and understanding about this

method damage the extent to which OSC is considered an option in early project design and
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planning (Fenner et al., 2018). These issues, along with poor management and coordination in

construction companies, need cultural reform.

Furthermore, poor project planning can cause problems with co-ordination, the correct
sequencing of trades and incur project delays. In fact, OSC should be considered during the
earliest stages of a project, before the option has inadvertently been excluded; this allows any
benefits to be maximised and risks minimised (Fraser, Race, Kelly, & Winstanley, 2015). It
can help inform the procurement strategy for the project, supply chain partners and key aspects
of the contracts used, along with the selection of a design team who are able to appreciate the

design requirements to enable efficient OSC.

Accordingly, throughout the literature review, it was found that a proper management system
has a significant role in affecting the adoption of OSC worldwide. At this point, it is important
to investigate the management factor within Iragi construction for its importance in the
adoption of OSC, as it seems that there are many deficiencies in the management system as a
whole, which will be clarified in greater detail later in this study. Hence, the following barriers
(amongst others) will be included under the management cluster for analysis in this study:
delayed decision making from leadership, deficiencies and corruption in dealing with projects,

and a lack of coordination between teamwork.

2.5.8 Political & economic related barriers

One of the major barriers to OSC is the lack of demand, as with consumers are unaware of
modern methods of construction or their potential benefits to deliver better, safer, cleaner,
faster buildings (Saint-Gobain & Construction Leadership Council, 2016). Therefore, if OSC
tends to make a positive contribution to both industry and society, research is needed to identify
the pivotal issues associated with the socio-political and cultural drivers, along with societal,
economic and business needs (Goulding & Arif, 2013).

Accordingly, it may be necessary to investigate the political and economic aspects in Irag to
examine the possibility of leveraging the adoption of such construction in Irag. In fact, the Iraqi
economy has suffered political, economic and social problems, like war, inflation, high
unemployment rates, corruption of all types, displacement, and other factors, that contributed
to the increasing size of an informal economy (Al-Mehannah, Jasim, & Al-Mousawi, 2019).
The informal economy is part of the economy that is neither taxed nor monitored by any form

of government. This phenomenon is significant in developing countries, which has many
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negative effects, such as tax evasion, a lack of social protection for workers, and the
deformation of data and statistics. Bekr (2017) found that Iraq’s political and security
conditions negatively affect its construction projects causing delay and cost overruns.
Moreover, Khaleefah and Alzobaee (2016) found that most success factors for Iraqi
construction projects are: contractor financial efficiency; security, political, economic stability;
the project manager’s competence and integration, and clarity of contract documents. While
the most critical failure factors were the financial difficulties of the owner, and corruption and

external circumstances.

Indeed, Khaleefah and Alzobaee (2016) recommended the use of OSC and a proper
management system in order to meet the market demand and enhance cost, quality and time
performances. However, financial constraints and government policy are issues that need to
be addressed to enhance the uptake of any innovation in Iraq, such as OSC (Salahaddin, 2016).
Moreover. As long as terrorism is a threat in Iraqg, it is vital to provide practical alternatives for
any destroyed project, instead of building new one (Hatem & Al-Tmeemy, 2015). The
researcher added that designers and contractors have to improve safety in design and structure
that can endure or resist terrorist attacks.

Hence, the issues related to the Iragi construction industry show an unstable security situation,
fluctuations in financial status, and unstable current market conditions. These need to be
investigated further to examine the possibility and suitability of adopting and encouraging the
method of OSC in this industry.
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2.5.9 Systematic reference of the literature review for barriers of the using

of OSC

The table below demonstrates the systematic reference of the literature review for barriers of

using OSC that used later in the questionnaire stage. From literature, developed a 24 items-

questionnaire, under 8 factors.

Table 2-2: Systematic reference of the literature review for barriers of using OSC

Barriers

Sub-themes barriers

References

Unsafe sites restricted by external

Mohammed (2018); Haitham and Shibani

Logistic & site | parties (2016); Hatem and Al-Tmeemy (2015);
operation Blismas et al. (2005)
Restricted site layout, Elnaas (2014); Shahzad (2011); Jaillon and
space size, access, storage Poon (2008); Blismas and Wakefield
and site location (2007)
Transport of materials and components | Elnaas (2014); Shahzad (2011); Jaillon and
from factory to site Poon (2008); (Blismas & Wakefield, 2007)
Complex and limited design options Fenner et al. (2018); Elnaas (2014);
Project Shahzad (2011); Jaillon and Poon (2008);
complexity Lu (2007)
Inability to make changes in the field by | Shahzad (2011); Jaillon and Poon (2008);
using OSC. Blismas and Wakefield (2007); Lu (2007)
Building regulation/legal framework | Fenner et al. (2018); Jiang et al. (2018);
requirement Zhai et al. (2013); Arif et al. (2012)
Higher transportation cost where long | Fraser, Race, Kelly, and Winstanley
Cost distance is required (2015); Shahzad (2011); Jaillon and Poon

(2008); Blismas and Wakefield (2007)

OSC is

expensive compared

often considered more
to traditional

methods

Faghirinejadfard et al. (2015); Fraser,
Race, Kelly, and Winstanley (2015); Pan
and Sidwell (2011); Shahzad (2011);
Goodier and Gibb (2007)

53




Higher initial cost

Jiang et al. (2018); Bendi (2017); Shahzad
(2011); Blismas and Wakefield (2007); Pan
et al. (2007)

Unstable security situation

Bekr (2017); Khaleefah and Alzobaee

Political & (2016); Hatem and Al-Tmeemy (2015)
economic Financial status fluctuation Khaleefah and  Alzobaee  (2016);
Salahaddin (2016); Jaber (2015)
Unstable Current market condition Al-Mehannah et al. (2019); Saint-Gobain
and Construction Leadership Council
(2016); Abod et al. (2011)
Clients desire traditional construction | Fenner et al. (2018); Arif et al. (2012);
Industry and | and custom made Blismas and Wakefield (2007); Pan et al.

market culture

(2007)

Negative image from past attempts of
the application of OSC may limit

acceptance

Fenner et al. (2018); Arif et al. (2012);
Blismas and Wakefield (2007); Goodier
and Gibb (2007); Pan et al. (2007)

Difficult to obtain formal approval
(financial- insurance for this type of

construction.

Elnaas (2014); Shahzad (2011); Blismas
and Wakefield (2007)

Skills
Knowledge

&

Lack of knowledge and awareness

Gan, Chang, Zuo, et al. (2018); Abbood et
al. (2015); Mohee (2011); Blismas and
Wakefield (2007)

Lack of R&D in OSC

Mao et al. (2013); Arif et al. (2012);
Shahzad (2011)

Lack of previous experience and skilled

workforce

Navaratnam et al. (2019); Jiang et al.
(2018); Bendi (2017); Shahzad (2011);
Polat (2010)

Industry capacity to supply diverse
varieties of OSC is limited due to lack

of infrastructure support and resources

Bendi (2017); Rahimian et al. (2017); Mao
et al. (2013); Blismas and Wakefield
(2007)

The use of OSC requires firm control of
supply chain which can involves high

risks.

Shahzad (2011); Polat (2010); Blismas and
Wakefield (2007)
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Supply chain & | More complex payment terms & cash | Fraser, Race, Kelly, and Winstanley
procurement flows process and  financial | (2015); Shahzad (2011); Blismas and

administrations where mixed offsite | Wakefield (2007)

and onsite components are required

Delay of decision making from the | Al-Turfi (2017); Dakhil, Naji, and Faleh
Management leadership. (2017); Damoah et al. (2015)

Absence of effective communication

between project team members

Jiang et al. (2020); Al-Obaidi (2018);
Fenner et al. (2018); Dakhil et al. (2017);
Alkinani (2013)

Deficiencies and corruption in dealing
with managing project

Al-Turfi (2017); Khaleefah and Alzobaee

(2016); Mohammed and Abdulrazzq

(2014)

2.6 Summary of section (A)
Firstly, the paper clarified a definition of OSM and its types in relation to its use in construction.
These are some terms that are used in the literature review and globally such as OSM, OSC,

MMC and prefabricated construction.

Several researchers have indicated many drivers and barriers regarding OSC. There are
numerous drivers of OSC such as time, quality, productivity and environmental issue. With the
application of OSC reducing the overall project time and offering better control and consistency
(high quality). It also improves overall project productivity and provides high-volume
production. Moreover, the use of OSC can contribute to an improvement in the environment
through increased recycling and the re-use of units and modules as well as a reduction in waste

materials.

Regarding the barriers of OSC, the literature review indicates numerous barriers such as
logistics and site operation, project complexity, cost, political and economic, skills and
knowledge, industry and market culture. However, some barriers and drivers differ from

country to country and project to project.

Next, section B will examine the current construction industry situation in Irag and highlight

the problems that are faced.
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SECTION B

2.7 The construction field in Iraq

Iraq has suffered from sequential wars, international sanctions and an oppressive, state-
dominated economic system that harmed the economic growth and development of this
country (Alkinani, 2013). Abdulrazak and Mori (2012) cited that Iraq is in a post war
situation and endures two contradicting faces at the present time. On the one hand, there is
a continuous conflict in the post-war era, along with an unclear agenda for what should be
the base for rebuilding society. On the other hand, there are opportunities to achieve a
promising environment if the potential of Iraq, such as its abundant wealth and human
resources, in addition to its geographical location, is accompanied by a well-managed
reconstruction. The authors also affirmed the importance of this background to show the
current situation in Irag, as it is clear that there is a need to reconstruct the country, especially
in the housing sector. In this regard, the ministry of planning established an Iraqi
development plan 2018-2022 for reconstruction and development for long term

implementation focused on four main pillars: -

e Governance, and the associated pillars and constituents.

e The private sector is a fundamental pillar for advancement and development, and a
transformer for economic diversification policies.

e Aroad map for post-crisis reconstruction and development of governorates.

e Reducing multidimensional poverty in all governorates.

(Iragi Ministry of Planning, 2018)

The National Development Plan 2018-2022 supposed to pave the way for building the nation
of the future that Iraqis’ people look forward to. It represents a government commitment to
fulfilling the aspirations of its citizens. The role of the executive authorities is essential in
involving in the various stages of the government program in crisis management such as

Response Emergency, Reconstruction, and Development. These authorities are :-

e General Secretariat for the Council of Ministers

e Ministry of Planning, Ministry of construction and housing, Ministry of finance,
e Sectoral bodies (e.g. private sector),

e Local councils

e Security authorities
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The Supreme Committee for Reconstruction and Investment chaired by the Prime Minister
ensure the momentum and preservation of the sustainability of efforts for reconstruction and
investment and development working on the level of Iraq as a whole. At the same time, the
implementation bodies of reconstruction and development plans are the Ministry of Planning
and Finance, Ministry of Housing and Construction and private sectors. Banks’ committees
and international grants could participate in the strategic plan to offer finance support for

investors.

This section will be divided in two parts. The first part identifies some problems in construction
industry of Irag. The second part will demonstrate the current research literature found about
the OSC in Irag and some examples of application of using the OSC in Iraqg.

2.8 Classifications of construction problems in lraq
It is helpful to highlight and classify some problems of the construction field in Iraq in order

to understand the challenges in this field.

2.8.1 Housing and infrastructure problems

Iraq’s housing policy has been insufficient for meeting the needs of the country’s 26 million
people for the last two decades and up to the day before the recent war. The housing shortfall
for the centre and south alone is estimated at 1.4 million. While in the Kurdistan region in
the north of Irag, an estimated 1 in every 3 people lives in grossly substandard housing or
neighbourhoods. In addition, the urban infrastructure in Iraq is inadequate and needs

renewal, re-investment and new operation and maintenance (UN-HABITAT, 2003).

In the period between 1989 and 1996, on the supply side, construction dropped from 16.09
million square metres to only 347.9 thousand square metres in the centre and south of Iraq.
Moreover, lack of maintenance and overcrowding has taken a part in the decline of the
current housing stock and infrastructure. However, a noticeable change happened in the year
2000 because of the insertion of the housing sector into the Oil-for Food Programme by the
UN Secretary-General. Subsequently, investment in shelter and services started to improve
as lraq was permitted to import the necessary building materials, equipment and spare parts

for the construction industries.

In 2002, Iraq’s annual production capacity reached 70,000 housing units, which was

appropriate to keep pace with the increasing population. In addition, in mid-2002, the
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government started to provide subsidised loans for the construction of new houses, causing
an obvious increase in building permits. The figure below shows the residential built area
and population growth 1989-2002.

25,000,000 +

Population Growth

20,000,000 4

Built
area
(m?)

15,000,000 4

10,000,000

§,000,000

1989 1990 1991 1992 1993 1984 199§ 1996 1997 1998 1999 2000 2001 2002

Figure 2-1: Residential built area and population growth 1989-2002 (adapted from (UN-
HABITAT, 2003)

After the war in 2003, the UN-HABITAT presented a reconstruction plan for shelter and
urban development in Iraq for the period between 2004-2008 and beyond for Baghdad and
some cities. The problem of housing shortage is a result of a dysfunctional, centralized
system of housing and land. The insufficient infrastructure and services is a key concern
among the household (PADCO, Community Development Group, & Iraqi Central Office of
Statistics and Information Technology, 2006).

Recent research by Abdulrazak and Mori (2012) highlighted problems such as the
destruction of many areas in the cities and the devastation of the basic infrastructure such as
roads, bridges, water supply, sewers, and electrical grids. In addition, the increasing number
of homeless and displaced people and the population explosion in the cities due to

immigrants and refugees are considered difficulties of great magnitude that are facing Iraq.

Table 2-3 shows that the housing shortage in Iraq will reach 3,528,585 housing units by
2015, which should have been covered within 10 years by producing 352,859 housing units

per year starting from 2006. However, the government tried to solve the housing shortage
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problems through some ambitious plans, but these well-motivated plans are always exposed
to the problems of housing production and to contradictions in housing regulations. The
researcher added that in order to achieve the goal of the reconstruction process, the
government needs to adopt a more innovative approach to effectively and rapidly address
the trade-off between the short term and the long term objectives of the reconstruction
process (Abdulrazak & Mori, 2012).

Table 2-3: Estimation of the population, number of families and the Iraqgi housing need from
2006-2015 (adapted from (Abdulrazak & Mori, 2012)

m
(people) aunhes need(units)
2006 28.782.429 3. 73797 277.423
2007 29.645.901 3.850.117 295.866
2008 30.353,278 3.965.621 315.37
2009 31.451.336 4.074.589 335.989
2010 32.394.876 4,207,127 357,786
2011 33,366,722 4.333.341 380.821
2012 34,367,723 4.463.341 385.163
2013 35.398.754 4,597.241 398.381
2014 36.460.716 735.158 402.924
2015 37.554.537 4,877.213 428.862
Total 3.528.585

Another article indicated Republic of Iraq Ministry of Construction and Housing, UN-
HABITAT, and AECOM International Development (2010) the importance of innovation
in the housing sector. It stated that in order to improve conditions in the housing sector,
innovation would offer the key solution. The innovation can be through design or building
materials, as this will lead to improved quality of housing units. Thus, the demand for
housing will be meet through an innovative housing production method. It also highlighted
the infrastructure situation as he mentioned that the current infrastructure is on-going and
an urgent need to restore sufficient levels of service (Republic of Iraq Ministry of

Construction and Housing et al., 2010).
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A study by Othman (2014) illustrated the housing shortage problem in the Kurdistan region
of Irag. In addition, the quantity and quality of housing have seriously deteriorated
throughout the country. The researcher also affirmed the importance of developing a
strategy, not only for the short time, but also for the long term. In comparison, in another
article, Gunter (2013) described the challenges facing the Iraqi reconstruction infrastructure
and emphasised the need to spend huge sums on infrastructure investment in order to repair
the damage caused by three decades of conflict and to enable the country to profit from
increased oil exports.

Iraq suffers from a nationwide shortage of nearly 4 million housing units, requiring the
construction of 650,000 units per year in order to provide housing for an expected population
of 38 million by 2018. This is according to the Construction and Housing Ministry and
Ministry of Planning’s data (Project Iraq Baghdad, 2014).

An estimation of housing needs in Iraq for the end of 2016 was placed at 2.5 million housing
units, furthermore the number of informal settlements totalled 521,947 houses, while the
population of the slums reached 3,292,606 people in 2017 (lragi Ministry of Planning, 2018).
According to Al-Hason (2016), Iraq needs more than 5 million housing units to fill the existing
deficit whilst an estimation of the increasing number of units needed amount to millions each
year (Al-Hason, 2016). In comparison, Teen and Gramescu (2018) estimate that Irag currently
requires 4 million housing units. In addition, there is a need to repair and rebuild infrastructure
after the destruction it suffered as a result of the wars (Iragi Ministry of Planning, 2018; Teen
& Gramescu, 2018).

Accordingly, there is a big problem of the housing shortage in Irag as well as insufficient
infrastructure as a result of series wars and embargo and population increase. Countries
worldwide used OSC as an alternative solution to meet housing demand for the ability of
this construction in producing mass structural units in less time. Consequently, Iraq can
benefit from this type of construction to solve the housing shortage and rehabilitate

infrastructure.

2.8.2 Project time & cost overruns problems

Although there is a trend in Iraq for building and reconstruction projects, several them are
suffering from delay. Delay in materials laboratory tests, awarding contracts to the lowest

bidder, difficulties in financing the project by the contractor, sudden rise in the prices of
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materials, and incorrect contractor estimation for contract duration have been highlighted
by Ewadh and Al-handawi (2007) as the most important causes of delay in construction

projects.

However, another study showed that mistakes and discrepancies in design documents,
followed by the contractor’s ineffective planning and scheduling of the project was
considered the most significant causes of delay in construction projects in Iraq (Jahanger,
2013).

Furthermore, some similar factors that agreed with the previous studies were illustrated in a
recent study by Bekr (2015), who determined the most significant causes of delay affecting
time overrun in public projects in Irag. These are: security measures, changing of regulations
and bureaucracy by government, official and non-official holidays, insufficient performance
of the lowest bidder contractors in the government tendering system, owner’s change of
opinion, design change by owner and consultants, owner’s payment delay, problems with
the local community, lack of experience of the owner in construction as well as local and
global economic conditions. Moreover, Bekr (2017) found that the time & cost overruns
occurred in construction project in Iraq due to political and security conditions.

However, an effective cost and time management and control technique for construction
projects is important in managing risk of cost and time overrun in completion of projects
(Tahir et al., 2018). The researcher further added that the use of the Building Information
Model would be able to increase efficiency and quality of output in the construction industry

by reducing the issues causes of delay and cost overrun.

On the other hand, Tahir et al. (2018); Muianga, Granja, and Ruiz (2014) presented a group

of factors that can cause cost & time overruns in the following :-

e Governmental relations: - Factors related to laws, governmental bureaucratic

procedures.

e Contractual issues: - Factors related to commitments of contracts, contractual

limitations and inadequate contracts.

e Organization Factors related to relation between different parties in project

supervision and leadership

e Management such as lack of cost planning & monitoring and delay of decision making

and Factors relating to the site management, communication and coordination of work.
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e Financing Factors related to owner like difficulties and delay of payment, funding
shortage.

e Design and documentation Factors related to quality of project; problems related to
project design and documentation work like errors in design and change in design.

e Schedule and control Factors related to scheduling, planning, and commitment.

e Materials Factors related to shortages of materials, fluctuations in the price of
materials, lack of assessment in relation to location and local suppliers.

e Labour and equipment Factors related to skills of the workforce, job instructions,
constructions, methods, tools and equipment.

e External factors like weather conditions, law change, etc
However, Memon, Rahman, and Azis (2012) demonstrated some mitigation

measures such as:

% Effective site management & supervision

% Improve contract procedure

% Allocate sufficient contractors and sub-contractor

%+ Affective planning of work

% Improving contract award procedure by focusing on the contractor capabilities and
experience rather than focusing on price

¢+ Provide training for unskilled labour.

+ Enhance communication between project team

Moreover, Al-karawi (2018) indicated that the owner of the project should pay fines in case of
the delay paying any of the contractor's owed payments.

Accordingly, it seems that the Iragi construction industry who mainly depend on traditional
construction suffers from a problem of cost and time overruns. Therefore, the factors that can
cause time and cost overruns in any type of construction has to be considered and evaluated
when making a decision of using any type of construction to prevent its negative effects.
However, the using of OSC can contribute to improving time and cost performance as it is
more organised and requires fewer activities onsite compare to classic construction. Time and

cost related benefits when using OSC could be enhancing its use in Iraqg.
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2.8.3 Lack of understanding of the Sustainability concept

An article by Al-Saffar and Salman (2014) indicated a lack of awareness and understanding
of the benefits of a sustainable approach in Iraq’s construction sector. This has resulted in
the absence of sustainable construction practices in this country. The authors added that
there is an enormous deficiency in realizing the techniques of sustainable construction.
Therefore, the researchers proposed a management system for construction practices and
suggested using this system in future sustainable building projects in Irag. They also
recommended improving the sustainability of present construction techniques and practices
in Irag. Indeed, Mohsin and Ellk (2018) found that there are some barriers to the adoption
of environmentally friendly construction materials in Iragq, due to: a lack of awareness
gained from dealing with such materials; a lack of adequate data on the potential
environmental impacts of the building materials used through their life cycle, and the
difficulty to secure the acceptance from society for the use of new instead of traditional
materials. Moreover, the absence of regulations and codes that encourage the use of green
building. On the other hand, applying sustainable construction project financing and policies
helps encourage the distribution of green construction technologies in the construction
industry (Shan, Hwang, & Zhu, 2017).

Thus, another problem found in the Iragi construction industry is lack of knowledge and
awareness about sustainable construction. This may lead to slow adoption of new methods of
construction including OSC. Thus, leverage awareness and efficient management system to
explore environmental benefits in the construction industry when using a modern method of
construction is essential in order to drive the direction of change from traditional construction

to OSC as this construction contributes to achieving environmental benefits.

2.8.4 Workers productivity problem

After 2003, the Iragi government invested huge sums of money in the building and
construction sector in all Iragi cities. An important issue that caused a nuisance to local
contractors and sub-contractors was the productivity of workers. Labour productivity is a
big problem in the building and construction industry in most countries, especially in Iraq
(Toama & Adavi, 2015). The main objectives of Toama and Adavi (2015) study were to
determine the impact of external factors and human productivity of workers on a

construction project in Iraq based on the views of consultants, contractors, project managers
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and engineers by collecting data on the basis of a survey, which was conducted in the
province of Maysan, Irag. The results indicated that lack of experience was the strongest
factor under the human factors group, while the delay of payment and the absence of training
and weather conditions were the most influential factors under the external factors group
(Toama & Adavi, 2015). Therefore, to enhance labor productivity in any construction
project, it is required to manage the impact of various factors and to reduce their negative

impact on the construction projects.

In the same vein, Dakhil et al. (2017) found corruption, fraud dishonesty and wasting time
and payment delay are the most significant factors that affect construction labour
productivity in Basra city in Irag. However, working under hard weather conditions was not

found as strong factor.

It seems that there is a problem of poor productivity of workers in the construction industry
in Irag which mainly used classic construction. There are factors can affect labour
productivity in the construction industry which is recommended to overcome to reduce its
negative impact on labour productivity. Meanwhile, the use of OSC can enhance the labour
productivity for the advantages that this construction contains, involves fewer activities
required onsite, repetitive process, working in manufacturing environment which can ensure
decrease the risks of accidents and working under severe weather. Consequently, the use of

OSC can enhance labour productivity in Irag which in turns be a driver for its use.

2.8.5 Weak understanding and implementation of Health and Safety

system.

Mahmoud (2009) and Mohammad and Rasheed (2014) indicated a poor safety record in the
Construction industry in Irag in comparison with other countries. They also ascertained a lack
of awareness in the top management of construction companies in Iraq about the importance
of safety issues in their business; both researchers concluded that safety issues are not a priority
for construction companies in the same way as cost, time and quality are priorities. Managing
risk in most construction companies in Iragq depends on judgement, intuition and experience.
Mahmoud (2009) also concluded after evaluation of H&S in a large construction company in
Iraq that the safety programme was inadequate, with a lack of documentation on accidents and
their cause. The researcher confirmed the effectiveness of correctly implemented H&S in

eliminating injures and accidents. The researcher also indicated that the increasing percentage
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of non-fatal accidents in (2007-2008) was a result of the increasing volume of construction

projects.

Similarly, Mahjoob (2014) stated that there is a severe shortage and lack of interest in H&S
and in the requirements for personal protection in construction companies in lIraq. The
author concluded that the number of injures is higher among young workers because they
have less experience in their jobs and work directly without training, as usually there is
absence of education and training among workers about H&S procedures and the risks from
neglected them. The author also determined that construction workers are more susceptible
to injury in on-site construction than workers in other specialities. Another study by
Aljuboori and Abdulmahdi (2014) supported the findings of Mahjoob (2014) about the rate
of accidents of workers during their jobs in which a high percentage of injuries affect young
workers more than others. In addition, accidents occur mainly during daytime and those
affected tend to be primary school graduated workers. Figure 2-2 below shows a high level
of injuries in the manufacturing sector (48.4% of injures) with a significant percentage in
the construction sector (16.9%). The highest fatality/permanent disability rate was among

the work-related road accidents.

50 . 484
40 -
30 - 16.5 16.5 139
20 - ' = - 4.1
10 4 I ' I = Le 0'2.
0 ¥ - | | | l -1 — |
o 5 ol \" >
x)(\l\\ o 'i.\o(\ c,Qe &é‘o &\0‘{‘ &0
&S ® @S
3@ N NS L N
L & & D &P

Figure 2-2 Distribution of workplace injuries according to Industrial sector (source: (Aljuboori
& Abdulmahdi, 2014)

A recent study by Rasheed (2016) concluded that health and safety systems are absent from
construction companies and their sites. The author also determined that even if there are

H&S principles’, there is insufficient commitment to their application. In addition, there is
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no interest in H&S systems from top management. The author also found that there is no
special department with enough workers to deal with H&S systems; even if there is such a
department, no appropriate or adequate power is given to it. This clarifies that the problem
of absence or improper systems of H&S in Iraq still exists in construction companies,

although a number of initiatives have been made to improve the system.

> All the research studies mentioned above have recommended the implementation of
an adequate H&S system in construction companies in lrag, as it can minimise
injures among workers. In a ‘high hazard’ organisation, such as a manufacturing
factory or construction project, different specialists (engineers, medical doctors,
trainers, work planners, supervisors, etc. ) may be appointed the responsibility of
helping the manager or director responsible for H&S in the organization in making
certain that the H&S regulations in the firm are up to the point (Cooney, 2016a). In
this regard, Supreme Judicial Council (2020) issued decision for occupational H&S

instruction; Based on articles 152 and 108 / second from work Law No. 71 of 1987.

Article 1 involved the instructions apply to private, cooperative and mixed sector projects.
Article 2, the inspection section in the Department of work and Vocational Training is

responsible for:

% Supervising the implementation of occupational safety and health in
accordance with the provisions of the work Law No. 71 of 1987 and the

instructions issued pursuant thereto.

e

% Coordinating with the National Centre for Occupational Health and Safety on

the implementation of work and safety precautions, and health and safety

% Following-up and completing transactions related to occupational health and

safety.

Article 3, First: The competent work inspection committee shall confirm its
observations on the level of work precautions and the extent of the employer's and
worker’s obligations with these instructions in its report on the inspection visit to

the project.

Second: The work Inspection Committee shall be responsible for disciplinary

action, if it intentionally neglected or neglected the description of work precautions
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and the extent of commitment to implement occupational safety and health in the

project.

Avrticle 4, for projects with more than 100 and up to 500 workers, responsibility is assigned
to a committee within the project called the Occupational Safety and Health Committee,

which is formed according to the following membership:
= The business owner or his representative - Chairman
= The Technical Director and Heads of Technical Departments - members
= Project doctor or nurse - member
= A representative of the trade union committee - member

= One of the workers, responsible for occupational safety and health - full-time

member

= A rapporteur of the committee, who should have passed a basic course at the National
Centre for Occupational Health and Safety.

In this article also pinpointed the roles of this committee, as well as illustrated considerations
to be followed by the employers when deciding to allocate a person who responsible to
follow the application of H&S in the workplace. Also, illustrated the duties of this person

who responsible for H&S application.

Moreover, McKay (2010) emphasised on the importance of optimal use of personal

protective equipment in order to reduce injuries in a factory or onsite.

In the same vein, Yiu, Chan, Sze, Shan, and Chan (2019) identified motivations factors for

better management system and were grouped into five categories including:

e Safety commitment by senior management such as “noticeable senior management
commitment for instance allocate adequate teamwork that able to implement tasks
safely” and “cost spent on safety issues”

e Competency profile like, appointed qualified and competent safety manager and sub-
contractor who are competent in health & safety.

e Safety climate, referred to factor attributes including safety awareness of employees
and key personnel
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e Safety requirements and incentives referred to financial incentives, legal
requirements, and certification requirements & contractual requirements of
construction projects

e Project management, such as effective communication system starting from design

stage to completion stage.

Accordingly, there is a problem of poor safety record in the construction industry in Irag.
There are numbers of factors causing this problem, such as lack of commitment from
construction companies, lack of knowledge and awareness about health & safety risks,
lack of interest in dealing with H& safety risks and lack of training. These factors need
to be addressed when using any type of construction to remove or reduce the
consequences of such issues on the safety of the workers. On the other hand, the use of
OSC can contribute to enhancing health & safety for workers, as literature reviews
shows the ability of such construction in reducing accidents on-site and because the
nature of this construction that involves factory environment which usually ensure the
safety of workers. Therefore, the using of OSC can enhance safety record in Iraq as a
result of its health & safety-related benefits.

2.8.6 Problems regarding materials

Materials are considered vital resources to the construction industry. Materials are essential
components of the productivity process. Therefore, it is necessary to pay attention to this
important resource and to try to find ways of controlling and following it (Naji, 2010). For
this reason, Naji (2010) evaluated the process of handing and transport of materials on
construction sites related to Diyala University (Diyala is a city located in Iraq). The
researcher found a lack of policy on the following aspects of materials handling:

e Control and handing material handling within the site.

¢ Reducing the cost of handling of construction materials and increasing efficiency.
e Reducing the proportion of construction waste materials.

e Control of excess material.

¢ Finding an optimum distribution of stores as well as an optimal distribution of

materials inside stores and on-site.
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e Finding an optimum number of machines for handling materials and an optimum
number of workers for loading and unloading. Programs for control and follow-up
of construction materials, which if applied can reduce the cost of transfer and

handling of materials.

Moreover, Al-karawi (2018) found that construction materials changing prices due to
inflation and declining in the country economic situation are important challenges that
facing the Iragi construction contractors. The researcher recommended to establish
department of prices monitoring and documenting that responsible for dealing with
changing prices throughout following up suppliers and materials manufacturers; in order to
get changes of the construction materials, publish special circulars for the prices correcting

and issuing these circulars and main materials prices updates to contractors.

Another study by Khammas et al. (2014) indicated that Iraq’s construction field suffers from
many problems and difficulties that cause great financial loss and one of these problems is
waste, which includes waste of materials or waste of time. Therefore, the researcher focused
on the importance of conservation of materials, by identifying the causes of waste, and
limiting it. After a survey established by a researcher in Sulaymaniya (a city located in the

north of Irag), which included several construction companies, he concluded:

“That there is a great deficiency in project management and the main causes of waste
materials is managerial and organizational misconceptions, like that of contract-based
errors and unsuitability of the construction site”. Then, they made their recommendations

in order to minimize these causes.

In the same way Khaled, Alshathr, and Hadi (2014) investigated the construction
materials’ waste percentage in the construction industry of Karbala(lrag). Their results

and recommendations are as follows:

e The percentage level of waste materials is high, and this percentage differs from

project to project.
o All participants are uninterested in waste minimisation.

e Most contracting companies are lacking in knowledge about the management of
construction waste materials and may not even know the amount of waste they

produce.
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e The researcher recommended the establishment of a waste management plan that

is appropriate for the performance environment in Iragi construction sites.

¢ By implementing some preventive measures during construction, it is possible to
minimise the level of waste. With a sufficient design plan, it is also possible to

implement sustainability concepts at the pre-construction stage.

Based on previous research, the same authors developed a system of managing waste of
construction materials. This involves serving the construction projects in the local
construction industry in Iraq by reducing waste at the execution stage and raising interest in

waste reduction by all contributors.

This system was developed to address the increasing levels of waste of construction
materials in Iraq and the researchers highlighted the effectiveness of this system when they
tested and employed it in some construction projects in Karblaa city. The researchers
recommended future research to develop integrated packages that link waste management
with material management, project scheduling, inventory management, source optimization,
and the fundamentals of sustainability (Khaled, Alshathr, & Hadi, 2015).

Accordingly, the classic construction in Iraq seems has issues in regard to materials and
waste of materials. According to the literature review, there is a problem with handling,
loading & uploading, storing and managing the waste of materials which can lead to the
increased cost of the project in case not addressed carefully. Meanwhile, it seems that the
management system in dealing with these issues is weak as well as the nature of classic
construction that involves a large number of activities, materials and a large proportion of
waste materials. Therefore, the applying of OSC within the construction industry in Iraq can
contribute to eliminating or reduce the problem of waste materials. Reducing waste is one
of the significant advantages of using this type of construction as most activities that can
cause waste, be moved offsite as well as the prefabricated products have mainly required
only the installation onsite which means protect the environment from the waste of materials

and most likely not need to store materials on site.

2.8.7 Energy problems

Irag belongs to one of three areas in the world with the highest temperature in summer. The
building industry in Irag has the largest demand for energy, mostly in residential buildings

and these buildings mainly depend on traditional construction systems in which
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their normal wall and roof are often built without any thermal insulation. In the past, the
traditional system used to deliver comfortable conditions during winter and summer but this
construction system is no longer sustainable because of the increasing effect of
technological advancement and global warming (Abbood et al., 2015; Kadury & Ali, 2010).

One of suggestions made by Hassan (2008) to minimise the use of energy in Iraq is to
changing the type of materials used for constructing the roof and walls of buildings. Both
Ibraheem, Shaweas, and Mahmood (2013) and Hassan (2008) supported the use of light
weight concrete (Thermstone) which involves thermal insulation for saving energy. Hassan
further found that using thermstone, the energy saving was about 16.69% and with the use

of thermal insulation material, the energy saving was 34.3%.

Similarly, Alsaffar and Alwan (2014) studied the impact of insulation on energy
consumption in Iraq’s buildings and identified the quantity of energy savings from the use
of the insulation in buildings. They concluded that an effective reduction in energy required
for air conditioning will occur when using thermal insulation in the roof, floors, and walls

as well as double glazing for windows in the building.

The continuing energy crises in Iraq since the Gulf war showed the difficulties in achieving
energy efficiency and this is clear in figure 2-3, which shows the lack of electricity
provision; Iraq’s electricity infrastructure was severely damaged, and suffered from lack of
investment and accessible equipment while under sanctions. The situation was worsened by
the invasion in 2003 (Abbood et al., 2015; Kazem & Chaichan, 2012).
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Figure 2-3: Electricity demand (adapted from: (Kazem & Chaichan, 2012))
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Kazem and Chaichan (2012) stated that, as a result of increasing demand and population
growth, Irag requires more power day by day. They added that according to the Ministry of
Electricity, the peak demand of power was 12000 MW in 2008, while only 6000MW was
supplied. This shortfall is likely to increase to 25000 MW by 2020. The researchers
recommended the use of renewable energy, such as solar and wind energy, to meet future

increase in electrical demand.

Another study indicated that the demand will increase substantially over the next two
decades and will reach 52.2 GW in 2028 as depicted in figure 2-4. This is different from the
demand expected by the ministry of planning data, which is 32 GW IN 2028 (Istepanian &
Al-Khatteeb, 2014).
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Figure 2-4: Electricity demand in Iraq (adapted from: (Istepanian & Al-Khatteeb, 2014)

Nevertheless, a study by Abbood et al. (2015) might be the only study which presented the
energy evaluation efficiency for a typical house located in Basra city(south of lIraq) by
comparison of two types of construction, which are conventional and industrial building
system(IBS). Their findings showed that the OSC is able to decrease energy demand for
heating and cooling in comparison to the conventional system. The yearly energy required
for heating and cooling for the conventional system was around 19,311.99 kWh whereas for
the IBS system, it was 7374.57 kWh. This means that the IBS system decreases the energy
needed for heating by about 37.32% and for cooling by 65.36% in the yearly energy

requirement. Moreover, the saving in energy cost is noticeable because the industrial
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building system housing consumed $81.61 per annum while the conventional house required
$431.54 per annum. Thus, the difference in yearly saving was $349.93, which was achieved

with the IBS system.

Accordingly, there is energy deficiency in Iraqg, the use of classic construction is no longer
able to save energy for the country that suffering hot weather during summer and electricity
shortage. Researchers recommended using materials that can save energy such as
lightweight concrete and insulation as well as renewable energy. Hence, the use of OSC in
Irag can contribute to overcoming this problem as one of the advantages of using OSC is
saving energy during the use of the building, as a result of the high quality of materials are

used to construct the building in addition to use insulations.

2.8.8 Project management system related problems

Researches by (Al-Ajeeli & Mehdi, 2015; Mohammed & Abdulrazzq, 2014; Saco & Al-
taai, 2009; Al-Tamemi & Al-Saffar, 2006) highlighted some problems regarding

management of construction projects.
The problems are as follows:

» There is a clear deficiency in the management and planning of construction projects
and there is a lack in control, which leads to cost overruns, delay of projects and poor

quality. Some factors contributing to this problem are as follows: -
Lack of clarity of vision when planning.

Do not give planning the required consideration.

Lack of sufficient data and information for the projects.

Weakness in the performance efficiency of private planning.

YV VYV VvV VY VY

Regarding the management of cost, there are some problems as follows:

% There is a weakness in the efficiency of managing and planning the cost of
construction projects. This is due to lack of awareness in using scientific
methods in management and planning of cost through all stages of the project.

% Reluctance in applying the principles of responsible planning and managing

of project costs and investment. This is because financial allocations are
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issued for every year individually and this is not suitable for construction

projects that will last for more than one year.

X/
°e

Lack of financial allocation that similar to original planning work. Khaleefah
and Alzobaee (2016) attributed it to the absence of proper planning for the
implementation and funding of projects, as well as the lack of planning for
cost operation and future maintenance and requirements. Therefore, Fraser,
Race, Kelly, Winstanley, et al. (2015) emphasised that costs need to be
evaluated in the total context of the project including maintenance and
operation particularly for OSC, including the beneficial impacts on project

durations and risks, in order to understand its value to projects.

X/
*

% The increasing cost of projects after 2003 because of increasing materials prices
and increasing transport wages along with a lack of management of the project’s
resources. In general, the Ministry of Transport and Communications, with its
organizational structure and current powers, is the closest to adopting a strategic
direction in its planning for the national transport sector and the active
participation of all other parties involved in the sector’s operations (Flayeh,
2018). This entails:

e Rehabilitating damaged roads and bridges, and establishing various

new types of road including rapid, arterial, secondary, and rural.
e Developing rail to reduce the road transportation of materials.
e Legislating a new law or amending current legislation to impose fees

at specific rates for the use of main and arterial roads.

The management and monitoring and control of quality in the Iraqi construction

project is insufficient, due to the following:

Low interest in the process of organising the management team, which can lead to

problems and defects in the products of projects after implementation.

Lack of qualifications and training of workers to ensure compliance with the required

scientific principles in performing the different stages of construction projects.

Lack of an integrated system to enter and save information, which leads to the

absence of informational cooperation between the departments of the projects.
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» There is no real role for the manager in most of the construction projects. This leads
to a lack of project services for following up the stages of implementing projects and

for coordinating the roles of different participants of the projects.

» There is a great deficiency in the optimal use of computer applications that deal with
managing and planning the cost of construction projects. This is due to a lack of

responsible planning.

» Accumulation of experience only happens for workers who continuing working.
Therefore, if these people are absent from work, it will lead to a loss of effort and
experience from the people who are responsible of the work. Furthermore, there is a
shortage of documentation of data, analysis and results of the work, especially the

recording of daily costs and time, along with other circumstances.

Thus, the literature review shows deficiencies in managing projects in construction
field in Irag. the inefficient management system caused by many factors such as the
insufficient role of the manager in dealing with projects, improper planning, lack of
communication and coordination, lack of quality control and monitoring. Thus, these
problems can lead to cost and time overruns and quality deficiencies. Therefore, the
management system in the construction industry needs attention from the decision
makers in order to improve the performance of the project. However, the use of OSC
is usually more organised than classic construction and involves more clear steps and
activities and the cost of materials are more specific and known. Meanwhile, the use
of OSC also requires a firm system of management as it involves a series of steps that

any defects in any step can cause cost and time overruns.

2.8.9 Contract, contractor, and contractor companies’ problems.

The construction industry in general, and construction contracting are considered the most
important areas for spending money and contracts at the present time in Iraq; this is because
the civil and economic infrastructure in Iraq has suffered from widespread destruction, and
there is a great need of reconstruction. This can be visualized as the amount of investment
needed to improve the infrastructure and the amount of money that can be invested in
construction projects and construction (Al-Najar & Hilal, 2012). However, nowadays, the
Iragi Construction field faces enormous challenges, which cause many problems in the cost,

quality and duration of the projects (Razoki, 2008).
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Some challenges and problems have been highlighted by (Mohamed & Ahmed, 2014; Al-
Najar & Hilal, 2012; Razoki, 2008; Sarhan & Majol, 2007)

>

There is a lack of knowledge on managing tenders. The first criterion in most cases
for choosing the tender is selecting the lower-priced tender, although this offer is
not the best one. There is also the problem of referral to certain companies bidding
without competition, which leads to the emergence of serious problems, including

humanitarian and economic.

The second criterion is the selection of the contractor, which may sometimes be

influenced by the acceptance of a bribe.

There is a lack of clarity in the awarding of tenders. Each side applies the principles
that suit them. For some, this may be price without regard to other considerations.
Others look for quality regardless of price. This has led to the emergence of the
phenomenon of burning prices and the concomitant disadvantages in the

construction sector.

The large number of companies licensed to operate in the market compared to the
number of projects raised in the market, making many companies compete on price.
In some cases, their price is less than the specified budget of the project and there

is no action from the people responsible for the projects.

There are some companies that do not care if they win or lose, but they are

interested in obtaining projects to ensure continuation.

Entry of some foreign giant companies, which are outside the scope of the
competition due to their size and enormous potential to win the lion's share of large

projects in the local market.
The most competitive method is generally preferred in awarding the tender.

However, in some cases, assigning the business to some foreign companies takes

place without a competitive process.

The people who are responsible of contracting often violate procedures established
by the US government for protection from corruption, waste, and abuse. In
addition, use of Iragi money does not always follow the correct procedures,

although observers have expressed that they are easy to follow. Recent reviews
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highlight the granting of lucrative contracts to companies that have a well-
established relationship, such as Halliburton. This phenomenon is not limited to
US funds. The bulk of Contracts that were financed by Iragi oil money went to

Halliburton without any competition.

The presence of large numbers of construction companies and contractors, but

without a real actual rating.

There is a lack of desire from referral and negotiation committees to take
responsibility for choosing the most appropriate contractor instead of the least

expensive.

The conditions of contract for civil engineering works that were developed more
than thirty years ago, have not been adjusted or revised to suit the present
development in the construction sector. Councils are usually responsible for
renewing contract and establishing codes and standards in cooperation with
Ministry of Housing. For example, the council of Baghdad undertakes the provision
of municipal services within the boundaries of the city of Baghdad to ensure its
development in a planned manner commensurate with its being the capital of Iraqg.

Therefore, Al-karawi (2018) and Khaleefah and Alzobaee (2016) recommended the

following:-

A comprehensive review should be conducted into current laws in the General

Conditions of Contract for Works of Civil Engineering.

Develop abilities and characteristics of project managers through proper and continuous

training programs with focus on the leadership area.

The adoption of a scientific basis is advisable for the correct, accurate and fair
classification of contractors and their potential financial knowledge, experience and

reputation

The appointment of oversight committees and inspectors in order to monitor the flow of

the work

The project owners have to pay fines when they delay paying for the contractor's owed

payments.
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e Owner must ensure accurate and complete study for tender prices before awarding the

tender to the nearest price.

Hence, the literature review shows issues related to construction contracting. These issues
can negatively affect the construction industry in Irag. Therefore, the stakeholders have to
be aware of these issues when deciding to use any type of construction, particularly OSC to
prevent any negative effect on the project. Nevertheless, the decision-makers have a role in
revising the contract to be aligned with present development in the construction sector. Firm
regulations have to be issued to protect the contractors especially the reliable contractors
that have a long successful experience in the construction field at the same time protecting
the rights of the clients. The decision-makers have to pay more attention to value bid rather
than price bid. Meanwhile, establishing regulations that can support the use of OSC is

required to leverage its use.

2.8.10 Lack of knowledge about risk management in the construction

industry of Iraq

The construction sector in Iraq consists of a group of activities related to building and
engineering construction plus maintenance work. This sector has a close relationship with
all the other economic sectors, making it an important indicator for the movement of the
national economy and trends. However, there are many risks facing the construction
industry. The nature of this sector has risks that are difficult to avoid or and it is difficult to
make predictions on their impact. Those risks can affect the implementation of projects and
can cause delay, increased cost and reduced quality of work (Rasheed, 2015b). Effective

risk management faces the following challenges:

e There is a lack of interest and experience among the owners and contractors of the

projects about evaluating risks and their effects.

e The most significant risks in construction projects are the lack of plans for the
network services passing through the site, such as electricity, water and telephone.
In addition, there are differences between the implementation and specifications as

a result of poor understanding of drawings and specifications.

e The most frequent risks in the construction sector are technical, placing, regulating,
political and financial (Rasheed, 2015a, 2015b).
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Moreover, Haitham and Shibani (2016) agreed with Rasheed and further emphasised on the
importance of applying risk management in construction project in Iraq effectively in order

to improve the project performance in Irag.

Hence, risk assessment and management are required when applying any type of
construction. However, the use of OSC is usually more organised than classic construction
and involves more clear steps and activities and the cost of materials are more specific and
known. Meanwhile, the applying of risk assessment and management is important for any
project to be overcome any risks can affect badly on the project processes. Therefore, it is
recommended to apply risk management in construction companies in Irag, in addition, to
work forward to improve the awareness about the importance of involving such

management in Iraqg.

2.9 OSC in Iraq (prefabrication construction)

The adoption of prefabrication construction in Irag was introduced as a solution to minimise
the housing shortage problem in this country. However, the trend of this type of construction
is fluctuating because of the poor quality of the products since its introduction between the
period of (1970-1980) (Abod et al., 2011).

There are few studies dealing with prefabrication construction in Iragq and the interesting
thing that most studies found are called the OSC as precast concrete. It is useful to mention
the academic research and articles highlighting this type of construction in Iraq to identify

the need for future work. These studies are summarised below: -

Mohee (2009) presented a typology of prefabrication systems and described their role in
reducing the growing housing shortage due to the current and accumulative housing needs
and the deteriorated situation of the current buildings. The researcher proposed a
standardised plan through gathering the advantages of the two types of systems. These
systems can be applied easily by using prefabrication construction in order to minimise the

time needed for implementation.

Abod et al. (2011) agreed with Mohee (2009) by stating that the method of prefabrication
can be a solution to the increasing problem of housing. The researchers indicated that there
is a lack of clear vision of the concept of performance and its effect on the prefabricated

residential buildings as well as a lack of a mechanism to assess it. Therefore, the research

79



aim was to provide a visualization of the performance concept and its influence on

prefabricated residential buildings, as well as to re-assess them according to this concept.

Furthermore, there is a similarity between the Abod et al. (2011) study and the Mohee (2011)
study, since both examined the performance behaviour of buildings. However, Abod et al.
(2011) studied performance of residential buildings in Baghdad by distributing the
questionnaire to the users of buildings, whereas Mohee (2011) studied the performance of a
civil engineering building in Tikrit (north of Irag) and the researcher distributed his
questionnaire to the users and the workers who implementing the building.

Another study by Mohee (2011) studied the efficiency performance of the civil engineering
building in the college of engineering in Tikrit University in lraq. The evaluation of the
building was according to structural properties, dimensions and characteristics of spaces.
The researcher demonstrated that there is a gap in knowledge on prefabrication construction.
Hence, the objective of his research was to show the Iragi experiment in prefabrication
which included carrying out a number of precast buildings. The researcher recommended
the study of the prefabrication construction method in civil engineering and architecture
universities. He also emphasised the importance of encouraging government officials to

adopt this type of construction in future projects.

Moreover, Al-Saadi (2012) stated that there is a need for new methods of construction,
which are more economical and realistic for solving the problem of housing and slums. The
study focused on three types of building methods. These are structural houses, bamboo
board houses and caravan houses (corrugated steel sheets and sandwich panel sheets). He
also compared these types of method in terms of constructional, social, economic and
environmental factors. It was found that all these methods have time and cost savings. In
addition, he found that for caravans the sandwich panel houses are better than the corrugated
houses, while the structural method is appropriate for luxury houses. Rural houses are suited
to the bamboo board method, which is also considered a good option to solve the problem

of poor families’ houses.

The reliance on traditional methods of construction cannot solve the problem of housing
shortage quickly. In this vein, Teen and Gramescu (2018) emphasised on the importance of
using of modern method of construction for its advantages in reducing time and cost required
for the project, reduction of labour, quality enhancement and environment development

achievement such as reduce energy required and reduce pollution.
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There was an attempt to measure the energy requirement when use of OSC by Abbood et
al. (2015) who investigated and compared the level of energy efficiency in conventional
construction and IBS construction (prefabricated construction). The findings showed that
the annual energy demand for cooling and heating for IBS performed efficiently with
7374.57 kWh, while the conventional system was 19,311.99 kWh. As a result, IBS reduced
the annual energy consumption by 65.36% for cooling and 37.32% for heating. However,
his studies were based on simulations, as it was difficult to obtain data due to instability and
insufficient provision of energy generation. The study targeted an existing house of two
stories in Basra, one of the biggest cities in Iraq with a built-up area of 135 m2. This research
supports the thinking of Mohee (2011) by refer to knowledge deficiencies about

prefabrication construction in lIrag.

There are also two studies on the behaviour performance of some types of prefabrication
materials; one of them by Fadhil and Yaseen (2015) examined the effect of adding waste
plastic fibre (PET) to the precast concrete panels(which is used in Iragi markets now). The
results showed that this addition reduces the workability of all concrete mixes. In addition,
this reduction increases as the fibre volume fraction increases. Al-Rifaie and Joma'ah (2010)
stated that the advantages of the prefabricated ferrocement panels system in reducing the
cost of construction, decreases the number of workers needed to implement the work make
it a good solution to meet the need for inexpensive houses. The researchers investigated the
structural behaviour of ferrocement members that would be used in the roof, wall and floor
of housing buildings by laboratory testing at the University of Technology (Iraqg) in the
building of the construction and engineering department. His results showed that for low
cost housing to be achieved, the proposed ferrocement flooring and roofing system could be

satisfactorily used as housing components.

In the same way, Al-Rifaie, Ahmed, Ibraheem, and Al-Samarraie (2014) examined the
energy required by the ferrocement construction system and the traditional method of
construction. He concluded that the ferrocement eco housing system is able to produce a
sufficient energy saving in dwellings. He also stated that a high level of thermal performance

can be achieved by using thermal insulation as a part of the construction panels.

Accordingly, it seems that few researchers have explored the adoption of OSC in Iraqg.

Researchers believe that this kind of construction can help to overcome or
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minimise the problem of housing shortages in Irag. Moreover, they also believe that there

is a need to move towards this type of construction due to the advantages associated with its

use. As such, researchers indicate some benefits, such as time and cost reduction, labour

reduction, and quality and environmental enhancement. Such benefits are required to

enhance the Iragi construction industry, which suffers from time and cost overruns, quality

problems and environmental issues due to the use of traditional construction. However,

these researchers lack a roadmap or a strategy to enhance the use of modern construction

methods by investigating in depth the factors that affect its adoption. Therefore, this research

can address the gap by adopting a strategic guideline for the improved use of OSC in Iraqg.

2.9.1 Recent applications about prefabrication sectors in lraq

1)

2)

Rhodes Precast Concrete Ltd (Rhodes Precast Concrete Ltd (RPC)) was established
in the year 2012, and is considered to be the first and the largest precast company
in the world, in which established to produce the precast concrete components for
Iragi projects (Rhodes Precast Concrete Ltd (RPC)), 2015). This factory has now

stopped production due to safety and mismanagement issues.

In 2012, the Iragi government signed a contract with the director Hanwha
Engineering & Construction Company for building the new residential city called
Bismayah, which is located south east of Baghdad (Iraq), to be completed in seven

years (Bismayah, 2016).

Some problems associated with this project were as follows:

>

The investment of this project was transferred from Hanwah Construction
Company to the national investment commission (NIC) of Iraq because of the
reluctance of people to buy, although the NIC reduced the first payment when it

registered to buy the housing unit.

The city of Basmayah residential project was allocated a large sum of money but
did not take the necessary time to study and research the challenges or discuss their

plans with experts in architecture, planning and housing. This is a problem,

The establishment of huge modern residential units, with facilities and services
related to them confined in one area of a residential city was not a good choice.

This project was designed and implemented by a specific company, namely Korean
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Hanwha Engineering and Construction, which does not have experience and
knowledge of the customs and traditions of Iraqi society and the built environment
of this country. In March 2016, the people who registered to buy houses
demonstrated to demand their houses, as it was decided to receive them before the
end of year 2015 (Al-Ansari, 2014).

Accordingly, it seems that a few applications, particularly after the fall of regime in 2003, lack
an appropriate strategy to effectively manage the adoption of such construction. It seems that
there are some challenges, such as cultural resistance, safety and mismanagement issues, a lack
of risk assessment, misconception in the design, funding delays, delays to project completion,
and a lack of knowledge. Therefore, these issues need to be studied carefully in order to

enhance the use of OSC in Irag.

2.10 Research gap

The literature review evidenced that the adoption of OSC has developed globally. However,
there are still some barriers to its wider spread particularly amongst developing countries. Iraq
is one of these countries that shows the slow adoption of OSC despite its vital need for this
method. Although there are many lIraqi studies on traditional construction regarding its
structure, behavior and performance, there are very few regarding OSC. Evidence from the few
studies available on OSC reveal that there is a lack of knowledge and awareness and the slow

of adoption of this type of construction in Iraq.

Traditional construction, as explained earlier, has been unable to cope with challenges facing
Irag nowadays. This is because Iraq is in urgent need for reconstruction after the disasters
impacting the country caused infrastructure destruction and a rise in housing need. The
literature review shows some deficiencies in the Iragi construction industry, particularly
amongst traditional construction. These include cost & time overruns, quality defects,
management project system deficiencies, energy issues, waste construction problems, worker

productivity, and so forth.

Accordingly, in order to meet the needs of the market to rehabilitate infrastructure and housing
supply, and to leverage sustainability, the construction industry in Iraq needs to move from
traditional to modern methods of construction, as represented by OSC. This can be seen as the

most appropriate way to improve the construction industry’s performance, meet its needs and
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act as a competitive advantage. Yet the lack of a guideline or systematic way to fully manage
and continuously improve the OSC adoption process at the core of the companies, means such
change is hard to achieve in practice. Bendi (2017) found that the lack of guidance and
information about OSC is a barrier to the adoption of such construction in India whereas the
existence of such guidance can enhance its use. In this regard, Pan et al. (2007) recommended
the provision of guidance, information, training and education to enhance the use of OSC in
UK. Moreover, the lack of common language between the construction industry and
training/education providers encouraged Nadim (2009) to propose a model of adequate training
and education for the uptake of OSC in UK.

Nevertheless, Gibb (1999) argued that OSC required a project strategy to change the orientation
of the project process from 'construction’ to ‘manufacturing and installation’. Moreover, in order
to maximise the benefits of OSC, a 'project-wide' strategy should be developed at an early stage
in the project to help measure the effects of the use of OSC (Nadim, 2009). In this regard, Al-
Mutairi (2015) developed a strategy to implement OSC in Saudi Arabia by exploring the factors
affecting its implementation as well as challenges. Moreover, Yunus (2012a) developed
guidelines to provide a systematic decision support tool for stakeholders capturing
sustainability. It demonstrates to the stakeholders how to manage sustainability and the
approaches can be used to analyse sustainability and maximise the advantages of OSC
application in Malaysia. Hence, some attempts have been made to develop the use of OSC
worldwide, either through developing strategies, guidelines and training or education models.
In the same vein, Mohamad Kamar (2011) developing a framework to support the shift of

contractors to adopt OSC by identifying the critical success factors for its uptake in Malaysia.

Several factors may explain the slow adoption of such construction in Irag, such as unstable
political and economic issues, cultural resistance and a lack of knowledge and awareness about
its concepts, the benefits of such construction and the lack of research and development or lack
of strategy for effective use. These issues need to be comprehensively addressed, in order to
provide a durable solution to the stated problem. Accordingly, it seems there is an urgent
necessity to solve the existing research gap in OSC in Iraq by exploring the factors affecting
its use from professionals and practitioners’ perspectives. This will act as a platform to develop
a strategic guideline to address and overcome the barriers for the adoption of OSC in Irag and
leverage knowledge of its benefits. Moreover, the strategic guideline would provide the

construction industry with guidelines to offer effective tools to facilitate the shift in focus of
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these construction companies towards the best management of OSC projects. The proposed
strategic guideline is expected to benefit governments, policymakers, construction industry and
academics by enabling them to identify areas of concern and determine best practice in order
to take full advantage of the benefits offered by OSC.

2.11 Review of selected models, framework, strategy, guidelines in OSC
To develop an offsite strategic guideline, the researcher extensively reviewed relevant literature
on maturity models, frameworks, strategies, and guidelines. Some of the key initiatives, such
as assessment models and frameworks, which have been extensively documented within
existing literature, are listed in terms of the aim, developer, industry, survey method, and
limitation (these are detailed in Table 2-4). The researcher offers brief information on some
developed countries and illustrates the level of OSC with some example of key initiatives. The

discussion can be found in the next sections.

2.11.1 The UK’s application of OSC

OSC is not a new concept to the UK construction industry as there is historical evidence of its
use. The first known implementation of OSC was in the construction of the Crystal Palace
around 1851 (Goulding & Arif, 2013). Although this market has, to some extent recurred,
particularly after the First and Second World Wars, there was a second industrialisation
movement in the 1950s and 1960s, and further growth in the uptake of modular construction
around the 1970’s (Taylor, 2009). Moreover, the Egan (1998) report titled ° Rethinking
Construction’ was instrumental in fostering the need for OSC as a way to improve productivity.
The government, many researchers and some professional and academic institutions have
subsequently conducted a large amount of research to examine the current use of OSC and

identify the associated advantages and challenges.

Many researchers have considered OSC a potential solution for problems in the UK
construction industry (Vernikos et al., 2012; Arif & Egbu, 2010; Goodier & Gibb, 2007).
Loughborough University developed an Interactive Method for Measuring Preassembly and
Standardisation benefits in construction (IMMPREST) through a software tool. This was an
interactive tool to measure and evaluate the benefits from the adoption of standardization
techniques (Blismas et al., 2005). Nadim (2009) adopted a system approach to OSC training
and education using the Quality Function Deployment (QFD) method in order to develop an
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OSC-QFD model. Its purpose was to identify and prioritise OSP training and education needs.
Meanwhile, Elnaas (2014) developed decision making tools to provide a reliable system for
use in practise at the early project stage. This helped to structure the decision-making process
when choosing between traditional construction and OSC and improved the quality of the

information on which a decision is based.

This market is now very mature, with a number of influential contractors, designers,
manufactures and clients actively promoting OSC (Goulding & Arif, 2013). Buildoffsite is the
major industry body championing the greater uptake of offsite in the UK and overseas. In this
regard, Fraser, Race, Kelly, and Winstanley (2015) developed a guideline to provide a practical
overview of OSC. This focused on the information needs of building engineering services
contractors working on projects involving OSC. In creating this guideline, the authors directly

and indirectly referred to many sources of information and organisations, in particular:
e Buildoffsite
e Heathrow Airport Ltd (the former BAA)
e Crown House Technologies and the wider Laing O’Rourke Group

e NG Bailey (who has contributed significantly to these case studies).

The guide is expected to be interactive, and thus accessible through a broad range of media as

individual sections or as a whole integrated philosophy.

2.11.2 Sweden’s application of OSC

In the last century, the social crises associated with housing problems in Sweden necessitated
the introduction of the 'Small House Movement' programme. In this programme, the
government financed 90% of the construction of small houses which were supplied with
potable water and central heating (Nadim, 2009). The Swedish construction industry, which is
regarded as the most industrialised and developed in the world, used OSC to construct 90% of
its single-family houses (Thanoon, Peng, Kadir, Jaafar, & Salit, 2003). In the mid-1960s, the
Swedish government projected a national mission to produce one million new houses within
10 years. However, the 'Million Program' houses was criticised as 'uniform' and of producing
poor architecture (Hall & Vidén, 2005). Nevertheless, this misconception changed 25 years
later due to cooperation between the research and construction industry, which investigated

OSC habitation. Subsequently, in 1995 about 95% of the houses were prefabricated in a factory
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according to high-level energy-consumption and quality norms. The methods used were

perceived to be 25-40% more economical than traditional techniques.

There are about 55 manufacturers offering OSC in Sweden and, apart from the local market,
Swedish manufacturers export houses to many European countries. Their superb achievement
in OSC is a result of direct and proactive government policies which include significant grants

for research and development (Thanoon et al., 2003).

Moreover, the use of manufacturing processes in Sweden has developed substantially through
several companies in the field of housing interiors and furniture. For example, IKEA has
become the world’s largest furniture provider. IKEA is a multinational group of companies;
their design, production and sales strategy is based on the concept of ‘ready-to-assemble
furniture’ (Elnaas, 2014). Thus, in an ideal world, prefabrication occurs in a factory and while

the furniture assembly occurs onsite, in home or other facilities.

Nevertheless, there was a need for efficient experienced feedback from the construction
industry, comprising companies that use a wide range of on- and off-site production methods
to produce different types of project. Therefore, Meiling and Sandberg (2009) investigated a
Swedish off-site house manufacturing company to close the feedback loops in off-site housing
sales, design and production. An experience feedback model was proposed based on the
literature review and case studies. The analysis shows how error detection can enhance the

possibility of highlighting improvement actions as well as feedback targets.

2.11.3 United States’ application of OSC

The use of OSC techniques in the United States (U.S.) construction industry originated
approximately 100 years ago with the growth of the wood frame house (Lu, 2007). During the
1920’s and 1930’s, many leading architects and engineers started to construct mass-produced
housing; moreover, by 1940 there were about 30 companies regularly manufacturing and
selling prefabricated houses. In 1942, the Prefabricated Home Manufacturers Association was
established in the US due to the demand for housing products. This association was created to
distribute information, develop industry standards, improve manufacturing methods, perform
cost and accounting studies, and serve as a forum for the interchange of ideas (Lu, 2007).
Following World War 11, companies began to produce homes in factories to meet the steady
demand. The production of OSC has been on-going in the United States, but it became

increasingly popular in the 1990s (Henderson, 2006).
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The factory-built home industry is becoming an important alternative to the housing industry
in the US. These homes can be customized for individual needs at a better quality than
traditionally-built homes (Lu, 2007). The prevalence of modular manufacturers has evolved to
create a very mature market. This is supported by openly demonstrating a range of efficiency
measures, including improved productivity, lower costs, the ability to create sustainable and
flexible solutions, and faster completion times (Modular Building Institute, 2015). The barriers
to adoption in the US were transportation restraints, limited design options and an inability to
make revisions during onsite execution. Moreover, misconceptions can arise around the quality
of modular buildings and there can be a general lack of awareness of the benefits that offsite
can bring (Goulding & Arif, 2013). Several practical recommendations were proposed by (Lu
& Liska, 2008); Lu (2007) to overcome barriers to the use of OSC including eliminating
transportation restraints, preventing onsite changes and increasing the design options. For
example, this entailed developing and providing awareness training to manufacturers,
designers and general contractors in the use of OSC in order to overcome the lack of knowledge

about OSC techniques and its benefits.

Meanwhile, there is strong industry support across North America and Canada for modular
building. It is expected that, by the end of 2013, 98% of the sector will be using OSC in some
form (Goulding & Arif, 2013). This includes housing, healthcare projects, higher education,
low-rise office developments, public buildings, and so forth. According to the Modular
Building Institute, OSC business in the US has doubled in size to $8 billion over the last five
years (Obando, 2019)

2.11.4 New Zealand’s application of OSC

OSC has long been the innovative cornerstone of the New Zealand (NZ) construction industry
since before colonisation in the early 1800s (PrefabNZ, 2013). The First World War caused
housing shortages, which saw the establishment of a large factory in Hamilton/NZ to supply
mass-produced homes. During the Second World War, factories in NZ were subjected to
military construction activities producing over 30,000 transportable military buildings
prefabricated and huts (Isaacs, 2008). After the Second World War, returning soldiers
cooperated for a national state housing scheme by building and assembling prefabricated wall
panels complete along with wall claddings (Bell & Southcombe, 2012). However,
macroeconomic factors, such as the 1978 recession, design to manufacture shortcomings, and

social cultural issues, led to the downfall of prefabrication (Mirus, Patel, & McPherson,
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2018a). New Zealand has acknowledged the importance of offsite for delivering genuine
benefits through innovation, improved efficiency measures, and streamlined building processes
(Scofield, Wilkinson, Potangaroa, & Rotimi, 2009). With recent government schemes that aim
to provide 100,000 homes within ten years and an announcement that this will be built by using
OSC, OSC seems to be New Zealand’s ‘golden ticket’ out of their current ‘housing crisis’.
However, for the successful implementation of this construction, New Zealand must first
consider support in these areas including, the education of the workforce, the management of
the current supply chain, and consistent government schemes, legislation and financial
assistance (Mirus et al., 2018a). In this regard, academic research has explored challenges to
the use of OSC in NZ and developed measures to improve its uptake. These measures address
the following barriers: cost, logistic & site operation, industry & market culture, regulatory
issues, skills and supply chain. Moreover, a prefabrication roadmap has been developed for
2013-2018 by PrefabNZ (2013) in order to meet the industry vision to produce high quality,
well designed, affordable, inspiring residential and commercial buildings for satisfied
consumers. This roadmap consists of success measures (clients, specifiers, producers,
regulators, government) and challenges (start-up costs, misconceptions, market size, technical
education). Moreover, actions that can address these challenges are also identified in this
roadmap, for example, access funding for innovation, a portal website, online tools and
information, international site visits and events, and online technical info with BIM product

specifications.

2.11.5 Australia’s application of OSC

The uptake of OSM in Australia has been steady and sustained (Goulding & Arif, 2013). The
Australian construction industry has recognised that offsite should be part of the overall vision
to improve the industry for the future (Blismas & Wakefield, 2008)

Hampson and Brandon (2004) expected more off-site production and more pre-finished
elements and prefabrication in Australia by the year 2020. At the end of 2013, the Australian
industry developed a network, PrefabAUS, as they were inspired by the advantages of OSC.
Furthermore, they launched Buildoffsite in Australia in May 2014 (Khalfan & Magsood, 2014).
Hence, limited knowledge of the applicability, design and performance of prefabricated
building systems in the construction industry is now minimised due to recent work by the
industry, academia, and institutions, such as PrefabAUS, who have raised awareness of the

benefits of OSC. Thus, the OSC industry is increasing in number in Australia (Navaratnam
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etal., 2019). Some recommendations by Navaratnam et al. (2019) to improve OSC in Australia

and increase the market demand include the following:-

e As there are no specific testing standards for most prefabricated non-structural and
structural elements, Australian design standards need to be developed to include
recommendations for prefabricated structures and design specifications.

e The skills and knowledge required for OSC design and construction practices in
Australia need to be developed and strengthened through relevant educational courses,

conferences, workshops, and professional training.

e The limitations associated with transportation, regulations, and traffic control in the
construction area are the most important factors for consideration in transportation
planning. Therefore, more case studies need to evaluate the project planning,

programming, and cost of small- and large-scale projects.

Navaratnam et al. (2019) ascertained that academic research will increase the market demand

for OSC in Australia as well as in other countries.

90



Table 2-4 Worldwide Key initiatives for OSC application

DSM To develop a Decision Support | Semi-structured UK e It is mainly applicable to the housing sector
(Elnaas, 2014) Model (DSM) that can be used in | interviews, and may or may not necessarily be appropriate
practice to guide the choice between | questionnaires and to other sectors within the construction
Off-Site Manufacturing (OSM) or | case-based industry. This is because the context of the
Traditional On-Site (TOS) as a | precedence review of study was scoped only to house building and
construction strategy for housing | numerous  housing the model was established using data and
projects in the UK. projects information collected from the house builders

e The DSM has been based on UK house
building within the construction industry; this
means that the framework may be relevant
elsewhere but the weighting of the key factors
in the DSM may not necessarily be applicable
in other countries
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IMMPREST Developed to use in the OSC which | Questionnaire and UK e Provides a list of project drivers and barriers as
TOOLKIT provides a structured, value-based Interview part of a project-wide strategy to assess the use
_ assessment of pre-assembly and of OSC. However, the organisational context
(Pasquire et al., 2005) .. . . ) )
standardisation. This  toolkit seems to be less reflected in the drivers and
consists of barriers identified in the toolkit.
-Introduction and information tool
(Tool A)
-Interactive benefit indicator tool
(Tool B)
-Benefit measurement tool (Tool
C)
OSC guide for the | This guide is intended to provide | Case studies, and | UK This publication relates to construction practice and

building and engineering
services  sector in
association with
buildoffsite

practical support for the effective
use of OSC methods that focus on
Building  Engineering  Services
within the built environment. It

acknowledges the wider interface

publication provided
by buildoffsite and
BESA and

workmanship

projects in the UK and the Republic of Ireland. It is

not designed for overseas work; however, some of its

provisions will be appropriate or may form a basis for

overseas work.
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(Fraser, Race, Kelly, &
Winstanley, 2015)

with other construction specialists
and focuses on how to deliver

optimum solutions for clients.

e Measures to
improve the
uptake of OSC

e Decision Support
Model

(Shahzad, 2011)

e To explore effective strategies
to enhance the industry-wide
uptake of OSC in New Zealand
(N2).

e To develop a decision support
model that offers a methodical
evaluation of the marginal value
offered by the use of OSC
relative to that of classic and
with regard to meeting the needs
and preferences of clients in the

procurement process.

Survey questionnaire

and interview

New

Zealand

Measures conducted only for barriers to the of
use OSC in NZ, whilst no measures have been
developed for factors that can inhabit the

drivers

The scope of this study was limited to the NZ
construction industry. The study was based on
the feedback collected from the stakeholders

in the construction industry in NZ.

Time constraints did not permit the collection
of sufficient data for the model’s application
in relation to the whole building, hybrid and
component/element levels of OSC technology
versus the classic systems. Therefore, only
the modular level of OSC technology was

compared against classic construction.
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Prefabrication roadmap

(PrefabNZzZ, 2013)

Developed for prefabrication in
New Zealand and draws from a rich
and lengthy historical context to
create a contemporary vision that
aims to enhance the quality of
prefabricated output and increase
customer value. This vision is based
on identifying key challenges, the
resulting actions needed to address
these challenges, and the applicable
outcomes and outputs needed to

achieve the actions.

Literature review

New
Zealand

e Although the roadmap contains success
factors and challenges, the actions were only
developed for challenges within the context of

New Zealand.

e No actions for any factor can inhabit the

effectiveness of the drivers.

e Actions developed from a literature review;

no practical data have been collected.

e SWOT framework

(Razkenari, Fenner,
Hakim, &
2020; Fenner,

& Kibert,

Shojaei,
Kibert,
Zoloedova,
2017)

e A SWOT framework was
used to assess the strengths
and weaknesses of the
industry’s  adoption  of

offsite strategies as well as

the external opportunities

and threats

e Pre-construction strategies

and  project execution

Data was collected

by means
unstructured
interviews and

questionnaire

of

a

USA

The report was designed to provide a snapshot of

modular building design, component
manufacture, and construction techniques within

the USA

Strategies were mainly conducted to overcome
barriers to OSC in the USA. No actions were
suggested to eliminate factors that reduce the
effectiveness of the drivers. For example, actions

to overcome any factor can cause time overruns
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e Strategic
implementation for

best practice

strategies to overcome
barriers and challenges for

OsC

which can reduce the benefits associated with the
schedule time reductions of OSC projects.

A production strategy | This  framework  can  help | Literature review and | Sweden This production strategy is developed for
framework  (Jonsson, | construction firms to design the | case studies prefabricated multi-family housing, Smaller
2014) production system and find the construction, such as single-family houses, civil
right balance between productivity engineering projects (e.g. roads, railway, bridges),
and flexibility and larger constructions (e.g. big arenas) are not
taken into consideration in this research.
A circular-economy | A circular economy framework is | Literature review Australia Focuses on aspect of one prefabrication
framework applied to the prefabricated building advantage, namely environmental aspects
. , sector to investigate the . N
(Minunno, O’Grady, g Although the final proposed guidelines of the
. environmental benefits of
Morrison, Gruner, & framework can be used for a top-down or bottom
- refabrication in terms of reduction, i -
Colling, 2018) P up approach, it seems that these guidelines were

reusability,

adaptability, and the recyclability of

its components.

only collected from a literature review. Therefore,
researchers suggested further empirical study to

test and validate the findings.
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Guidelines

(Yunus, 2012a)

e To provide a systematic
decision support tool that
helps stakeholders to manage
sustainability and the
approaches that can be used to
analyse sustainability, and to
maximise the advantages of

OSC application in Malaysia

Survey

guestionnaire,

interviews, and case

studies

Malysia

Sampling process that focuses on government
buildings in the public sector. As the private
sector has not been include, the researcher
recommended further investigative actions to

consider this sector

The delivered decision support guides are
intended for designers. These tools will be used
in the design and early construction stages.
Therefore, the researcher recommended
extending the findings to include suitable
decision mechanism and preferences for other

stakeholders.

10.

Framework

(Mohamad Kamar, 2011)

Developing a framework to support
the shift of contractors to adopt OSC
by identifying the critical success

factors for its uptake in Malaysia.

Case studies

focus groups

and

Malysia

The critical success factors identified in the
framework are on the strategic and organisational
level, so the unit analysis will be the organisation
itself. Though it is perhaps associated to critical
success factors, whether that means industry wide

or on a particular project.
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Roadmap

(Rahimian et al., 2017)

Developing a roadmap for the
effective adoption of OSC in
Nigeria.

Literature review and

expert stakeholders

Nigeria

Whilst the outline roadmap highlighted barriers,

actions, stakeholders involved and goals
required, this is the first step in capturing these
variables in Nigeria. It will need to be refined
and populated in more detail with specific,
measurable, realistic, achievable, and time-
framed (SMART) objectives so that clear
priorities and directions can be established.
Given this, from a generalisability perspective,
interpretation is limited, to the data set and the

context highlighted in this study.

An offsite  readiness

framework

(Bendi, 2017)

Developing the OSC readiness

framework  to assess the
preparedness of Indian construction
organisations to apply OSC

methods.

Questionnaire
survey, interviews

and case studies

India

The research scope and population for data

collection is limited to construction

organisations in India

A framework developed based on the
cumulative results of the data analysis.
However, it does not cover the importance of the
driving factors

of people, process and

technology.
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2.11.6 Summary of the worldwide key initiatives and the strategic guideline

for this research

In the reviewed OSC models, road maps and frameworks, the majority of researchers have
investigated OSC issues related to people, technology and processes. For instance, Goulding
and Arif (2013); Goulding et al. (2012) explored nine core areas, representing the three majors
dimensions of OSC — process, technology and people — and their impact on design,
manufacturing and construction. Some of these models/frameworks also address the
organisational environment in order to support the development process. For example, Bendi
(2017) developed a framework to assess the OSC readiness of construction organisations in
India; this was designed to enable the organisation to evaluate and scale its process in strategic
and operational phases. It also helped to pinpoint areas of concern and the scope for further

development to ensure optimal advantage from its OSC methods.

Moreover, other available OSC guidelines, models, frameworks and roadmaps have been
studied in the course of developing the guideline for this study. Although it is possible to
consult these references for this guideline, they would still be difficult to adopt and directly

apply for many reasons.

e Itis difficult to apply current examples from other countries, such as Sweden and UK,
to the Iragi construction industry as nearly a century of experience informs their supply
chain and skilled labour sector. As Iraq requires a ten-year window to achieve high
OSC production rates, there are numerous barriers that must first be addressed before

the wider adoption of OSC by the industry.

e The guideline has been developed based on the Iragi construction industry; this means
that the weighting of the key factors is applicable t