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PREFACE

The Australasian Universities Building Education Association (AUBEA), a membership-based
non-profit organisation, was established in 1975 to promote and improve teaching and research
in building through communication and collaboration. It comprises of academics representing
all universities throughout Australasia which provide education in building-related fields in
Australasia and beyond. AUBEA maintains a strong connection to industry and professional
associations, and since its inception has organised annual conferences. The annual conference
brings together building and construction researchers, educators, students, and industry from
Australasia and other regions, and provides them with a strong platform for knowledge sharing,
collaboration, disciplinary reflections, institutional exchange, and collective growth.

The 43™ Australasian University Building Educators Association Conference (AUBEA 2019)
is held in Noosa, Australia from 6 to 8 November 2019, under the auspices of Central
Queensland University. The conference theme is ‘Built to Thrive: creating buildings and cities
that support individual well-being and community prosperity’. The theme explores various
facets of creating built environment enhancing community satisfaction and social innovation.
Various facets are captured through five sub-themes: ‘People and Skills’, ‘Theories and
Principles’, ‘Learning and Teaching’, ‘Processes and Economics’ and ‘Regulations and
Policies’.

To maintain and assure the quality of the conference proceedings, each abstract received was
reviewed. The authors received anonymous reviewers’ comments on their abstracts and were
invited to submit their initial full papers. All the full papers have been peer reviewed with
anonymous reviewers’ comments before final acceptance to the conference. The accepted
papers are included in the conference presentation programme and the proceedings.
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DEVELOPMENT OF A DOMESTIC MARKET FOR CONSTRUCTION
AND DEMOLITION WASTE IN AUSTRALIA

Salman Shooshtarian!, Tayyab Maqsood!, Peter S.P. Wong', Malik Khalfan!, Rebecca J. Yang'

!School of Property, Construction and Project Management, RMIT University, Melbourne, Australia

Abstract

The growth in the generation of construction and demolition (C&D) waste in Australia and new
China’s waste policy have put pressure on the C&D waste and resource recovery industry. Therefore,
new solutions need to be provided to minimize the adverse effects of C&D on the environment,
society, and economy. One of the highly preferred options is to develop a domestic market for this
waste stream. However, development of such a market is not straightforward and warrants a full
investigation of influential factors such as legislative, technical and financial ones. Hence, this study,
as a part of a bigger project entitled “A National Economics Approach to Improved Management of
Construction and Demolition waste”, aims to review the major factors that impede or boost C&D
waste market development in Australia. The results are expected to guide future attempts in creating
an effective national C&D waste management in Australia.

Keywords

National approach; Waste management; Legislative framework; China’s waste policy; Construction
industry

Introduction

The construction industry in Australia has grown significantly in the past two decades in the wake of
population growth, migration and expansion in the tertiary education industry. The growing population
has necessitated extensive property development, better public transport, and improved infrastructure.
The range of construction activities initiated in response involve businesses that are involved in
creating residential and non-residential buildings (including renovations and additions), engineering
structures, and associated trades and services (ABS 2006). The industry is identified as the fourth
largest contributor to growth domestic product (GDP) (Trading Economics 2018); more than 1 million
people work in the industry. Unsurprisingly, this volume of construction brings about a huge volume
of waste, known in the industry as “construction and demolition (C&D) waste”. In 2016-17,
approximately 20.4 Mt of C&D waste was produced in the Australian construction industry, which
accounts for 38% of the total core waste (solid non-hazardous waste and hazardous waste including
liquids, and generated in the municipal, C&D and C&l sectors, generally excluding primary
production) generated in Australia (NWR 2018).

Statistics have shown that, between 2016 and 2017, more than 6.7 Mt of C&D waste was transferred
into landfills across Australia. Waste landfilling is recognised to be the worst waste management
strategy due to the adverse social, economic and environmental consequences it causes. Furthermore, a
part of Australian waste materials is being sent overseas including Vietnam, India, Malaysia,
Indonesia, China and Bangladesh (Blue Environment 2018). According to ABS (2018) in 2016-17 the
total amount of metal waste export was 2.15 tonnes with Vietnam, India, and Malaysia being the main
destinations. However, these situations will not remain the same and there are emerging movements to
stop waste landfilling both in Australia and overseas. In Australia, the federal government along with
state and territory governments have started to change the waste management status quo. They have
provided funds to investors and researchers and passing progressive regulation to protect the



environment. Foreign countries are also developing initiatives targeting the import of waste materials.
For instance, China has introduced a new policy, called the ‘National Sword Policy’, bans the import
of certain foreign waste materials, with a strict level of contamination, to benefit the national policy
environment (Shooshtarian, Magsood, Khalfan, Wong & Yang 2019). This seems to have similar
objectives to another program called ‘Operation Green Fence 2013, which aims to restrict the import
of contaminated recyclable materials. Other countries have also started to become stricter in accepting
waste materials.

Given all mentioned above, in dealing with the C&D waste issues Australia has to consider sustainable
alternatives whereby all parties (i.e. waste producers, waste consumers, recycling and construction
industries, landfill owners, regulatory authorities and public) gain proportional benefits. As a result,
Australian jurisdictions are drawing on the concept of a circular economy to improve their waste
management system. Unlike traditional linear ‘take-use-dispose’ approach, this concept focuses on the
maximum usage of resource and energy during the lifecycle of one product. To achieve this goal,
Australia needs to move towards the development of a market wherein individuals can legally trade
their waste materials. The development of a market for salvaged and recycled waste materials
(including C&D waste) has been frequently emphasised in different policies, strategies, waste
management principles and guidelines in Australia. The circular economy of waste has 5 principles,
the third of which is to ‘increase the use of recycled material and build demand and markets for
recycled products’, that is, market development. In the National Waste Policy (2018), Strategy 14
places emphasis on market development and research. Estimations, based on the current solid waste
generation rates in Australia, project that Australian recycling capacity must increase by 400% by
2040 to address the issue of solid waste in the future (Environment and Communications References
Committee 2018).

This paper aims to review the main strategies that contribute to the development of the market for
recycled C&D waste. The review informs a larger research project entitled ‘A National Economic
Approach to Improved Management of Construction and Demolition Waste’, which is being
conducted at RMIT University and supported by the Australia Built Environment National Research
Centre. This project endeavours to foster a holistic national approach to address C&D waste issues. Its
objectives include the development of a consistent approach to define and measure C&D waste,
identification of influential economic factors that govern disposal/reduce/reuse/recycle of C&D waste,
conducting a feasibility study on the creation of a marketplace for trading C&D waste, and
identification of opportunities to integrate supply chains model in the management of C&D waste.

Method

Data collection, processing, and analysis

This review study is based on the secondary data that are publicly available. The study employed a
document analysis technique to explore effective strategies and enablers to develop a marketplace with
the aim of further reducing, reusing and recycling of C&D waste in Australia. The sources reviewed in
this study mostly include policies, guidelines and other relevant previous studies that focus on the
economic factors influencing C&D waste marketplace development. In total, 15 sources were
shortlisted and analysed for informing efforts towards market development. These sources were
shortlisted based on their close relevance to the study objectives and their currency.

Context of study and C&D waste regulation in Australia

Australia is a large country with a population of 25 million that are mostly settled in capital cities.
Significant growth in migration and population in Australia generate demands for more construction
activities. As a result, more infrastructure and new housing are needed to meet the requirements of this
ever-increasing population (IBISWorld 2019). The statistics have shown that such activities generate a
large quantity of C&D waste (NWR 2018). As such, the state governments attempt to regulate C&D



waste management by enforcing relevant legislation and voluntary schemes. As previously mentioned
C&D waste legislation mostly takes place at the state and territory level. Australia has 6 states:
Victoria (Vic), New South Wales (NSW), Queensland (Qld), South Australia (SA), Western Australia

(WA) Tasmania (Tas) and 2 territories: Northern Territory (NT) and Australia Capital Territory (ACT).

The main difference between state and territory government is that states have the power to pass laws
in their own right whereas in territories the federal government modifies or revoke laws. The majority
of regulations and policies that govern C&D waste are produced and administrated by state EPAs. The
history of C&D waste legislation dates back to 1970s when the first EPA act (Environmental
Protection Act 1970) came into effect in Victoria. A review on the C&D waste-related regulations in
different Australian jurisdictions is provided before in Shooshtarian et al. (2019).

Results and Discussion

The following sections present the results of the review on the main mostly economic factors that have
a noticeable impact on market development for recycled and salvaged C&D waste materials. In total
seven factors were identified that are presented in Figure 1. These include regulatory support,
extended producer responsibility, the establishment of the effective supply chain, sustainable
procurement, investments in technology and infrastructure, research and development and landfill levy

imposition. oo
)

REsearch &
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responsibility
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Figure 1. Seven factors influencing marketplace development for C&D waste materials
Regulation

It is vital that waste regulatory frameworks are set to be in favour of local market development and
implementation of an effective circular economy. The issues that must be addressed in this regard are
as follows:

1) Consistency in jurisdictional waste regulations throughout Australia

2) Clarification on when waste becomes a source and is not liable for landfill levy
3) lllegal dumping and stockpiling activities are severely discouraged

4) Consistent reporting obligations

10



Extended producer responsibility

Extended producer responsibility (EPR), otherwise known as ‘product stewardship’ and ‘take-back’
schemes are strong motivators for the establishment of a marketplace for C&D waste materials. These
schemes are policy instruments that prevent waste generation. These sachems are long adopted in
countries for different waste streams (Hanisch 2000). Technically, EPR makes manufacturers
responsible (financially and/or physically) for the entire lifecycle of their products during the supply
chain of materials, including design, manufacture, recycling and final disposal (OECD 2016).
However, PER policy development and implementation, particularly for C & D waste, is still at an
early stage in Australia. It is recommended that these schemes be regulated and implemented
nationally because many of the potential participants work across Australian jurisdictions.

Sustainable procurement

Sustainable procurement can provide an incentive for further waste recovery. It is claimed that the
implementation of SP has a great impact on the flourishing of the C&D waste material market. In
response to China’s new waste policy, the Minister of Energy and Environment committed to
supporting increased use of recycled materials in the goods procured by government, and to
collaborate on creating new markets for recycled materials.

In Australia, reuse of recycled materials is strongly encouraged under Ecologically Sustainable
Development (ESD) and Sustainable Procurement (SP) programs. At the national level, National
Waste Policy (2018) sets a target to reduce waste generation through prevention, reduction, recycling,
and reuse. This policy has also emphasised the application of the principles of a circular economy to
support better and repeated use of the nation’s resources. Two strategies to promote sustainable
procurement in Australia are at the forefront of this policy: Strategy 8 (Sustainable Procurement by
Governments) and Strategy 9 (Sustainable Procurement by Business and Individuals). These two
strategies urge the public and private sectors to promote demand for recycled materials and products
containing recycled content. The Environment and Communications References Committee suggests
that local governments practice sustainable procurement policies to ensure strong domestic markets for
recycled material.

The Australasian Procurement and Construction Council Australian and New Zealand Government
Framework for Sustainable Procurement is implemented by the federal government to pursue three
aims when procuring goods, services, works, and utilities. These aims involve the reduction of
environmental impacts, social impact and economic impacts through the procurement process. This
framework also shares some premises with the circular economy in considering alternatives to the
‘take-make-dispose’ approach. According to this framework, the government has a decisive role in
providing a market driver for increased use of recycled materials in the goods and works that it
procures. Therefore, the federal government and some local government developed SP guidelines to
coordinate their decisions and actions towards SP and the purchasing of recycled materials. In 2012,
the state government of South Australia was the first authority to release a Sustainable Procurement
Guide. One year later, in 2013, the federal government also released the first Australian guideline on
SP1. This work was further complemented by state-specific guidelines to tailor sustainable
procurement requirements in the ACT (2015), NSW (2017) and WA (2017).

Supply chain

Providing an efficient and effective supply chain to the waste and resource recovery industry is
instrumental in developing a local market for C&D waste. The supply chain for this purpose needs to
consider the principles of the circular economy and be driven by the industrial ecology (symbiosis)

11



concept®. An effective supply chain system can assist in the implementation of EPR and similar
schemes, provision of stockfeed for waste recovery facilities, and motivating compliance with GS and
Gl tools requirements. The World Economic Forum acknowledges that the circular economy approach
can be applied to supply chains functioning at a local level, as well as those supporting complex global
multi-tier material flows (World Economic Forum 2014). Creating a supply chain is not a
straightforward task, as it involves numerous actors, each playing their part in the delivery of supply
chain objectives.

In Australia, a decade’s worth of effort towards the creation of an effective supply chain has resulted
in some limited success. NSW is the leading state in building a supply chain system for domestic
waste. In 2009, this state established an organisation called the Australian Industrial Ecology Network
to promote the concept of industrial ecology and identify the opportunities to make connections
between waste producers and waste consumers. In 2012, the Department of Energy and Environment
(then known as the Department of Sustainability, Environment, Water, Population and
Communications) released a guideline on the supply chain of C&D waste materials. This document
primarily aimed to promote industrial ecology in the C&D waste stream and secondarily to showcase
successful examples of C&D waste trade in Australia. Some of these examples demonstrated the
effective development of a supply chain system, particularly with respect to product stewardship
application. The following are the key issues regarding building a supply chain system for C&D waste
stream that are identified in different Australian based literature:

1. Initial resistance from stakeholders to accommodate new safety requirements for C&D waste
trade

2. The inaccuracy of reporting of C&D waste such as stockpiles

3. Decentralised purchasing systems are a challenge for most local governments

4.  Involvement of various subcontractors that limits control of builder or construction company
over supply chain management

5. Lack of strategic procurement and partnerships as key inhibitors towards a supply chain

management framework

Poor organisational communication across units to facilitate changes

7.  The government’s main concern was health issues of occupants, particularly with regard to the
lack of quality control

o

Investments in technology and infrastructure

Advancements in waste recovery technology and infrastructure are advantageous to domestic market
development. Building modern and efficient facilities not only addresses public social and
environmental concerns but also provides better services to the waste and resource recovery industry
through economies of scale. Government funding to improve waste and resource facilities together
with effective law enforcement provides an impetus for further waste recovery activities and
diminishes the reliance on waste export. An increase in the number of local infrastructures frees waste
producers and collectors (waste responsible) from sending waste across the Australian states such that
it would be easier to implement the proximity principle. Technically, a lot of waste minimisation
practices and strategies, such as extended producer responsibility, depending on the availability of
technologically advanced local infrastructures. Several waste management strategies in Australia have
highlighted the need to keep pace with changes in technology for smarter and more efficient waste
management. Many wastes and resource recovery stakeholders in Australia believe that hypothecating
landfill levies should be invested towards developing new technologies and infrastructure. The use of
new technologies, such as Building Information Modelling (BIM), Geographical Information Systems
(GIS) and the online marketplace can solve several issues toward the successful establishment of a
market for salvaged and recycled C&D waste material.

1 The wastes or by-products of one industry are used as inputs in another industry, thereby closing the material loop of industrial systems and minimising
waste.

12



Research and development

An integrated waste management system greatly benefits from research and development (R&D).
Almost every single strategy, policy, action plan and regulation on waste management in Australia has
highlighted the role of R&D alongside with encouragement and enforcement for an effective
development and implementation of waste related plans. In Australia, authorities have recently started
taking advantage of R&D benefits and hence have engaged research and consultation entities to
provide the information required for regulation of C&D waste streams. To date, the product of such
collaboration has partially contributed to the decision making processes on an extended range of issues.
Table 1 presents some seminal examples of these studies that are commissioned by public authorities
and are published in the form of publicly available reports:

Table 1. Summary of research reports released to inform legislation, decision making or raising awareness

Ordering authorities Objective(s
Construction and Demolition Waste I. Department of Sustainability, Evaluation of the current
Status Report (2011)- Hyder Environment, Water, Population conditions of C&D waste
Consulting Pty Ltd & Communities Queensland management in Australia &

Il. Department of Environment & providing relevant reforms
Resource ~ Management in
accordance
Waste definitions and classifications, Department of  Sustainability, Review on (legal) definitions used
report on issues, opportunities and = Environment, Water, Population & for various waste streams in

information  gaps(2012)-  Hyder ' Communities different jurisdictions

Consulting Pty Ltd

An Investigation into the Performance ~Western Australia Department of A review of legislative &
(Environmental and Health) of Waste Environment and Conservation regulatory frameworks, state of
to Energy Technologies the art technologies and research
Internationally (2017)-WSP  Global on health and environmental
Pty Ltd impacts

A review of the scientific literature on = EPA Victoria Evaluation of potential issues
potential health effects in local associated with EfW technologies

communities associated with air
emissions from Waste to Energy
facilities (2018)-Environmental Risk

Sciences
Global Landfill Regulation & Waste = |. Western Australian Department Review on landfill levy
Levy Review (2012)-SLR Consulting of Environment & Conservation regulations in Australia and
Australia Pty Ltd Il. Waste Authority worldwide
Waste to energy consultation and The Department of Environment, Investigation of the approved
case study for Melbourne’s West Land, Water & Planning expansion of large residual waste
(2017)- Reincarnate Pty Ltd landfills at Ravenhill & Werribee
An investigation into the Transport of I. Environment & Heritage To review and assess strategies to
Waste into Queensland (2017)- a Protection limit the transport of waste across
research team from different entities Il. National Parks & the Great Qld

Barrier Reef
Construction & Demolition waste Department  of  Sustainability, To identify the issues of supply
guide - recycling & re-use Across the  Environment, Water, Population & chain and review some case study
supply chain (2012)- Edge Communities of existing C&D waste supply
Environment Pty chain

Note: the name of some of the authorities mentioned in this table may have now changed to other names.



The Australian legislation process is underpinned by consultations with the main stakeholders who are
affected by developing regulations. Consultation drafts as a form of R&D call for submissions from
industry, authorities, researchers and the public to ensure that any ensuing legislation provides a level
playing field for all parties concerned. Universities are important players in providing research
services to decision-makers, regulatory authorities, industry and wider communities. In a study in
Spain, the role of universities, as a key new actor, in the enhancement of C&D waste management
through the creation of a 3R model (reduce, reuse and recycle) was stressed. The researchers of this
study noted that “Studies on C&D waste often forget to include a key player in waste management...
Universities can advance the possibilities of solving technical problems and applying new methods of
recycling and new market-oriented applications according to the current legislation” (Calvo, Varela-
Candamio & Novo-Corti 2014, p. 422). According to this study, other contributions from universities
in this respect include:

1. Availability of infrastructure and qualified academic staff to effectively develop R&D in this
field so that the cost of concentrating research efforts can be reduced

2. An ability to demonstrate recycling achievements to be applied in the recycled market-
endorsing C&D recycled materials

3. Training of professional staff for C&D waste and resource industry through postgraduate
courses for construction

Another function of R&D is to raise public, industry and authorities’ awareness. Indeed, several
research studies demonstrated the positive role of evidenced-based awareness received through R&D
activities. Then this awareness underpins management practices towards the development of a market
for C&D waste materials. R&D can also be employed to explore new opportunities for re/use of C&D
waste materials. For instance, a study report indicated that recycled brick and concrete could be used
in the landscaping industry with competitive prices compared to alternatives. In the case of EfW, the
research is needed to facilitate the use of energy produced in the local power grid.

Landfill levy

The approach to taking advantage of a landfill levy is not straightforward due to the role of varying
factors in the effective management of waste. While in some circumstances a landfill levy is the best
economic driver, it can act as a disincentive in other circumstances. In the literature, conflicting results
are reported in response to the imposition of a landfill levy, both in domestic and international
contexts. The mechanism and other characteristics of imposing a landfill levy in different Australian
states and territories have been stated previously in Shooshtarian et al. (2019). In this section, the
relevant literature is reviewed to understand the impact of this enforcement mechanism in Australia
and elsewhere. In the first part of this section, worldwide evidence regarding the effectiveness of this
mechanism is provided; the second part discusses the findings that show how landfill levies are
perceived in Australia.

The Australian experience

In 2012, a C&D supply chain guide prepared for the Commonwealth Government of Australia (Edge
Environment 2012) reported that many stakeholders had indicated that landfill costs (landfill operation
and levies) are a significant driver for the use of salvaged and recycled C&D waste. In 2018, various
respondents to the call for submissions to the Senate’s Environment and Communicates References
Committee expressed support for continuous imposition of landfill levies. The submissions
highlighted that levy schemes can act as a disincentive for waste disposal. Further, they concluded that
the ensuing revenue is an important source of funding for investment in waste and recycling
management initiatives. The following table (Table 2) shows the examples of support from different
submitters:
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Table 2. The evidence of the effectiveness of landfill levies in Australia

Respondents Indicative language

WA Government There has been a notable diversion from landfill for two waste streams
(i.e. C&D and C&l) since 2011 when levy rates were considerably
increased.

Re.Group NSW’s relatively high recovery rate for two waste streams (i.e. C&D

(http://www.re-group.com/) and household waste) has been driven by the landfill levy.

SA Government Progressive increase of waste recovery (reduction in waste disposal) has

been concurrent to a continuous increase in levy fee. The increase was
more than 20% in 2015-2016 (81.6%) compared to 2003-2014 (60%).
The Western Australian Local | There is evidence that the landfill levy has been responsible for diverting

Government Association inert material from landfill; however, it is not known where this waste is
being diverted.

Envorinex Landfill levies should be priced high enough to encourage major

(https://envorinex.com/) business to send their waste to recyclers and not to landfill sites.

Source: Environment and Communications References Committee (2018)

In addition, to support from the submissions to this committee, there are some concerns about the
unintended consequences that emerge from the improper design of levy schemes. These concerns
express that the jurisdictional legislation levy should not give rise to unintended outcomes such as
interstate waste transfer because of cost disparity, discouraging private investors to invest in recycling
infrastructure, high administrative costs corresponding to the application of complex schemes and
stockpiling and illegal dumping. Furthermore, some respondents provided evidence that shows that
imposing a landfill levy did not achieve the intended goals (e.g. reduction in waste disposal or an
increase in waste recovery activities). Indeed, this evidence demonstrates that there are limits to what
can be achieved through the imposition of a landfill levy. Table 3 summarises these challenges
associated with landfill levies.

Aside from the views tabulated above and beyond the scope of this report, several respondents
indicated that levies have little impact on domestic waste generation patterns in Australian cities. It is
found that, because councils charge households at a flat fee to recover the levy fees, which they pay on
behalf of ratepayers, they have no motivation to reduce the amount of waste disposed of. In other
words, basically, the price signal is not passed on through the rates directly. There is a lesson in this
causality that can be transferred to the context of C&D waste management; the levy should be
accompanied with other financial incentives to effectively target waste generation at the origin, for
example, during the design and construction stages.

In response to the call made by the WA Department of Waste and Environmental Regulation for
submission to a discussion paper on landfill levy several trends emerged. Some of the submissions
presented different issues that were not considered in the relevant regulations and policies. The
following are a selection of their responses to the latest levy regime in WA:

“A levy, by its nature, is a penalty/cost impost. In what way is the payment of a levy an incentive?
Those paying the levy have fewer funds available to put into their own research and subsequent
implementation of their own waste reform policies and systems”.

“In addition, we are concerned that this appears to be revenue-raising activity rather than a legitimate
pursuit of better environmental outcomes for Western Australian”

1.  Levy should be articulated as the ‘key environmental lever’ not an ‘economic policy lever’

2. Arrebate system has to be in place for those who involved in landfill diversion

3. Allow alternative methods of calculating waste volumes, rather than just utilisation of weigh
stations
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Table 3. Unexpected results from the implementation of landfill levies in Australia

Submitter " Indicative language

The Law Council of Landfill levies can encourage stockpiling and illegal dumping.
Australia
GCS Consulting During the period when the amount of the metropolitan New South Wales

levy doubled, the NSW’s C&D industry was found to have reduced its
recycling rate, which is contrary to expected market behaviour and the
efficacy of the levy as a pricing mechanism that was achieved when the levy
was at much lower levels.

Unspecified submitters Little effect on waste generation, as ratepayers have no direct financial
incentive to reduce waste destined to landfill.

Adelaide Hills Region Waste | Waste disposal levies do 'not act as a direct driver for the community to
Management Authority reduce waste generation or increase recycling habits' because any increase in
waste levies is 'covered by general rate revenue’.

The Australian Sustainable Highlighted that there is evidence that an increase in the landfill levy results in

Business Group incurring additional costs for the recycling industry.

National Waste and A levy on the disposal of recycling residuals reduces the competitiveness of
Recycling Industry Council materials sold into the international market.

Centre of International In NSW, the waste levy of $ AU 120 reduced the profit margin of metal
Economics recyclers in 2011.

The Australian Council of When recyclers are liable to pay the levy for the disposal of contaminants
Recycling that have entered the recycling stream, they see it as a disincentive towards

being involved in the recycling industry and instead it encourages shipping
unprocessed waste overseas.

Re Group The disposal of residuals generally represents a significant cost for recycling
facilities, which can obviously create commercial incentives to seek lower
disposal cost options. It also justifies transport waste to interstate locations
with a lower disposal rate.

Visy, Owens-lllinois and Landfill levies penalise the recycling industry for the disposal of residual
SKM Recycling rubbish that enters the recycling stream.

Source: Environment and Communications References Committee (2018)

Another barrier to effective enforcement of landfill levies is to nationally harmonise gate fees. The
support for harmonisation is abundant (Environment and Communications References Committee
2018) and it is believed it can substantially minimise inter-jurisdictional waste transfer. However, it
should be remembered that such an arrangement might not produce the best results. Simple
harmonisation may overlook the existing contextual conditions in each jurisdiction. It may also
interfere with the specific waste management system implemented in different states and territories.
Hence, it is better to set up the levy fees in a way that ensures the negative impact on the effective
management of C&D waste across Australia is minimised. For instance, a rate disparity should be
calculated to the extent that it does not prompt unnecessary long-distance waste transfer.

Conclusion

This study reviewed and presented the main factors that are believed to have an important impact on
the development of the market for trading C&D waste in Australia. Development of a sustainable
C&D waste market wherein everyone can benefit from a fair, legal and cost-effective trade cannot be
achieved overnight. Indeed, it needs a fair amount of preparation activities including receiving support
from different key stakeholders. In the past, there were several attempts to creating such a marketplace;
however, these did not succeed in achieving the desired results. This study identified and discussed
seven main strategies including ‘regulation’, ‘extended producer responsibility’, ‘supply chain
management’, ‘sustainable procurement’, ‘investment in technology and infrastructure’, research and
development’, and ‘landfill levy’, It is expected that this study provides a platform for further research
and development in order to remove barriers toward the development of a well-perceived market
across Australia.
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Abstract

The construction industry has faced issues regarding the proper management of Construction and
Demolition (C&D) waste in Australia. As enshrined in many Australian waste strategy documents,
waste is everyone’s responsibility. Therefore, initiatives promoting the concept of shared
responsibility are being paid attention in more recent waste managed system and policies. Green
Construction (GC) is one of these concepts that, alongside other focus areas, advocate effective C&D
waste in construction projects. GC for C&D waste is mainly implemented through the Green Star (GS)
scheme (Green Building Council of Australia) and the Infrastructure Sustainability (IS) scheme
(Infrastructure Sustainability Council of Australia). This study sought to better understand how these
two rating systems are being implemented and could benefit the construction and resource recovery
industries. In this study, the review of relevant literature including industry and organisational reports,
guidelines and academic papers could provide insight into the position of GS in Australian
jurisdictions. In total 7 case study reports were found to show positive results achieved by the
application of IS and GS. The limited number of case reports, however, presents a limitation as to
reaching a definitive conclusion on the benefits of GC programs. Hence, it is highly recommended that
future research is undertaken to demonstrate GC programs’ capacity in the effective management of
C&D waste in a diverse range of construction projects. The results may inform policy development
and encourage construction and waste recovery industries to adopt best management practices
enshrined in these schemes.

Keywords
Waste strategy, Shared responsibility, Green star scheme, Infrastructure sustainability, Jurisdictions

Introduction

Rapid growth in construction activities in Australia in recent years has led to increased generation of
construction and demolition (C&D). According to the latest statistics (NWR 2018), about 20.4 Mt of
C&D waste was generated across Australia, which is equal to 30.5% of total waste generated, from
which 33% is being disposed in landfill. With the existing rate of migration and population growth
(Australian Bureau of Statistics 2018), it is expected that C&D waste generation will continue to grow
steadily in the coming years. Failure in delivering effective management of C&D waste generated will
have unintended economic, social, political and environmental repercussions (Park & Tucker 2017).
Therefore, it is of particular importance to properly manage this growing issue at the national level.
Effective management of C&D waste, however, is not straightforward and requires a contribution
from various stakeholders in the construction and recycling industries. Several issues in the C&D
waste management system have been found and strategies to overcome them have already been
proposed in Australia (Park & Tucker 2017; Tam, Le, Wang & lllankoon 2018; Udawatta, Zuo,
Chiveralls, Yuan, George & Elmualim 2018) and elsewhere (Menegaki & Damigos 2018; Wang, Li &
Tam 2014). Among the many stakeholders, it seems that construction companies have an instrumental
impact on C&D waste generation, re-using and recycling.
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One way to encourage construction companies to contribute to further recycling, re-using and recovery
of C&D waste is to design and implement environmental sustainability programs that award stars or
rates to construction companies (Siew, Balatbat & Carmichael 2013). These rated awards are granted
based on informed decisions and cautious activities that take place in construction projects that meet
the awarding organisation’s requirements. The award or rate can increase the construction company’s
reputation in the market, which is eventually translated to economic profit. Such profit is achieved
through construction companies advertising campaigns to promote their environmental-friendly vision,
design and product. This can increase the selling value of their buildings and add value to the property.
For instance, a CEO of a property investment management company in the UK stated that, ‘greening
our portfolio over the next two years is not only environmentally the right thing to do, it also makes
sound business sense’ (Lewry, Fisher & Holden 2018, p. 1). A review of case studies in the UK
showed the increase in rentable value for such properties is between 5-10 per cent (Lewry et al. 2018).
Another incentive for construction companies originates in the benefit gained from the demonstration
of their commitment to the set requirements making them eligible or advantaged in public projects.
Governments have started to include environmentally responsible construction practices in the
evaluation criteria of tenderers in public construction projects.

The Green Construction (GC) concept, otherwise known as green building, sustainable building and
high-performance building, refers to the combination of efforts towards reducing in part the impact of
construction activities on the environment and society. GC in the context of C&D waste is referred to
as a notion that intends to employ low waste building technologies and promote utilisation of C&D
waste or recycled materials. There are about 40 green programs across the world (Siew et al. 2013;
Thaickavil & Thomas 2019) that share similar principles. The seminal ones include ‘Environmental
Assessment Method” (BREEAM), the first and foremost green building rating system in the UK that is
implemented in 76 countries worldwide (BREEAM 2019); Leadership in ‘Energy and Environmental
Design’ (LEED), developed by the US Green Building Council that was launched in 1998 and is the
most widely used green rating system with certifications in over 165 countries and territories;
‘Comprehensive Assessment System for Built Environment Efficiency’ (CASBEE), the green building
rating system developed in Japan in 2001; ‘Building Environmental Assessment Method’ (BEAM)
plus, the green building assessment system developed by the ‘Hong Kong Green Building Council
Limited; and the ‘Green Rating for Integrated Habitat Assessment’ (GRIHA) rating system ‘developed
by The Energy Research Institute (TERI), New Delhi, and Ministry of New and Renewable Energy,
Government of India.

Australia is considered to be a leading country in the development and application of GC schemes to
reduce the environmental impact of construction activities. However, there is limited research
undertaken to study the extent to which application of GC programs could effectively achieve the
benefits stated under the main Australian GC schemes. Therefore, this review study attempts to shed
light on the green rating tools being implemented in Australia to better understand how they contribute
to the management of C&D waste. The review informs a larger research project entitled ‘A National
Economic Approach to Improved Management of Construction and Demolition Waste’, which is
being conducted at RMIT University and supported by the Australia Built Environment National
Research Centre. This project endeavours to foster a holistic national approach to address C&D waste
issues. Its objectives include the development of a consistent approach to define and measure C&D
waste, identification of influential economic factors that govern disposal/reduce/reuse/recycle of C&D
waste, conducting a feasibility study on the creation of a marketplace for trading C&D waste, and
identification of opportunities to integrate supply chains model in the management of C&D waste. The
objectives are in relation to several strategies mapped out in the National Waste Policy 2018 (National
Waste Policy 2018) and can provide a solution to tackle the issues raised in light of new changes in
Chinese regulations that ban waste trade imports.
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Methodology

Data collection, processing, and analysis

This review study is based on the secondary data that is publicly available. The document analysis
technique was conducted to explore activities that aim to further reduce, reuse and recycle C&D waste
through GC programs in Australia. The sources reviewed include policies and other relevant studies
that focus on the relationship between a GC scheme and C&D waste management. In total, 10
academic papers and industry-based reports were analysed that provided information about GC and
C&D waste in Australia. Microsoft Excel V. 2016 is used to analyse the data and visualise results.

Context of study and C&D waste regulation in Australia

Australia is a large country with a population of 25 million that is mostly settled in capital cities. The
state and territory governments attempt to regulate C&D waste management by enforcing relevant
legislation and voluntary schemes. C&D waste legislation mostly takes place at the state and territory
level. Australia has 6 states: Victoria (Vic), New South Wales (NSW), Queensland (QId), South
Australia (SA), Western Australia (WA) Tasmania (Tas) and 2 territories: Northern Territory (NT) and
Australia Capital Territory (ACT). The majority of regulations and policies that govern C&D waste
are produced and administrated by state Environmental Protection Authorities (EPA). The history of
C&D waste legislation dates back to the 1970s when the first EPA act (Environmental Protection Act
1970) came into effect in Victoria. A review on the C&D waste-related regulations in different
Australian jurisdictions has previously been provided in Shooshtarian, Magsood, Khalfan, Wong and
Yang (2019).

Results

The concept of green construction was introduced in Australia in two main forms, the Green Star (GS)
Program and the Infrastructure Sustainable (IS) rating system, by two authorities, the Green Building
Council of Australia (GCBA) and the Infrastructure Sustainability Council of Australia (ISCA),
respectively. The following sections deal with these two rating systems and explore how they consider
C&D waste in their requirements.

The green star rating tool

Since its establishment (2002) as the nation’s authority (non-for profit) on sustainable buildings,
communities and cities, GCBA has developed sustainability programs to certify, educate and advocate
green built environment projects in Australia. A year after the establishment of GCBA, it started
providing the Green Star (GS) scheme, which is Australia's only national and voluntary rating system
for buildings and communities. Currently, there are four internationally recognised rating tools under
the GS Program, namely ‘Communities’, ‘Design & As-Built’, ‘Interiors’ and ‘Performance’. These
voluntary tools promote the efficient use of management practices of construction and fit-out materials
and target C&D through ‘Construction and Demolition Waste’ credits. The C&D waste credit aims to
encourage and reward management practices that minimise the quantity of C&D waste going to
landfill from base building and/or interior fit-out works. The credits operate to engage verified waste
contractors and processing facilities that comply with minimum standards of GCBA reporting that
were developed in 2013. GCBA claims that green projects (buildings) recycled 96% of their C&D
waste.

Generally, there are three areas of improvements in GS for C&D waste-related credits:

= Recycling of construction and demolition waste from the building
= Design of the storage for waste to encourage good recycling practices
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. Use of recycled materials

According to the criteria, credit points are awarded when a project can prove that less than 4.5 kg/m2
of fit-out area have been sent to landfill. In particular, the following items can win credits for
construction projects:

= Reduction: Reduction of C&D waste: 1 credit

= Reuse: Facade reuse (retained by 50%: 1 credit; retained by 80%: 2 credits), Structure reuse
(retained by 30%: 1 credit, retained by 60%: 2 credits)

= Aggregate: Coarse aggregate is crushed slag aggregate or other alternative materials—at least
40% (0.5 credit), Fine aggregate is manufactured sand or other alternative materials—at least
25% by mass; in Australia, both of these two categories are sourced from C&D waste

= Recycled content products: 3% product (1 credit), 6% (2 credits), 9% (3 credits).

The following table presents the categories of GS rates and corresponding scores.

Table 1. Categories of Green Star (GS) rates

Score ‘ Rating ‘ Category

10-19 One Star Minimum Practice
20-29 Two Star Average Practice
30-44 Three Star Good Practice

45-59 Four Star Best Practice

60-65 Five Star Australian Excellence
75+ Six Star World Leadership

The evaluation of performance and effectiveness of GS in Australia has been the focus of several
investigations in recent years (Table 2). A study in Australia (Park & Tucker 2017) has recommended
the GS’s C&D Waste credit to be mandatory; it also suggests that the additional costs that a client
must incur to get a GS certificate should be reduced in future. A report (Green Building Council of
Australia 2014) on the benefits of a decade’s application of GS in Australia revealed that GS certified
buildings are recycling 96% of their C&D waste. This report found that, in total, 37,600 truckloads of
C&D waste have been diverted from landfill due to good waste management practices. Specifically, in
one outfit project, the construction company could achieve a surprising rate of 0.35 kg/m? of C&D
waste going to landfill. Another study in 2015 (Udawatta, Zuo, Chiveralls & Zillante 2015) reported
decisions in construction projects are constrained by financial gains unless a special requirement to
comply with GS or any similar schemes is in force. One of the interviewees in this study indicated that
designers do not tend to consider opportunities for waste minimisation unless they are required to
fulfil building rating tools such as GS. Overall, the authors of this research concluded that GBCA
could improve its GS program to address the impacts of three main deterrents towards waste
management practices: lack of economic interest, professional roles and less accountability of
construction stakeholders.
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Table 2. Summary of investigations on the impact of green construction on C&D waste management in

Project

o GBCA SA Water
o (2010)
3
2 Green Report
Building
Council  of
Australia Frasers Property
(2014) Australia’s office fit-
out)
Green Westfield Sydney
Building
Council  of
Australia
(2018)

Bauer (2011) Whitsunday’s STP
upgrades

Bauer (2011) Gold Coast Light Rail

AiceureIsng aanjonasedjul

MMRA Melbourne Metro
(2016) Tunnel

Australia

Summary of waste management results

Diverted 98% of construction waste away from landfill,
reducing waste processing costs and the strain on local
waste facilities.

GS certified buildings are recycling 96% of their C&D
waste. In total, 37,600 truckloads of C&D waste have
been diverted from landfill due to good waste
management practices

This project only sent 0.35 kg/m? of C&D waste to
landfill

This project that applied GS principles could recycle
90% of the waste produced during demolition and
construction activities

Application of IS scheme requirements resulted in fewer
construction materials (4,4000t fewer materials),
application of green concrete in roads, 40% fly ash blend
in asphalt and 100% reuse of excavated materials

Following IS principles, the project could cut down the
need to excavate and relocate 68,200 tonnes of waste
material, reduce reduction concrete and steel required by
40%, reduce embodied carbon emissions of 3,200 t CO,”
¢, recycle sand from excavation, reduce costs for
transport and recycling, and improve local beaches. The
report also showed that the project owners could save
44,000 tonnes of materials, leading to a 55% reduction
in embodied carbon emissions. It also resulted in the
recycling of 156,000t of inert and non-hazardous
construction waste. They also recycled 100% of spoil.

Adhering to ISCA and GC schemes guidelines this
project sourced at least 95% of all timber from re-used
timber and post-consumer recycled timber. The project
managers ensured that greater than 95% by volume of
reusable topsoil and spoil (general fill), greater than 90%
by volume of inert and nonhazardous waste, and greater
than 60% by volume of office waste is diverted from
landfill.

The main stakeholders have questioned the practicality of achieving the GS scheme requirements.
However, GCBA invites stakeholders to comment on the main issues and publishes their feedback
through discussion papers periodically. The criticisms mostly refer to potential additional costs, the
realism of targets, and the complexity of audit processes (Green Building Council of Australia 2013).

The sustainable infrastructure rating tool
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In addition to GBCA, the ISCA (a non-for-profit industry council) developed a voluntary rating
system called Infrastructure Sustainability (IS) for environmental assessment of infrastructures
(nonbuilding projects) in terms of sustainability in 2007 (Diaz-Sarachaga, Jato-Espino, Alsulami &
Castro-Fresno 2016). This scheme seeks to foster resource efficiency and reduction of waste and
associated costs in infrastructure projects (ISCA 2019). Its equivalent programs in other countries
include Envision (USA) and the Civil Engineering Environmental Quality (CEEQUAL) assessment
(UK). Under the resource efficiency category of its environment component, this program aims to take
a circular economy approach to resource management and thinks about resources holistically from
reusing resources on-site to finding new and innovative used for ‘waste’ products (Newman,
Hargroves, Desha, Kumar, Wilson, Farr, Whistler & Matan 2014). This tool credits infrastructure
projects according to five credit categories: ‘Management and governance’, ‘Using resources’,
‘Emissions, pollutions and waste’, ‘Ecology’, ‘People and place’ and ‘Innovation’; and in three phases,
‘Design’, ‘Build’ and ‘Operation’. Following the planning and design phases, requirements for
sustainability and performance during construction are appraised. The ‘Build’ rating is awarded at the
conclusion of project construction and replaces the ‘Design’ rating. The point-based award categories
consist of Commended (25-50 points), Excellent (50-75 points) and Leading (75-105 points).

ISCA has demonstrated the impact of IS scheme implication on the C&D waste management in two
Australian projects (Bauer 2011). In the first project, an upgrade of two treatment plants at Proserpine
and Cannonvale (Qld), the project owners could benefit from reusing recycled materials, clean fill and
reduction in raw materials and embodied carbon emission (Table 2). The second case was a transport
project in Qld, where adhering to IS requirements produced several economic benefits including cost
saving in transport, excavation and use of raw materials, recycling fees and embodied carbon
emissions. This report echoed the project success story of 90% recycling of inert and non-hazardous
C&D waste produced during construction (Table 2).

Discussion

Impact of green construction programs on C&D waste management

Green construction programs are assumed to effectively improve C&D waste management in the
Australian construction industry (Newman et al. 2014). In Australia, the results of a few studies have
shown that, if properly managed, GC programs facilitate a substantial reduction in the construction
waste generation, increase in reuse of recycled and salvaged C&D waste materials (Table 2). However,
there is an emerging need to further demonstrate this capacity within various construction projects
varying in size, purpose, build budget, etc. This demonstration should aim to encourage the main
actors in the construction industry to further reduce C&D waste and increase the in waste-driven
materials uptake during construction and demolition activities.

Barriers to the application of green construction schemes to reduce C&D waste

Despite the proven evidence for the economic benefits of GC programs all around the world (Kats
2003; Zhang, Shen & Wu 2011), several research studies have identified key barriers decreasing the
willingness to follow GC principles (Samari, Godrati, Esmaeilifar, Olfat & Shafiei 2013). These
barriers are wide-ranging and emerge from different sources. For instance, in Malaysia, it was found
that the lack of credit resources to cover the upfront cost, risk of investment, lack of demand and
greater final costs are the main barriers to GC implementation (Samari et al. 2013), issues that can be
also traced in the Australian construction industry (Udawatta et al. 2015). In Australia, a case study in
SA identified the main barriers in C&D waste management as the lack of economic interest,
professional roles and less accountability of construction stakeholders (Udawatta et al. 2015). In
removing these barriers, the authors believed that GS scheme could be of help, provided that GBCA
improves its rating tool given these issues. Another study on the barriers to implementation of GC in
Australia found that the initial enthusiasm for separating the C&D waste materials dissipated as the
projects progressed (Wilson & Tagaza 2006). For instance, it was reported that recycling skips were
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found to contain a mix of materials, which can be related to ignorance, laziness or time pressures to
complete a project and clean-up expediently. To tackle these issues, the appointment of an officer
tasked to check practices or random on-site visits by project managers can be helpful. Furthermore,
involving union representatives in site meetings to reinforce the benefits to workers of sustainable
practices is another solution (Wilson & Tagaza 2006).

The role of government to promote green construction

Governments play a key role in promoting GC programs (Samari et al. 2013). Through adjusting
legislation and providing financial incentives, a government can further encourage the construction
industry to move towards the GC concept. However, these strategies should be designed in such a way
that assures these companies that no additional on the base build costs will occur. For instance,
governments can incentivise major stakeholders by aligning regulations governing C&D waste with
GC program requirements. Relaxing regulations to provide the levy exemption for clean fill and
providing discounted levy fees for C&D waste residuals in recycling facilities (Environment and
Communications References Committee 2018) will provide a competitive advantage for those who
intend to use recycled materials in their construction projects. Another example is to develop and
promote sustainable procurement policies (Berry & McCarthy 2011). Currently, the Australian federal
government, ACT, SA, NSW, Qld, and WA have their procurement policies in place.

Conclusion

This review study aimed to review the activities for the management of C&D waste in light of the
requirements of GC programs in Australia. Currently, there are two rating voluntary systems (i.e.
green star (GS) scheme and infrastructure sustainable (IS) tool) that are implemented in different
Australian jurisdictions. Despite the limited number of case studies in Australia, the research could
provide evidence on the positive impact of these two programs on the management of C&D waste in
various construction projects. The limitation identified, however, may impede the efforts towards the
promotion of these programs among public organisations and the industry. This limitation makes it
difficult to arrive at a decisive, justifiable and transferable conclusion. Therefore, it is highly
recommended that further studies be conducted to provide more information on how GC programs can
contribute to reducing C&D waste generation, increasing uptake of recycled materials and reusing
C&D waste in the construction industry as a whole. Particularly, future research should be directed
towards the economic aspects of these programs in which the industry’s interest lies. If properly

communicated, this can encourage more construction companies to join and implement such programs.
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Abstract

The rapid population growth and urbanization have resulted to the increase in demand for housing units
in developing countries. Therefore, most governments have sorted to the application of the
public- private partnership (PPP) scheme. Like other developing countries, the Government of
Ghana (GoG) has also attempted to implement the PPP policy for affordable housing with the high-
profiled project; The Ghana National Housing Project (GNHP). However, this project failed, as it was
not implemented. This paper aims to review the underlying challenges of implementing PPP policy for
affordable housing delivery in Ghana by analysing the experience of the GNHP. From the case study
analysis, a conceptual success model for implementing the PPP policy for affordable housing
delivery in Ghana is proposed. The model consists of five categories of success factors; these are
national policy on housing PPP, transparency and competition, capacity building, stakeholder
engagement and the use of local labour and materials. The outputs of this study are considerably
beneficial to policy makers and private housing developers. They inform practitioners on the
investment strategies to adopt for future housing PPP projects in Ghana.

Keywords

Public-Private Partnership, PPP, housing affordability, housing units, housing industry, Ghana
Introduction

Housing is one of the fundamental social conditions which affect the quality of life of people and its
adequate provision remains a great concern (UN-Habitat, 2012). The rapid growth of the world’s
population and urbanization has placed significant constraint in housing provision globally (UN-Habitat,
2009). According to the UN-Habitat (2014), it is estimated that approximately three billion people (40%
of the world’s population) will require proper housing infrastructure by 2030. This implies that
96,150 housing units will be required per day till 2030 (UN-Habitat, 2014). Given the increasing
demand of housing due to the rapidly changing and urbanization of the world, it is worth noting
that neither the private sector nor governments can solely address this increasing housing demand at
an affordable rate (Mukhija, 2004; Abdul- Aziz and Kassim, 2011). Thus, a more collective and
contemporary approach is essential to provide affordable housing units.
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In recent times, partnerships between governments and private investors in affordable housing delivery
have gained considerable attention both in the developed and developing countries (UN Habitat, 2011c).
Public-private partnership (PPP) initiatives have enabled many local government authorities to deliver
very cost efficient and quality housing units to many low-income earners.

Like many other governments, the Government of Ghana (GoG) has also shown interest in the PPP
policy for affordable housing delivery (UN-Habitat, 2011b). Over the years housing units have been
independently delivered either by the government through the State Housing Corporation and State
Construction Corporation. Emphatically, this has not contributed to the growth of the Ghanaian housing
market compared to other African peers including Nigeria and South Africa (Ibem, 2011; UN-Habitat,
2011a). Notwithstanding, the current housing deficit in Ghana is estimated at 1.7 million deficits, which
require 170,000 housing units per annum over the next decade (MWRWH, 2013). This suggests that
the unilateral effort from the government cannot bridge the housing gap; hence a collective effort with
private developers is vital. Although, in the last couple of years, some measures including a drafted
national housing policy have been undertaken by the Ghana government, the pace at which affordable
housing PPP projects are procured by local housing authorities have been very slow (UN-Habitat,
2011Db). Importantly, very few projects have been initiated, with most of the initiated ones failing to
proceed successfully. This therefore calls for the need for a continuous thorough review and assessment
of the suitability of PPP policy for affordable housing delivery in Ghana. This is vital because it would
help both public housing authorities and private developers to be informed of the effective strategies to
employ in delivering successful affordable housing PPP projects. Against this backdrop, this paper seeks
to investigate the challenges of implementing PPP policy for affordable housing by reviewing the Ghana
National Housing Project (GNHP), which failed in its implementation. Further, the paper provides
engendering policy implications for future housing PPP projects. The findings of this paper provide in-
depth insights on how to expedite the development of PPP practice in the Ghanaian housing industry.
However, it is worth noting that although this paper offers a more country specific discussion,
implications and policy directions provided are applicable to other developing countries particularly
countries in the sub-Saharan Africa region. To put the paper in a context, the research approach is first
presented. Second a general review of global practice of PPP for affordable housing delivery is
discussed. Third, the analysis and discussions on the GNHP is presented. Finally, a conceptual success
model for PPP policy implementation for affordable housing delivery is presented.

Research approach

The aim of the study was achieved primarily through a two-stage comprehensive review of literature on
case study. This approach of reporting PPP projects experiences has been adopted by previous related
studies including Osei-Kyei and Chan (2015); Cheung and Chan (2009) and Kumaraswamy and Zhang
(2001). First, a large range of data and information which describes the GNHP experiences and features
were drawn from the Ministry of Water Resources Works and Housing (MWRWH) reports and
documentations, UN-Habitat reports and newsletters, Ministry of Finance and Economic Planning
(MOFEP) documentations and newsletters, interviews and articles in local newspapers, project
stakeholders’ websites, project’s related literature and media commentaries. Second, the content of the
data and information retrieved were thoroughly analyzed to derive themes, which accurately represent
the GNHP experiences. Also, a follow up correspondence with some project’s participants were
conducted to further gain insights and clarifications on the experiences of the GHNP. The findings are
therefore presented in a discussion form in this paper, which is also informed by authors’ experiences
in Ghana’s PPP practice.

It must be highlighted that the GNHP was selected because it is the first and only large-scale affordable
housing PPP scheme to be attempted; hence it received high national and international attention (Oxford
Business Group, 2011; Africa Elections Project, 2010, Baetens and Caiado, 2014). Also, the project
exhibits unique characteristics and experiences of which useful lessons can be drawn for future
affordable housing PPP projects delivery in Ghana (Mingle, 2010).
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Global practice of Public-Private Partnerships for affordable housing

Over the past decades, the collective effort of governments and private developers in the delivery of
affordable houses has gained grounds in some parts of the world particularly in Malaysia, the U.K, U.S,
India, Russia and Canada (Abdul- Aziz and Kassim, 2011; Shelter Afrique, 2011). In essence, such
efforts have facilitated the provision of houses to all levels of income earners (Abdul Aziz et al, 2007;
Ibem, 2011). A notable example is the Toronto Community Housing project initiated in 2005. This
affordable housing project was a partnership between the Toronto Community Housing Corporation
(TCHC) and Daniels Corporation. Also, the Lets Build Programme introduced in 2000 is a PPP initiative
towards affordable housing delivery in Canada (Griffin, 2004). Other PPP initiatives include the
Executive Condominium Scheme (EC) in Singapore and the Hope VI Programme in the United States
(Phang, 2013). In these initiatives, the government acts as both the enabler and facilitator of the housing
market through the establishment of sound legislative, institutional and financial frameworks (Sengupta,
2006). The private developer also assumes the responsibility of financing, designing, constructing and
operating the housing project at an agreed reasonable fee affordable to all groups of income earners
(Bardhan and Barua, 2005; Thomas, 2009). In affordable housing PPP arrangement, one critical
responsibility of the government is to make lands available either through a freehold or a leasehold
arrangement (Awil and Abdul-Aziz, 2006). This obligation is very important towards the partnership
deal because many delays of affordable housing PPP projects results from the unavailability of lands
and litigations (Ibem, 2011; UN-Habitat, 2011a).

Undoubtedly, the major reasons for adopting the PPP concept in affordable housing delivery go beyond
reducing housing deficit and budgetary constraints (UN-Habitat, 2006; 2011c). The private sector’s
expertise and skills have also been reported as very important drivers for the implementing the PPP
concept in affordable housing delivery (Skietrys et al, 2008). However, it must be highlighted that
different governments may have different reasons for engaging in partnership initiatives for housing
delivery. Definitely, the reasons of governments in developing countries may differ from those in the
developed countries. Risk management in housing PPP projects is very important to achieve success.
Risks which have been reported to be very critical in housing PPPs include delay in the release of lands,
change in demand and other risks related to the design and construction of the housing project (Hussin,
2001). However, with PPP schemes these risks are better managed. They are allocated to the party with
better mitigation techniques (Ke et al, 2010). Value for money is guaranteed when affordable housing
projects are delivered through PPP schemes. In essence, when private investors operate within a
favourable investment environment, they are able to reduce the life cycle cost of a project and also
complete on time (Grimsey and Lewis, 2002; Abdul — Aziz and Kassim, 2011). In spite of the benefits
the PPP concept offers the global housing industry, several problems have been reported. These include
lack of appropriate skills and expertise, lack of proper regulatory and policy framework, complex
contractual arrangements, political interference, allegations of corruptions, lack of competition and
transparency (Rondinelli, 2003; Sengupta, 2006). It is therefore important for these obstacles to be
addressed so that the opportunities and benefits of the policy would be fully realized. estimated cost of
the project was approximately US$ 10 billion, which was expected to be constructed in 4 phases starting
from 2010.

Case Study
Background of GNHP

The GNHP was part of the affordable housing policy initiative by GoG in 2005. It was the first ever
major PPP housing project to be initiated in the country’s housing sector since mid-1960s (Mingle,
2010). It was a partnership deal signed between the GoG through its MWRWH and a Ghana- Korea
private developer (STX Engineering and Construction Ghana Ltd). The housing project agreement was
signed in 2009. The project was to provide 200000 housing units in the ten regional capitals of Ghana
(Oxford Business Group, 2011a) and the estimated cost of the project was approximately US$ 10 billion,
which was expected to be constructed in 4 phases starting from 2010.
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The first phase involved the construction of 30,000 housing units, followed by 60,000 for the second
phase and the remaining 110,000 were to be constructed over the remaining two phases. Out of the
200,000 housing units, 30,000 (first phase) was expected to be completed within 5 years spanning from
2010 to 2015 at approximately US$ 1.3 billion excluding taxes and duties based on lump sum fixed
contract, whereas the remaining 170,000 were to be completed over the years. In fact, the intention of
the government for the completion of the first phase (30,000 units) was to allocate the housing units to
the security services across the ten regions of Ghana (Memorandum of Understanding, 2010).

The Contractual Arrangement

The GoG and the STX Engineering and Construction Ghana Ltd entered into an off-take arrangement
for the project (Memorandum of Understanding, 2010). As agreed between the parties, the GoG was
expected to purchase 90,000 (45%) of the 200,000 housing units constructed by the private developer
(Off — Taker agreement, 2009). The remaining 110,000 (55%) housing units would be off take by a local
mortgage financial institution (i.e HFC bank). However, the repayment of the off-take for the 45% to
the private developer was expected to take 15 years (African Elections Project, 2010). The contractual
agreement clearly spelt out the roles of the parties in the partnership. The private developer was obliged
to;

i. Plan, design and construct the housing project according to international standards on the
available sites construction of the housing project with the financial guarantee by the
government.

ii. To utilize the local resources of Ghana with over 30% for executing the housing project

and as well provide some training to local labour force employed in the project delivery.

Likewise, the public partner (i.e GoG) was to:

i. Make lands available for the construction of the project at no cost to the investor.

ii. Make available all necessary utilities such as water, electricity, roads, and any other
relevant facility for the delivery of the project.

iii. Provide tax exemptions on incomes of sub-contractors and expatriate personnel, import
duties on equipment, materials as well as machinery for the purpose of the housing
delivery.

iv. Facilitate the processing of any approvals or granting of permits in relation to the
project delivery (Off — Taker agreement, 2009).

The Project Finance

As mentioned earlier the estimated cost of the 200000 housing unit was US$10 billion with the first
30000 housing unit estimated to be approximately US$1.3 billion excluding taxes and duties based on
lump sum fixed contract. In order to help the private developer raise adequate funds for the project, the
government provided a sovereign guarantee towards the project. It was expected that with the sovereign
guarantee the private developer could raise funds for the housing project from the global financial
market. The sovereign guarantee had a maturity date of 20 years. It must be noted that the sovereign
guarantee was given as part of the conditions on the off take agreement between the parties. In this
regard the sovereign guarantee covered only the 90,000 (45%) housing units to be off take by the GoG.
Further, it was still expected that the Korean Government through its Global Infra Fund (a sovereign
fund established by the South Korean government to finance international infrastructure projects by
South Korean firms) would be used as well as the collaborative efforts from other local and international
financial institutions to support the private investor in financing the remaining 55% (110,000) housing
units (Oxford Business Group, 2011; Africa Election Project, 2010).
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Analysis and discussion on case study

The findings of the review are presented in two sections. The first section discusses the major reasons
why the government attempted to enter into the partnership. The second section explores the underlying
failure factors of the partnership.

Fundamental reasons for Government of Ghana opting to engage in the GNHP
arrangement

Three major factors are identified as the major potential reasons why the GoG opted to enter in to the
partnership arrangement. These include excessive national housing deficit, government budgetary
constraint and satisfy political motive.

Excessive national housing deficit

The increasing housing deficit is a major global concern given the increasing rate of the world’s
population and rapid urbanization (UN, 2010). According to the World Bank (2009), over 90% of recent
urbanization has occurred in developing countries with an estimated number of two billion people
becoming urban residents in the next two decades particularly in Africa and South Asia. This has
therefore contributed to the increasing housing infrastructure demand especially in developing
economies. Ghana is no exception and one of the government’s core priorities to embark on the GNHP
was the increasing population and rapid urbanization, which has caused huge housing deficits in the
country with social consequences. The huge housing deficit has over the years resulted in the creation
of slum dwelling places particularly in the urbanized areas of the country (UN-Habitat, 2009).
Ghanaians living in such dwellings do not have access to proper and quality housing facilities and this
has affected the quality of life of the people living in such communities.

Further, the unilateral efforts of government and private developers towards providing affordable
housing units over the years has not contributed significantly to the reduction of the huge housing deficit
confronting the country (MWRWH, 2012). This is because most housing units from private developers
tend to target high income earners who obviously form a low proportion of Ghana’s population (UNDP-
Ghana, 2012). A similar situation applies to effort by local housing agencies providing housing units.
All these factors triggered the commitment by the government to enter into a partnership agreement with
the private developer to build affordable housing units to all levels of income earners in the country
(Trade Invest Africa, 2012). Although, the project could not have eradicated the housing deficit
completely, but it was an attempt to initiate housing PPPs towards addressing Ghana’s housing deficit.

Government budgetary constraints for affordable housing delivery

Another driving force for the initiation of the GNHP was the limited allocation of national budget to the
housing sector. This factor has also been the motive of other government entering into housing PPPs
including Malaysia, U.K, U.S, India, Australia and Canada (Pomeroy et al, 1998; Maguire and
Malinovitch, 2004; Abdul — Aziz, 2011). It is obvious that governments globally particularly those in
developing countries cannot meet the increasing demand on public infrastructure solely from budgetary
allocations. Thus, leveraging the private sectors’ capital is very important (Osei-Kyei et al, 2014).
Emphatically, considering the estimated cost of the GNHP (US$ 10 billion), there was no way the Ghana
government could have undertaken such housing project from the public purse. Essentially, for the past
couple of decades, the government has had deficit budgets, where funds for public facilities are sourced
from international financial institutions and donors (World Bank, 2011; Ameyaw and Chan, 2013).
Attempts have been made in previous years by successive governments to fund affordable housing
projects through budgetary allocations but all proved futile due to the constraints characterized with
public budgets. A notable example was the affordable housing project initiated in 2005 by previous
government. Although the project was progressing at the initial stages with funding from the public
purse, a change in government in 2008 resulted in its abandonment. It was identified that the affordable
housing projects relinquishment was due to the absence of a well-established funding for the project
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(Mingle, 2010). In order not to repeat a similar public housing delivery approach, the newly-elected
government rather opted to engage the private developer for affordable housing delivery. It is
understandable because the private sector is well known to have better capacity to raise massive funds
for large scale construction projects such as the GNHP.

Satisfy political objective / motive

Although the GNHP could have minimized the current housing deficit in Ghana, its initiation and
attempt was also induced by political motive. In every democratic society particularly developing
countries, the government in administration would want to undertake a unique project or policy that can
attract positive political gains or credit for the subsequent national election (Mustapha and Whitfield,
2009).

This phenomenon is much particular in developing countries particularly Ghana, where two major
political parties are in a keen contest for political power. Any of the two major political parties when in
administration, is seeking to undertake or implement a unique and outstanding project or policy to gain
positive political gains. In fact the commitment from the Ghana government in 2009 towards the GNHP
was to set an outstanding history in partnership deal in the Ghanaian housing sector (GNA, 2010a). The
successful implementation of the GNHP would have given a huge positive political credit to the
government in the history of the housing industry. In essence, after the signing of the partnership
agreement, one of the remarks made by a key government official at a press briefing was that;

“[...] remembering that we [government] are accountable........... we are proud of this

historic exercise” (GNA, 2010a)

Another assertion made by a key government official was that;

“[...] today government is recording positive history /...J history will prove us right in the fullness of
time” (Graphic Online, 2011)

The success of the housing PPP would have been recorded on the achievement list of the government in
administration. However, it must be noted that such political games are part of the Ghanaian democratic
culture and it is obvious the trend would continue for mega housing PPP deals in future regardless of
the political party in public administration.

Underlying problems of the GNHP

Five underlying factors are identified to have contributed to the failure of the GNHP. These include
weak private consortium structure, strong political opposition, absence of competitive procurement
process, lack of experience in handling housing PPP deals and Unavailability of funds for project
delivery

Weak private consortium structure

The long-term and complex structure of PPP projects requires a very strong and potential project
company for their successful delivery (Cheung et al, 2012). On the contrary, a weak multidisciplinary
team of stakeholders and private partners in the Special Purpose Vehicle (SPV) would not be capable to
successfully undertake such a complex and long term nature project (Chan et al, 2010).

The contention within the boardroom of the project company required to execute the GNHP contributed
to the failure of the housing PPP (Owusu, 2011). The private consortium was a joint venture between a
Ghanaian private company (G.K Airports Company Limited) and a South Korean construction firm
(STX Construction Group) (Citifmonline, 2011). These companies formed a Special Purpose Vehicle
(STX Engineering and Construction Ghana Limited) for the purpose of undertaking the GNHP.
However after the signing of GNHP contract with the government and sod cutting to begin construction,
a board room wrangling emerged between the local and foreign companies. The two parties begun
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arguing on the full ownership right of the project company. In fact, this in-house fighting ended up in
an intense legal battle between the private parties (Dzawu, 2012). Major concerns raised by the parent
partner (South Korean STX Construction Group) of the SPV was that the Ghanaian representative of
the Project Company (STX Engineering and Construction Limited) had side-lined the parent partner
during negotiations of the partnership agreement with the government (Benson, 2011). The South
Korean partner claimed that their Ghanaian partner had not correlated with them properly on some of
the details of the partnership agreement that was signed on behalf of the Project Company. They further
asserted that most of the details of the partnership agreement with the government were known through
media reports. Further, the parent partner claimed that their Ghanaian partner undertook some actions
regarding the proposed project without their consents and notice (Dzawu, 2012). These claims by the
South Korean partners elicited them to seek legal action to determine who the rightful owner of the SPV
formed is and therefore the appropriate partner to execute the project.

On the other hand, the Ghanaian partner also sorted a legal action for the court to declare them as the
lawful partner to execute the GNHP (Benson, 2011). This boardroom wrangling between the private
parties delayed the commencement of the project close to six months after agreements have been signed.
Therefore, the government realizing the conflicts decided to back out from the partnership agreement
and began the due process to retrieve all national assets provided for the GNHP (Dzawu, 2012). The
GNHP experience actually reinforces the assertion made that a strong multi-disciplinary consortium is
very key in PPPs especially in developing countries where often local private developers partner foreign
companies to undertake a housing PPP project.

Strong political opposition

In Ghana’s political setting, opposition political parties play crucial role in shaping incumbent
government’s policies and initiated project deals, therefore most projects initiated by existing
government are highly assessed and of great concern to the opposition parties (Mustapha and Whitfield,
2009). The GNHP received strong resistance from the opposition political parties. Although the
opposition parties claimed they were not against reducing the increasing housing deficit of 1.7 million,
their major concern was on the nature and structure of the housing project contract, and its ability to
provide value for money for the public (Gyasiwaa, 2011).

The intense opposition towards the commencement of the project contributed to delays in the agreement
of certain conditions raised by the political opponents in the contract. One key issue raised by the major
opposition party was the numerous incentives given to the private developer for the execution of the
project. Other issues include tax exemptions on incomes of expatriate personnel and subcontractors,
exemptions of import duties on machinery, equipment and materials. In addition, the opposition parties
lamented that a due diligence had not been conducted in awarding the contract. Moreover, they indicated
that the government had agreed on a high interest rate and payment fees, which certainly are in favour
of the private developer (GNA, 2010b). Essentially, the stiff opposition from the political front increased
the general public’s perception of the GNHP as fraudulent and not beneficial. Notwithstanding, despite
the agitation by the opposition party, some section of Ghanaians still believed that the GNHP is
beneficial not only in addressing the housing deficit but it also strengthens the Ghanaian housing market
due to its first kind (Mingle, 2010).

Absence of competitive procurement process

The GNHP was not subjected to any competitive bidding process (Amesimeku, 2013) but rather the
project was introduced to the government by one of the directors of the Project Company (Benson, 2011).
This therefore raised lots of arguments and concerns about the estimated cost of the project and the
estimated end user charges (Daily Guide, 2010). Most professional bodies and policy experts
emphasized that the project could be delivered at a much lower cost than the estimated cost by the
selected private developer (GNA, 2010b). Moreover, with the numerous incentives and strong
commitment from the government, many believed that given such support and opportunity, a
competitive procurement process would have allowed the government to select a capable private
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investor with much lower estimated cost compared to the one agreed on by the government (Oxford
Business Group, 2011b). Owing to this, it is realized that the absence of competition contributed to such
high estimated cost of the GNHP and attracted public scrutiny and criticism. Indeed, GNHP affirms the
assertion that the lack of competition in PPP procurement process results in rather high project cost and
the absence of value for money assurance (Chan et al, 2010).

Lack of experience in handling housing PPP deals

PPP as a procurement approach is a growing concept globally and it requires experience and adequate
understanding of how this concept operates to ensure its effective implementation (Li et al, 2005). PPP
cannot be successfully implemented overnight; it however requires training to enhance public and
private sectors’ management skills in managing PPP projects (Morledge and Owen, 1998). Since its
evolution in Ghana for construction projects in 2004, this concept is still developing and has not yet
been fully explored and understood especially in the Ghanaian housing sector (UN-Habitat, 2011b). It
would however require adequate capacity building for both public and private sectors in the housing
industry to fully understand how this new procurement model operates in the local context.

The contractual management of the GNHP was poorly managed by the public and private sectors. Most
contractual conditions were not properly and clearly agreed on by parties. Additionally issues pointed
by external stakeholders (public/ users, opposition parties and professional bodies) were not properly
addressed to allow the easy flow of the project. In some situations, some contract conditions and
agreements were withdrawn from the Parliament of Ghana to be further reconsidered by the project
parties (GNA, 2010b). This therefore generated public suspicion of corruptions concerning the housing
PPP deal. This therefore contributed to the negative perceptions of the GNHP and delay of
commencement of the project

Unavailability of funds for project delivery

Extant literature emphasis that one of most governments reasons for engaging the private sectors in
public infrastructure delivery is due to the private sectors’ ability to raise massive funds for public
projects (Walker and Smith, 1995; Osei-Kyei et al, 2014). In deed this assertion did not really manifest
in the GNHP. Although the government provided a sovereign guarantee to enable the Project Company
raise funds, it was still challenging for the Project Company to raise substantial funds for the delivery
of the project (Owusu, 2011).

Given the huge cost of project it was difficult for international financial institutions to provide credit
without a good and clear negotiation of the terms and conditions of the contract. Moreover, the huge
controversies around the project from stakeholders, public and opposition parties made some
international financial institutions reluctant to invest in such facility (Statesman, 2011). These
controversies considerably increased the financial risk of investing in such facility by financial
institutions particularly when the concerns and arguments emanate from political fronts and users/ public.

Implications for future affordable housing PPP projects: Engendering Policy

The huge housing deficit in Ghana requires effective collaborative efforts from the Ghana government
and private developers. However, because PPP is a relatively new concept in Ghana’s affordable housing
delivery, it is important for certain good practices to be observed learning from the GNHP. A
conceptualized success model for affordable housing delivery in Ghana is proposed based on the
experience of the GNHP (see Fig. 1). The model consists of five success measures; these include proper
stakeholder management, use of local labour force and local materials, transparent and competitive
procurement process, capacity building, and national policy on housing PPP.
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Fig. 1 Conceptualized success model for implementing the PPP policy for affordable housing delivery
in Ghana

In housing PPPs, effective stakeholder management is very essential to allow the easy flow of the project
(Nisar, 2013). As seen in the GNHP, external stakeholders including the public, professional bodies in
the real estate industry, non-governmental organizations and political groups were not properly
managed. Therefore, it is very important for future housing PPPs in Ghana to observe such management
practice particularly for large-scale housing project. Further, issues raised by external stakeholders
should be addressed before the commencement of the project.

The use of local labour force and local materials in Ghana’s housing PPP delivery is very important.
Ideally, the government should engage more local private developers. Public agencies should only allow
locally based developers to bid for certain housing projects. In situations where international bidding is
required, local developers should partner with the foreign companies. However, it is vital for local and
foreign investors to agree on how investment returns would be shared. Also, investors should be mindful
of the fact that as an SPV, no individual private developer owns the consortium; therefore, agreements
cannot be made without the consent of other stakeholders. The use of local materials should be a
requirement for housing projects. Importantly, this can form part of the output specifications for the
housing project.

Transparent and competitive procurement process should not be undermined in delivering housing PPP
projects in Ghana. Although competition leads to high transaction cost (Abdul — Aziz and Kassim, 2011),
it guarantees value for money (Chan et al, 2010). At times, unsolicited proposals could be a means to
initiate a project but learning from the GNHP, the use of unsolicited proposals should be limited. More
importantly unsolicited proposals should still go through a competitive tendering process.

Because the PPP concept is at the infancy stage, capacity building such as technology enhancement
programmes is required for all housing stakeholders. Public departments/agencies and the private
developers need training which could be in the form of workshops and seminars on how to manage
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housing partnerships. In this way, practitioners will appreciate properly the PPP concept in providing
affordable housing projects in Ghana.

Lastly, a national policy on housing PPP is vital to provide the necessary guidelines and procedures for
engaging in housing PPPs. Currently, attempts are being made by the GoG to draft a housing PPP policy
to facilitate its implementation (MWRWH, 2012). It is hoped that the policy would provide a clear and
streamlined process for housing PPP projects in Ghana.

Conclusion

Public-Private Partnership has become popular in the global housing industry and since its inception in
the early 1990’s; some countries have successfully implemented it in their housing industry. The Ghana
housing industry is yet to appreciate this new procurement approach in meeting the increasing housing
demand. Since PPP introduction, attempts have been made by the Ghana Government to implement the
PPP policy for affordable housing, with the recently attempted project; the Ghana National Housing
Project (GNHP) signed in 2009. This paper has reviewed the experience of the GNHP by identifying
the major failure factors of the GNHP. The results indicate five underlying factors; these include weak
private consortium structure, strong political opposition, absenceof
competitive procurement process, lack of experience in handling housing PPP deals and
unavailability of funds for project delivery. Based on the experience of the GNHP, a conceptual success
framework for affordable housing PPP projects is proposed. The model consists of five major success
strategies: proper stakeholder management, use of local labour force and local materials, transparent and
competitive procurement process, capacity building, and national policy on housing PPP. The outputs
of this study inform practitioners (public and private) on the appropriate investment strategies to adopt
for future affordable housing PPPs in Ghana.
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Abstract

Current level of knowledge on the impact of socio-cultural factors on building collapses in the
construction sector is limited. Such phenomena are studied mainly as ‘engineering’ problems.
Encouragingly, today, there is a growing momentum towards a socio-cultural approach to safety in the
sector. The approach, however, focuses only on health and safety management concerns in the context
of physical construction. Little or no attention is given to accidents caused by built structures. This essay
argues that the principles of health and safety in the construction sector apply to not only those who are
engaged in work; they also apply to those who are placed at risk by work activities, including members
of the public. Therefore, limiting the impact of socio-cultural factors on safety in the sector to only
worker safety obscures the impact of the factors on another vantage area of safety in the sector: the
dangers posed by completed structures such as buildings to public health. The essay argues that a socio-
cultural grounding for building safety/accidents in the construction sector is warranted. A socio-cultural
approach to building collapse could be worthwhile, in complementing the engineering focal approach,
for identifying pathways to avoidance.

Keywords

building accidents/collapse; construction safety; forensic structural engineering; social
context; wider societal/socio-cultural factors

Introduction

Current level of knowledge on the impact of socio-cultural factors on building collapse is limited. Two
main reasons account for the dearth of socio-cultural grounding for building collapse. The first reason
pertains to the study of such phenomena in the domain of forensic structural engineering. Forensic
structural engineering approaches failures as consequences of flaw(s) in the system of professional
practice (Subbarao, 2016; Heywood, 2010). Empbhasis is, therefore, placed on technical/physical causes
(Kwasniewski, 2010; Fu, 2009; 2010). The de-emphasis of socio-cultural factors is, therefore, not an
oversight, but a reflection of central assumptions.

The second reason relates to the way the influence of socio-cultural factors on safety is framed in the
construction sector: The scholarly discourses on societal or socio-cultural factors in the construction
sector focus only on their impact on worker safety — i.e. health and safety management concerns during
construction or at construction sites (Peckitt et al., 2004; Rowlinson 2004; He et al., 2016; Tutt et al,
2013; Jia et al., 2016; 2017). Their impact on accidents caused built structures or the products of the
construction industry is barely engaged.

This essay makes the following observations regarding the dearth of socio-cultural grounding for
building collapse: First, while important, it is not only, often not at all, engineering considerations that
influence construction decisions, practices and processes. Rather, socioeconomic, culture and other
factors tend to play impactful roles (Hewitt, 1997; Tam et al., 2000). Indeed, it is long established in the
social production of built forms literature that buildings and for that matter, built structures in general,
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are essentially socio-cultural products or artefacts (Habraken, 1988; Lawrence & Low, 1990; Low, 1996;
Rapoport, 1969; 1973; 1980; 1982; Moffat & Kohler, 2008; King, 1980; Smiley & Dainty, 2014).

This implies that whatever is the challenge to structural integrity or safety, the wider societal influences
of poor construction practices and processes are what may cumulate to undermine it. Consequently,
approaching building collapses without recourse to the wider societal or socio-cultural influences of
suboptimal construction processes and building use practices (i.e. the engineering focal approach) risks
context minimization error—the tendency to ignore the impact of such factors on phenomena. This limits
the potential of arriving at theoretically comprehensive understanding of the complex circumstances that
collectively lead to such incidents and any systematic search for the technical as well as the social lessons
needed to avoid repetition.

The second observation the essay would make is that the principles of health and safety in the
construction sector apply to not only those who are engaged in work; they also apply to those who are
placed at risk by work activities, including members of the public. Therefore, limiting the analysis of
the impact of socio-cultural factors on safety in the construction sector to only worker safety, as being
pursued currently (Peckitt et al., 2004; He et al., 2016), obscures the impact of the factors on another
vantage area of safety in the sector: the dangers posed by completed structures such as buildings to
public health.

The essay would suggest that a deeper focus on the impact of socio-cultural factors on building collapse
has the potential for enhancing our understanding of how such factors operate, shape and dictate the
demand and supply, design, construction, utilization and adaptation of buildings as well as the regulation
and management of the underlying processes and culminate into the technical/engineering problems
that, albeit rather belatedly, become the subject of forensic examination when disasters occur. Thus, a
socio-cultural grounding for building safety in the construction sector could be worthwhile for
identifying and addressing most of the problems that culminate into the technical/engineering
deficiencies that, albeit rather belatedly, become the subject of forensic examination when collapse
incidents occur. The rest of the essay is directed to ground the message.

Background

In his perceptive book: Managing the risks of organizational accidents, James Reason argued that the
relative importance of the impact of the different levels of analysis of safety culture is crucial in
understanding, predicting and controlling industrial risks (Reason, 1997). Reason identified four levels
of factors: individual, workplace, organizational and societal factors in the causation of major accidents
and speculated that of these different causal factors, organizational culture, processes and the workplace
are the critical indicators of explanatory, predictive, and remedial value. He ranked individual factors
second to organizational factors, followed closely by regulation and society, to which he imputed little
remedial value.

However, in the construction sector, S.J. Peckitt, A.l. Glendon and R.T. Booth showed that the influence
of wider societal factors on safety is far more critical than Reason envisaged. In Societal influences on
safety culture in the construction industry, the trio analyzed several models of accident etiology in the
construction sector to demonstrate that root causes of such accidents are embedded within the
construction process and the societies within which the construction activity takes place. Drawing on
the situations of the UK and the Caribbean, Peckitt et al (2004) highlighted the role of societal culture
in influencing the health and safety culture of the construction industry.

Their analysis brought to the fore prominently the impactful implications of wider socio-cultural factors
on safety in the construction sector. Peckitt et al (2004) originally applied the approach to worker safety,
subsequent applications have, therefore, been limited to that line of inquiry (See, for instance, He et al.,
2016; Tutt et al, 2013; Jia et al., 2016; 2017; Rowlinson & Jia, 2015; Rowlinson, et al., 2014; Pink et
al., 2010).
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However, to build on the theoretical and analytical contributions the socio-cultural approach brings to
safety research in the construction sector, it is important for safety researchers in the sector to find ways
to draw on the strength of the approach to give voice to aspects of safety in the sector about which it has
had little or nothing to say — the message this correspondence seeks to convey. To situate the message
within the broader theoretical discourses on safety in the construction sector, it is worth reviewing the
dimensions of safety in the sector.

Dimensions of safety in the construction sector

Two important but distinct foci for safety are decipherable in the construction sector: (a) safety in the
context of the construction process and (b) safety regarding the dangers that completed structures pose
to the public. The former dimension of safety relates to health and safety management concerns in the
course of construction or at construction sites, while the latter pertains to the health and safety concerns
of completed structures. As noted earlier, the ongoing scholarly conversations on the impact of wider
societal factors on safety in the sector address only the former dimension of safety (He et al., 2016; Tutt
et al, 2013; Jia et al., 2016; 2017; Rowlinson & Jia, 2015). The latter has largely been ignored or
overlooked.

This is striking not least because building (and for that matter structural) collapses are a marked feature
of the construction sector. The centrality of such risks to safety concerns in the construction sector could
be traced as far back to 2200 B.C., when the King of Hammurabi of Babylon passed a law stipulating
penalty for houses collapsing and killing their inhabitants (Zhou et al, 2015). The broader point here is
that the principles of health and safety in the construction sector apply to not only those who are engaged
in work (Rowlinson, 2004; McDermott et al., 2018); they also apply to those who are placed at risk by
work activities, including members of the public (Hayes, 2017; Hackitt, 2018; Boateng, 2019).

Hayes (2017) conveys this point better: Everyone agrees that safety is paramount and, therefore,
significant effort must go into systems of work that are designed to ensure that construction workers go
home safely at the end of every shift. This is obviously important. However, limiting safety
considerations to the construction process obscures another vantage area of safety: the dangers posed by
completed structures such as buildings to those who occupy it or public health in general.

Currently, there is little by way of systematized studies in the construction sector that take a wider
societal approach to the analysis of building accidents. Such phenomena have long been engaged in the
domain of forensic structural engineering. However, as explained below, the engineering focal approach
to the study of building collapses is not only reactionary, but it is also inadequate for identifying
pathways to avoidance as it offers limited insights into the social context or the wider influences in
society that generate vulnerability for such risks.

The engineering focal approach to building collapse/safety

The collective knowledge and wisdom of humans can increase by the discovery of new facts and the
proper dissemination of the findings already known. In their endeavour to modify, control the
environment and develop complex systems, humans generally prefer to take a cautious approach as any
mistakes or misunderstandings of the physical world often lead to disastrous consequences. Such
incidents constitute ‘lessons’ learnt which are passed on to avoid repetition in the future (Dechy et al,
2012; Dien, 2012). Therefore, it is important to evolve scientific methods for investigating the causes of
disasters and disseminate the information effectively to the concerned fraternity. The branch of
engineering that does this is forensic engineering (Subbarao, 2016; Noon, 2001; Carper, 2001).

The foremost precept of forensic engineering is that failures are consequences of flaw(s) in the system
of professional practice rather than isolated incidents that could have been easily avoided (Subbarao,
2016; Heywood, 2010). Therefore, the discourses on structural failures, accidents or incidents are often
framed around technical causes. Forensic structural engineers rely mostly on the actual physical
evidence found at the scene, verifiable facts related to the failure, and apply well-proven scientific
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principles and methods to interpret them to arrive at the relevant conclusions or the technical/physical
causes of the accident (Heywood, 2010; Ratay; 2010; Delatte, 2009; Carper, 2001; Noon, 2001).

Failure investigation is, thus, approached from the perspective of physical causation and the given object
as designed and constructed in the light of technical knowledge and professional procedures (Carper,
2001; Noon, 2001). The scientific principles assist forensic engineers to logically explain and identify
the technical cause/s of structural failures through careful collection of verifiable physical evidence, the
application of fundamental engineering principles, and the development and testing of hypotheses in a
manner that avoids preconceived notions or bias (Heywood, 2010; Brady, 2012). The analysis or
investigation of building collapse follows this engineering focal approach (Kwasniewski, 2010; Fu,
2009; 2010).

In the unfortunate event of a building collapse, horrified by the incidental destructions, attention tends
towards the immediate factors: the engineering or technical causes disclosed by the incident. Such
matters tend to be considered primary and paradigmatic (Blockley, 1980; Boateng, 2016; 2018). The
key strength of the approach is that it provides robust analytical methods and precise calculation tools
for arriving at the actual (technical) causes of collapse incidents. Institutionally, some of the technical
lessons learned from major building failures or collapses have been incorporated as codes and standards
over the years (Parfitt, 2012; Subbarao, 2016; EN 1991-1-7, 2006; US-DoD, 2002; General Services
Administration, 2000 in Kwasniewski, 2010).

The problem with the engineering focal approach to building collapse

The engineering focal approach is not adequately suited for reliable building safety improvement for the
following reasons. First, forensic structural engineering is by design retrospective or ex post facto in
focus, which means that the causes of failures could only be known after the fact or after the harm has
already been caused, and, hence, from a prevention point of view, unreliable and inadequate for safety
improvement.

It may be argued that a systematic compilation of lessons from previous failures may over time or
eventually provide a compendium of knowledge for preventing future events. Indeed, as noted earlier,
institutionally, some of the technical lessons from major building failures have been incorporated as
codes and standards over the years (Parfitt, 2012; EN 1991-1-7, 2006; US-DoD, 2002; General Services
Administration, 2000 in Kwasniewski, 2010). While plausible, this argument does not attenuate the
moral and ethical concerns inherent in building on safety innovations upon the foundations of hardships
and adversities.

Second, undoubtedly, at the end of the day, every collapse incident inevitably will eventually be marked
by a technical or engineering defect. But while important, it is not only, often not at all, engineering
considerations that influence construction decisions, practices and processes. Rather, socioeconomic,
culture and other factors tend to play impactful roles (Hewitt, 1997; Tam et al., 2000), and, therefore,
influence not just the engineering components, but also the eventual structure that may emerge.
Buildings are not just collections or assemblages of physical materials based on only architectural and/or
engineering considerations, processes and specifications. Rather, they emerge from a much more
complex interactive processes and level of actions between people and their environment (Boateng,
2018b; Lawrence & Low, 1990; Low, 1996; Rapoport, 1969; 1973).

King (1980) captures this point even better: Buildings, he noted, result from social needs and
accommodate a variety of functions —economic, social, political, religious and cultural. Their size,
appearance, location and form are governed not simply by physical factors (climate, materials or
topography) but by a society's ideas, its forms of economic and social organization, its distribution of
resources, its activities, beliefs and values. The built structure, as an object of study, then becomes a
point of spatial articulation for the intersection of multiple forces: e.g. forces of economy; forces of
society, and forces of culture.
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Indeed, it is long established in the social production of built forms literature that buildings, and for that
matter built structures in general, are essentially socio-cultural products or artefacts (Habraken, 1988;
Lawrence & Low, 1990; Low, 1996; Rapoport, 1969; 1973; 1980; 1982; Moffat & Kohler, 2008; King,

1980; Smiley & Dainty, 2014). As Smiley and Dainty put it: “The built environment, and the methods
used to create it, reflect and embody the history, norms, values, social relations and level of development
of the society in which they exist” (Smiley & Dainty, 2014: 808). For instance, a bad brick, lintel or
joist is made, it is purchased subject or not to architects and planning requirements and/or procedures.

The choice of materials may reflect personal economy; it may also reflect image and a person’s sense
of pride. The constructed structure, in this sense, is conceived not only as a product of structural integrity
but also, of socio-cultural means (Blockley, 1980; Boateng, 2016; 2018).

This implies that whatever is the challenge to structural integrity or safety, the wider societal influences
of poor construction practices and processes are what may cumulate to undermine it. Consequently,
approaching building accidents without recourse to the wider societal or socio-cultural influences of
suboptimal construction processes and building use practices (i.e. the engineering focal approach) risks
context minimization error-the tendency to ignore the impact of socio-cultural factors on phenomena
(Boateng, 2017; 2018). This limits the potential of arriving at theoretically comprehensive understanding
of the complex circumstances that collectively lead to such accidents and any systematic search for the
technical as well as the social lessons needed to avoid repetition.

What this means overall is that it is difficult to think adequately about building safety or accidents in
isolation from the wider socio-cultural or societal influences of the demand and supply, design,
construction, utilization and adaptation of buildings and the regulation of such processes and practices.
Nonetheless, currently, there is little by way of systematized studies in the construction sector that take
a socio-cultural approach to the analysis of building accidents. The discourses on the impact of such
factors on safety in the sector, as noted earlier, tend to focus only on accidents that occur at construction
sites — i.e. construction or worker safety (Peckitt, et al., 2004; He et al., 2016; Tutt et al, 2013; Jiaet al.,
2016; 2017; Rowlinson & Jia, 2015; Rowlinson, et al., 2014; Pink et al., 2010). Little or no attention is
given to accidents caused by built structures.

Conclusion

Scholars operating in the construction sector regularly develop and explore new theories and
perspectives to assist and guide practitioners in the management of safety in the sector. One of such
theoretical enterprises is the growing momentum towards wider societal or socio-cultural approach to
the analysis of safety pioneered in the work of Peckitt et al (2004). While gaining traction in safety
research in the sector, the approach is currently applied to only safety considerations or concerns during
physical construction (Jia et al., 2016; 2017; Rowlinson & Jia, 2015; Rowlinson, et al., 2014; Pink et al.,
2010). It is rarely applied to the study of buildings accidents — a marked feature of the construction
sector.

The review has argued that the omission is substantial for the following reasons. First, the health and
safety principles in the construction sector apply to not only those who are engaged in work; they also
apply to those who are placed at risk by work activities, including members of the public. Therefore,
limiting the analysis of the impact of socio-cultural factors on safety in the sector to only health concerns
at construction sites discounts the impact of the factors on another area of safety: the dangers posed by
completed structures such as buildings to those who occupy it or public health in general.

Second, not only is forensic structural engineering — the extant approach to the analysis of building
accidents/safety — reactionary, but it is also, from a prevention point of view, inadequate for reliable
building safety improvement as it offers limited insights into the social context or the wider influences
in society that generate vulnerability for such risks. Thus, the extant engineering focal approach limits
the potential of arriving at theoretically comprehensive understanding of the complex circumstances that
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collectively lead to building disasters/accidents and any systematic search for the technical as well as
the social lessons needed to avoid repetition.

A deeper focus on socio-cultural factors has the potential for deepening our understanding of how such
factors operate, shape and dictate the demand and supply, design, construction, utilization and adaptation
of buildings as well as the regulation and management of the underlying processes and culminate into
the technical/engineering problems that, albeit rather belatedly, become the subject of forensic
examination when disasters occur. Thus, a socio-cultural grounding for building safety could be
worthwhile for identifying pathways to avoid, if not all, most of the catastrophic building collapses that
tend to undermine public health.
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Abstract

Building collapses are becoming a common, tragic occurrence in cities in developing countries —
particularly Africa and Asia. This does not bode well for urban sustainability given the rapid growth and
concentration of more and more people in cities in those parts of the world. The growing number of
climate-related hazards portends an even higher disaster-risk as more buildings could collapse in such
places subsequent to hydro-meteorological hazards. This raises the need for conversations toward
unravelling and addressing the underlying causes. This review draws on contemporary as well as historic
documents on housing and construction, media, scholarly and investigative reports on building collapses
and other cognate materials on the growth and development of cities across diverse locations to confer
insight into the phenomenon. In summary, it was found that, accelerated demand for buildings triggered
by urban expansions provides the context for how the creation of unsafe buildings arise in developing
countries’ cities and are thus central to understanding the deleterious consequences of building collapses
in those parts of the world. The implications of the findings for control are discussed. The review
provides an exploratory reference for empirical research into the situations of specific countries and
cities.
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Introduction

Figure 1 above is a sadly familiar image in many developing countries’ media reports: people frantically
searching the rubble of a collapsed building for dead and surviving victims. The information is disparate
and scattered. However, what is known confirms a clear trend: that building collapses are becoming a
common, tragic occurrence in cities in developing countries — particularly Africa and Asia (Boateng,
2017; 2019). In Kampala, Uganda, Alinaitwe and Ekolu (2014) counted 54 building collapse deaths and
122 injuries in just four years (between 2004 and 2008). In Nigeria, Windapo & Rotimi (2012) compiled
over one hundred and twelve (112) cases between December 1978 and April 2008 in Lagos alone, the
largest city in Nigeria and on the African continent. Just recently (March 15, 2019), a four-story
multipurpose building reportedly collapsed and killed twenty people at the Ita-Faji area of the Lagos
Island district (Akwagyiram, 2015).

Indeed, other Nigerian cities including Port Harcourt, Abuja, Enugu and Ibadan have also suffered
similar incidents. By way of illustration, on August 17, 2018, a building collapsed and buried so many
people (two were feared dead) at Abuja, the capital of Nigeria (Premium Times, 2018). Other countries
on the continent, too, have recorded a number of such fatal incidents in recent years. For instance, a
World Bank study (Moullier, 2015) noted what it referred to as a particularly strong pattern of
spontaneous building collapses in Kenya over the past 20 years predominantly in the cities. For instance,
on June 13 2017, a 7-storey building reportedly collapsed in the capital, Nairobi (BBC Africa, 2017)
even as another 6-storey had collapsed, killed forty-nine (49) and injured several others in the City in
April 2016 (Reuters, 2016).
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Tchamba & Bikoko (2016), Alinaitwe and Ekolu (2014), to cite but a few, have reported on the situations
of cities in Cameroon and some East African countries’ including Uganda and Tanzania. The situation
in Ghana is not different — the incidents recorded in the West African country are largely concentrated
in the cities — particularly Accra (the capital) and Kumasi, the second biggest city and their environs
(Asante & Sasu, 2018; Boateng, 2016; 2017b; 2018).

As noted earlier, this is not a uniquely African problem. It occurs in other rapidly urbanizing parts of the
developing world as well. In Asia — another hotbed for the phenomenon — some of the headline cases
include the collapse of the Royal Plaza building in the city of Nakhon Ratchasima (Korat) in Thailand,
which killed 137 people and injured another 227. In April 2013, an eight-story building collapsed at
Dhaka, the capital of Bangladesh. The incident led to 1,129 deaths and 2,515 injuries (Moullier, 2015;
Hodgson et al, 2016). Around the same time, their neighbours in India, Mumbra, had also experienced
the worst building collapse incident in the area. About 74 people died, including eighteen children. The
incident location is a home to about one 1 million people. The year before (i.e. 2012), according to
Moullier (2015), India saw more than 2,600 deaths and 850 injuries because of the spontaneous collapse
of 2,737 building structures.

Other headline cases in Asia include the Selangor incident in Malaysia, where an apartment collapsed
and killed about 48 people. Selangor (home to over 6 million people) is one of the states on the west
coast of Peninsular Malaysia, encircling the capital, Kuala Lumpur. In November 2015, a building
collapsed in Lahore, the capital of Pakistani province of Punjab and killed about 45 people. Feifei (2014)
and Lyu et al (2018) have also compiled some cases in China and the trend shows that they usually occur
in urban China.

Building collapse in developing countries’ cities is concerning not least for two reasons. First, while
some may not be able to cause high enough damage at a time to meet the criteria to be categorized as
“disasters” in national and international databases, as noted by Moullier (2015), their accumulated
impacts are usually just as much if not greater than those of large disasters that result from extreme
events. Second, the 21% century is marked by the rapid growth and concentration of large numbers of
people in cities in developing countries: 2.5 billion more people are joining the world's urban population
by 2050 — 90 percent are to reside in developing countries, particularly Asia and Africa, where,
reportedly, buildings also collapse the most. The growing number of climate-related hazards portends
an even higher disaster-risk as more buildings could collapse in such places subsequent to hydro
meteorological hazards. It is obvious that building collapse in developing countries’ cities constitutes
one of the critical threats to the future of a healthy urban society. However, the phenomenon has
remained very much under researched.
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Urban pathologists have long argued that the spatial concentration of people and socio-economic
activities in cities affect the extent to which social problems occur and the particular forms they take in
those places (See Pitcher, 1997; Herbert & Smith, 1989; Haynes et al., 1985, for instance, for a review).
As a first step to gaining a deeper understanding, and to provide direction for future research, this review
sought to capitalize on the principles and methods accrued in the urban pathology literature to explore
building collapse in cities in developing countries. Specifically, it sought to examine the range of
agencies and causes that underlie the creation of unsafe buildings in cities in developing countries, and
to that end the reason for the rampant collapse incidents in such places. The study was guided by the
following question:

To what extent and in what ways do urban expansions implicate on the creation of unsafe buildings in
developing countries’ cities and, therefore, contribute to the occurrence of building collapses in such
places?

The study was approached this way: The qualitative method of document analysis was deployed to
explore literature on contemporary as well as historic documents on housing and construction, media,
scholarly and investigative reports on building collapses and other cognate materials on the growth and
development of cities across diverse geographical locations to theorize building collapse in cities.
Consistent with urban pathologists’ claim that, the social, economic, environmental and other problems
experienced in urban habitats are usually inextricably linked to the multifaceted processes of
urbanization, it emerged from the literature review that building collapse in the urban context is linked
to urban expansions.

The more people come to the city, the more demand for buildings is amplified — for accommodation and
other purposes. The pressures of demand often engender shoddy construction and building use practices.
Buildings are hastily built. Existing ones are hastily converted for uses that were not built into the
original design. Extra floors are added atop old buildings. Usually, city authorities would step in to
enforce safe building regulations and guard against these practices. But too often in the developing
world, institutional cultures like corruption and political interference undermine authorities’
responsibilities. Add to that a dearth of building inspectors or other resources, and unsafe building
practices multiply. In the end, huge stocks of unsafe buildings are created, sometimes in hazard-prone
locations. This, then, can lead to disaster.

The findings underscore the influence of urbanization processes on the social and spatial distribution of
vulnerability to humans, but the core is the social/political/economic factors that operate, shape and
dictate adverse construction and building use practices in the context of heightened demand and supply
of building needs and services as a result of urban expansions. Based on this analysis, the commonly
held notion that vulnerability for building collapses in developing countries could be addressed
administratively through the enforcement of technical regulations and codes is ineffective. Interventions
to reduce such risks must be broad, more-wider reaching and involve initiatives that address not only
direct compliance and enforcement of technical regulations. They must also target structural issues
including the broader socio-political economic conditions that underlie and shape access and distribution
of resources and the pursuit of building needs in ways that generate risk or force some people to build
themselves into disasters. The rest of the article presents the materials relied upon and the findings.

Materials for study

It is common knowledge that many more buildings collapse in developing countries than in advanced
countries (see Soane, 2016; Moullier, 2015; Asante & Sasu, 2018, for instance). A simple keyword
search for “incidents of building collapse”; “building collapse in developing countries”; “incidents of
building collapse in developing countries” return various scholarly, media and other reports on the
phenomenon in particularly Africa and Asia and countries like Nigeria, Kenya, Uganda and Ghana;

China, India, Turkey and Bangladesh as the places where they mostly occur.
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In qualitative document analysis (Bowen, 2009), the approach the study adopted, the basis for materials
selection is not to fulfil the representative requirements of statistical inference but to provide substantial
contributions to the understanding of the structure and character of the phenomenon under investigation
(Polkinghorne, 2005). This presupposes that the investigator must strategically target where s/he could
access the appropriate materials that could illuminate on the phenomenon under review.

Applying this methodological insight, in searching for materials, cases and examples to illustrate
arguments and support analysis, the review purposively focused or targeted the two regions and the
countries mentioned above. Search terms like “building collapse in Nigeria”; “incidents of building
collapse in China”; “building collapse in Ghana”; “incidents of building collapse in Kenya” “the collapse
of buildings in India” returned the cases used to illustrate arguments. Nonetheless, additional materials,
examples and cases are drawn from other developing regions and countries to provide a wider context,

as appropriate.

99 ¢¢

Further, historical methodologists have long counselled social scientists to explore contemporary
guestions always in comparison with the relevant aspects of past societies. This methodological
standpoint has roots in sociological traditions such as the works of C. Wright Mills (Tuchman, 2003).
The Good Book captures it even better in Ecclesiastes 1:9: there is nothing new under the sun. The
broader philosophical point of historic methods is that the problems of the day usually have precedents,
analogues, and examples in the past. Historic methods, therefore, helps investigators to identify and
establish the interconnectedness and the larger relationships between the events, issues and factors
underlying the phenomenon under study.

The review juxtaposes the situation of today’s urban experience regarding incidents of building collapse
to that of two historic urbanizations that commonly feature in social scientific discourses on urbanism:
Ancient Roman and 18/19"™ century Britain urban civilizations. In so doing, it offers a comprehensive
insight that places the phenomenon of building collapse in the urban context within the larger historical
and contemporary discourses on the topic.

A caveat is offered beforehand that the parallels drawn between contemporary and historic urbanizations
do not assume simplicity or disregard the meaningfulness of contextual differences. In no simple sense,
can we read the developments then as neatly similar to that of today. The parallels are drawn with regard
to only how the processes of demographic and economic expansions created incentives, causes and
motivations for deleterious adaptation of construction processes and buildings in ways that tend to
undermine public health then and now.

Pressures of accelerated urban building needs and building collapse in cities

This section analyzes how rapid growth in urban population engenders accelerated demand for buildings,
which, in turn, generates inappropriate construction and building use practices and, hence, the creation
of unsafe buildings in cities that result in collapse incidents. The overall insight here is that a high growth
in urban population, which also comes with corollary developments such as increased economic
activities, usually occasions building need pressures, which, then, engender adverse construction and
building use practices and, for that matter, widespread creation of defective buildings. Such buildings
collapse in the event but also even in the absence of physical hazards.

The nexus between accelerated demand for buildings incidental to urban expansion and the occurrence
of building collapse incidents is explored under two sub-themes: suboptimal constructions engendered
by urban building need pressures and suboptimal building use practices influenced by urban political
economy pressures.

Suboptimal constructions engendered by urban building need pressures

Buildings are of utmost importance to society — they are one of humankind's most ancient pursuits. They
are complex assets, with links to culture; livelihoods; health; education; security; social and family
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stability (Sparke, 2004). Society’s response to building needs is influenced heavily by social changes
such as population pressures. At the micro level, families seek new bigger homes, apartments or adapt
old ones to make more spaces for new members as the size grows. Similar dynamics play out at the
macro level as population growth also comes with increased need for buildings for housing and other
purposes (Lawrence & Low, 1990).

However, the challenge in the urban context is that, the exigencies of stratospheric upsurge in the
demand for buildings subsequent to population growth usually influence urban dwellers to respond to
building needs in ways that lead to insufficient focus on safety, wellbeing and longevity imperatives.
The less emphasis on safety, sustainability and wellbeing imperatives manifests as widespread
suboptimal or unsustainable construction practices, such as using substandard materials; low-skilled
labor; hasty constructions; reducing the required inputs and siting buildings in unsafe locations, which
then lead to collapse incidents in the event or even in the absence of physical hazards.

This way of theorizing vulnerability for building collapse in cities just as much reflects the situation of
contemporary cities as historic ones. For instance, studies show that while the early Romans were
proficient builders (evidenced by the many infrastructures they left behind — Beard, 2015), heightened
building need pressures propelled by accelerated growth in Rome’s population proliferated adverse
construction practices, which led to collapse and other catastrophic incidents such as conflagration
(Closs, 2013). Not just Rome, similar developments were evident in the 18" and 19" century Britain. In
the case of Britain, the rapid factories-driven industrialisation of the late 18th and early 19th centuries
propelled a phenomenal rise in populations in many of its industrialising cities (Nevell, 2011; Hartwell,
2001), which led to the so-called “housing question” (Kemp, 1989).

For instance, between 1773 and 1821, housing need in Manchester alone rose from 3,446 to 17,257 and
nearly 50, 000 houses by 1851 (Kidd, 2002). The attempt to meet the phenomenal rise in building needs
led to a widespread decline in the quality of construction —many dwellings in the new and growing towns
and cities were poorly designed and/or constructed, and with shoddy materials (Nevell, 2011; Symonds,
2005). For instance, the rapid growth in the urban population meant that there was pressure on urban
lands leading to the piling of stories on old stories as the use of banned construction materials also
ratcheted up. This led to widespread creation of structurally suspect buildings and rampant collapse
incidents (Hurst, 2001; 2006).

Drive forward to contemporary times, the housing deficits experienced in Hong Kong because of high
growth in Hong Kong’s urban population and influx of migrants in the 1960s occasioned widespread
suboptimal and illegal constructions, which also led to several incidents of building collapse (BD, 2007).
Further, studies suggest that Chinese cities are experiencing significant suboptimal construction and
building use practices resulting in several cases of shoddy work failures — a development that has been
linked to building need pressures occasioned by the country’s ever-growing urban population (He &
Wu, 2016). Lyu et al (2018), for instance, show how accelerated demand for buildings due to high influx
of rural migrants incentivized dangerous building practices such as the construction of extra floors atop
old buildings by landlords in the City of Wenzhou leading to the collapse of four (three six-stories, and
one two-story) residential buildings. The incident, which occurred on October 10, 2016, Killed twenty-
two (22) migrant labourers.

The fundamental point here pertains to how the pressures of stratospheric upsurge in building needs
incidental to accelerated growth in urban populations influence the proliferation of dubious construction
and building use practices and for that matter widespread creation of unsafe buildings. Nonetheless,
economic factors also play impactful roles. Thus, the unsustainable manner in which building needs are
pursued subsequent to accelerated growth in urban populations are just as much influenced by population
pressures as economic pressures/incentives.

As noted by Watt (2007), the building process involves design, construction, utilization and adaptation
of the structure in response to future needs. However, at every stage, economic and safety considerations
fiercely compete such that if the right balance is not achieved, structural integrity could be adversely
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affected (Blockley, 1980). Clients generally do not have access to infinite supply of money and as a
result, however paramount safety considerations may be to the design process, the designer may as well
have to give economy a firm thought. Effectively, the resources available for the project could pose a
powerful counterweight to safety and structural integrity considerations (Boateng, 2016; 2018b).

Built environment practitioners are enjoined to hold paramount, the safety, health, and welfare of the
public against all other considerations. For the building and designing professions Mason notes, the
incalculable value of human life demands nothing less than the highest moral considerations from those
who might risk it otherwise. Thus, engineers, architects, project managers and contractors have a
fundamental duty to uphold professional conscience (Fleddermann, 1999). However, their work is also
a business, which has to survive: it is a way of earning a living. As noted by Blockley (1980), naturally,
the pressures of business are ever-present and sometimes can become so great that engineers may easily
lose the wider view of their role in society and see their function only in a straightforward materialistic
business sense.

High emphasis on economic returns or cost of inputs could undermine safety considerations and lead to
unintended disastrous outcomes. Indeed, there is the growing concern in the construction sector that a
lot of the careless designs and inadequate construction practices that cause problems are not due to the
inevitable difficulty with technology or its lack thereof. They, however, result from the growing
socioeconomic and other pressures on the players in the construction industry to reduce costs or cut
corners (Tam et al, 2000; Alinaitwe & Ekolu, 2014). Thus, there is the tendency to focus mainly on
immediate gains—meeting production schedules, quota and cost targets (the ever-present iron triangle
problem in construction project management —Atkinson, 1999; Ogunlana, 2010) relegating safety,
sustainability, and well-being imperatives to the background which then lead to unintended disastrous
outcomes.

While universal, the evidence suggests that, these problems are more pronounced in the developing
world where regulation is usually weak (more on this shortly). An exemplifying incident in point is the
collapse of the six-story building that reportedly killed about 49 people in April 2016 in Nairobi, the
Kenyan capital. The report was that the building did not have occupancy permit. Apparently, there is
high demand for buildings in Nairobi, and the owners of the facility are part of the many developers in
the City who bypass regulations to cut down cost with the view to maximizing profit. The accounts on
the incident pointed out that the structure had been built “shoddily” within a few months (Associated
Press, 2016; The Guardian, 2016) and the 126 single rooms were being rented out at a monthly rate of
$35 (£24)t. In Uganda, it was established that similar problems regarding uncontrolled speedy
construction and poor workmanship led to the collapse of the BBJ building that killed eleven (11) people
and injured twenty-six (26) others in Kampala, the capital, circa September 2004 (Alinaitwe & Ekolu,
2014).

A subtle dimension of the problem relates to how socio-economic inequalities impede certain segments
of the urban population from accessing housing in planned areas thereby exposing or forcing them to
undertake practices that increase disaster risk and insecurity. The key underlying issues include high
cost of urban land and unfavourable mortgage and credit schemes. Urban lands are now under pressure
everywhere because of increased demand and speculation (Moullier, 2015). There are two major
consequences related to excessive and speculative land prices with adverse implications for building
safety.

First, for the many low-income urban dwellers, the high cost involved in buying or renting a piece of
land absorbs the bulk of financial resources available for housing. This, in turn, limits their capacity to
invest in safer building materials, construction, and skilled labourers, even where these would be
available at a reasonable price. Second, a significant portion of the urban population (read low income
people yet again) who are usually not creditworthy and cannot afford buildings in planned locations due

1 While this fee may not be considered exorbitant in advanced countries, in developing countries’
context, it is substantial.
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to high cost of mortgage schemes are forced to construct and/or patronize low cost but unsafe tenements
and often in hazard-prone zones.

For instance, in the Philippines, high land prices is considered as one of the main factors driving about
40 percent of people to live in informal settlements, which are often unsafe. A detailed investigation
found that the average cost of a house in an informal settlement costs roughly 10 percent of the price of
a comparable unit in the formal sector (Moullier, 2015). Creating structurally suspect buildings and in
hazard prone zones only increase insecurities and vulnerability and the experience is that such
developments usually lead to disastrous outcomes (Moullier, 2015; Lyu et al, 2018; Wisner et al, 2003;
Pelling, 2003).

This was true of the case of Ancient Rome and 18th century Britain. For instance, Nicols (n.d.) accounts
show that not only did the housing pressure in Rome lead to many people taking accommodation on the
streets but also it led to the construction of poor quality tenements —the rents for safer alternatives were
too high. In the case of 18th century Britain, as the urban population grew, space was at a premium
within city walls; therefore, stories were piled on old stories to create housing for lower class people
(Hurst, 2001; 2006). The downside of such developments, however, is that they come with public health
challenges. What happened in Hong Kong in the 1960s exemplifies this point.

High growth in Hong Kong’s urban population in the 1960s (driven by natural increase and high influx
of migrants) created a large cohort of low-income people in need of housing. Without adequate resources
to access the relatively safer but expensive houses, they heavily patronized the many illegal buildings
that were being constructed. The scale of the development overwhelmed the Hong Kong city authorities
who could not bring it under control until the buildings began collapsing beginning from the 1990s
through to 2002. By 2001, the rate of the collapses had surged, forcing the City’s Buildings Department
to undertake a series of clearance operations, which led to the demolishing of over 255, 000 unsafe
buildings (BD, 2007). Similar dynamics underlined the recent collapse of four buildings in the Wenzhou
City of China circa October 2016, which killed twenty-two (22) migrant labourers (See Lyu et al, 2018).

Suboptimal building use practices influenced by urban political economy
pressures

The previous theme underscored how urban crisis such as rising urban housing deficits and urban
poverty engender a range of agencies, causes and motivations for the demand and supply of buildings
to play out in ways that place inadequate focus on safety and lead to unintended disastrous outcomes.
However, as established in the pathology of urban processes literature, not all pathological phenomena
are created by crisis. Some urban pathologies are influenced by what may otherwise be considered as
‘benign’ developments or processes (Kuklinski, 1985). This view of pathology of urban processes is
true of building collapse in cities.

The growth and agglomeration of people in cities attract investments and generate commercial activities,
which, in turn, amplify infrastructural demand to support them. The urbanists’ accounts suggest that, in
such cases, pressures on urban lands, institutional and planning failures to designate planned commercial
spaces/infrastructure to contain/support the heightened business activities usually engender the
conversion of especially residential buildings to commercial uses (Oosterbaan et al, 2012). This
development is discernible in the mega cities growing rapidly in the developing world including Cairo,
Lagos, Johannesburg, Rio de Janeiro, Buenos Aires, Santiago, Hanoi, Accra and even smaller cities like
Cochabamba. (For a review, see Sutton & Fahmi, 2001; Quang & Kammeier, 2002; Barredo, &
Demicheli, 2003; Oosterbaan et al, 2012; Coen et al, 2008).

The discourses on the development usually focus on its adverse implications for urban planning and
housing deficits (Oosterbaan et al, 2012; Cobbinah & Niminga-Beka, 2017). Its implications for the
many building collapse incidents occurring in those parts of the world are seldom explored. However,
since such structures originally were not meant for commercial use, the design considerations, regarding
their fit for purpose, would normally not include the subsequent additional imposed loads associated
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with the new (commercial) use. Therefore, using them commercially could exert further pressure on the
structural members, cause fatigue and eventual collapse just as attempts to make the necessary structural
adjustments to suit the new purpose, if not properly done, could also lead to structural integrity erosion
and eventual collapse.

The pathological effects of inappropriate commercialization of buildings in cities (as factories,
wholesale, retail and other purposes) are being felt in many parts of the developing world including
Pakistan, Bangladesh, China, Nigeria and Ghana where such practices have led to disastrous
consequences. However, the infamous collapse of Rana Plaza in April 2013 in the Savar Upazila of
Dhaka District, Bangladesh, which killed 1,129 and injured 2,515 people, respectively manifests all the
trappings of this rather disturbing building use practice.

Dhaka has become one of the world’s most populous and rapidly urbanizing places, driving up the price
of land and straining the country’s power systems. The shortage of land and a propensity for flooding in
Bangladesh has prompted many factory owners to build up, rather than out — thus, additional unapproved
floors often are hastily added to old structures with little care for structural integrity considerations. For
instance, in the case of Rana Plaza, the original approval for the building was five stories. However, at
the time of the collapse, a ninth story was being added (Hodgson et al, 2016).

Furthermore, to keep up with the increased demands of Western retailers, factory owners convert
residential and other buildings into makeshift garment factories — due to the high cost involved in putting
up new buildings and limited access to utilities, thereby creating even more risks of collapse (Ifedolapo,
2015). The inappropriate commercialization of buildings in cities in developing countries bears watching
given the rate of urbanization in those parts of the world for as the places continue to urbanize, more and
more buildings will be indiscriminately converted to commercial uses.

Deficient construction governance and urban management

The review’s findings suggest that the problem goes beyond urbanization-induced building need
pressures engendering adverse construction and building use practices in cities. Even more is the failure
of cultural protections. The broader point here is that even as buildings enhance humankind’s life, they
also pose real risks to life and the environment. Society, therefore, devises or have devised cultural
protections to, if not entirely prevent, reduce the potentiality of buildings affecting life and the
environment adversely. Generally, these protections (usually expressed as statutory and non-statutory
demands—building regulations and codes) undergird how buildings should be or are designed, built,
managed, repaired, maintained, occupied and even demolished (He & Wu, 2016; Boateng, 2018b).

Advanced countries have relied in large part on effective and efficient building regulatory systems
(Moullier, 2015; Soane, 2016) to improve their built environment sector. The same cannot be said for
developing countries, however. A review of the literature on the situation of the developing world
suggests that, in some cases, the regulations themselves even contribute to building safety problems. In
some countries, the codes are colonial inheritance and/or imported wholesale from the advanced world
and, therefore, not fully appropriate for local conditions. For instance, the usage of British building
standards was found to have contributed immensely to hurricane losses in Jamaica (Pelling, 2003) and
the collapse of a four-story building at Kuala Lumpur on October 19, 1968 (Aini et al, 2005).

Even more important is low compliance and non-enforcement of building safety regulations. The point
here is that most developing countries have some moderate to good building codes and regulations on
their books. The problem, however, is that they exist only as that — good regulations and codes on paper.
Studies upon studies have reported that rarely are building regulations enforced in those parts of the
world (Asante & Sasu, 2018; Moullier, 2015; Lewis, 2005; Berlinski, 2011; Boateng, 2019). A number
of reasons are proffered to explain this state of affair of which bribery and corruption feature
prominently. In most developing countries, contractors and other building needs and services providers
have little to no trouble in finding willing accomplices to their substandard construction practices in the
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form of unscrupulous public officials tasked with the regulation of construction activities and
development control.

Studies suggest that developers easily obtain building permits through bribes and political favors or pay
inspectors to turn blind eyes to designs and building practices that deviate from code specifications
(Moullier, 2015; Lewis, 2005; Berlinski, 2011). Thus, both public and private sector corruption
undermine all aspects of regulation enforcement and compliance. This leads to the construction of
inferior public infrastructure, private buildings, and housing units, which ultimately fail, often in the
face, but even also in the absence, of physical hazards leading to greater death tolls than would occur in
the absence of corruption (Moullier, 2015; Lewis, 2005; Berlinski, 2011).

Furthermore, and similar to the critical role played by political clientelism in land and housing access
(Arku et al., 2016); regulation enforcement efforts are frequently undermined by “big men” or
individuals with strong social and political connections and influence. They easily get away with
noncompliance on their personal properties, as well as on the properties of others in their locality or
elsewhere who seek their intervention. For instance, some city officials interviewed for a study in Ghana
(Asante & Sasu, 2018) bemoaned that most of the structures that had collapsed in their jurisdictions had
been earmarked for demolition. However, due to political interference, the developers were allowed to
continue with construction.

Other impediments to regulation enforcement include the large scale ongoing construction developments
in most cities in the developing world, which further undermine their usually under resourced capacity
(personnel and equipment) to exercise efficient oversight and ensure development control (Asante &
Sasu, 2018; Yeboah & Obeng-Odoom, 2010; Arku et al, 2016). In short, the challenges of building
regulations enforcement are increased in the cities where the will to develop exceed the will to be
prudent. In the end, a thriving climate is created for the pursuit and the provision of building needs and
services to play out in ways that are deleterious to public safety.

Summary of key highlights & discussion

The review proposed to explore the following question: To what extent and in what ways do urban
expansions implicate on the creation of unsafe buildings in developing countries’ cities and, therefore,
contribute to the occurrence of incidents of building collapse in such places? Taken together, the
findings align with the broader discourses on the influence of urbanization processes on the social and
spatial distribution of vulnerability to humans — i.e. the pathologies of urban processes literature
(Kuklinski, 1985; Haynes et al., 1985). Rapid growth in urban population, the findings suggest, usually
generate a cascading upsurge in the demand for buildings—for accommodation, commercial and other
purposes. The pressures of the accelerated demand for buildings incidental to the rise in the urban
population, in turn, engender a range of agencies, motivations and causes that encourage suboptimal
construction and building use practices.

The responsibility to uphold public health and wellbeing usually lies with cities’ authorities to enforce
the relevant building safety regulations against the inappropriate construction and building use practices.
However, in the developing world, institutional cultures such as corruption and political interference
further undermine their usually under-resourced capacity to enforce the regulations (which, in most
cases, are colonial legacies and/or imported wholesale from elsewhere and, therefore, inappropriate for
local conditions) against the widespread adverse construction and building use practices. In the end, a
precarious climate is created in which the pursuit and the provision of building needs and services play
out in ways that tend to undermine public safety.

Per the foregoing, as summarized into figure 2, building collapse in developing countries’ cities could
be theorized as the unintended maladaptive effect of suboptimal construction and building use practices
engendered by the exigencies of accelerated demand for buildings, subsequent to rapid urban
expansions, in which weak regulation plays key roles and contributes or reinforces the prevalence of the
inappropriate construction and building use practices that lead to the incidents.
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Fig. 2: Conceptual framework of influences of vulnerability for building collapse in cities in developing countries

Thus, the incidents are a pathological feature of urbanization: the contingent (albeit unintended) outcome
of the interplay of the inappropriate construction and building use practices in urban settings engendered
by accelerated demand for buildings subsequent to rapid demographic and economic expansions in such
places. At issue is how urbanization-induced accelerated demand for buildings influence, shape and/or
dictate the demand and supply, design, construction, utilization and adaptation of buildings and the
regulation of such processes and practices in urban settings in ways that tend to undermine safety,
sustainability, wellbeing and longevity imperatives. The review, thus, underscores how the pressures of
stratospheric upsurge in building needs incidental to urban expansions influence the proliferation of
dubious construction and building use practices and, hence, widespread creation of structurally defective
buildings that tend to undermine public health.

The analysis provided herein raises issues with the commonly held notion that vulnerability for building
collapses in developing countries could be addressed administratively through the enforcement of
technical regulations and codes. The point here is that at the end of the day, every collapse incident
inevitably will eventually be marked by a technical or engineering defect. And since the engineering
imperatives that undergird how buildings should be or are designed, built, managed, repaired,
maintained, occupied and even demolished are usually embodied in statutory and non-statutory
demands: building regulations and codes (Watt, 2007; Asante & Sasu, 2018), it is commonly argued that
building collapses could be administratively addressed through the enforcement of such regulations and
codes. Indeed, the high incidence of building risks in developing countries as compared to the advanced
world is usually explained on the account of inadequate enforcement of building regulations and codes
(See Berlinski, 2011; Lewis, 2005; Moullier, 2015; Soane, 2016 — to name but a few of such studies).

Undoubtedly, every collapse incident would eventually be due to noncompliance and/or non-
enforcement of the appropriate safety regulations underlying the construction and use of buildings.
However, as the analysis herein has shown, the challenge with building safety in developing countries
does not seem to be just a matter of engineering that can easily or mainly be dealt with through the
enforcement of technical regulations. What the phenomenon represents, at least in the cities’ context, is
a symptom of a complex interaction of factors. These include but not limited to urban housing
challenges, which disproportionately affect low-income people; rising cost of urban lands; institutional
and planning failures to designate planned commercial spaces to contain the proliferation of informal
businesses—just to mention a few of the underlying causes — of which compromised enforcement of
regulations is only one of them.

This implies that interventions to reduce such risks must be broad, more-wider reaching, and involve
initiatives that not only address direct compliance and enforcement of building regulations and codes,
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but also the structural socioeconomic conditions that underlie and shape access and distribution of
resources and the pursuit of building needs in ways that generate risk or force some people to build
themselves into disasters. For instance, the review has underscored that an insidious dimension of the
problem relates to how socioeconomic inequalities associated with urbanization processes impede low-
income urban dwellers from finding safe, sturdy accommaodation. This exposes them to tremendous risk,
forcing them to either rely on or undertake inherently unsafe construction practices. Two issues could
be addressed to ease this problem: the high cost of urban land and unfavourable mortgage and credit
schemes that lock people out of accessing building or accommodation finance. Put simply, unless
conscious efforts are made to address the building needs of the urban poor, the creation of unsafe (illegal)
buildings in hazard-prone areas cannot be prevented.

Concluding remarks

The health of the many cities growing rapidly in the developing world is being threatened by rampant
incidents of building collapse raising the need for conversations toward unravelling and addressing the
underlying causes. This review has opened with the conversation on the subject by providing insight
into how urban expansions trigger a range of agencies, motivations and causes that shape and dictate the
pursuit and the provision of building needs and services in ways that lead to insufficient focus on safety,
longevity and wellbeing imperatives. Thus, accelerated demand for buildings subsequent to
demographic and economic expansions provides the context for how the creation of unsafe buildings
arise in developing countries’ cities and are thus central to understanding the deleterious consequences
of building collapses in those parts of the world.

It is suggested that interventions to reduce such risks must be broad, more-wider reaching and involve
initiatives that address not only direct compliance and enforcement of building regulations. They must
also target structural issues including the broader socio-political economic conditions that underlie and
shape access and distribution of resources and the pursuit of building needs in ways that generate or
expose people to risks or force some people to build themselves into disasters.

This exploratory study is only a first step to gaining a deeper understanding of the very much under
researched issue of building collapse in cities in the developing world. It hopes to stimulate empirical
studies into the situations of specific cities and/or countries. Such an enterprise would be useful not just
for developing a stronger understanding of the phenomenon but also for unravelling contextual
differences between and among cities and countries to inform well-targeted interventions.
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Abstract

Categorized as small, small-sized contractors face many challenges to build their capacities as well as
their existences due to small portion of profit they can earn yearly and very competitive environment
they operate. However, their numbers are majority in Indonesia, i.e., about 89% of total registered
contractors. This paper discusses a study on small-sized contractor’s needed capacity and
competitiveness in Greater Bandung area to support road rehabilitation projects in the area. Factors
related to competitive measurements were developed based on literatures and validation to the
Indonesia’s construction industry environment. the needed capacity is developed based on the factors.
The interview and survey to 15 small-sized contractors of road rehabilitation works was used as the
methodology of this study. Results of this study show influencing factors to the competitiveness and the
needed capacity that suit to small-sized contractors. Proposed updates on classification criteria and
requirements for permit to establish new contractor businesses is necessary based on this study.

Keywords

Capacity, competitiveness, construction, contractor, road rehabilitation, small-sized

Introduction

Indonesian construction sector has been growing rapidly in the last 5 years due to significant additional
portion of government budget given to infrastructures. Its growth has reached 6.8% per year and
contribution to GDP was 10.4% that were considered as the highest and very significant, compared to
previous year and with Indonesia’s economic growth of 5.2% in 2018 (Statistics Indonesia 2019). This
has been majorly due to rapid development of infrastructure by the government with value more than
twice of previous periods; government spending (including state-owned companies) on infrastructure
takes 81% of total infrastructure development and the rest of 19% was contributed by private sectors.
This may mean good business opportunity for contractors in Indonesia.

The number of contractors in Indonesia is considered high. The latest data on the National Board for
Construction Service Development (LPJK), the total registered construction companies are 141,959;
only 987 firms or 3% are categorized as large and 8% or 18.631 firms were categorized as medium,
while most of the registered construction firms are small-sized (89%). However, some of the small-sized
construction firms are unable to sustain in business, with very competitive market, less than 10% of the
construction market. Most of the small-sized contractors operate to support individual owners in private
sectors and to support rehabilitation works for government’s public infrastructure. Around 87% of the
construction market is controlled by the large contractors, while small-sized contractors take as much as
6% of the construction market in Indonesia (CNBC 2018). On the other hand, the number of registered
construction companies is decreasing.

The same picture is applied on the regional small-sized contractors, such as in West Java Province where
the Greater Bandung area is located and the research was taken place, as depicted in Figure 1. The
percentage of small-sized contractors has been decreasing since 2016 (8,895 out of 10,560 in total),
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despite infrastructure investment by government was growing since 2015. In the Greater Bandung itself
the small-sized contractors’ number decreased from 1,325 to 1,297 and then to 445 in the last three years
since 2014. Most of the small-sized contractors work on residential house projects for private sector and
individual and road rehabilitation projects funded by the local government. It was believed by some
practitioners that the decrease shows the phenomenon of struggling small-sized contractors in their
competitive market.

86%
84%
82%
80%
78%
76%
74%

72%
2011 2012 2013 2014 2015 2016 2017 2018 2019

Figure 1: Registered Small-sized Contractors in West Java Province (Statistics Indonesia 2018)

In order to sustain in their businesses, small-sized contractors must improve their capacities to be
competitive in their market. As the basis, there is a need to investigate capacity and competitiveness of
small-sized contractors, and to identify factors that influence their competitiveness. By knowing the
factors influencing the competitiveness of small-sized contractors, government could properly regulate
this contractor’s market to suit with their capacities.

Small-sized Construction Business

Based on the Indonesia’s law concerning Construction Services, qualification and sub-qualification for
contractors are established. A small-sized contractor could be a business entity that belongs to individual
or a firm, and in the form of legal and non-legal entity. The small-sized contractor qualification, as
mentioned in the Construction Services Act, has 3 sub-qualifications, i.e., K1, K2, and K3. The
determination of the sub-qualifications of the business entity is based on the requirements issued by the
LPJK; including net worth, experience and manpower or human resources, as shown in Table 1.
Moreover, the determination of sub qualifications also provides limitations on the sub qualification
group based on their abilities. These limits are based on the ability to carry out work, the limit on the
value of one job, the number of work packages that can be taken, and the maximum number of
classifications and sub classifications as shown in Table 2.

It is interesting to see the requirements for qualification, as mentioned above, are not related directly to
the capacity of the contractors, such as capability to do the business in relation with suppliers. Raghavan
and Kumar (2015) have mentioned that small-sized contractors are vulnerable to changes in the
company's cash flow and commaodity cost fluctuations. One of the factors to reduce commodity cost
fluctuations according to Zhou and Zhao (2013) is a good purchasing strategy; the consideration of
choosing suppliers for purchasing commaodities prioritized by small contractors is location, price, speed,
and quality of suppliers. This strategy may differ from one contractor that have ability to build a certain
type of structure to others that have ability in building other type of structures. Johannesen (2009), the
type of dominant work carried out by small-scale contractors is the construction and renovation of simple
buildings, rehabilitation of road infrastructure, and specific occupational specialties.
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Table 1: Requirements for setting up a small-sized contractor qualification

Sub Net worth Experience PJK PJT PJBU
qualification | (IDR)
K1 50 Million to Not required Can be 1 person Can be
500 Million combined with a combined
between minimum between
PJBU and | certification | PJK and
PJT of skills PJT
level 3
K2 200 Millionto | For each Can be 1 person Can be
500 Million subclassification, combined with a combined
the cumulative between minimum between
value of the works | PJBU and | certification | PJK and
for 10 years is at PJT of skills PJT
least IDR 1 Billion level 2
in K1
K3 350 Millionto | For each Can be 1 person Can be
500 Million subclassification, combined with a combined
the cumulative between minimum between
value of the works | PJBU and | certification | PJK and
for 10 years is at PJT of skills PJT
least IDR 1.75 level 1
billion in K2

Note: PJK: owner; PJT: technical personnel; PJBU: business administrator.

Table 2: Limitation of small qualification construction service business entities based on ability.

Sub Ability to finish | One job value | Number of Maximum number of
qualification | the work (IDR) limitation momentary classifications and sub-
(IDR) packages classifications

K1 0 to 1 Billion 1 Billion 5 Maximum 4 sub-
classifications in 2
different classifications

K2 0to 1.75 Billion | 1.75 Billion 5 Maximum 6 sub-
classifications in 2
different classifications

K3 0 to 2.5 Billion 2.5 Billion 5 A maximum of 8 sub-
classifications in 2
different classifications

Research Objective and Method

The objective of this research is to identify the needed capacity and competitiveness of small-sized
contractors in Indonesia. The method of this research is exploratory descriptive that aims to be able to



describe a phenomenon in more depth and to prove the existence of the phenomenon. The research was
done using interview method to small-sized contractors that work for road rehabilitation projects in the
Grater Bandung area.

To measure the level of competition of the small-sized contractor’s market, this research used Five
Forces model from Porter (1979). In this model, a description of the level of competition and the
attractiveness of an industry will be obtained from the industry’s profitability. To analyse the level of
competition of an industry, there are five variables, which are the forces of the environment around the
industry that can affect its ability to serve consumers and make a profit. The five variables referred to
are as follows:

1. User’s bargaining power (U). Strong consumers can gain benefit by asking the business entity to
reduce prices or to improve the quality of their products and services by comparing them with other
business entities. Consumers will try to reduce prices, which will reduce the profitability of business
entities.

2. Supplier’s bargaining power (S). Strong suppliers can obtain benefit by setting high prices, limiting
the quality and service they provide, and transferring costs to the businessmen. Suppliers will tend
to have strong bargaining power if business entities have a dependency on the products they offer.

3. Competition between existing companies (C). Competition among existing competitors can be seen
in various forms including discounts, introduction of new products, advertising, and service
improvement. High competition can limit the profitability of an industry.

4. The threat of new arrivals (A). A profitable market will bring in many new business competitors
who will try to get a share in the industrial market. This will reduce profitability for all business
entities in the industry unless, the existed business entity could handle the new competitor to enter
the market with barriers to entry.

5. Threats of substitute products or services (T). The existence of substitute products/services can cause
consumers to switch to alternative products/services. This resulted in reduced market share in the
industry so that it would reduce the existing profitability.

Moreover, to identify the factors that could affect the level of competition of each force, a model from
Yazycy and Emrah (2006) is used. Therefore, there are 13 factors that could influence the level of
competition in small-sized contractors, as show in Figure 2.
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Figure 2: Factors for the Porter's five forces model (adopted from Yazycy and Emrah 2006)

Data collection was done using interview survey method. A questionnaire was developed to guide the
interview session and contained a series of questions that illustrate the factors of competition level based
on the Porter's five forces model in the form of open questions. The target respondents of this study were
20 small-sized contractors in the Greater Bandung area.
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The data obtained from the survey were processed further in order to convert the qualitative data
gathered by the questionnaire into quantitative data. Furthermore, assessments are given to determine
the level of factors affecting the competition of small-sized contractors with scores of 0 and 1; has an
effect =1, does not have an effect = 0. The value of the level of factor influencing the level of competition
can then be obtained using average score of each factor with the following equation:

_x(fxs) Equation 1
n

MS

Where MS = the average score of each factor (%), f = the number of respondents who chose a factor, s
= the value of the score, n = the maximum number of scores. Furthermore, to assess whether a factor
affect the level of competition could be done using the following table.

Table 3: The assessment scale of factor influenced level to competition level

MS scale Level of factor that influence the level of competition
0% - 20% No effect

21% - 40% Low

41% - 60% Moderate

61% - 80% High

81% - 100% Highest

Research Findings

There were initially 20 small-sized contractors that are engaged in the construction of road rehabilitation
in the Greater Bandung area to be interviewed, but only 15 respondents considered valid to be used in
this research, since some respondents were identified to be the owners of the other companies that have
been interviewed. The respondents were the owner (PJK), technical personnel (PJT), and business
administrator (PJBU) of the responded companies who understand the competition of the small-sized
construction market. Those contractors are mostly working for local government in rehabilitating local
roads which mostly consist of overlay of flexible and rigid pavements. The complexity of the works is
considered low, with high dependency to the availability of equipment and material provided by
suppliers, i.e., asphalt mixing plant and concrete mixing plant. As depicted in Figure 3, there is no
concentration in the small-sized contractors’ market of the local government’s road rehabilitation works.

80,00%
70,00% 65,79% 66.98%
60,00%
50,00%
40,00%
30,00%

20,00%

10,00%
0,00%
2012 2013 2014 2015 2016 2017 2018 2019
*%-CR4 -4 CRS§ -5-CR20

Figure 3: Concentration ratio of small-sized contractors for local government road rehabilitation
projects in Greater Bandung area
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The average score of each force in aggregate is shown in Table 4. While more detailed information on
the average score of each factor, already ranked, is shown in Table 5.

Table 4: MS score for each force of the Porter’s five forces

No. Five forces MS Level
1 Threat from new arrivals (A) 40.83% Low
2 Suppliers’ bargaining power (S) 62.22% High
3 User’s bargaining power (U) 71.11% High
4 Competition between existing companies (C) 68.89% High
5 Substitute of product or service (S) 33.33% Low

Table 5: Ranked factors influencing the level of competition

Rank | Factor MS Level
1 User ability to determine the cost of product (U) 100% Highest
2 Standardize products (U) 100% Highest
3 Product differentiation (C) 100% Highest
4 Government regulation (A) 73.3% High
5 Cost difference between supplier replacement (S) 73.3% High
6 Number of competitors (C) 60% Moderate
7 Capital requirement (A) 53.3% | Moderate
8 Exit barrier (C) 46.7% | Moderate
9 Threat from service replacement (T) 33.3% Low
10 Economic scale (A) 26.7% Low
11 Cost difference between business entity replacement (U) 13.3% Low
12 Relation between existing business entity and user (A) 10% Low
13 Supplier’s concentration (S) 6.7% Low

Discussion

It can be seen from Table 4 that the intensity of user’s bargaining power force (U) is high and relatively
the highest (71.11%) compared to other four forces. Two other forces that are considered high are
competition between rivalry (C), that is 68.89%, and supplier’s bargaining power (S), that is 62.22%.
While the threat from new arrivals (A) and substitute of products (T) are considered low.



Since small-sized contractors in this research are operating in road rehabilitation projects from local
government, there is a high dependency to the government’s procurement system. There are almost no
other users that demanded road rehabilitation works, except the local government. Therefore, it is
obvious that the local government’s bargaining power (U) is considered high and the highest compared
to other forces. Moreover, the factors related to user’s bargaining power, which are user’s ability to
determine cost of product and standard product have maximum score of MS (100%) and considered as
the highest; ranked as 1 and 2 (see Table 5).

In the Indonesia government procurement procedure, the owner’s estimate (OE) becomes the highest
value for the contractors to offer. Moreover, very low quotation, lower than the OE 80%, will be
considered as unacceptable. Moreover, the road rehabilitation works, especially overlay works for rigid
and flexible pavements, are considered not complicated and have been standardized by the ministry of
public works in Indonesia, therefore many contractors could perform the works relatively easy.

However, the other factor of user’s bargaining power, i.e., cost difference between business entity
replacement, is considered low one (13.3%). This is related to the procurement system of the government
that would not let the change of contractors during the execution happen; the contractors will face harsh
consequence if not performing well and changed during the execution of the contract, such as penalty,
claimed performance bond, and black listed. However, those threats from government for not well
performing are not considered to have high influence on the competition. It may due to low entry barrier
set up by the government, so a blacklisted contractor still can operate with a new set up company or
borrowing other company to get future works.

From the point of view of competition between existing companies (C), the product differentiation is
considered as highest as reflected by the standardized product of road rehabilitation works. With
majority of the existing companies could perform well to meet the standards given by the local
government for road rehabilitation works, therefore there will be no chance to have product
differentiation that will lead to more competitive market.

There are two factors that are considered high in Table 5, i.e., government regulation and cost difference
between supplier replacement (73.3%). The government regulation factor is related to entry barrier to
new arrivals, which is considered as easy and therefore the entry barrier is low. With this situation, many
newcomers will jump into the market and compete with the existing companies. This also relates to the
requirements for qualification and sub qualification of the small-sized contractors set up by the LPJK;
in other words, the requirements are too easy and not reflecting the capabilities needed.

The supplier’s bargaining power is considered high, mostly due to high influence of the cost to change
the supplier to the competition level. This is related also to the government’s conditions of contract
where the contractors cannot change the supplier easily after the contract signed. Any changes of
supplier should have approvals from the owner. However, the owner, which is the local government, is
very familiar to all suppliers available in the Greater Bandung area with their performances.

Based on the results above, the capabilities that the small-sized contractors operating in Greater Bandung
area for road rehabilitation project, based on the highest influencing factors are suggested as shown in
Table 6. As listed, the capabilities needed to embrace the factors that has high influence on the
competitiveness are related to techniques, technology, project management, and supply chain
management. It means that requirements for qualification and sub qualification should be evaluated to
accommodate the need to have small-sized contractors that capable and therefore could be competitive
in their markets. The potential revisions for the requirements of qualification and sub qualification are
more on the specifications for technical personnel (PJT) and business personnel (PJBU). This leads to
the need to have specific experience in trainings and education for such personnel requirements.

Based on the results, more research is needed to identify the same issues with other classification of the
small-sized contractors in the Greater Bandung area, i.e., residential buildings, that is also occupied by
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large number of small-sized contractors. However, this market is mostly regulated by private and
individual. Therefore, less data available is expected to support such research in the future.

Table 6: Capabilities to embrace the high influencing factors to competitiveness

No. | Factors influencing competition Capability

1 User ability to determine the cost of product | Cost estimation method, direct quotation from
V) the supplier, risk identification

2 | Standardize products (U) Technical skills, construction method,
equipment, long relationship with supplier

3 Product differentiation (C) Enhancement in delivery and services, quality
assurance
4 Government regulation (A) Long term relationship with users

5 | Cost difference  between  supplier | Long term relationship with suppliers for
replacement (S) strategic commodities

Conclusion

The paper discusses the needed capabilities and competitiveness of small-sized contractors operating in
Greater Bandung are for road rehabilitation projects. User’s bargaining power, competition within the
market, and supplier’s bargaining power are considered the forces that shape the competitiveness of the
market. However, factors that have high influence on the level of competition are user ability to
determine the cost of product; standardized products; product differentiation; government regulation;
and cost difference between supplier replacement. Some capabilities were suggested to embrace the
factors influencing the level of competition that should be considered as potential revisions to the
requirements of qualification and sub qualification of small-sized contractors.
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Abstract

Construction delay is a critical determining element in project success. These delays lead to cost,
schedule, quality, and safety escalation and in some cases abandonment. Large amount of extension of
time (EOT) claims arise during the execution phase of projects. Given the vast amount of delay factors,
it is of immense importance to examine the casual relationship among delay factors which cumulate to
claims for EOT. This study also seeks to identify the root causes of delay spread into other factors along
the EOT spectrum. Quantitative approach was applied through a nonprobability snowball survey of
construction industry professionals who regularly engage in EOT claims. Decision making trial and
evaluation laboratory (DEMATEL) is applied to examine the casual relationship among the factors. The
results depict that incomplete documents have the highest impact on other factors while mistakes in
construction method has the least impact on other factors. The findings of this study is pivotal to the
stakeholders in making strategic decisions that will significantly reduce the snowball effect of various
delay causes. Also, it will enable the project managers to monitor changes and take adequate
precautionary steps during execution phase to stem the likelihood of delays.

Keywords
Construction, delays, extension of time (EOT), DEMATEL, project manager (PM).

Introduction

The issues of delays in the construction industry is a global phenomenon. The construction industry in
Malaysia is an important sector due to its huge contribution to the country’s economic development,
Foreign Direct Investments (FDI) and employment opportunity. Malaysia GDP from the construction
industry is seen to have an increasing trend by the 1st quarter of 2018 which is expected to continue to
rise in the months ahead (Trading Economics 2018). In Malaysia, the definition of a successful
construction project is determined by project completion within the allocated time, budget, and in line
with the project stakeholders’ requirement. Besides, benefit to contractors, functionality, absence of
claims and court proceeding and “fit for purpose” for the user have also been used as way of
measurement of success in a project (Jatarona et. al 2016). Nevertheless, about 70% of the project in the
construction industry are delayed due to various causes. Despite the proper planning done to complete
the project within the allocated timeframe, it is extremely rare that a project is completed within the
allocated timeframe (Ghenbasha, Sabki, Ayoob 2016). The nature of the delays in construction industry
is such that it is not due to a single event occurrence but in fact it is due to the multiple event that develop
slowly during the construction phase (Acharya, Kim, Lee 2014).
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Figure 1: Malaysia GDP from construction (Department of Statistics, 2018)

As a result, the project will experience issues such as unexpected cost escalation. Once a project is
delayed, contractors files a claim for Extension of Time (EOT). As some delays are beyond the control
of the contractors, the contractors are compensated with the time that has been lost and this compensation
is what is termed as EOT. Most building contracts contain a short clauses of time extension which is to
be granted by the architect. These provisions of EOT is stated in the standard form of contract in clause
23 of the Malaysia Architect Association (PAM) 2006, and clause 43 of Public Works Department
(PWD) 203A. In these clauses, the architect has the right to grant the EOT to the contractor. However,
granting EOT is difficult as the issue is that contractors does not provide much information to the
architect on the reasons why they should be granted with EOT (Yusuwan and Adnan 2013). What it
supposed to be a profitable project turns into a money losing project. This pose serious consequences
for the investors and stakeholders that are involved in the project (Samarghandi et. al 2016). According
to Zwikael (2016), high-quality project planning is necessary for a project to be successful. Further to
that statement, it was found that construction industry uses a high quality of project planning to ensure
a higher percentage of success rate. However, this statement does not reflect the current situation that is
occurring in the construction industry. It is reported by Jatarona et. al (2016) that there are 191 delayed
project overall in the Malaysian construction industry that has obtained EOT. After project completion,
project team publishes post-mortem report of the project/lesson learnt report. However, there are
evidence that shows that repetition of the same problem (Jatarona et. al 2016). Therefore, to solve this
issue, the causes of delay should be tackled from its roots. This study aims to analyse the causal
relationship between the extension of time (EOT) influencing factors by using the decision-making trial
and evaluation laboratory (DEMATEL) approach. This will be achieved by the following objectives of
identifying the root cause of factors influencing EOT, examining the causal relationship between EOT
influencing factors and recommending mitigation strategies to prevent EOT root causes.

Extension of time

Choudhry et. al (2017) conducted a research on the major causes of discrepancies in building
construction. The results show that the provision of incomplete data to designers, lack of interest by
approving authorities to carefully check the design, and owner-proposed changes due to financial
problems are the top three causes of discrepancies. Alade et. al (2016) explores the major causes and
effects of delay in the execution of construction projects in Nigeria. The research identified 30 causes
of construction delays. The analysis of the result reveals the three most important causes of delay are
poor site management and supervision, contractor inexperience and client’s financial difficulties. Oke,
Aigbavboa & Khangale (2017) conducted a study to examine the general effects of skill shortages in the
construction industry. The study reveals that shortage of skilled worker impacts on cost increase, time
overrun, decrease quality, high accidents rate and more rework. A study was conducted by Subhi, Dinesh,
& Resmi (2017) to review the various symptoms & causes of construction defects which occurs in
construction project. The result of their study found that a defective work may cause the client to be
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dissatisfied. Furthermore, poor workmanship was also found to be an influencing factor to defective
work. It was also highlighted that defective work may pose an impact to the financial situation on the
contractor’s side.

Sweis et. al (2014) study evaluated the factors affecting contractor’s performance specifically in public
projects. The outcome of the research found that financial difficulties faced by contractors, manpower
shortage, and excessive change orders from the client are the leading factors that directly affects
contractor performance on construction projects. Gamil & Rahman (2017) conducted a theoretical
review by examining the causes and effects of poor communication among management team in the
construction industry which is found to be one of the most challenging factors that causes a failure of a
project. By using the frequency technique, out of 33 causes of poor communication, it was found that
the most prevailing reason for poor management is lack of effective communication. Whereas, out of
the 21 effects from poor communication, it was found that the highly repeated effect is time overrun of
project.

Staiti, Othman & Jaaron (2016) research on the impact of change orders on project performance in the
West Bank of Palestine reveals that change order strongly affects all the projects performance. Therefore,
they conducted a research on the main causes of changes order in the West Bank by highlighting the
potential effects of change orders on the Palestinian construction industry. The research discusses the
effect of change order from client and consultant point of view. From the clients’ perspective, the change
order arises due to financial problems, change in decision or noncompliant design with clients'
requirements. Consultant on the other hand issues change orders due to errors and omissions in designs,
specifications or due to conflict in contract documents. On another study on change order, Desai, Pitroda,
& Bhavsar (2015) conducted a research on identification of causes and effects of change order. Their
research reveals that change orders are usually issued to cover discrepancy in scope of work, material
guantities, and design errors by imposing a serious impact on the quality, time, and cost of projects.
Lopez & Love (2011) research on the effects of design change and its impact on construction project
reveals that adversely influence project performance and can contribute to project failures, worker
accidents, and loss of life. The study also focused on the effect of design error associated with cost. Their
research reveals that design errors affect the client by 6.85 and 7.36% of the contract value. This result
was generated based on a questionnaire survey of 16.85 and 7.36% of contract value 39 respondents.

Zannah et. al (2017) performed a study to identify the causes of workers’ low productivity in
construction projects in Nigeria. The research reported that low wages of skilled, lack of sufficient skill
acquisition centres and lack of incentive schemes for skilled workers were the most significant causes
of workers’ low productivity in the Nigerian construction industry. This corresponds with Ohueri et. al
(2018) study which stressed the providing financial incentives to workers will increase their productivity
and in turn reduce time overrun. Muiruri & Mulinge (2014) research focusses on the relationship
between workers’ health and safety with improper planning by the management. The purpose of their
research was to investigate the health and safety measures used on construction sites, evaluate the
enforcement mechanisms of health and safety regulations on construction sites and to examine the
challenges encountered by the management of health and safety in construction project sites. Findings
of the research revealed that the employer should take full responsibility for their workers’ welfare and
safety. Rauzana (2016) conducted a research through literature review to identify the factors of conflict
on the construction project. The research discussed that there are many consultants from various
discipline involved in a construction project, hence every consultant has different input towards the
project. However, despite the differences, the consultants have one common goal which is project
completion on time, and not exceeding the budget and requirement. 21 factors that influence conflict
among parties has been identified and those factors were classified into three categories namely owner,
consultant, and contractual. The findings of the research recommend conflict resolution. Similarly, Femi
(2014) conducted a research on the cause and effects of conflict in the Nigerian construction industry.
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The study identified 10 most important causes of crisis among other important factors and 5 most severe
effects of conflict in the Nigerian construction industry.

Abdul-Rahman, Takim, & Min (2009) research addresses the issues of financial related delays in
construction projects. The study identifies the root causes and suggest the suitable mitigation actions of
financial-related project delays. Four main factors were identified from the research’s literature, namely
late payment, poor cash flow management, insufficient financial resources and financial market
instability. The findings indicate that clients play the most important role in reducing the impact of
financial problems towards the extent of project’s delay. Ali & Wen (2011) research investigate the
workmanship performance of construction projects associated with the number of defects occurred for
new completed building. The research explores the factors that contributes to poor workmanship and
possible measures to minimise the problem, and the relationship between measures identified with the
factors. The research concludes that construction projects suffered from low performance of
workmanship by the contractors. The most significant factor contributing to poor performance is lack of
experience and competency of labours. Attar, Gupta, & Desai (2015) conducted a research on factors
affecting labour productivity in the construction industry. Their research reports the survey that was
directed to project managers and experienced engineers of building projects in Sangli, Kolhapur & Pune
districts in India. The respondents were required to rate based on their experience on how the factors
affect productivity with respect to time, cost and quality. The survey was conducted out by a set of
guestionnaires that identified ten most significant factors affecting labour productivity for small,
medium and large companies.

Ramachandra & BamideleRotimi (2015) explored the key causes of payment delays and losses in the
New Zealand construction industry. The purpose of factor analysis was to enable clustering of the inter-
related causes of payment delays and losses in order to find reduced number of causes. Accordingly, the
research discovered that payment issue is mainly related to contractual issues, financial strength of
industry players, disputes, and shortcomings of payment processes. Ansah (2011) conducted a study to
identify the causes and effects of delayed payments for completed work in the Ghanaian construction
industry. The relative importance index was used and found that employers’ poor financial management,
conflict between parties, and delay in approval are some of the potential causes of delay in payment.
Furthermore, the study suggests that delaying the payment could create financial difficulty for the
construction companies and its impacts are sometimes extreme that some companies have to close down.

Extension of Time Provisions in Malaysian Contracts

The provision of delay in the Malaysian construction industry is reflected in the PAM 2006 contracts
and PWD 203A. These two forms of contracts are commonly used in Malaysia. Government sector
projects in Malaysia prefer to use the PWD 203A.

Extension of time (PAM 2006)

The clause 23 of the PAM 2006 discusses in detail on the issue of extension of time. The sub- clauses
of clause 23 discusses information such as the process involved in assessing the extension of time, the
information required to file the claim, and the acceptable causes to grant extension of time. Clause 23.8
outlines the relevant events that are acceptable in order for EOT to be granted. There are 24 events that
are acceptable to grant EOT under the PAM 2006 contract
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Figure 2. Delay clauses (PAM, 2006)

Extension of Time (PWD 203A)

The PWD 203 A, form of contract is commonly used by the public-sector project. It is quite similar to
the PAM 2006 form of contract when it comes to the EOT section. However, it differs with PAM 2006
in terms of the number of acceptable events to grant EOT. In PWD 203A, there are only 11 events that
are acceptable which is outlined under clause 43.
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Figure 3. Delay clauses (PWD 203A)

Research Methodology

The first step of this study was to define the problem statement. An extensive literature review was
performed to explore the factors influencing EOT. Based on these factors, a questionnaire was developed
and distributed to the industry experts. The returned questionnaires were then analyzed by using the
Decision Making Trial and Evaluation Laboratory (DEMATEL) method. This research uses a sampling
method known as snowball sampling. Snowball sampling is a special nonprobability method for
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developing a research sample where existing respondents are obtained from the researcher’s
acquaintances. According to Katz (2006), this sampling technique is often used in hidden populations
which are difficult for researchers to access, or in cases where a sampling frame is hard to establish. It
is assumed that respondents are affiliated through links that can be exploited to locate other respondents
based on the existing ones. According to Bell & Water (2014), a questionnaire should utilize seven (7)
types of question which are verbal or open, list, category, ranking, quantity, grid, and scale. Therefore,
the design of the questionnaire includes the elements as suggested by Bell & Waters (2014). The
influencing factors were gathered through the literature and categorised into five (5) categories namely
client, consultant, contractor, and contractual relationship. The questionnaire consists of section A and
section B where section A is the demographic study of the respondents while section B is the respondents’
response on the influence relationship of EOT. The influence is rated in a scale of 0 to 3 where 0 being
no influence and 3 being very high influence. This scale is the standard rating scale used for DEMATEL
technique (Sumrit & Anuntavoranich (2013). DEMATEL method was originally developed between
1972 to 1979 by the Science and Human Affairs Program of the Battelle Memorial Institute of Geneva.
The purpose of DEMATEL is to study the complex and intertwined problematic group. It has been
widely accepted as one of the best tools to solve the cause and effect relationship among the evaluation
criteria. This method is applied to analyse and form the relationship of cause and effect among evaluation
criteria or to derive interrelationship among factors. DEMATEL has been widely used in various field
such as medical, supply chain, business, or even construction (Parchami, Jalal, & Shoar, 2017; Ortiz,
Felizzola, & Isaza, 2015; Amiri et. al, 2011).

Step 1: Gather experts’ opinion and calculate the average matrix Z

A group of m experts and n factors are used in this step. Each expert is asked to view the degree of direct
influence between two factors based on pair-wise comparison. The degree to which the expert perceived
factor i affects on factor j is denoted as x;. The integer score is ranged from 0 (no influence), 1 (low
influence), 2 (noteworthy influence), and 3 (high influence), respectively. For each expert, an n x n non-
negative matrix is constructed as X* = [x{‘j], where K is the expert number of participating in evaluation
process with /< k < m. Thus, X}, X3 X3,.., X™ are the matrices from m experts. To aggregate all
judgments from m experts, the average matrix Z= [z;] is shown below.

1 o™ .
i = _Z xlkj Equation 1
méedi=1

Step 2: Calculate the normalized initial direct- relation matrix D

The normalized initial direct-relation matrix D = [dj], where value of each element in matrix D is ranged
between [0, 1]. The calculation is shown below.

b=2xz Equation 2
Where
1 = Min 1 1 Equation 3

max1<i<n}¥t,|z;| max1l<i<n}l,|z;l

Based on Markov chain theory, D™ is the powers of matrix D, e.g. D? D?®,..., D” guarantees the
convergent solutions to the matrix inversion as shown below.

nlli_rg) D™ = [0],.xn Equation 4
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Step 3: Derive the total relation matrix T

The total-influence matrix T is obtained by utilizing Eq. (6), in which, I is an n x n identity matrix. The
element of tj; represents the indirect effects that factor i had on factor j therefore, the matrix T reflects
the total relationship between each pair of system factors by the equation below.

— -1
T =D(—D) Equation 5

Step 4: Calculate the sums of rows and columns of matrix T

In the total-influence matrix T, the sum of rows and the sum of columns are represented by vectors r and
c, respectively.

n
r=[rlpa = (Z L tij)nxl Equation 6
]:
n
! ! N
¢ = [¢lixn = [Z_ 1tij lixn Equation 7
]=

where[¢;]" is denoted as transposition matrix.

Let r; be the sum of i row in matrix T. The value of r; indicates the total given both directly and indirectly
effects, that factor i has on the other factors. Let ¢; be the sum of the j™ column in matrix T. The value
of cjshows the total received by both effects directly and indirectly, that all other factors have on factor
j- Ifj =1, the value of (ri + ¢;) represents the total effects both given and received by factor i. Meanwhile,
the value of (ri-ci) shows the net influence by factor i on the system. Moreover, when (r;-ci) is positive,
the factor i was a net cause while (ri -c;) is negative, factor i is a net receiver

Step 5: Set a threshold value (a)

The threshold value (o), was computed by the average of the elements in matrix T, as computed by Eq.
(8). The calculation of the threshold is done to eliminate some minor effects elements which appears in
matrix T. (Yang et al., 2008).

. =1 2i=altif] Equation 8
N

where N is the total number of elements in the matrix T.

Step 6: Generating a cause and effect relationship diagram

The cause and effect diagram is constructed by mapping all coordinate sets of (ri +c;, ri -C;) to visualize
the complex interrelationship and provide information to analyse the most important factors and how
affects the other influencing factors. The factors where the t;; is greater than o, are selected to be shown
in cause and effect diagram (Yang et al., 2008).
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Results and Discussion

Respondent Demographics

100 questionnaires were distributed, and 80 questionnaires were returned back. Therefore, a response
rate of 80% has been achieved for this research. The focus group of respondents that involved in this
research are 69% consist of contractors and another 31% are consultants (Figure 4) who are in these type
of position engineer (41%), architect (28%), project manager (20%), and quantity surveyor (11%)
(Figure 5). The number of respondents also has been categorized according to their working experiences
in construction industry as it reflects that the longer, they have been working with construction industry,
the more experiences and information they possess. 44% of respondents have 11 to 15 years’ experience,
25% of the respondents have been working less than 5 years, about 19% of the respondents have been
working for over 15 years, and 12% of the respondents have been working in construction industry for
about 5 to 10 years (Figure 6). The respondents also have been dealing with various types of projects.
Based on Figure 7, mostly which is 81% of them are working under the building and infrastructure,
followed by 13% of them working in the infrastructure only, and the remaining 6% of them are working
with other projects that related to construction industry such as oil and gas. Based on the information
given by the respondents in Figure 8, 56% of them agreed that every project takes them about 19 to 24
months to complete, another 25% of them found that the duration of a project completion took about 12
to 18 months and the other 19% of them could finish their project in a short time which is below 12
months. Moreover, 37% of respondents experienced projects delayed from 7 to 9 months, 19% of them
faced delays in completing their projects from 3 to 6 months, and 19% of them had their project delayed
for less than three months. Additionally, 13% of respondents said that their projects can also possibly
delays till more than 12 months and the rest which is 12% of them said that some of their projects delayed
for about 10 to 12 months (Figure 9).

PERCENTAGE OF RESPONDENT

RESPONDENT CATEGORY

Architect
28%

Client

Figure 5: Percentage of respondent

Figure 4: Respondent category

RESPONDENT EXPERIENCE (YEARS)

Figure 6: Respondent experience

TYPE OF PROIJECT

Figure 7: Type of project

DURATION OF PROIJECT

DURATION OF DELAY

Figure 8: Duration of project

Figure 9: Duration of delay
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DEMATEL Ranking

Figure 10 shows the overall result of the DEMATEL analysis. According to the graph, incomplete
documents/drawing, financial difficulties of client, lack of skilled labour, defective works, shortage of
manpower, poor site management and supervision, mistakes during construction, change order, labour
injuries/accident in site, changes in drawings/specifications, improper planning, conflict between parties,
poor subcontractor performance are under the cause category. Meanwhile slow payment, contractor’s
financial difficulty, low productivity, slow inspection, and approval delay are under the effect category.
The highest influencing factor that causes delay for Kuching is incomplete document while the lowest
is approval delay.

Highest

Influence Network Influence Map
z
Incomplete Document
15
Cause
1 client Finance
skilled Labour Defective works
Manpower Shortage
o5 Poor Management
Labour Accident Drawing Cha g change order
s ng Change Construction Mistake improper planning
1D 1 Parﬁscﬁrﬂin 13 Foor Performance 15
0= Slow Payment
-1 Financial difficulties
1 s Low productivity Effe{',t
Slow Inspection
-2
approval Delay

2.5
Lowest
Influence

Figure 10: Network Influence Map

Incomplete Document

Figure 11 shows the 11 issues of EOT that have been affected by incomplete document which includes:
change in drawing, manpower shortage, lack of skilled labour, difficulties in client’s financial situation,
defective works, mistake in construction method, conflict between parties, poor performance of
subcontractor, improper planning, poor management, and change order. These influencing factors
relationship are consistent with Choudhry et. al (2017) as it mentioned that incomplete document may
lead to changes in drawing as it could arise from discrepancies between actual site condition and the
planned design which also lead to sudden financial difficulty to client as the budget allocated by them
may not be consistent. Incomplete documents affecting slow inspection, approval delay, low
productivity, financial difficulties by contractor, and slow payment of completed work (Choudhry et. al
2017). Labour accident was found to be an outlier where incomplete documents had no effects on this
element. However, according to a guide on safer construction (Charles, Pillay & Ryan 2007), they found
that incomplete documents led to some labour injuries. These labour injuries are due to certain safety
factor that are not factored into the design. According to Lee (2018), construction professionals involve
careful documentation in safety planning in Kuching construction industry according to Construction
Industry Transformation Programme (CITP) since 2015 as being spearheaded by the Works Ministry
and the Construction Industry Development Board Malaysia (CIDB).
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Network Influence Map, Incomplete Document
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Figure 11: Network influence for incomplete document

Financial Difficulties of Client

Figure 12 shows that the client’s financial difficulties lead to manpower shortage, lack of skilled labour,
construction mistake, poor subcontractor performance, improper planning, poor management, and
defective works. These relationships have been consistent with the research conducted by Choudhry et.
al (2017) and Alade et. al (2016). However, Alade et. al (2016) stated that client’s has insufficient fund
may cause changes in drawing to match client’s budget. The effects of clients’ financial difficulty are
more severe than the causes as suggested by Alade et. al (2016). As client’s financial issue may cause
financial difficulties to the contractors to continue the work which matches with this research where the
financial difficulties could cause low productivity in the workplace. Thus, work progresses slowly due
to client’s insufficient funding which in turn leads to slow inspection by the consultant due to incomplete
work (Alade et. al, 2016). Another factor in this research that is contrary to previous researcher’s
findings is slow payment. Client’s financial difficulty resulting into slow payment as indicated by Abdul-
Rahman, Takim & Min (2009) and Akinsiku & Ajayi (2016). In their research, client’s financial
difficulty ranks as the number one (1) and number two (2) respectively for late and slow payment.

Network Influence Map, Client Financial Difficulties
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Figure 12: Network influence for financial difficulties of client
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Lack of Skilled Labour

Figure 13 explains on the network influence map for lack of skilled labour. Lack of skilled labour ranked
as the 3rd highest influencing factor in Kuching construction industry. Issues with lack of skilled labour
may causes conflict between parties, construction mistake, defective works, change order, improper
planning, poor performance, and poor management. The study conducted by Oke, Aigbavboa &
Khangale (2017) outlined that having shortage in skilled labour may cause poor performance,
construction mistake and defective work. Similarly, lack of skilled labour was found to cause labour
injuries which is contradict to the results in this research. Lack of skilled labour was found to have no
effect on labour injuries in this study due to the compulsory safety training requirement before the start
of construction works in Kuching (CIDB 2018). Therefore, the labours are aware of safety related matter
while at work. The effects of lack of skilled labours also agreed with the research of Oke, Aigbavboa &
Khangale (2017) where it may cause the project to have cost overrun which concerns with financial
difficulties and slow payment, low productivity and slow inspection. However, there is no research
evidence showing that there is approval delay causes by lack of skilled labour. This perhaps occurs in
Kuching construction industry due to lack of consultants or qualified individual to assess the on-going
activity. As most of the projects in this research are building and infrastructure which it requires lift or
escalator. In Kuching, there are only a few specialists in lift and escalator service provider which needs
to cover whole Sarawak region. Limited number of lift specialist is difficult to oversee works in the
whole Sarawak.
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Figure 13: Network influence map of lack of skilled labour

Defective Works

As shown in Figure 14 below, defective work triggers eight (8) other issues that could cause project
delay such as client finance, lack of skilled labour, manpower shortage, conflict between parties, change
order, poor performance, poor management, and improper planning. A defective work majorly appears
after the handover of project occurs. Once a defect appears, in certain cases, client will bear the cost if
the defect appears after the liability of defect period. This cause client dissatisfaction disrupting the
client’s financial situation. Change order might arise due to a defective work as this will unlikely to be
accepted by the client if it is due to wrong construction method or poor workmanship. This will
contribute to project delay as more time will be put in for the rectification work. These two situations
agrees well with finding of Subhi, Dinesh & Resmi (2017). For a subcontractor, this type of work could
cause them to perform poorly especially during the rectification work. This is due to manpower shortage
as the nature of the subcontractor, they might work on multiple sites, re-allocating them back to the site
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for rectification work which is challenging for the manager. This issue also would lead to an improper
planning of work for rectification. In some cases, a defective work could cause a conflict between parties.
This has been reflected in the case of Cordon Investments Pty Ltd v Lesdor Properties Pty Ltd (2012)
NSWCA 184 where the dispute arose between the two parties regarding the defective and incomplete
works. It is observed that there is no connection between defective works and labour injury. However,
in the construction of Hyatt Place in Nebraska, a partial slab collapsed and injured three workers who
are working directly below the slab (U.S. Department of Labour 2003). Perhaps in Kuching, such case
has not occurred yet. Therefore, it explains the absence of such relationship. Defective work brings
some effect such as slow payment, financial difficulty for the contractor, low productivity, approval
delay, and slow inspection. Subhi, Dinesh & Resmi (2017) research is consistent with these effects as
their studies has emphasized that defective will lead to rectification of work, the cost will usually be
bear by the contractor hence cause a financial trouble for the contractor. A low productivity also could
happen among the workers perhaps due to the incompetency of the labour in the rectification work that
involved.

Network Influence Map, Defective Work
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Figure 14: Network influence map of defective work

Manpower Shortage

Manpower is the key to a successful project completion within the construction period. Based on Figure
15, manpower shortage causes five (5) issues such as poor performance, improper planning, construction
mistake, poor management, and defective works. Lack of manpower may affect the performance of a
subcontractor in terms of financial, and reputation. This influencing factor is consistent with Sweis et.
al (2014). One of the roles of managers in construction industry is to plan their manpower allocation. If
there is a shortage of manpower, it might cause a difficulty in planning the task division. Based on Figure
15, manpower shortage produces effects such as low productivity, financial difficulties, slow payment,
slow inspection and approval delays. Manpower shortage is found to be one of the demotivating factors
for low productivity among construction worker (Sweis et al 2017). Due to manpower shortage, some
workers are required to perform twice the amount of work to cover the incomplete task. This has direct
link to their productivity. Hence, contractor might experience financial difficulties to pay the worker
with higher rate. An effective manpower management and is a critical need for reducing labour costs
and thereby it increases the profits for a contractor (Rahman, Memon & Karim 2013).
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Network Influence Map, Manpower Shortage
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Figure 15: Network influence map of manpower shortage

Poor Management

Based on Figure 16, poor management cause six (6) other cause of delay to arise such as conflict between
parties, lack of skilled labour, defective works, client finance, improper planning, and poor performance.
These results are in line with Gamil and Rahman (2017) where they found in their research that poor

management leads to project time overrun and it ranked the highest among the effects that they identified.

Their research also reveals that there are possibilities of conflict between parties to occur due to
miscommunication issues because poor management can cause improper planning due to lack of
communication (Lessio et. Al 2009; Gamil & Rahman 2017; Tanko et. al 2018). Apart from that, cost
overrun also occurs which will disrupt the client’s finances. Rework that ranked the 4th highest could
happen due to defects in work and poor performance due to poor teamwork in managing projects (Emuze
& James 2013; Gamil & Rahman 2017). However, in this research, there appears to be no connection
between poor management and labour accident. In other research, there are evidence linking poor
management and labour accidents (Ali, Kammaruzzaman & Sing 2010; Liy et. al 2016; Gamil &
Rahman 2017). According to Husin, Adnan & Jusoff (2008), construction industry in Kuching are very
strict on safety management for quality construction. Therefore, the management are highly aware of
safety related issues therefore there is no evidence in the connection of poor management and labour
accidents. The effects of poor management could be severe as well as it might lead to project
abandonment (Gamil & Rahman 2017). In this research, poor management is found to cause low
productivity, financial difficulties, slow payment, slow inspection, and approval delay. Ali and Wen
(2011) found that poor management may cause low productivity for a project. This is due to the
management’s effort of not motivating the workers. Ramachandra and Bamidele Rotimi (2015)
highlighted that poor management is the main reason for contractor to experience financial difficulty
and slow payment process. However, there is no evidence in other research that slow inspection and
approval delay are caused by poor management.
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Network Influence Map, Poor Management
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Figure 16: Network influence map for poor management

Conclusion and Recommendation

Incomplete document has the highest ranking on the reason for project delay in Kuching. It can cause
seventeen (17) other influencing factors to be triggered. Every party should be careful when dealing with
documents related to construction as it may cause severe effect on project delay. Low productivity ranks
the lowest as it causes two (2) other influencing factors to be triggered. Issues on low productivity of
worker should be taken seriously as workers’ strength is one of the keys to a successful completion of a
project. Some issues may cause a loop of problems hence repetition of the factors of delayed project will
occur, therefore corrective action must be taken when one (1) of the eighteen (18) influencing factor
arises. As this research is aimed for client and contractors, therefore, the recommendation will be given
according to the categories of influencing factors. Based on the research, clients are found to cause
change order, financial difficulties, and slow payment. These three (3) are related to financial situation
therefore it is recommended to the clients that an understanding in cash flow and budgeting should be
understood and executed in a proper way.

Consultant are found to cause changes in drawing, providing incomplete data, slow inspection of
completed work, and delay approval. The link between these four (4) is the level of attention to detail
and productivity of the consultants. To avoid changes in drawing and incomplete data to occur, every
document should be checked by another consultant. As for consultants’ productivity, perhaps the
consultants could prioritise tasks that are considered critical for inspection. Contractors ability are one
the key drivers for a project to be on track. However, they are found to cause poor management, financial
difficulties, mistake during construction, defective works poor performance, and improper planning. All
of these causes have a common root cause which is improper planning. Therefore, it is recommended
that the contractors should be more careful in making their planning and should utilise risk management
techniques from time to time.

The labour forces are one of the keys for an efficient and productive output of construction works.
Labour issues are related to lack of manpower, low productivity, and safety related matters. Therefore,
it is the contractors’ role and responsibility to ensure that a constant output is maintained together with
the workers are protected from safety and welfare point of view. The last categories of factors are the
contractual relationship factors which causes a conflict between parties. Conflicts are caused due to
various reasons which has been discussed above and the results may cause severe negative consequences
to a projects reputation. However, the root cause for a conflict to occur is mainly due to communication
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misunderstanding. Therefore, it is suggested to the stakeholders of project to keep on improving
communication between all stakeholders to avoid this issue.
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Abstract

This paper aims to identify rework root causes during the tendering stage of construction projects. Rework
is a common issue for construction projects and companies are struggling to manage rework effectively.
Rework has significant impacts on performance due to its influences on cost, time and quality. Rework
factors are identifiable and can be used to develop a reduction model for avoiding negative impacts.
Rework can be minimized by addressing their main sources. Using rework reduction approach in contract
documents could enable project managers to have a better understanding of how rework occurs. This
paper identifies rework causes in order to understand how they can be controlled through appropriate
condition of contracts. Data analysis of rework root causes through the literature together with evaluation
of contract documents was the method used for the result of this paper. Identified rework root causes from
literature have been categorized and assessed in tendering stage as one of the major phases of project.
Classification of rework root causes appears in the following categories of process, human resource,
material/equipment, technical and other factors such as environmental and financial. Clauses and
conditions of contract documents NZS3910:2013 are evaluated based on this classification. The paper
suggests that rework can be managed through contracts.
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Introduction

Time and cost overruns have been experienced in numbers of construction projects in which rework is
mostly the key factor responsible for these poor performances (Hwang et al. 2009). Construction Industry
Institutes (CII) has conducted various research and studies about performance and the results show that the
average direct cost of rework is about 5 percent of construction total cost. The number of studies and
obtained results on relation between rework and performance in construction projects specifically in
building industry are inadequate but majority of them have claimed that rework is the main cause of time
and cost overrun (Love et al. 2004a; Hwang & Yang 2014). Thus, rework can be one of the main factors
that influence construction performance in terms of costs and time. Mainly sources like changes, errors,
omissions, failures and damage are the origins of rework. Rework also includes some changes in form of
additional or missing of scope and some errors due to contractor and designers’ mistakes in design stage or
in construction process (Love et al. 2004).

The research on construction rework has become a core theme and contributed to the body of knowledge
in construction management for recent years. Studies conducted in this field so far have focused mainly on
aspects such as factors affecting rework, rework causes and impacts, mitigation and reduction models. Di
Zhang et al. (2012) in their research say that investigated rework causes by other researchers have been
mostly considered with two perspectives. Some believe that rework is generally linked with quality issues
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such as non-conformance (Abdul Rahman 1995), deviations (Burati et al. 1992; Davis et al. 1989), failures
(Barber et al. 2000) and defects (Josephson & Hammarlund 1999). Some others such as Mc Tague &
Jergeas (2002) and Hwang et al. (2009) have focused on rework impacts in project performance,
construction practices and workforce assessment at the activity levels. In both categories rework as a non-
value adding activity that seriously affect project performance are neglected by the construction industry
(Shaik Ayaz Ahmed & B. Harish Naik 2016). Recently rework has been identified as a major problem
that has constant contributions to schedule and cost overrun, productivity reduction, weak performance
and increasing the likelihood of incidences related to safety issues in construction job sites (Love et al.
2016).

The two key factors that influence the development of construction industry are technology and
management. Even though numbers of approaches in project management have emerged to improve
construction performance, it is increasingly argued that the traditional approach to project management is
no longer effective (Hertogh & Westerveld 2010; Priemus & van Wee 2013). Even though complexity and
uniqueness are the most common known characteristic in construction industry, most of current projects
still using methodologies that underestimate the dynamic environment influences (Jalali Sohi et al. 2016).
Thus considering a new management methodology to help construction industry coping with problems
such as rework which is raised from the nature of these kind of projects is required. Furthermore, “since
last 40 years, although some new advanced technologies have been applied to some of the construction
projects, still the industry’s efficiency remained low” (P. Koushki, K. Al-Rashid & N. Kartam 2005; H.
Guo 2009). Obtained results from previous research simply shows that implementing an appropriate new
technology is not enough solely and it should be accompanied by contemporary management concepts
(Remon Fayek Aziz & Sherif Mohamed Hafez 2013).

According to (Horvath 2004; Fearne et al. 2006; Cheng et al. 2009) construction sector is one of the
largest industry in most of countries with the least integration compared to other major industries. Such
disintegration is maybe resulted from applying traditional approach of project management (Isnaini
Janipha et al. 2015). Many of current contractors are performing modern projects and to deal with raised
challenges it is time to shift from existing traditional concept to modern project management. One way to
improve this situation can be attained by using standard type of contract documents and the current study
will consider this key element of project to find out any relation between rework and contract clauses and
its attachments. Limited evidences that initially focused on the rework causes and consequences in
contract documents can be found in the empirical research literatures and it would be considered as a
research gap, specifically with the viewpoint that says rework is known as an acceptable or regular feature
in construction projects. This gap in the literature shows that not enough is known about the contractual
terms and conditions for rework in construction projects.

On the other side, studies done on the legal contractual framework in deferent types show a potential need
to make some changes in the form and condition of contracts and its relationships to improve construction
sector performance. Procurement and contracting strategy plays a vital role in the success of construction
projects as it establishes the foundation for cooperation amongst project parties (Chan & J.H.L 2017).
Contractual agreement for construction projects acts as a permit to start the practical work after
completing the procurement processes. Contract that is a confirmed document between parties is crucial as
it determines the overall construction framework including responsibilities structure for each party,
stakeholder‘s authorities, covering risks and any other relevant issues, which may happen during the
execution of construction project. As a result, two aspects of the literature review that need to be carried
out are construction contracts originated from procurement system and construction rework as a drawback
in processes.

Shaik Ayaz Ahmed (2016) believes that little is known about the background and sources of rework and it
has remained as an intrinsic problem. Several rework studies to identify and classify the main root causes
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of rework have been done and despite the facts that rework has a great impact on the project performance
there are few concrete results have been reported comparatively (Hwang et al. 2009). In order to manage
the impacts of rework on performance, rework root causes need to be identified and classified at the
beginning of the project. However, most of construction companies are reluctant to acknowledge the
existence of rework in their projects as it affects their reputation (Love et al. 2016). Hwang states that it is
very important for project managers to recognize the various impacts of rework specifically when the cost
is affected. There is a great need for project managers to minimize rework through a model that can
effectively address main sources of rework (Hwang et al. 2009). Thus, proposing a reduction strategy
without fully understanding of contributing factors related to rework occurrence will not be an effective
way and to overcome this issue a comprehensive list of all identified rework root causes to make
improvement is required. By using the new concept of project management this paper sets out to combine
the literature on matters of construction contracts, including the terms and conditions “clauses and
attachments of contract”, and construction rework altogether in order to propose a practical contracting
framework to manage rework in construction projects.

Literature Review

Contract definitions

Totterdill (2006) simply defines construction contract as a legally binding agreement between two parties,
the owner that sometimes called employer or client and the contractor. In one side client defines the
project, decides for the project requirement, gives instructions, supervise the whole processes, pays for the
construction cost and finally possess the completed project. In the other side, contractor works on the
project to build it and be paid for the job done. This agreement works as a guideline for controlling the
relation of client and contractor. Contract specifies required procedures details, and changes may happen
to work compare to the contractor‘s offer and the payment method from the employer side. It clearly refers
to the bodies that have to be taken the responsibility of any unexpected problems that mostly results in
delay and over budget. A contract needs to be clear without any uncertainty for parties; it should clearly
define what is needed to be done, how schedule to be controlled and how much have to be paid for the
project (Kelvin Xi Z. 2010).

Contracts type

Typically, a standard contract is including the following parts “Tender documents, offer, agreement, letter
of acceptance, contract conditions, technical documents such as drawings, spec, bill of quantities, etc”.
Based on Broome‘s model there are two general sections of traditional contracts and relation contracts.
When client specify all requirements of project not only including practical issues but, all individual
participants, which is a purely traditional contract. This type is common in New Zealand known as
standard contract condition of NZS3910 (Henderson 2004). Basically, non-traditional contracts’ attention
is on relation rather than other aspects. Henderson‘s survey (2004) showed 58 percent of New Zealand
construction projects were commonly on traditional method of tendering, but later on Shestakova (2005)
revealed a trend towards using procurement strategies with more relationship between partners.

Main standard contracts in New Zealand

NZS3910 - Condition of contracts for building and civil engineering construction, which is used as a
current basic document for contracting in New Zealand construction industry is known as NZS3910 issued
by Standards NZ and first published on August 2003. The main aim of this standard document is to
produce a straightforward flexible document which includes all essential commercial provisions and
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which may be used for all types of engineering and building work with a variety of administrative
arrangements. Different industry institutions have made some variations on NZS3910 for special purposes.
New Zealand Registered Master Builders Federation (MBF) has raised the prompt for establishing such a
standard contract variations to refer the contractual situation on comparatively straightforward projects
with the absence of the engineer role. As an instance NZS3915 is a standard document for building and
civil engineering construction when an architect, surveyor and other suitable person either a direct
employee or another one is not available to act as Engineer to the contract. In addition to these two
common standards for contracts there is three main other contracts developed by New Zealand Institute of
Architects (NZIA) known as SCC “the standard condition of contract”, NBC-G “the national building
contract, General” and NBC-MW “the national building contract, Minor work”.

Rework definitions

Oyewobi et al. (2011) say that rework has represent a new terminology in construction dictionary and it
happens when an element of work fails to meet customer requirements, or when the completed work does
not conform to the contract documents. According to (Love 2002) there are various interpretations of
rework in the construction management literature, including quality deviations, nonconformance, defects,
and quality failures, which all vary. Mills et al. (2009) reported that a lack of differentiation between these
terms “error, fault, failure, defect, quality deviation, non-conformance, quality failure, snag and rework”
can lead to inaccurate, incomplete measurements and cost determinations, and possibly inappropriate
strategies for reducing their occurrence (Forcada et al. 2017). Therefore, there is a little evidence of a
reduction in rework mainly because these terms are used interchangeably to describe imperfections in
construction projects (Aiyetan 2013; Hwang et al. 2014; Kakitahi et al. 2014; Taggart et al. 2014;
Jingmond & Agren 2015).

Some of the given definitions of rework by previous researchers are presented as the followings
chronologically. “The process by which an item is made to conform to the original requirement by
completion or correction or doing something at least one extra time due to non-conformance” (Ashford
1992). “Unnecessary effort of redoing a process or activity that was incorrectly implemented the first
time” (Love et al. 2000). Activities in the field that have to be done more than once in the field, or
activities that remove work previously installed as part of the project (Rogge et al. 2001). The same
definition has been given by Robinson et al. (2004) with excluding change orders and scope changes by
the owner. Activity that must be redone, because it was not done the first time following by the
requirements (Hwang et al. 2009).

The nature of rework

Sommerville (2007) says that in construction industry, rework has become a norm and some researchers
have looked at it as a right, which is inevitable and acceptable, however Hwang et al. (2009) believe that
there is generally an absence of systems within projects to monitor and control rework. Although some
innovative approaches have been developed to manage and control rework occurrence, rework in
construction projects has nonetheless continued persistent (Simpeh et al. 2015). Despite the significance of
rework, there are few industry standards available for defining, quantifying and classifying field rework.
To find out more about rework root causes different perspective and breakdown structures have been used
by previous studies. In most of them, rework root causes have been classified through conducting a
guantitative analysis using statistical state for measuring rework impacts on performance and there is little
common aspects have been addressed to find an appropriate rework mitigation approach (Zhang et al.
2012).
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In addition, according to (Love et al. 2004) there have been numerous government initiatives such as
Australian Procurement and Construction Council (APCC) reports that have criticized the industry for its
fragmented nature, lack of coordination and communication between participants, adversarial contractual
relationships, lack of a customer supplier focus, price based selection, and ineffective use of technology.
Such poor organizational and management practices have contributed to time wastage, unnecessary costs,
increased errors, and misunderstandings, which have invariably resulted in rework occurring in projects
(H. Abdul Rahman 1993; M. Cnudde 1991; P.E. Josephson & Y. Hammarlund 1999). Meanwhile
construction tasks are typically divided between two or more groups such as professional and trade entities
like contractors and subcontractors, which frequently operate independently of each other. Such an
environment provides the ground for rework occurrence and construction organizations should give more
attention on improving the processes that affecting rework.

Sources of rework

The discussions presented by Love et al. (2005) about flow of project information suggest that the major
cause of rework is uncertainty. Koskela & Huovila (2000) emphasized that this uncertainty is generated by
poor information, the information which often is missing, unreliable, inaccurate and conflicting (Simpeh et
al. 2015). Another major source of rework is Non-Conformance that defined as deviation in terms of
quality during construction. Whenever there is a deviation in quality, a non-conformance report (NCR) is
issued. This report leads to rectification, repair or rework of an activity that ultimately result in time and
cost overrun (Maheswari et al. 2016). Numbers of reasons and items have been identified as rework causes
since the year 1988. More detail of each of these items for tendering stage with reference to the most
recent studies in last ten years will be presented in this paper to provide a comprehensive list of identified
rework root causes for that particular phase of project.

Impacts of rework on project performance

Love (2002) reported that the costs of rework in civil and heavy industrial engineering projects have been
source of worries for construction stakeholders because the costs are gradually increasing. The adverse
consequences of rework include reduced profit, loss of market share, damaged reputation, increased
turnover of management and workforce, lower productivity, higher costs, and finally, costly litigation
between participants over responsibility for overruns and delays (Love et al. 2004). Rework is produced as
a result of poor management practices and week organizational structures and these unwanted
organizational and management practices have contributed to time wasting, unnecessary costs, increased
errors and misunderstandings, which have invariably resulted in rework occurring in projects (Abdul
Rahman; 1993, Josephson & Hammarlund 1999; Love et al. 2004). Such rework may result in overtime,
additional hiring of resources, schedule slippage, or reductions in project scope or quality. Palaneeswaran
et al. (2006) argued that the direct impact of rework on the project is identified to consist of: additional
time to carry out the rework, additional cost to rectify the occurrence, more materials for rework and
wastage, as well as consequential increase in labor cost to fix the defect plus related extension of
manpower supervision. In addition, Wasfy (2010) believes that rework leads to clients and contractors
dissatisfaction and Oyewobi et al. (2011) in reference to many reported cases claim that rework has a
negative impact on the performance of projects in terms of cost overrun, time overrun and dissatisfaction
of the participants in the project.

Rework classification systems

According to Hwang et al. (2009) analysts have suggested that rework is often due to the complicated
characteristics of the construction processes. Many of vary methods and definitions of rework extracted
from previous studies did not address how construction rework is identified as it happens in the field.
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Occurrence of rework in construction industry is very common and significantly project success is
affected by this phenomenon and construction companies are not able to control this issue mainly because
rework reasons and causes have been remained unknown (Gui Ye et al. 2014). Fayek et al. (2004) claimed
that having a precise field rework definition in construction projects and an industry wide standard in
order to classifying and measuring rework impacts is required.

To classify identified rework and its root causes, different approaches have been used in recent years. For
example, Burati et al. (1992) have proposed a system including main project activities like design,
construction, fabrication, transportation and operability at first level and rework causes and its source at
second and third level. Following by that Robinson (2004) presented a rework classification system based
on Cause and Effect (CE) diagram in five categories consisting of engineering, construction planning,
leadership and communication, material and equipment, and human resources. Furthermore another
classification system shows rework root causes in three categories of Client related, Design related, and
Contractor related factors, including subcontractor and site management (Love & Edwards 2004).
Similarly, Ibrahim Mahamid (2016) conducted a study in the west bank in Palestine to analyze rework and
identify most influential rework causes in residential building projects. He has classified the causes in 4
groups of contractor related causes, client related causes, consultant related causes and environmental
causes.

Rework reduction strategies

Love et al. (2005) claimed that the occurrence of rework in construction is system orientated, and until
rework is eliminated, attention must be given to preventing it from happening. In addition, organizations
should focus attention on improving the processes of affecting rework. Thus, managers need to accept that
rework will occur, but the extent to which it occurs must be controlled and minimized. As a result, project
management roles can provide an effective means for tracking rework occurrences and thereby
implementing suitable management measures to reduce the impacts on productivity and project
performance (Palaneeswaran 2006). Hereafter some of the strategies and methods applied by previous
researchers in order to reduce or minimize rework in construction industry have been presented that will
consist of some important scholars from 1989 to 2017.

Burati et al. (1989) argued that rework can be significantly reduced or eliminated when total quality
management (TQM) is applied in conjunction projects with reward schemes. Then (Faniran, et al 1999)
reported that effectiveness of efforts in planning within contractor and its subcontractors and suppliers
pushes projects to be more succeeded because design related rework in the form of change orders is the
major source of rework in construction projects. Sterman (2000) used system dynamics models to captures
the change in projects through the rework cycle formulation and later on Love et al. at the same year
employed the causal loop diagrams to gain insight into the cause and effect relations between scope
changes and construction project outcomes (Kiavash Parvan 2012). A Design and Construction Rework
Minimization (DECOREM) model had been developed and applied by Love et al. (2000) to simulate a
number of practical scenarios that can be used to reduce design errors and rework. DECOREM aim was to
provide an insight and better understanding of the factors that influence the occurrence of design errors in
contracts documentation. Pena Mora & Li (2001) proposed a framework to overlap two sequential
activities to minimize the risk of rework in downstream activity using the concept of upstream evolution
rate and downstream sensitivity to change in upstream parameter (MA. Hossain & Chua DKH 2013). To
reduce rework in projects Love et al. (2004) proposed number of design and production management
strategies such as understanding client requirement, auditing contract documentation, implementation of
quality management practices and use of last planner approach. Furthermore, Blacud et al. (2009)
described a framework of characterizing the sensitivity of downstream construction activities to minimize
the risk of construction rework. In the same year Hwang et al. advised that pre project and quality
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management plans should be drafted with an understanding of the causes of rework in order to minimize
its impact.

In the year of 2012 Di Zhang developed a generalized conceptual model for a rework reduction program
(RRP) to reduce rework by managing a continuous improvement loop with four functional processes of
tracking and cause classification, evaluation of rework and its causes, corrective action planning and
integration of changes into the total management system. Hossain MA & Chua DKH (2013) conducted a
research to propose an optimization approach leading to minimize rework by choosing a strategy on
overlapping design and construction activities incorporating early information sharing in design phase.
Ying Li & Timothy R.B. Taylor (2014) by implementing system dynamics methodology examined the
impact of design rework on construction project performance as it clearly illustrates the dynamics of
design error induced rework in the construction project development process. In the same year Taggart et
al. (2014) conducted an action research approach about the role of the supply chain in the elimination and
reduction of construction rework and defects as an action research approach. The results of their research
indicated that the supply chain participants, when adopting more collaborative and proactive approaches,
can identify root causes and suggest possible cost effective solutions to avoid future repetition. In addition,
Love et al. (2016) emphasized that by having an authentic leadership as well as actively engaging with
contractors and focusing on continuous improvement rework could be significantly reduced. Following by
that Forcada et al. (2017) used regression model for rework prediction based on original project conditions
which enabled them to put strategies in place prior to the start of construction. This helped them to
minimize uncertainties and reduce the impact on project cost and schedule, and thus improve productivity
and performance.

To summarize and in order to having minimum of rework occurrence or to reduce it in construction
projects some actions can be taken such as changes controlling, value management, use of information
technology, design scope freezing, supervisors training, quality control plan, and project inspection
(Moataz Ahmed Farouk Wasfy 2010). Meanwhile, to prevent rework, various approaches are being used,
which include visualization enabled technologies (building information modeling (BIM), modularization,
lean construction, constructability reviews between design and construction teams, and relationship based
procurement (RBP) (Love et al. 2016). Although much literature exists concerning rework reduction, there
is a need for further analysis, validation, and improvement of rework reduction methods (Zhang et al.
2012). With this background it can be mentioned however, different methods have been used to control
rework, yet investigating contract process and its documents to manage rework has not been fully explored
and this paper will open this new angle to provide initial bases for future studies by the following of the
method that is offered in methodology section.

Research methodology

To find out more details of rework root cause within the life cycle of projects all previous research
approaches around the subject of rework were reviewed throughout literatures published from 1988 to
2018. All identified rework causes and their roots obtained from various perspectives were combined
together to provide a comprehensive list of rework root causes. Since some of the identified rework root
causes had been repeated over again in different ways only seven of the most recent published in last ten
years have been considered for current study based on two key criteria of:

1. Paper has been published in a well-known academic journal in the fields of construction and
engineering. These papers were chosen from Journal of Performance of Constructed
Facilities, Journal of Building Performance, Journal of Construction Engineering and
Management, Journal of Construction Project Management and Innovation, Journal of
Management Engineering, Jordan Journal of Civil Engineering, International Journal of
Sustainable Construction Engineering and Technology

92



2. Papers that showing lists of rework root causes in various classification systems consisting of
different phases of project. List of specific sources used in this paper are as follows indicating
with abbreviations of R1 to R7.

R1: A path model of rework for building and civil engineering projects (Love et al. 2009)
R2: Factors influencing rework occurrence in construction (L.O. Oyewobi & D.R. Ogunsemi 2010)
R3: Construction small projects rework reduction for capital facilities (Zhang et al. 2012)

R4: Using system dynamics principles for conceptual modeling to resolve causes of rework in
construction projects (Olatunji Ayodeji Aiyetan & Dillip Das 2014)

R5: Analyzing causes for reworks in construction projects in China (Gui Ye et al. 2014)
R6: Analysis of rework in residential building projects in Palestine (Ibrahim Mahamid 2016)

R7: Factors contributing rework and its impact on construction project performance (Enshassi et al. 2017)

However, these sources have been considered to provide a comprehensive list of all identified rework root
causes throughout the life cycle of project, this paper only shows related items in tendering stage. More
details of applied methodology for connecting rework root causes with contract documents of NZS3910
are explained in the following sections.

Selection of a model for rework classification

From the life cycle perspective of project the main study analyzed all those literatures that covered any of
three main phases of Design, Procurement/tendering and Construction. The numbers of identified rework
root causes from selected literatures were about 316 items. The first priority for analyzing all these causes
was to design a classification system in which same items could be categorized in one section. In order to
achieve such system first the approaches used in previous research were assessed and then to cover all
identified items a classification system was proposed. The main classification approaches from seven
selected sources in this paper are listed hereafter.

Design cost, Client, Design team, Site management, and Subcontractor causes (42 items in the source R1);
Technical, Quality management, and Human resources factors (77 items in the source R2); Process, and
Human performance groups (18 items in the source R3); Design related, Client related, and Contractor
related factor (39 items in the source R4); Source R5 are including 39 items without following a certain
classification system; Client, Consultant, Contractor, and Environmental related causes (43 items in the
source R6); Human resources, Construction process, Material/Equipment supply, Client, Design,
Contractor, and External environment rework impact (58 items in the source R7)

Level Contract parties Client
1 Contractor
Design
Level . -
5 Project phases Procuremgnt / Tendering
Construction
Process related factors
Human resource related factors
Le?\’/ el Rework root causes classification Material/Equipment related factor
Technical related factors
Other related factors

Figure 1: Model of applied rework classification
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In order to cover comprehensive list of identified rework root causes within life cycle of project a model
that is shown in figure 1 was used in current study. Other related factors in this classification system can
be included as financial, environmental, governmental policies and etc. This model has been designed
following by the combination of the most recent studies contents mentioned in this section and adjusted
based on some other diagrams from previous literatures such as Robinson et al. (2004).

Propose a model for evaluation of contract documents

To find out either the contract document of NZS3910:2013 covers the groups of classified rework root
causes, the study were customized through the following steps to provide a conceptual framework for
investigating connection areas between the contract documents and the subject of rework.

Step 1- Checking whether these rework root causes be considered as contractual issue or not?

Step 2- Dose this group of causes led to variations “Clause 9 of contract condition”?

Step 3- Which contract clauses or attachments of contract is related to this group of rework root causes?
Step 4- Dose revising the relevant contract clause will cover this group of rework root causes?

Step 5- Dose making change in the attachments of contract will cover this group of rework causes?

A conceptual model to show all these steps is presented in figure 2 that finally is pointed to a research
study for developing a new approach to manage rework in construction projects based on contract
documents of NZS3910.

| Identified rework root causes

Classificarion sysrem I

: ' l

Technical related factors Other related factors

G

Yes

|P1‘m:eas related factors |

No

Ves No

| <o L
—l Variations “Clause 907 |

i

Contract clauses Cuontract attachments
Revising condition Amendment to the
of contract contract documents
N
Step 4

¥
Mo /
Step 5
¥ Yes \\
| tElu.l vl process |
Yes
To be studied

Figure 2: Flowchart of rework root causes and evaluation of contract documents
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Findings

According to the initial results on the basis of chosen methodology, the total identified rework root causes
in the life cycle of project were 316, which are presented in Table 1.

Table 1: Overview of identified rework root causes distributed within the project life cycle

Project Phase / Stage R1 R2 R3 R4 R5 R6 R7 | Total in phase
Design 17 15 15 10 6 17 22 102
Procurement (Tendering) 5 4 0 1 4 3 1 18
Construction 20 58 3 28 29 23 35 196
Total numbers of root causes 42 77 18 39 39 43 58 316

After reviewing the literatures and employed the classification model in tendering stage of project the total
numbers of 18 identified rework root causes were presented in table 2 as the major outputs of this paper.
Since there were 3 items common in literatures and to avoid repeating their contents the final total
numbers of rework root causes of tendering stage in table 2 is shown as 15.

Table 2: List of identified rework root causes from the literatures with referencing to relevant resources

R1|R2|R3|R4|R5|R6|R7
Classification of rework root causes in tendering stage
Process related factors
Client side
1 Incomplete design at the time of tender \ V"
2 Procurement method \
3 Contractor selection method Y
Contractor side
4 Inadequate procurement methods V
5  Improper subcontractor selection \
6  Poor contract execution \
Technical related factors
Client side
7 Errors made in the contract documentation \
8  Omissions of items from the contract documentation \
9  Poor quality contract documentation \ V"
10 Incomplete documentation at the time of award Y
Contractor side
11 Lack of clear definition of contract documentation for working \
content
12 Ambiguity of items from contract documentation \
Other related factors
Client side
13 Payment of low fees for preparing contract documentation \
14 Insufficient time to prepare contract documentation \ \
Contractor side
15 Payment of low contract fees or delay in paying contract fees \




Discussion

Each contract generally has minimum of two parties and all relevant tasks and responsibilities will be
divided between these two parties. In this paper client and all subsidiaries organizations such as
consultants companies have been set in one side of contract and the main contractor and all relevant
subcategories such as subcontractors and suppliers have been considered in the other side of contract. In
the main study of conducting current research, previous identified rework root causes within the whole life
cycle of project are categorized in three major stages of design, tendering (procurement) and construction.
The standard contract document of NZS3910 as common used contract document in New Zealand are
assessed among all identified rework root causes to find out which items will be covered by contract
clauses and contract attachments. However the term of rework has not been mentioned in contract
documents, some part of rework root causes such as changes can be covered by clause 9 of contract
condition as “Variations”. In other words, rest of rework root causes still need to be looked over. In this
paper only tendering stage of project has been assessed, so the paper only has identified and classified the
construction rework root causes under tendering stage of project. Results from the assessment of the
rework root causes that embedded in contract documents of NZS3910 will be presented in anther paper.
Thus, further study to understand what possible contractual changes are required to manage rework in
construction projects is suggested. Apart from the summarized factors in conclusion part of this paper,
assessing other general factors of tendering stage in future research projects would probably make a new
contribution to the body of knowledge, factors such as “lack of manpower, staff motivation, inadequate
knowledge and experience from category of human resources factors, lack of information technology use
and lack of attention to quality from category of technical factors in addition to political effects from
category of other related factors”.

Conclusion

In total, Investigation and analysis of a construction rework within a set of contract documents together
with a suggested model of rework management to achieve higher performance will contribute to the body
of knowledge. Results of this research more likely lead to development of professional practice in
contracting step of construction projects. Under each stage of project life cycle, rework root causes are
classified in five major factors as process, human resource, equipment/material, technical and others.
Based on the obtained evidences from literature reviews of this paper, all identified rework root causes in
tendering stage can only be classified in three categories of process related factors, technical related
factors and other related factors. As the paper result indicates there are no items can be classified under
human resources related factors and material/equipment related factors which more likely are acceptable
as these two categories are not involve in this stage of project directly, but needs more investigation. The
summary of other three categories as the final output of this paper are presenting as the followings. This
summary would be the fundamental structure for the future study of evaluating contract documents in
relation to the matter of rework in tendering stage of project.

1- Process related factors are those items that involving in practical work. These factors are
included procurement method, contractor selecting process and incomplete design at the time
of tender by client, improper subcontractor selection method by contractor and poor contract
execution by both parts.

2-  Technical related factors are among those items that are not essential part of practical work
but can affect the process directly. Poor quality of contract documents prepared by client such
as ambiguity due to lack of clear definition for working content, errors and missing
contractual parts due to incomplete design documentation, any deviation and errors in
proposal documents prepared by contractor are among those major technical items that has
the potential of rework.
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3-  Other related factors that can be categorized under this stage of project are included financial
issues such as payment of low fees for preparing contract documentation, payment of low
contract fees or delay in payment to contractor plus insufficient time to prepare contract
documentation by client and consultant.
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Abstract

Statistics showcase that Australian Construction industry has a higher suicide rate (40.3 per 100000)
than Australia’s general populous (27.6 per 100000). The issue has been even worse when compared
with other industries of Australia in which Australian construction workers are 70% more likely to take
their own lives than employees in other industries. Hence, this has been a serious issue for Australian
construction industry in terms of not only human resource but also skills shortage, training and education
and several other areas. Identifying critical factors contributing to the issue is the best way to approach
the problem; hence, the current study conducts an extensive literature review following the PRISMA
guidelines to pinpoint critical factors. The study then gives the focus into key strategies to be adopted
to reduce the number of suicides in Australian construction industry. Finally, all findings will be collated
to formulate guidelines and a framework to prevent suicides in Australian construction industry. The
outcomes highly redound to the benefit of society and construction industry of Australia.

Keywords
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Introduction

The statistical data shows deaths due to intentional self-harm, or in other words suicides, are rising as
evidenced by the number of 3128 cases in 2017 while the figure is at 2866 in 2016 (Australian Bureau
of Statistics, 2019). This is further confirmed by the fact that Intentional self-harm was ranked the 13th
leading cause of death in 2017, moving up from 15th position in 2016. These deaths are not due to
natural causes; hence, they can be prevented and as a result, the Australian government can include them
into the country’s human force rather than carrying social and economic burden due to their loss. Among
these suicidal deaths, Milner, Niven & LaMontagne (2014) and Andersen et al. (2010) imply a
considerable proportion from Australian construction industry referring to the results of the study of
Heller, Hawgood & Leo (2007) in which 40.3 per 100000 suicide rate has been identified for Australian
construction industry while that value was remained 27.6 per 100000 accounted to Australian general
population. They subsequently stress suicide in the Australian construction industry or industries in
general have remained in somewhat neglected field of research. Among all industries, Australian
construction industry has been again prominent due to the fact that Australian construction workers are
70% more likely to take their own lives than employees in other industries (Raynold, 2017). Putting
things in perspective, aim of this study is to investigate higher suicide rate in Australian construction
industry identifying critical factors and ways of measures to reduce.

The research methods utilise a deductive approach focusing on both qualitative and quantitative data
from a critical literature review. Critical analysis lead to derive three major factors influencing suicides
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in Australian construction industry; namely, work related stressors, personal status and financial issues.
Literature review also identified limited research in broader ways to approach the focused issue of the
current research. Hence, the current research emphasized the necessity of future research to come across
with broader solution to the current issue. This was followed by the discussion given on strategies to
reduce suicide in Australian construction industry. The discussion captured the importance of
conducting mental health programs, awareness of suicide programs and similar programs to more
importantly reduce the suicide in Australian construction industry. It is imperative that the government
and construction companies should come forward; otherwise, the issue will turn worst to worst.

Literature review

Cambridge English Dictionary defines suicide as the act of killing yourself (oneself) intentionally.
According to the World Health Organization (2019), worldwide suicide accounts for close to 800,000
people annually equating to one death every forty seconds. In broad sense, the number of suicide
attempts is much higher than the number of actual suicide deaths each year (Our World in Data, 2015)
leaving grave fears in case those attempts were successful. This has been much worst being the suicide
the second leading cause of death among 15-29-year-olds (World Health Organization, 2019) leaving a
clear message to the world to think of their future and young generation. Australians perspective, the
most recent Australian data (ABS, Causes of Death, 2017) reports deaths due to suicide in 2017 at 3,128
was 9.1% increase compared to the previous year figure of 2866 (Australian Bureau of Statistics, 2019).
It further suggests that the preliminary standardised death rate for 2017 which was 12.6 deaths per
100,000 persons (also equal with 2015) has recorded as the highest preliminary rate in the past 10 years.
The situation is seemingly becoming worst to worst due to the fact that for every death by suicide, it is
estimated that as many as 30 people attempt to end their lives that is approximately 65,300 suicide
attempts each year (Lifeline Australia, n.d.). Australian Bureau of Statistics (2019) identifies that suicide
remains the leading cause of death for Australians aged between 15 and 44 which means the issue cannot
be lightly considered or ignored.

For a death to be determined a suicide, it must be established by coronial enquiry that the death
resulted from a deliberate act of the deceased with the intention of ending his or her own life
(Intentional self-harm).

(Australian Bureau of Statistics, 2006)

Suicide in the Australian construction industry has remained a relatively neglected area of research
(Andersen et al., 2010; Milner, Niven & LaMontagne, 2014). According to their research, the Australian
construction industry accounted for 2.4% of all suicides (15-64 years) between 1995 — 2001, which
equates to 40.3 suicides per 100000 people which is higher than the rate corresponding to Australian
general population (27.6 suicides per 100000 people). Andersen et al. (2010) attempted to compare
suicides referring only to Queensland, one state of Australia, and the summarised results are shown in
Table 1. According to those results, the highest number of suicide incidence has reported from
construction industry. The suicide rate of the construction industry is not the highest reported; however,
that value is only second to transport and agriculture industries. Unlike other industries, construction
suicides are only accounted to male deaths and not a single death of females; which is once again a
convincing example for that Australian construction industry is male dominated. With the results, it can
be discovered that Queensland construction suicide rate is well over the employed population suicide
rate while it is in the same range as Queensland total population suicide rate. Although the findings can
only be applied to one state of Australia, they imply the construction industry is a predominant sector to
be considered when investigating suicides in Australia.
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Table 1: Suicide incidence (1990-2006) and rates per 100000 in Queensland

Industry/ Persons Male Female
Area Suicide Suicide Suicide Suicide Suicide Suicide
incidence rate incidence rate incidence rate
Construction 317 18.6 317 19.0 0 -
Transport 161 19.1 159 20.4 2 -
Agriculture 206 24.1 194 32.3 12 1.49
Aurtists 40 12.8 30 16.1 10 2.49
Cleaners 78 10.8 57 21.7 21 1.43
Education 73 5.2 52 13.2 21 0.66
professionals
Nurses 52 9.0 12 23.7 40 2.37
Employed 3010 10.6 2602 16.6 408 1
population
Total 7652 18.5 6087 29.6 1565 2.37
population

Source: (Andersen et al., 2010)

Nevertheless aligned with the same range of years, Heller, Hawgood & Leo (2007) have compared the
suicide rate of the Australian construction industry with Australian and Queensland male population
suicide rates referring to the statics from 1995 to 2001. The results are shown in Table 2. The results
showcase that the construction industry is always ahead of the Australian and Queensland general public
in terms of suicide. Between Australian and Queensland general public, it is obvious Queenslanders are
slightly ahead over general Australians in terms of suicide. This provides some kind of justification to
the previous implication that construction industry is a predominant sector to be considered when
investigating suicides in Australia.

Table 2: Comparison of CBCI* rates (per 100000) with Australian and Queensland male rates

Year CBCI rate Australia rate Queensland rate

1995 - 27.2 32.3

1996 - 27.3 35.4

1997 - 29.9 329
1995-1997 32.0 28.1 335

1998 57.8 30.2 355

1999 48.0 27.1 29.4

2000 39.6 25.0 30.3

2001 36.3 26.0 29.2

Total 40.3 27.6 32.2

Source: (Heller, Hawgood & Leo, 2007)
*- Commercial Building and Construction Industry

According to Australian Parliament House (2011), suicide is a complex issue with many underlying
problems associated with it; however, it is preventable. These unfortunate deaths can have devastating
effects on family and friends who are touched by suicide. This section will identify and critically analyse
the factors that cause suicide in Australia’s construction industry.

Factors

The Cole Royal Commission into the Building and Construction Industry was commissioned in 2001
and tasked with looking into the actions of the construction industry, specially pertaining to unlawful
activities and inappropriate conduct (Australian Building and Construction Commission, 2018).
Interestingly, the Cole Report also discovered some alarmingly suicide-related facts about the industry.
The report detailed that in a 4-month period, 41% of the reported deaths were by suicide. According to
the Australian Institute for Suicide Research and Prevention (2006), suicide has not been widely
researched within specific occupational groups in Australia. This aligns with the research undertaken by
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Andersen et al. (2010) and Milner, Niven & LaMontagne (2014) where they have determined that
research in this area has been somewhat neglected. This is not only apparent to the Australian level but
also research is limited at an international level. Jarvholm & Stenberg (2002) can be included among
the limited international research on suicide in construction industry. The study corresponds to the
Swedish construction industry and special focus is given on electricians. Similarly, Liu et al. (1994)
investigates suicides in Alabama, one state of USA, referring to statistics from 1980 to 1989 while Liu
& Waterbor (1994) give a broad focus investigating suicides among different industrial groups/
occupations. Two international case studies by Koskinen et al. (2002) and Meltzer et al. (2008) applied
to Finland and UK construction industry respectively also focus on occupational suicides and further
investigate relevance to suicide by occupation.

The research undertaken by Jarvholm & Stenberg (2002) showed that the suicide mortality rate was not
higher among electricians in the Swedish construction industry compared to the general population. In
fact, the outcome of the research was that they were at a decreased risk. The sample size of this study
was over 389,000 and was tracked using a computer system with an agreement between unions and
employers. Workers were offered regular health checks which allowed them to be monitored throughout
the course of the research. Jarvholm & Stenberg (2002) reported that a total of 33,719 men were licenced
and registered electricians at the time of their health checks; however, inadequate registrations in women
was an issue not to conduct a multivariate analysis between demographic groups. Similar trend has been
identified in USA by Liu & Waterbor (1994) that suicides among electricians is at lower risk. These two
studies, one is before 1994 and the other is before 2002, are seemingly obsolete and do not represent
current and modern construction industry which is comparatively more complicated and their workers
are facing many more challenges. In another perspective, a lower suicide risk in these overseas studies
could be attributed to there being a higher proportion of people with illnesses and disabilities than people
employed in the construction industry (Jarvholm & Stenberg, 2002). Furthermore, since the cohort
undertaking the health examinations in these studies were willing participants, people with mental
illnesses, drinking and/or psychosocial problems might not have participated in the research making the
comparison to the general population more biased (Jarvholm & Stenberg, 2002).

The similarities between these literature can be attributed to the fact that suicide has a direct correlation
with socio-demographic variables (Milner & Law, 2017). Further to Milner & Law (2017), when the
worker was subjected to controlled variables including stable marital and financial statuses, the suicide
rate will be diminished. Both domestic and international research has also focused on work related
stressors (Gullestrup, Lequertier & Martin, 2011; Milner & Law, 2017; Milner, Niven & LaMontagne,
2014). Additionally, job insecurity due to short-term contracts and no guarantee of future work due to a
fluctuating job market, workplace bullying, and high levels of drug and alcohol use were also apparent
work-related stressors (Milner, Niven & LaMontagne, 2014). These findings drive to a conclusion that
whilst work-related stressors contribute to suicide in the Australian construction industry, other
contributing factors are those of a personal nature in the form of personal status/traits and financial
issues (Australian Institute for Suicide Research and Prevention, 2006). Hence, the subsequent section
will provide a critical analysis of three significant factors associated with suicide in the construction
industry namely: personal status, financial issues and work-related stressors.

Personal status/ traits

Milner, Niven & LaMontagne (2014) identify that people who are in a healthy and stable relationship
are less likely to commit suicide than people who are not. Sixty four suicide cases were taken into the
study of Australian Institute for Suicide Research and Prevention (2006) and the researchers captured
the details of their marital status as shown in Table 3. According to the results, there are still a
considerable number of suicides in “Married or de-facto” relationship; however, combination of “Single”
and “Separated or divorced” relationships tends to be vulnerable to suicide.
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Table 3: Suicide ratio upon different relationships

Relationship Suicide ratio
Married or de-facto 34.4%
Single 25.0%
Separated or divorced 20.3%
Unknown 20.3%
Total 100%

Source: (Australian Institute for Suicide Research and Prevention, 2006)

Research by Milner, Niven & LaMontagne (2014) and the (Australian Institute for Suicide Research
and Prevention, 2006) suggest that the cause of marital breakdown is mainly due to long work hours
which is common in the construction industry to cover up tasks of high demanding and scheduled in
haste. Conflicts are unavoidable due to the unbalance of home life giving not enough dedication to look
after the couple’s children. Whilst this causes strain to the couple’s relationship, it is often the male who
suffered in silence. Working 5.5 days each week often led to the male worker feeling “lonely” as they
often missed out on weekend activities with family and friends. This issue has similar attributes to that
of the Australian Fly-in-Fly-out (FIFO) industry (Bourke, 2018). Whilst the locally based construction
worker works on average 5.5 days each week, the FIFO worker is subjected to weeks away from their
partner and loved ones, which causes varying degrees of psychological distress (Bourke, 2018).
Furthermore, workers in Australia’s remote mining industry work up to 13 hours per day often in social
isolation. Workers and their families are becoming distressed not only because of the isolation of the
work, but the roster patterns associated with the job. Common rosters include (Skills Australia, 2011;
The Chamber of Minerals and Energy of Western Australia, 2011):

e 9 days on/ 6 days off
o 2 weeks on/ 1 week off
o 4 weeks on/ 1 week off (often applied to projects with a shorter duration)

According to a FIFO worker “Mitch”, whilst the money is appealing at first, it puts too much personal
strain on the worker and their family. Whilst the above FIFO roster examples might appear to give the
worker a longer break between shifts, the truth is that the worker travels to and from work in their own
time; making their days off even shorter (Bourke, 2018). Bowers et al. (2018) undertook a survey using
1124 employees at remote construction locations across South and Western Australia. The goal of the
survey was to see if there was any correlation with working away in remote locations for long periods
of time and psychological distress and mental health effects on the worker and their family. The results
showed that 93.5% were men, whom were badly affected and that of majority were aged between 25-
44 years. Additionally, 28% of the participants retuned a K10 score indicating extremely high
psychological distress, compared to 10.8% for Australian in general. Kessler Psychological Distress
Scale (K10) involves 10 questions about emotional states each with a five-level response scale (Kessler
et al., 2003). The most frequent reported stressor was that of missing special family events; 86% of all
participants recorded this as being their major stressor. This is in line with the findings by (Milner, Niven
& LaMontagne, 2014) and (Australian Institute for Suicide Research and Prevention, 2006). This
scenario is quite prevalent in Australian FIFO industry (Pickles, 2015). Workers building Australia’s
Chevron’s Gorgon liquified natural gas (LNG) project in Western Australia, working a 26 days on/9
day off roster, take home $150,000 to $180,000 of average salary working a 12-hour shift a day (Pickles,
2015). However, workers in Western Australia are campaigning to take a wage cut in exchange for more
flexible working rosters (Pickles, 2015).

Milner, Niven & LaMontagne (2014) and Australian Institute for Suicide Research and Prevention
(2006) also state that separation and divorce is high in the Australian construction industry which causes
women to develop a bad stigma of the industry. It is made more difficult when children are involved
(Australian Institute for Suicide Research and Prevention, 2006). Having the burden of paying child
support, coupled with having strict visitation rights of seeing the children, causes significant stress to
the worker. The survey undertaken by Bowers et al. (2018) had 68% of respondents claiming similar
type of relationship issues with their partners. Their research finding is in line with the views of Langdon
& Sawang (2017), that male construction workers are at their most depressive and anxious state when
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suffering poor relationship status. Langdon & Sawang (2017) also recommends that the wives of
construction workers need further education on the industry which will allow them to understand the
thought process of men in the construction industry and more importantly, console them when they feel
stressed.

Financial issues

According to Milner & Law (2017), Milner, Niven & LaMontagne (2014) and Langdon & Sawang
(2017), financial issues are linked to suicide in the Australian construction industry. Additionally,
Langdon & Sawang (2017) inform that construction workers lose connection with their family as they
work as much as possible to make ends meet: making considerable sacrifices working on weekends to
make ends meet. These lost connections caused the employee to feel that their only obligation was to
financially support the family. These findings accord with Milner, Niven & LaMontagne (2014) and
their findings of personal issues being a major factor linked in male suicide in the Australian construction
industry. Interesting fact on this is that there is good money to be earned in the industry (Australian
Institute for Suicide Research and Prevention, 2006); however, there are many instances of poor
financial management. Many construction industry workers are spending vast amount of their wage on
alcohol and drugs, which then leads to financial strain on ongoing financial commitments such as
mortgages and rent (Australian Institute for Suicide Research and Prevention, 2006). Additionally, many
of the industries younger workers, particularly in the FIFO industry, are spending most of their salary
on cars, boats and motorcycles; ultimately spiralling into debt (Pickles, 2015). Once the worker is in
debt, they have no choice but to work longer hours to repay these debts (Milner & Law, 2017).
Furthermore, many older, more experienced workers are getting frustrated at younger, less experienced
workers who are getting paid the same remuneration. This has been shown to contribute to suicide when
coupled with martial issues and feeling there is no one to talk to (Milner, Niven & LaMontagne, 2014).

Corcoran et al. (2015) concluded that five years of economic recession and austerity in Ireland had a
significant negative impact on rates of suicide in men and on self-harm in both sexes. There was 57%
increase in men’s suicide in Ireland to recession and austerity between 2008 and 2012. Job instability is
associated with episodic mental illness. When a person sees no way back from their financial difficulties
they might become suicidal or attempt suicide. Mental health problems are also common in the
workplace (MHFA, 2016). From an employer’s perspective investing time and support to retain an
experienced and skilled employee with a mental health problem is usually more cost-effective than
recruiting and training a new person. Working with a qualified financial advisor can not only improve a
person’s financial decisions but also improve mental health (MHFA, n.d.). Addressing financial
problems early on can reduce their impact on mental health. Trust, job security, and having supportive
friends and family are all strongly linked with wellbeing (MHFA, 2015). Research has indicated that
mental health issues — including depression, anxiety, and certain forms of psychosis — are three times
more likely to occur when an individual is in debt (Campbell, 2016). However, mental disorders and
suicides do not always correlate with personal financial loss. A number of recent studies have reported
that, in Asian countries, mental disorder has been found in less than 50% of those who completed suicide
(Pridmore & Reddy, 2012). One solution to employee’s financial problems is employers to make
available a suitable qualified financial adviser at low cost. Sound financial advice can possibly avoid
one of the identified suicide risk factors. Financial advice helps the employee identify short, medium
and long-term goals and develop strategies to achieve pre-determined financial goals (ASIC, n.d.).

Work-related stressors

As identified by Raynold (2017), there is a stigma associated with the Australian construction worker:
a “bloke” dressed in hi-vis vests and steel capped boots; who works hard, has a laugh with his mates,
and then goes home to his family. Being such a male dominated industry, it has identified that a lot of
men do not know how to properly treat women as they have limited opportunities to interact outside of
work; coupled with the fact that they are generally surrounded only by men for most of their working
week (Australian Institute for Suicide Research and Prevention, 2006). The significance of this finding
is that if there were more female participation in the construction industry, men would naturally feel
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more comfortable being around them outside of work; which in turn could have positively impacted on
reducing issues such as domestic violence and divorce rates. Furthermore, it would lead to a much-
needed cultural change in the industry (Skillen, 2018). It has been identified that men in the construction
industry find it hard to open up to their co-workers and have one-on-one personal discussions; unless
they have a strong personal relationship with someone they can trust. Again, this is associated with this
unwanted stigma that the construction industry has (Raynold, 2017). They feel stressed that if they are
open and honest to someone, that rumours will be spread, which will lead to a feeling of weakness. This
type of feeling can lead to depression and ultimately suicide (Kamardeen & Sunindijo, 2017; Sunindijo
& Kamardeen, 2017).

The construction industry is a fast-paced stressful environment (Langdon & Sawang, 2017). Work
demands are high and there is an expectation from management that the worker must perform beyond
expectation (Australian Institute for Suicide Research and Prevention, 2006). Again, not wanting to talk
to someone due to feeling ‘weak’ has led to 35% of reported cases as being the primary reasoning behind
the worker committing suicide (Broadbent & Papadopoulos, 2014), Construction is a market driven
industry (Milner et al., 2017), with workers often being contracted on a job-to-job basis only. Australian
Institute for Suicide Research and Prevention (2006) informs that although the worker is employed on
a full-time basis, there are still instances where they are only given short notice for termination. It has
been discovered that there are instances where the employer has pleaded with the staff to continue to
work on a project, then only to terminate them a few days later (Langdon & Sawang, 2017). Langdon
& Sawang (2017) identifies that this type of stressor is also associated to male suicide in the Australian
construction industry. Bullying is widespread in the construction industry; with apprentices reportedly
being bullied by the most (Heaton, 2018). Older, more experienced workers see this as being a rite of
passage to harden people up. Whilst many of the apprentices knew this was just a joke and a part of the
industry, this type of treatment can be detrimental to a person’s health (Broadbent & Papadopoulos,
2014). Workers who do not see this as a joke become increasingly insecure and do not know how to
share their feelings with people; which often leads to mental illness and suicide (Broadbent &
Papadopoulos, 2014).

In summary, personal, financial and work-related factors all play a role in suicide in the Australian
construction industry. The unfortunate stigma associated with the worker is a key factor in them not
wanting to speak up to discuss problems throughout their infancy stage. Additionally, research has
showed that spouses of the construction worker do not fully comprehend the toll the industry has on the
worker and how it affects their mental state. By doing literature review, we have identified a research
gap to broadly cover the influencing factors attached to the suicide in Australian construction industry.

Research methodology

As mentioned earlier, higher suicide rate in Australian construction industry is obvious; but, influencing
factors and reduced measures are to achieve through this study. The strategy to collect data is mainly
designed on a holistic literature review; hence, deductive approach was selected focusing on both
qualitative and quantitative data. A deductive approach is effective in situations when a hypothesis is
developed based on existing theory and then designing the research strategy to test the hypothesis
(Grote-Garcia & Loveless, 2011). Holistic literature review was designed following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Moher et al., 2015).
Flow diagram shown in Figure 1 was adapted for this purpose based on one proposed by (Moher et al.,
2009). PRISMA was identified effective for the current research and therefore chosen due to its ability
to capture evidence-based minimum set of items for reporting in systematic reviews and meta-analyses
(Moher et al., 2010).
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Figure 1: PRISMA bibliometric search flow diagram

The first step for the identification of targeted peer-reviewed journal articles utilised two databases/
literature collections including Web of Science and PubMed. The choice of Web of Science is mainly
due to its reputation of comprehensive coverage for the study of science, technology and knowledge as
recommended by Dr Brian Uzzi, Kellogg School of Management North-western University (Clarivate
Analytics Company, n.d.). The enrichment of life science journals (National Centre for Biotechnology
Information, n.d.) triggered to the choice of PubMed to address the cognitive aspect of the current
research. A combination of keywords using Boolean Operators was used throughout the database search,
which included: construction AND mental health; suicide AND construction AND Australia;
Construction AND suicide AND stressors. The database search was also conducted using the term
“intentional self-harm” with further refinement using the term “construction”. The results were further
screened according to timespan and language selection. Limited research on the given research focus
(Andersen et al., 2010; Milner, Niven & LaMontagne, 2014) cut the timespan only between 1985-2018,
in retrospect of close to 35 years. Literature written in a foreign language was excluded and only articles
that were written in English were included. Eligibility of search results was only concerned of journal
articles. Articles were only included if they contained the key search terms in the abstract of the article
for the last step of PRISMA. Accordingly, the study data on case studies, systematic reviews, meta-
analyses and case-control studies. Due to specific suicidal data in the Australian construction industry
being limited, sample size was not restricted; hence, preference was given even to research articles
which dealt with smaller samples. Special consideration was given not to include data on ‘attempt to
commit suicide’ or ‘near misses’.

Data validity and reliability

The scope of the literature became more specific to the topic and the identification of some key authors
(Dr Allision Milner, Professor Graham Martin, Mr Jorgen Gullestrop) in this research area became
apparent when the data collection was progressing. This is mainly due to the valid approach by PRISMA
that always capture mostly relevant and consistent data. In addition, data collected came across with
the literature referring to the various Australian State’s suicide registers (Andersen et al., 2010; Heller,
Hawgood & Leo, 2007). For example, Andersen et al. (2010) obtained specific suicide data from the
QLD Suicide Register and information pertaining to the general Australian population from the
Australian Bureau of Statistics (refer to Table 2). This is a clear indication that the information provided
throughout this paper is based on statistical evidence already tested through valid research studies.
Critically analysed data was extracted through credible sources including peer-reviewed journal articles,
Australian Government websites, and non-for-profit organisations such as Mates in Construction and
Lifeline; hence, the findings become credible and reliable. Furthermore, the cross-checking research
process was utilised to check the reliability of the sources. For example, lliterature was obtained from
scholars who have published multiple papers on the same research focus; Milner (Milner & Law, 2017;
Milner, Niven & LaMontagne, 2014; Milner et al., 2013).

Discussion

The findings revealed that the Australian construction industry is negatively impacted by the suicide of
their workers triggering to loss of human resource resulting skills shortage and additional expenses of
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training and education. Data limitation on identifying suicide in construction industry indicates a huge
research gap at both national and international level. It can be observed that among the literature, Heller,
Hawgood & Leo (2007) and Andersen et al. (2010) have given a considerable effort to identify suicide
pattern in Australian construction industry referring to reliable statistical data. However, these data now
appear obsolete because they are corresponding to 2006 or before. This indicates a future research
direction to further observe the suicide patterns of the modern construction industry whether they have
been severe or not. Another gap in research in Australian context was none of the national research
attempted to adopt a research like Jarvholm & Stenberg (2002) which covered a big database of human
to come across with the results. Even with the limited research, the current study could extract important
factors that attribute to suicide in Australian construction industry. Work related stressors come first in
this case (Gullestrup, Lequertier & Martin, 2011; Milner & Law, 2017; Milner et al., 2017; Milner,
Niven & LaMontagne, 2014; Milner et al., 2013). Other than the work stressors, it was obvious other
influencing factors come through the personal nature (Australian Institute for Suicide Research and
Prevention, 2006). Personal nature was accounted to personal status and financial issues. Figure 2
summarise the findings of factors for the suicide in Australian construction industry.

Work related stressors

Figure 2: Factors of suicide in Australian construction industry

Strong marital status relationship showed a strong resistant to suicides whereas single and separated/
divorced relationships showed signs of becoming vulnerable to suicide or attempts (Milner, Niven &
LaMontagne, 2014). FIFO workers have been given a special place in some literature identifying them
as well more vulnerable to suicide (Bourke, 2018; Bowers et al., 2018; Pickles, 2015). Although it is
apparent that construction workers getting higher salaries, considerable of them are trapped with
financial issues due to poor financial management. This has triggered them to no options but to work
long hours for their employers to cover up debts and earn for survival, which indirectly creates
opportunities to suicide (Langdon & Sawang, 2017; Milner & Law, 2017; Milner, Niven & LaMontagne,
2014). Although an Australian construction worker is fit in mental and health in appearance there is a
hidden agenda of their feelings of work-related issues. Work related issues come in different forms
including insecurity of job (Australian Institute for Suicide Research and Prevention, 2006; Langdon &
Sawang, 2017), high work demands (Langdon & Sawang, 2017), bullying (Broadbent & Papadopoulos,
2014; Heaton, 2018). Not unveiling of these feelings to others, particularly to colleagues, has been
always created problematic environment which ultimately leads to unfortunate suicides (Broadbent &
Papadopoulos, 2014; Kamardeen & Sunindijo, 2017; Langdon & Sawang, 2017; Raynold, 2017
Sunindijo & Kamardeen, 2017).

Construction workers’ mental health could be impacted by their working environment, an individual’s
social life as well as lifestyle and behaviour. Employees could be from varying socio-economic
backgrounds. There are very few tested programs that address mental health and suicide in the
construction industry. Mental health needs to be positively promoted in the construction industry as well
as providing employees with relevant support. There needs to be early diagnosis, treatment and support
to return to the workplace. There needs to be buy-in from the construction industry to provide strategies
to reduce the suicide levels in the industry. This includes development of standards and procedures from
the industry. The organisations could provide staff training and amend their policies to promote greater
work life balance. The standards would need to be reviewed on a regular basis to see whether they are
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improving the suicide rates in the construction industry (Milner & Law, 2017). According to (Australian
Institute for Suicide Research and Prevention, 2006), the goal for the construction industry would be to:

reduce the rate of suicide in the construction industry
improve work life balance;

decrease depression and anxiety in construction workers
improve working conditions in the construction industry.

To achieve the above, there would need to be an agreement within the industry on what can be practically
changed in relation to policy, procedures and the culture. The industry would then be able to determine
an approach to implement changes that would improve certain factors in the construction industry. The
ultimate goal is for employees in the construction industry to have an improvement in their lives (Milner
& Law, 2017). The key strategy that could be adopted to reduce the number of suicides include making
employees aware of the Mates in Construction program. Mates in Construction is a charity organisation
that is funded by various construction organisations, unions and the Federal Government. The key focus
on Mates in Construction is suicide prevention. Mates in Construction offers community development
programs on different construction sites. In addition, Mates in Construction provides employees with
case managers to provide assistance (Gullestrup, Lequertier & Martin, 2011). Incolink provides a suicide
prevention program to young employees that live in remote areas in Victoria. Incolink provides a
redundancy payment fund, which has been established by unions and companies in the building industry
in Victoria (Incolink, n.d.).

According to the Suicide in Queensland’s Commercial and Construction Industry report, it has been
recommended that there is awareness that suicide is an avoidable problem within the construction
industry (Australian Institute for Suicide Research and Prevention, 2006). It is suggested that awareness
is created by incorporating training into Blue Card training, or modules in TAFE and during an
apprenticeship. Discussions should be held around the frequency of problems, which are associated with
suicidal behaviour. These issues include depression, breakdown of marriage, drug and alcohol use etc.
There should also be information about how to detect and respond to these problems. In addition, it is
important that suicidal warning signs are incorporated into the training material. Mental Health sessions
could be facilitated by construction companies to provide awareness to employees. There needs to be
further information on how people can obtain help and where to get support (Australian Institute for
Suicide Research and Prevention, 2006). Furthermore, there should be a holistic approach to mental
health where employees are encouraged to prioritise their mental health. Employees should have access
to an Employee Assistance Program, which offers a free and confidential counselling service for
employees and their families. Other initiatives could include:

Wellbeing programs including nutrition and meditation seminars.

Resilience and Mental Health training.

A dedicated site on the intranet for resources and tools on mental health.
Compliance training in each organisation.

Flexible working arrangements and helping to arrange family care if required.
Providing leave for people impacted by domestic violence.

Supporting team leaders to advocate for a mentally healthy workplace.

Whilst it is acknowledged that trying to implement all the above-mentioned initiatives might not be
realistic, it is our belief that any mental health awareness initiatives being introduced are far better than
none to reduce suicides in Australian construction industry.

Conclusion and future research

This paper has attempted to explore why the Australian construction industry has a higher suicide rate
compared to Australia’s general population. Two main objectives were targeted for this purpose:
identifying critical factors for the issue and exploring strategies to reduce suicides in Australian
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construction industry. The research methodology was based on deductive approach and PRISMA
strategy was applied for a more systematic literature review to collect data. After a thorough analysis,
the study identified that personal factors, financial factors and work-related stressors contribute to such
a high suicide rate in the Australian industry. Further discussion outlined that there should be a holistic
approach to mental health where employees are encouraged to prioritise their mental health. It was
evident that there were very few tested programs that address mental health and suicide in the
construction industry. There was also a requirement that mental health needs to be positively promoted
in the construction industry as well as providing employees with relevant support. Furthermore, there
needs to be early diagnosis, treatment and support to workers to return to the workplace. There needs to
be stringent actions on illegal work-related actions like bullying from the construction industry to
provide strategies to reduce the suicide levels in the industry. The organisations could provide staff
training and amend their policies to promote greater work life balance. Additionally, employees should
have access to an Employee Assistance Program, which offers a free and confidential counselling
service for employees and their families. Future research is imperative understanding the suicide pattern
in Australian construction industry; hence, future research should be based on more human and applied
research. Accordingly, first author of this paper is planning to conduct a PhD research further extending
the research focus.
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Abstract

Supply chain management (SCM) techniques are being applied to different industry sectors e.g. food
production, pharmaceutical trades, and construction. Despite a handful of researches conducted on SCM
in the construction industry, research with a focus on the prefabrication supply chain is limited,
particularly where the major obstacles inhibiting the efficiency and effectiveness of prefabrication
supply chain systems demand attention. Therefore, the current study provides an insight into supply
chain integration in prefabrication. A review of relevant literature coupled with experiential learning is
employed to map supply chain relationships and information flow in the prefabrication subsector of the
construction industry in New Zealand. The objective is to establish inter-relationships of prefabrication
supply chain partners, and investigate the impediments to achieving optimum benefits in SCM and any
innovation opportunities. This study shows that any mechanisms that could eliminate intermediaries and
distribute supply chain information more effectively, deserve attention. The use of unalterable
information database in the supply chain could vividly accelerate business interactions and produce
more transparent collaborations and trust among prefabrication projects partners.

Keywords: Prefabrication, Offsite fabrication, Information integration, Supply chain integration,
Construction supply chain management, New Zealand

Introduction

Construction is one of the biggest industries in the world. In New Zealand, it made a contribution of
3.7% to the Gross Domestic Product (GDP) in the first quarter of 2019 (StatsNZ 2019). However, the
industry is still suffering from many inherent issues including low productivity, poor quality of
materials, lack of trust, lack of collaboration and information sharing among all the stakeholders (Li,
Greenwood & Kassem 2019). Whilst the conventional type of construction is suffering from such issues,
offsite manufacturing or prefabrication has been recognised for an effective solution to target these
problems by reducing defects, lowering lifecycle time and costs, improving quality of final deliverables,
and growing sustainability (Shahzad 2011). In New Zealand, the uptake of prefabrication is higher than
other countries, with an estimated 32% uptake in 2015 compared to Australia 3%, UK 4%, Spain and
France 5% (PrefabNZ 2015).

Business interactions is being accounted as a vital turning point for acquiring high benefits in supply
systems (Nicholas & Edwards 2003). Effective flow of information and collaboration between project
partners contribute to effective supply chain integration and trust (Bidabadi Zahra, Hosseinalipour,
Hamidizadeh Mohammad & Mohebifar 2016). To meet these certain requirements a clear map of inter-
relationships with respect to the flow of information must be established to provide all the construction
stakeholders with an insight of prefabrication supply chain integration.

A study by Black, Akintoye and Fitzgerald (2000) indicates that integration of relationships, which is
an effect of information integration, can bring improved performance and reduced conflicts in the
construction supply chain. Hence, when information sharing is built explicitly among all involving
parties, significant benefits including cost benefits, transparency, stakeholder’s satisfaction, trustworthy
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collaboration, and better quality products are obtained. Also, Cai, Jun and Yang (2010) advise that
effective information sharing contributes to transparent relationships and improves trust and
coordination.

However, there are a few barriers deterring the efficient supply chain management. Reluctance to adopt
new technologies, low transparency and traceability, and lack of appropriate information technology are
considered as some hurdles (Akintoye, Mclntosh & Fitzgerald 2000; Harland, Caldwell, Powell &
Zheng 2007). In addition, shortage of secure and tamper-proof block of information and knowledge
precedents within the supply chain is considered as another hindrance (Penzes 2018). Therefore, the
current paper provides a baseline for the prefabrication supply chain efficiency by establishing an
information-based relationships map of prefabrication supply chain partners in New Zealand.

This study utilises literature review and empirical observations to investigate the existing status of
prefabrication supply chain integration in New Zealand and to identify limitations to gaining a
productive supply chain. Showing the arrows of relationships and information directions among supply
chain stakeholders, findings reveal that there is a deficiency in having an appropriate platform for
information storage when it comes to having integration and collaboration within the supply chain.

Literature review

Different synonyms that are interchangeably used; offsite manufacturing, offsite fabrication, pre-
assembly, offsite construction, and prefabrication, all signify the process of building a component, a
portion, or a complete structure of a bigger project remotely. Offsite fabrication is classified to five types
including component-based (units and components such as precast beams and columns), panelised (such
as precast floor or wall panels), modular (such as pods or modules), hybrid (combination of panelised
and modular prefabrication) and complete building prefabrication (Shahzad 2016). Prefabrication is a
potential remedy for traditional construction drawbacks and is perceived to be sociologically,
economically and environmentally advantageous in regards to the reduction of waste and defects and
promoting sustainability (Al-Ma’aitah ; Kaufmann & Remick 2009).

A study report published by BRANZ characterises prefabrication as the system and structure that
facilitate the construction of a complete or a part of a building away from the final location (JC Burgess
2013). Prefabrication is envisaged as an innovative form of construction. Shahzad (2016) scrutinises the
major benefits and impacts of prefabrication in New Zealand construction industry and states that this
innovation has the potential to shorten the productivity problems arising during the use of conventional
construction methods.

From environmental standpoint, prefabrication in the construction supply chain management (CSCM)
reduces sustainability issues by minimising carbon footprint and waste (Afolabi, Ojelabi & Oyeyipo
2018; Kaufmann & Remick 2009). However, the construction industry, particularly the offsite
fabrication is lagging behind in terms of supply chain practices and efficiency (Segerstedt Olofsson
Anders & Bankvall Bygballe Dubois Jahre Lars Lena 2010; Shahzad 2016), and some factors that inhibit
the uptake of offsite construction supply chain are identified as lack of trust, collaboration, and
information integration among the partners in supply chain (PrefabNZ 2015; Shahzad 2011; Zhai, Reed
& Mills 2013).

Impediments to an efficient offsite construction

Prefabrication is an innovative technology and supply chain management techniques for this innovation
are tailored according to the project circumstances. The concept of prefabrication supply chain
principally conforms to fundamental CSCM implications and therefore the barriers to efficient and
effective prefabricated projects supply chains are mostly identified analogous to conventional or onsite
projects. Some impediments to the effective supply chain in this sector have been diagnosed by various
authors and are indicated in Table 1.
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Among the factors shown in table 1, key constraints that inhibit the improvement of this innovative
technology are:

Reluctance to adopting innovation or information technology
Transportation restrictions

Low collaboration and trust

Poor information integration

Information sharing and integration of systems require trust and coordination (Cheng, Law, Bjornsson,
Jones & Sriram 2010). Poor information sharing results in lack of trust, and low level of trust among
stakeholders leads to low collaboration and reluctance to adoption of innovation or technologies
(Shahzad 2016). Having a safe and secure repository for retaining knowledge and information of
supply chain exercises leads to a better supply chain integration and helps to maintain these
information for future projects (Penzes 2018).

Information integration

Typical construction projects consist of 5 phases where several problems and complexities such as
widely dispersed or decentralised information (that leads to wrong and defective products delivery) may
arise (Behera, Mohanty & Prakash 2015). Although the transformation of traditional or onsite
construction to the offsite construction improves the quality, customer satisfaction, efficiency,
predictability, and sustainability of projects (Rahimian, Goulding, Akintoye & Kolo 2017), some
deficiencies such as lack of effective information sharing barricade the productivity of it (Rahimian et
al. 2017; Vrijhoef, Koskela & management 2000). Cheng et al. (2010) assert that since construction
supply chains are highly dynamic and the structure of them are always susceptible to change, participants
hesitate to work collaboratively to build enough trust and to share information efficiently.

Information that is exchanged within supply systems needs integration and management to provide the
opportunity for fundamental improvement in clients and suppliers preferences and supply chain
integration. Hatmoko and Scott (2010) note that CSCM is a system where suppliers, contractors, clients
and all other parties work collaboratively to use information in order to carry out construction projects
effectively and efficiently. Therefore, by devising a way to develop information integration, lots of
bespoke issues pertinent to inefficiency in this industry would be minimised.

Information integration refers to the sharing of information among the supply chain partners and its
main purpose is to achieve real-time transmission of information throughout the supply chain system
(Prajogo & Olhager 2012). Integration of information, promises the logistics integration which refers to
particular logistics practices and operational activities that coordinate the flow of materials from
suppliers to customers (Stock, Greis & Kasarda 2000). Despite the fact that many researchers believe
that information integration is necessary for an efficient supply chain management (Frohlich &
Westbrook 2001; Patterson, Grimm, Corsi & Review 2003; Sahin & Robinson 2002; Samarasinghe,
Tookey & Rotimi 2013), information exchange is not quite practically developed in CSCM due to the
reluctance of stakeholders to using innovations and digital technologies (Cox & Ireland 2002; Fawcett,
Magnan & Management 2002).

Information sharing in supply chain brings great enhancement in business collaboration and trust. As
Yu (2001) explains, information sharing is an effective way of managing large supply chain systems.
He elaborates that although decentralisation is an attribute of supply chain, uncertainties arise when
information within supply chain is changed by one party and other parties remain unaware or get
informed late (Yu 2001). This could generate a change in the delivery time of products to the site and
an increase to the relative costs. Likewise, Cus-Babi¢, Rebolj, Nekrep-Perc and Podbreznik (2014)
demonstrate that data or information that is generated by multiple sources results in disintegration,
scepticism and low level of communication efforts among parties.
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Table 1: Impediments to an efficient and effective prefabrication supply chain management

Barriers as defined by different authors

Temporary and negative project-based viewpoint
Lack of commitment of managers and experts

Reluctance to adopting innovations and information
technology

Vague regulations and strategic legislations
Low transparency and traceability

Decentralised or fragmented nature

Low understanding of concepts

Low collaboration and partnership

Lack of trust

Poor information sharing or knowledge integration
Low data and information accuracy

Lack of sufficient suppliers

Limited site storage

Longer lead-time and lengthy design process
Transportation constraints

Inadequate risk management techniques

(Behera et al. 2015)

*

(Blismas, Pendlebury, Gibb &

Pasquire 2005)

*

*

(Akintoye et al. 2000)

*

(Jaillon & Poon 2010)

(Bidabadi Zahra et al. 2016)

*

*

(Blismas, Arif & Wakefield

2009)

(Harland et al. 2007)

(Shahzad, Mbachu &
Management 2013)

(Shahzad 2016)

*

*

(Cus-Babic et al. 2014)

(Gibb 1999)

*

(Rahimian et al. 2017)

(Gibb & Isack 2010)

*

(Prajogo & Olhager 2012)

(Zhai et al. 2013)

*

>(.

(Sutrisna & Goulding 2019)
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With effective flow of information and maintaining information in a safe platform without the concern
of alteration, supply chain systems can achieve better integrity and performance. Adoption of a safe and
secure platform for trading information, and creating a safe home for information to be deposited could
effectively result in better decision making, collaboration, transparency and trust (O'brien & Marakas
2005).

Research method

This study investigates the supply chain integration issues in prefabrication sector, understands the status
quo of relationships and information directions, and finds the corresponding solution for improving the
innovation opportunities and enhancing supply chain integration in New Zealand. The paper adopts a
qualitative research approach which can improve the description and explanation of real-world
phenomena (Bradley, Curry & Devers 2007) and is a sort of research that extract findings from practical
settings (Patton 2015). This method of research often involves collection of data from different sources
(Nassaji 2015) and relies on observation to examine the situation and investigate the norm (Walliman
2017). Also, Creswell and Creswell (2017) describe that qualitative methods are the study of context
and are based on observations where personal values can be brought into the study. As such, for this
study;

1. First, a review of relevant literature is used to grasp a basic understanding of
prefabrication technology. This step helped identify the key stakeholders involved in
prefabrication supply chain and various stages of a project.

2. Second, based on empirical learnings and the understanding developed from literature,
stakeholders inter-relationship within each stage with respect to the prevalent flow of
information was identified

3. Finally, observation of information sharing processes among prefabrication supply chain
partners was employed to map the information-based inter-relationship.

A similar approach of research was used by Kalian, Watson, Agbasi, Anumba and Gibb (2004) for
process mapping the relationships associated with the flow of information within rainscreen cladding
supply chain of UK construction industry, and also by Gray and Al-Bizri (2007) for modelling the supply
of detailed fabrication and production information.

Findings and discussion

Construction projects often require integration between various entities in order to achieve a certain goal
(Behera et al. 2015). Supply chain practices cannot be enhanced without an efficient integration and
collaboration. Doran and Giannakis (2011) advise that to ensure that offsite practices can compete
effectively with onsite practices and to overcome negative facets of prefabrication supply chain, there
is a need to increase supply chain integration and relationships.

In order to model interconnectivity, there is a need for exploration of information flow and sharing
process within the offsite supply chain. A review of literature has been employed to identify the
stakeholders and prefabrication projects stages. Involved parties in an offsite construction supply chain
are; statutory bodies, clients or customers, consultants, builders or developers, subcontractors,
manufacturers, direct and indirect suppliers, and transporters or distributors (Behera et al. 2015; Chinyio
& Olomolaiye 2009; Gibb 1999; Shahzad 2011; Smith ; Smyth & Pryke 2008).

According to Royal Institute of British Architects (RIBA) plan of work 2013, construction project
phases comprise eight stages that form the building processes from inception of the project to handover
and maintenance. Gibb (1999) clusters the construction of a two-storey office building (by modular
construction approach) into 12 phases and compares that to its traditional approach. Using the RIBA
plan of work as a default scheme and tailoring it for offsite construction, the proposed process map of
this study entails 12 phases (Figure 1), and they are described as follows:
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Strategic definition: A generic assessment of the project from strategic standpoint as
well as defining and briefing client’s business and identifying core requirements of the
project occur in this stage. Collaboration and information exchange between client and
consultant take place at this stage.

Preparation & briefing: The purpose of this stage is to define project objectives and
scope, appraising sustainability, assigning project budget, undertaking feasibility studies,
reviewing and exchanging project information, and carrying out risk assessment. Project
briefing with regards to opportunities and constraints is initialised. Generic discussion
regarding the suitability and feasibility study takes place, and information flows between
client and consultant.

Concept design: Concept design includes proposals for structural design and
specifications, primary cost information, strategic information with respect to design
programme, and finalization of project brief. Engineers and architects usually collaborate
on the design phase (Behera et al. 2015). The flow of information in this stage is among
statutory bodies, clients and consultants.

Developed design: Developed design consists of updated and coordinated structural
design, cost information, and project strategies. A number of design revisions or iterations
might happen in this stage. Builders and subcontractors are informed of the holistic plans
and design process in this stage and they are engaged from this stage to the post-project
review phase (Vilasini, Neitzert, Rotimi & Windapo 2012). The flow of information is
among statutory bodies, clients, consultants, builders, subcontractors, and direct suppliers.

Production planning: This stage according to Behera et al. (2015) entails identification
of required raw materials for manufacturing, determining the quantity of materials, price
query and quotations from suppliers. Information streams among consultants, builders,
manufacturers, and direct and indirect suppliers at this stage.

Technical design: Technical design contains all architectural, structural, electrical and
mechanical plans, drawings, proposals, and strategies. Indirect suppliers will get aware of
the designated parts that need to be completed offsite. The information is exchanged here
among statutory bodies, clients, consultants, builders, subcontractors, manufacturers, and
direct and indirect suppliers.

Construction (site set-up and initialisation): Initialisation comprises the
development of construction programme, preparation of site, commencing the construction
of foundation, and executing pre-requirements before the time that all prefabricated
components or panels must be shipped to the site. A flawless collaboration is necessary
among the involved parties at this stage as to prevent delays and reworks. The information
flow is considered among statutory bodies, clients, consultants, builders, subcontractors,
and direct suppliers.

Construction (offsite): In this segment according to Behera et al. (2015) materials that
are off-the-shelf and that need to be prefabricated are classified. Offsite manufacturing in
accordance with construction programme and detailed design is developed and
transportation planning is initialised (Kaufmann & Remick 2009). Information and data
exchange in this section happens among statutory bodies, clients, consultants, builders,
subcontractors, manufacturers, indirect suppliers, and distributors.

Construction (transportation and assembly on site): Materials and components
fabricated offsite are transported to the site for being erected. Efficient information sharing
is essential for managing the interval time between the current shipment that is being
erected and the next shipment, to have a smooth flow of transportation and to avoid
warehouse surge. Information in this phase is shared among statutory bodies, clients,
consultants, builders, subcontractors, manufacturers, and distributors.
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. Handover and Close out (pre-commissioning and commissioning): The project
is completed and can be handed over to the end user or client. All the terms and conditions
of the contract has been met, and the surplus materials are stored to be used for future
projects (Gibb 1999). Also, the collaboration and information sharing in this step is among
statutory bodies, client, consultant, builder, and subcontractor.

. In use and maintenance (guarantee period): This phase encompasses post-
occupancy and commissioning evaluation, performance monitoring, development
planning, and as-built information updates. Interaction and information is updated among
statutory bodies, client, consultant, and builder.

. Demolition: Project strategies defined at the beginning of the project should be in
accordance with sustainability codes and standard, and must be implemented with respect
to log-term impacts on the environment. With effective sustainability consideration in the
context of projects a reduction in waste is achieved and the ability to dismantle the
components for future use raises. Client or end user needs to inform statutory bodies in this
case.

The customer—supplier relationship links the parties involved in a construction supply chain together
and enhance the overall integrity (Love, Irani & Edwards 2004). Lack of communication and effective
information integration leads to poor supply chain performance (Humphreys, Matthews &
Kumaraswamy 2003). In case that supply chain integration deteriorates, project time encounters delays,
cost will overrun, and quality will be exacerbated (Meng 2012). As it is depicted in Figure 1, the flow
of information and interaction among different parties is complex and this may pose challenges to
achieving effective collaboration and integration. The problem of inefficient offsite construction supply
chain can be addressed by developing information integration and adopting advanced technologies as a
solution.

Blockchain as a potential solution

Construction projects often require integration between various entities in order to achieve a certain goal
(Behera et al. 2015). Supply chain practices cannot be enhanced without an efficient integration and
collaboration. Doran and Giannakis (2011) advise that to ensure that offsite practices can compete
effectively with onsite practices and to overcome negative facets of prefabrication supply chain, there
is a need to increment supply chain integration and relationships. Thus, developing a framework for
applying advanced technologies e.g. Distributed Ledger Technology (DLT) to control the information
flow among entities provide all the construction practitioners with a better opportunity of increasing
effectiveness and efficiency of supply chain.

Today, as organisations are moving toward e-commerce, where all the transactions are accomplished
online, adoption of technology can substantially reduce bureaucracy and paperwork, improve
communication and information sharing, enhance collaboration and trust among stakeholders , and
reduce supply chain cycle time (Handfield & Bechtel 2002).
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Figure 1: Relationship and information flow among prefabrication supply chain partners
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Blockchain is a consensus-based ledger which facilitates transactions among its users by providing them
with a secure and tamper-proof database. Blockchain originally was invented for transaction of crypto-
currencies (e.g. Bitcoin) and it represents a network where various nodes perform transactions either
publicly or privately. In public network, everyone is able to access the information of the ledger and in
private network, people need to be granted access to engage (Li, Greenwood & Kassem 2018).

Blockchain technology operates through a decentralised peer-to-peer (P2P) network and; it is immutable
or unalterable, it decrease dependency on intermediaries such as banks or insurance companies, it
contains an algorithm and proof-of-work mechanism to validate transactions among all nodes (Zhao,
Fan & Yan 2016). Information sharing with others are main concerns for most companies that provide
intermediary services in industries (Lu & Xu 2017). As Penzes (2018) explains, Blockchain used in
supply chain management provide all information and documentation accessible to all parties but
impossible to falsify. Also, Zhao et al. (2016) advise that immutability of information in a chained block
leads to trust and secure transaction. With this trust mechanisms arising from blockchain, supply chain
partners are able to share their information or assets without the concerns of fraud.

One of the most dominant importance of blockchain in CSCM is that when all information and data are
accumulated in blocks, it simplifies the traceability and helps clients or end-users to track back all
processes to the provenance of products (Li et al. 2018). Therefore, by consolidating project information
and integrating it into blockchain, efficiency of logistics, flow of information, transparency and trust
would be highly improved and the dependency on intermediaries becomes less (Zhao et al. 2016). By
adopting blockchain as a safe platform for transferring transactions and exchanging information,
customers can also be assured of the quality of used materials (Lu & Xu 2017).

Conclusion

Supply chain management in the construction industry is considered as the network of activities that
provide customers with economic values to the function of contract management, service and material
procurement, delivery and facilities management (Love et al. 2004). Construction industry is very
complex since many subcontractors and vendors are involved. Majority of the problems associated with
conventional construction (socially, economically and environmentally) has been mitigated by the use
of innovations such as prefabrication. Yet within this subsector, lack of information sharing which stems
from unsecured integration of information results in low trust and transparency among entities. Also,
Greta Gordon (2018) explain that New Zealand is experiencing low productivity, unsustainable
materials, leaky buildings, and low quality components and products that are being used in the
construction. This issue can be attributed to the lack of efficient supply chain integration in terms of
ineffective information integration and low traceability function. Large number of parties engaged in
supply systems normally work individually with low level of shared information which inhibits the
supply chain integration and traceability of prefabricated products in New Zealand. In an integrated
supply chain, information is shared securely and becomes available among the members without any
change. This enhances supply chain visibility and avoids information delays and distortions (Cheng et
al. 2010).

Blockchain technology (or distributed ledger technology) that ensures traceability, transparency, and
security, is demonstrating potentials for mitigating supply chain management problems. With
blockchain, information recorded in a shared ledger provides stakeholders with an auditable and secure
platform which gives enough ability to track back the processes occurred in supplying a product all the
way to the origin of materials. In addition, it streamlines transactions among users (peer-to-peer) by
reducing the reliance on intermediaries in the network.

This paper represented an information-based relationships process map of prefabrication supply chain
of New Zealand. Findings show that using blockchain technology contributes to the elimination of
intermediaries and helps the effective diffusion of supply chain information. This technology also
accelerates business interactions and produce more transparent collaborations among prefabrication
projects partners. A review of relevant literature along with empirical observations were adopted in this
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study to identify the existing information integration of prefabrication supply chain in New Zealand.
Also, limitations to gaining a productive supply chain were indicated. The paper concluded that there is
a lack of trustworthy platform for information storage when it comes to having integrity within the
supply chain and this issue can be addressed by adopting a digital shared ledger.
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Abstract

Australian Bureau of Statistics suggests that the construction industry is so integral to Australia that
contributes a great proportion to the nations’ GDP while generating the highest number of employment
opportunities. However, there is a doubt whether a major recognition is given to the women in Australia
in those employment opportunities; otherwise, knowingly undervalued by the industry. The current
study attempts to find an answer through hypothesis validation which checks whether women’s
involvement of Australian construction industry has significantly increased in recent years referring to
past 10 years. Research design will be based on the analysis of Australian Bureau of Statistics data and
the findings of an extensive literature review. The study will also discuss the challenges, benefits and
recommendations extending literature review and conducting an organisational review. The findings
reveal the derived hypothesis is true and aftermath discussion suggests that it may be due to promotion
of the industry and/or encouragement of women by support groups/ organizations. Research outcomes
have a social importance; hence, Australian government agencies, construction organisations,
professional bodies and other agencies can promote female workers entering Australian construction
industry.

Keywords

Australian construction industry, Women in Australia, Employment opportunities, Hypothesis
validation, Australian Bureau of Statistics data, Literature review, Organizational review

Introduction

Australia’s population is growing by 1.6% every year, 38.6% is attributed to net overseas migration and
61.4% is attributed to natural increase/childbirth (Australian Bureau of Statistics, 2019a). With this
increase every year, the population growth is a contributing factor in the rising demand for new
structures in both residential and commercial spaces which makes the Australian construction industry
strong and robust (Cartwright, 2018). This is showcased by the fact that Australian construction industry
contributes $134.2 billion in 2015-16 financial year to the country’s economy or approximately 8% to
the gross domestic product making it the largest non-service related industry (Australian Bureau of
Statistics, 2018b; Cartwright, 2018; Office of the Chief Economist, 2016). Not only higher contribution
to GDP, but also the largest employment provider among all industries with whooping 1.1 million
Australians (according to 2015-16 statistics) working within the construction industry (Australian
Bureau of Statistics, 2019a; Cartwright, 2018; Office of the Chief Economist, 2016); however,
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Australian construction industry is regarded as the most male dominated sector in the country (Clarke et
al., 2012) creating more gender imbalance. First phase of the current study looks into the current
statistics to understand the current pattern of women contribution to construction industry. The next
phase will try identifying factors for that pattern.

The design of the methodology based on the development of a hypothesis and its validation will drive
on to the research findings. The study analysed Australian Bureau of Statistics 10-year range data set
from 2007-2008 financial year to 2017-2018 financial year corresponding to women employed in
Australian construction industry. The analysed data validates that the trend of women employed in
Australian construction industry is increasing. Knowing the pattern, the study conducted an
organisational review and identified that several supporting schemes are currently in function in the form
of grants, promotion and support groups. This raised why industry leaders are keen to help promote
women in construction and what added benefits they will gain increasing women employment in
construction industry. Understanding the traditional challenges and their negative influence on women
employment in construction industry was another focus of the current research. Literature review was
the prime strategy to answer all the questions after the pattern was identified. The findings led to the
assumption that the increase pattern is due to the creation of more female focused organisations
promoting equality and females in the construction industry. Research also identified that many
challenges that women face working in the construction is directly correlated with the low female
employment. Gender diversity and equality within the construction industry remains an important topic
with more females entering the industry paving the way for younger female generations to enter into the
construction industry and contribute their talents.

Research design

A deductive approach is effective in situations when a hypothesis is developed based on existing theory
and then designing the research strategy to test the hypothesis (Grote-Garcia & Loveless, 2011). Several
reports and scholarly materials have identified that the lack of gender equality in the Australian
construction sector is a persistent problem (Clarke et al., 2012; Galea et al., 2015; Toohey, Colosimo &
Boak, 2009). The problem triggered to develop the hypothesis of the current study which contemplates:

Women’s involvement and employment in the Australian construction industry has significantly
increased in recent years due to promotion of the industry and encouragement of women to further their
career in the sector through support groups/ organisations.

Australian construction industry has the highest share of male employment of all 19 broad industries
accounting for 88% of workforce compared with 54% across all industries (Department of Jobs and
Small Business, 2018). Hence, reliable data is required for this study to be collated with such a large
population of employment in the construction industry. Data was collected from the database of
Australian Bureau of Statistics specifically referring to gender indicators (Australian Bureau of Statistics,
2018a). The Australian Bureau of Statistics database was purposefully chosen for data collection due
to the data being reliable and updated until 2017-2018 financial year which is more current. Gender
Indicators data includes data for many of Australia’s industries including agriculture, mining, retail,
transport and most importantly for this study’s focus of construction industry. According to the database,
Table 1 shows captured male and female population numbers working within construction industry from
the financial year 2007-2008 to 2017-2018 financial year. Male population data was also extracted to
verify still a large gender imbalance exists.
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Table 1: Population of male and female workers in the construction industry

Financial year

Female population

Male population

2007-2008
2008-2009
2009-2010
2010-2011
2011-2012
2012-2013
2013-2014
2014-2015
2015-2016
2016-2017
2017-2018

114200
114700
114400
113400
113900
113900
116300
115000
118200
126900
132800

779800
813700
821400
833700
836800
825500
855600
868400
882200
911000
985900

Source: (Australian Bureau of Statistics, 2018a)

Figure 1 has captured the female population in comparison to the male population. More importantly, it
tracks the pattern of the gap of gender imbalance. According to the figure, increase of overall male and
female populations can be observed. Gap of gender imbalance has ups and downs; however, overall, it

is also increasing.
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Figure 1: Pattern of male and female population in construction industry over the 10-year period

Although Figure 1 suggests an increase in female population over the 10-year period, due to the male
population being 8 times the female population, the scale of the graph is not adequate enough to fully
understand the population has been increasing. Figure 2 below shows the female population in isolation
to better show the data. The data reflects the increase in population; however, there appears to be a
plateau in population in the range of 2007 to 2008 and the range of 2009 to 2012 followed by a spike of
population in 2013. There also appears to be a minor decrease in population in 2014 before quickly
recovering in 2015 with a steady incline through to 2018. Overall, the figure suggests the female
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Figure 2: Pattern of female population in construction industry over the 10-year period

To further exemplify the population of the females working in the construction industry in 2007 to 2018,
Figure 3 was plotted showing the changes between the years. As discussed above, there was a decrease
in population in between first 2008 and 2009 and then 2009 and 2010 and lastly 2013 and 2014; however,
throughout the remaining years (2014 to 2018), notable increase of female population is obvious.
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Figure 3: Change of female population in construction industry each year

Findings and discussion

The data collected from the Australian Bureau of Statistics 4125.0 Gender Indicators was able to show
that the population of women within the construction industry from 2007 to 2018 has grown significantly.
In 2007 the population was at its lowest in the 10-year study period with 114,200 women nationally
working within the industry. By 2018 July the population had grown its highest in the 10-year period
with 132,800 women, resulting in an increase of 18,600 or 14%. To fully understand the reason/s for the
increase in female population over the past 10 years, it requires an investigation into the organisations
and businesses who promote careers for women in the construction industry. The investigation should
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be amalgamated with looking at the benefits that women can bring to the industry as well as the
challenges that may have contributed to the low populations in the first few years of the 10-year period.
Identifying benefits and challenges can lead to further increase of female population engagement in
Australian construction industry.

Promoting careers for women in the Australian construction industry

While it is easy to see there is low female population in the construction industry there are a number of
steps that need to be made to help encourage women to pursue careers and promote the industry as a
career prospect for anyone regardless of gender. Updating policies is often the first step, most companies
will have ample room for improvement within their formal company policies. Ensuring all women
within the company are afforded the ability to feel safe in the workplace; for example, enforcing a zero-
tolerance policy to prevent harassment (Galea et al., 2015). Galea et al. (2015) also suggests that
allowances for maternity leave and work share practices to be offered; hence, expecting mothers feel as
though they have options when taking leave after birth and starting part time work when they feel they
are ready to come back to work. Policy changes ensuring no gender pay gaps within the company i.e.
men and women at the same level being paid the same rate or salary, will work towards women feeling
safe and valued (Smith, 2013; Stedman, 2018).

Construction sites are usually designed to facilitate men’s requirements; hence, female workers and
visitors face logistical and safety challenges (Employers, 2018). This is mainly due to the construction
industry inherited with masculine culture such as bathrooms are not specially designed for females
(Employers, 2018; Powell & Sang, 2013). Therefore allowances for female amenities must be provided
on sites to promote female progression in construction industry (Employers, 2018). Furthermore,
construction safety gear such as safety gloves and equipment like tools and heavy equipment are
designed targeting men’s bodies and sizes which are unsafe for women as they are too large and
inefficient for women to use. Procurement of clothing and equipment for both male and female workers
should be kept at the forefront of the procurement team when making purchasing decisions (Rosselle,
2018).

Professional female recruitment and encouragement will change the way the construction industry
employees and promote women to further their careers (Rosselle, 2018). Recruiters may find that they
will need to start thinking outside the box when it comes to the forms in which they look for candidates
(Ellis, 2018). This might include giving presentations to industries that construction industry relies such
as graphic designers or look for candidates within universities so that they are able to get a more even
cross section of male and female perspective employees (Ellis, 2018). Internally, companies should also
look to not overlook but promote women of applicable skills to higher positions to help encourage a
diverse management team resulting GHD and AECOM both Australian engineering companies been
awarded the Workplace Gender Equality Agency (WGEA) Employers of Choice for Gender Equality
following their efforts to help achieve workplace equality (Cranenburgh, 2018). The formation of
organisations solely for the encouragement of women will also help women form network connections
and develop their skills making them more confident and better candidates for promoting their careers
(Meg Munn, 2014; Wright, 2014). There are a number of national organisations such as the National
Association of Women in Construction (NAWIC) and Women in Design and Construction (WIDAC)
along with women’s branches within the Master Builders, QBCC and other organisations which hold
master classes, networking events and mentorships. Many of these organisations are relatively new
forming in 2013-2015, the graphs show that this is the time that the population of women in the industry
started to increase at a higher rate. The benefit of allowing women to connect with other women in the
industry through networking and promoting women in the work place will continue to grow overtime
with increases in female population as this is an ongoing issue (NAWIC, 2013).
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Benefits of having women in the Australian construction industry

Encouraging women to working in the construction industry is an area with potentially tremendous room
for growth (Women into Construction, n.d.). Women are very heavily represented in the clerical and
administrative roles; however, they are grossly underrepresented in manual labour roles (Dainty, Green
& Bagilhole, 2007; Dainty, Bagilhole & Neale, 2000). There is a strong evidence of shortages of skilled
labourers such as electricians and mechanical ventilation contractors; hence, attracting women to these
skilled trades could readily address the problem (Tyler, 2016). The construction industry often relies on
workers who are efficient and problem solvers when issues arise on site and quickly need solving. Each
project is unique and brings a new challenge; hence, a diverse team brings a variety of perspectives and
backgrounds (Pulsinelli, 2011). Pulsinelli (2011) also stresses an increase of women in the industry
means more viewpoints and different experience levels can be applied to a complex situation. It has been
found through case study research that team performances are enhanced when women are involved in
the workforce. The Harvard Business Review determined that not only is the team performances
enhanced but the overall intelligence of teams was greater when women were incorporated into the teams
(Tyler, 2016).

The companies are also said to perform better in financially in comparison to companies with
homogenous gender profiles due to the better working teams. With diverse companies or groups comes
a challenge to the status quo, expose and combat implicit bias and provide differing perspectives to
existing problems (Employers, 2018). Diverse workplaces also pay big in public relations dividends
with the reputation of the company increasing as the company drives innovation, improves decision
making and delivers high quality results, in comparison to the less diverse competitors (Employers,
2018). Possibly the most important benefit of increasing the female population in the construction
industry is to provide a career path to the up and coming generations of construction workers regardless
of gender (Zitzman, n.d.). Many organisations have centred their aims to help encourage young people
to join or participate in the construction industry. They try effective ways to reach out them
communicating the value of construction careers before gender stereotypes or other cultural factors deter
students from pursuing their interests in the construction industry (Employers, 2018). Current female
leaders can encourage other women to pursue careers in the industry. This way, upcoming generation
will realise construction industry is not a ‘boys club’; but, girls play a crucial role in future (Galea &
Powell, 2018; Lingard & Lin, 2004; Zitzman, n.d.).

Challenges of women facing in the Australian construction industry

Non-gender inclusiveness in Australian construction industry has led to male dominated force which
may be mostly due to male perception of women towards family responsibilities (Cassells, Gong &
Duncan, 2011; Hartel et al., 1999). The situation becomes worse when majority of male mangers of the
construction industry perceive that childbearing age (maternity leave) is a waste considering
guestionable female employees’ future performance being productive (Lobel & Clair, 1992). According
to May 2019 statistics, total females employed in the Australian construction industry were 147,000 and
there were 10000 females under-employed among them (Australian Bureau of Statistics, 2019b). As a
percentage it was 6.80%. Underemployment reflects the underutilisation of the productive capacity of
the employed population (International Labour Organisation, n.d.). Elaborating the idea, the term under-
employed refers to the situation where a person is working fewer hours when they are willing and
available to work more. Furthermore, statistics show that despite the increase of women within the
industry the number of women reaching top corporate management tiers has not increased (UNSW
Australia, n.d.), in fact women leave the construction industry at a rate of almost 39% higher than men
(APESMA, 2010). The National Association of Women in Construction or NAWIC studies have found
that many of the challenges that women face in the construction industry are directly or indirectly related
to gender bias (NAWIC, 2013). Accordingly, there are three major challenges that women face in the

construction that undermine women’s recruitment, retention and progression in the construction industry.
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. With most construction managers arriving on site at 6:30am and leaving after 6:30pm typically
six days a week it can leave little time for picking up and dropping children at school and other
household responsibilities (Lacaze-Duthiers, 2015). There is very little tolerance for part time or
flexible work schedules due to the push to complete projects on time and within budget, often
with little or no recognition by the clients on these work demands how they impact on the work
force or gender equality (Galea & Powell, 2018).

° Nearly one third of women have reported that the fear of sexism has held them back from pursuing
a senior role in the construction industry (Clark, 2017). Sexism or equality on the construction
site can range from male only bathrooms at the site to women being lumped with more

administrative tasks when they are far more qualified to do them or outdated attitudes (Frith, 2017).

. An even more alarming challenge women face on the construction site is safety, safety gear
has long been made to tailor to the male physic which often triggers to be too large for women
compromising the women’s safety while wearing it (Unearth, n.d.).

Conclusion and future research

The research can conclude that the developed hypothesis was validated statistically that the female
population is recently increasing in the Australian construction industry. Literature review into the
reasons validates that the current increase is mainly due to the measures taken by the industry and
government to promote female careers in the Australian construction industry. Measures strongly show
the directions of systematic change that restricts the female inclusion such as: current policies, masculine
environment at sites and recruitment process. Further literature review on the benefits and challenges
has led to identifying the measures required further to promote female careers in future. Filling the
shortage of skilled labour is one benefit due to more females in the construction industry. Gender
diversity has positive evidence that the organisations function in greater productivity and better in
financially which is another value proposition to engaging more women into Australian construction
industry. Challenges are mainly correspond to family commitments/ responsibilities being bias on
women towards responsibilities. Accordingly, women find uncomfortable being adjusted to the usual
construction work daily routine, which creates them a number of household responsibility issues.
Pushing for deadlines makes them into even worse situations by not offering part-time or flexible work
schedules. Another major challenge women face in the construction industry is that the fear of sexism.
This has created them holding back from pursuing for leadership roles or stagnating in the same area or
even falling into do outdated attitudes. Safety is paramount in construction industry; however, women
face challenges in safety of the construction industry due to unfit issues triggering with male-tailored
safety gears.

It is obvious that heterogeneity lacks in the Australian construction in terms of gender diversity and
equality. The research also suggests lack of literature or studies to recognise the heterogeneity of
experiences among females working in the construction industry (Powell & Sang, 2013). As the current
research identified, more research studies are required in future to explore sexuality, work-life balance,
leadership, recruitment process, safety, masculine environment. Keeping the current study as a pilot
study, the research group looks at a big picture of conducting future applied and human research to
address the previous themes. The outcomes can be directed to document strategies to plan promoting
female engagement in the Australian construction industry.
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Abstract

The purpose of the study is to analyse the relationship between an employee’s mindset behaviour and
project performance. Quantitative method was used, and a census and convenience sampling techniques
were adopted to distribute and collect data at a response rate of 74.60% from employees in the
construction industry in the Kumasi Metropolis. Responses were assessed based on the significance level
of the employee’s mindset behaviour on project performance using descriptive analysis, and the reliability
of the scale was checked using Cronbach’s Alpha Coefficient. Six mindset elements, namely; employee
commitment, employee involvement, job satisfaction, employee lateness, employee theft, and employee
absenteeism were selected to ascertain their significance level on Project Performance. The study affirmed
that the positive effect of employees’ job satisfaction, involvement and commitment to work leads to
project performance. The study, therefore, contributed to knowledge by assessing the linkages between
employees’ mindset and project performance, and also to the existing body of knowledge to aid and guide
researchers in the adoption of appropriate theoretical framework in conducting research on the relationship
between employee’s mindset behaviour and project performance. To recommend, further research should
be done to develop a framework for managing the mindset behaviours of employees.

KeyWOFdS: behaviour, employee, mindset, organisation, project performance

Introduction

Increased employee performance indicates a significant objective for organisations in order to maintain
their business success (Rusu et al. 2016). Modern trends in employee performance show that, in order to
target increased employee performance, research should focus on employee performance assessment and
on the influence of organisational context factors such as organisational objectives, organisational culture,
employee motivation among others (Rusu et al. 2016). The mindset behaviour of an employee affects an
employee’s enthusism towards work, psychological presence and job commitment (Ali et al. 2010).
Positive mindset behaviour of an employee would result in achieving increase in employee’s performance
(Heslin 2010). An employee would show positive mindset behaviour towards work, by the display of
confidence, trust and job satisfaction by management. According to Mester et al. (2003) there are so many
factors such as employee organisational commitment, job involvement and job satisfaction that affect the
mindset behaviour of an employee towards work, but research study indicates that to a large extent the
type of leadership style affects the mindset of an employee. In this contemporary era, management of
organisations are consistently devising ways to generate employee’s commitment towards work,
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empowering an employee would result in positive work attitudes leading to employee’s commitment to
work (Lok & Crawford 2001).

Previous study reveals that managerial practices influences not only employee motivation, but also
employee behaviours. Therefore, the empowering practices of supervisors could influence the behaviours
exhibited by an employee at work (Boudrias et al. 2009). Mindset is a mental framework that guides how
people think, feel, and act in achievement contexts (Dweck 2006). Positive behavioural outcome of
employees largely depends on the wider organisational culture and employees relationship with their
management (Alfes et al. 2013). Employees who perceive the climate in their organisations to be
supportive may be more likely to experience higher levels of positive mindset, which in turn positively
influences their performance at work (Luthans et al. 2008). A project would be considered to have been
successfully performed if it is executed meeting the objectives and goals as defined in the project plan
(Frimpong et al. 2003).

There have being various studies such as, “Leadership style and its relation to employee attitudes and
behaviour”, by Mester et al. (2003) which try to identify the factors contributing to increase in
performance of an employee, but employee attitudes and the inclusion of their opinions are very important
in today’s global and competitive environment in order to achieve maximum output from the employee
(Magd et al. 2007). Parker & Griffin (2011) stated that extensive research is needed to explore the
features of the working environment that may be relevant in directing and focusing the mindset behaviour
of employees in positive ways. According to Brundin et al. (2008) employees’ perception of how an
organisation values them could be vital in influencing their mindset behaviour towards work. Mrazek et al.
(2018) stated that paying more attention to employee mindset behaviour could lead to solving the pressing
matters related to employee performance. Positive mindset behaviour of an employee towards work is
paramount for an increase in the performance of an organisation (Brundin et al. 2008). Consequently, this
calls for the need to conduct this study. Contrary to this, management need to consider employees’mindset
behaviour as key to increase in performance of organisations (Offorbike et al. 2018). Mrazek et al. (2018)
stated that paying more attention to employee mindset behaviour could lead to solving the pressing matters
related to employee performance. These various studies conducted affirm the importance of considering
employee’s mindset behaviour on project performance, which necessitates the conduct of this study.
Therefore, the objective of this study is to analyse the relationship between construction employees’
mindset behaviour and project performance.

Literature review

Mindset is a mental framework that guides how people think, feel, and act in achievement contexts
(Dweck 2006). According to Bagherian et al. (2009) mindset behaviours are generally positive or
negative views about a person, place, thing or event. These views are often referred to as the mindset
object. According to Ali et al. (2010) the concept of mindset behaviour influences an employee’s
psychological presence at work, enthusiam towards work and job commitment. There are so many factors
that affect the mindset behaviour of an employee towards work, but research indicates that to a large
extent the type of leadership style influences the mindset behaviour of an employee (Mester et al. 2003).
Positive employee mindset behaviour would result in achieving increase in employee’s performance
(Heslin 2010).

Employee’s Commitment Mindset

Research have shown that organisational commitment will lead to behavioural outcomes (Marhayani et al.
2019). Employees who are committed to their respective organisation are more likely not only to remain
with the organisation but are also likely to exert more efforts on behalf of the organisation and work
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towards its success leading to increase in performance (Ali et al. 2010). Employee commitment can
benefit organisations in several ways such as improve performance, and reduce absenteeism, thereby
resulting in an increase in performance (Dockel et al. 2006). A committed employee is perceived to be one
who stays with the organisation even in turbulent times, attends work regularly, protects company’s assets
and shares in the company’s goals (Mester et al. 2003). According to Ali et al. (2010) studies have
confirmed that, there are positive effects of employee commitment on organisational performance.
Committed employees are considered as critical success factors for any organisation. Therefore, it is
evident that for a sustained increase in project performance, employee commitment is an important factor.
Literature reveals that highly committed employees are more satisfied with their work, perform at levels
beyond expectation, are more motivated and experience higher levels of job involvement leading to an
increase in the performance level of the organisation (Mester et al. 2003).

Employee’s Job Satisfaction Mindset

The Hawthorne studies conducted in the 1930s makes researchers aware of the effects of employee
attitudes on performance. Shortly after the Hawthorne studies, researchers began taking a critical look at
the notion that a happy worker is a productive worker. No organisation can achieve its goals without
satisfying the work force of the organisation. This therefore leads to the concept of employee job
satisfaction been given a prominent place in many social science literatures (Pushpasiri & Ratnayaka
2018). Most of the earlier reviews of the literature suggested a positive relationship between job
satisfaction and project performance. Job satisfaction depends on employees’ perception and attitude
towards their job and the environment where their job belongs. It is critical to the overall performance and
profitability of the organisation as there is a strong correlation between job satisfaction and employee
motivation as well as productivity (Dey et al. 2019). People who are happy with their jobs exhibit higher
job performance (Judge et al. 2001). According to Pushpasiri and Ratnayaka (2018) the more satisfied an
employee is the less turnover and absenteeism occurs. According to Chhikara & Nangia (2018) the failure
to find a strong relationship between job satisfaction and performance is due to the narrow means often
used to define job performance. Chhikara & Nangia (2018) argued that when performance is defined to
include important behaviours not generally reflected in performance appraisals, such as organisational
citizenship behaviours, its relationship with job satisfaction improves. Jackson & Schuler (2011) stated
that if employees are not satisfied with their organisation, they tend to leave the organisation.

Employee’s Engagement Mindset

Employee engagement or involvement refers to the degree to which one is cognitively preoccupied with,
engaged in and concerned with one’s present job (Mester, et al. 2003). Business units and organisations
are almost twice as likely to be successful if they are above average in employee engagement. Employees
who are engaged with their job and employer are more productive because they are motivated beyond
personal factors. They are more focused and more motivated than their disengaged counterparts are. This
means they work more efficiently and with the success of the organisation in mind (Gruman & Saks
2011). Research consistently shows that low levels of employee engagement are detrimental to
performance. There is an assumption held by many scholars and managers that if employees are
adequately informed about matters concerning them and are afforded the opportunity to make decisions
relevant to their work, then there will be benefits for both the organisation and the individual (Shadur et al.
1999). According to Harter et al. (2002) not only does high employee engagement increase focus and
efficiency, it decreases rates of absenteeism. Because engaged employees care about what they do, they
recognise the importance of their effort in contributing to the success of the organisation. Research
confirms that engagement lowers employees' intention to leave. According to Schaufeli et al. (2006)
engaged employees work with dedication, vigor, and absorption. There is a trend showing that highly
engaged employees work for organisations that had revenue growth at least one percentage point above
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the average for their industry, while the organisations of the most disengaged employees work for
companies where revenue growth falls one or two percentage points below the average (Perrin, 2003).
Various factors are known to cultivate employee engagement. These include fair and trustworthy leaders
who show employees how their work makes a positive difference (Avolio et al. 2004), and a work
environment in which employees are consulted, and appreciated (Harter 2008).

Employee’s Theft Mindset

The most widely accepted definition of employee theft comes from Greenberg’s (2002) study, which
defines theft as the unauthorized taking, control, transfer of money or property that is perpetrated by an
employee during occupational activity. The more dissatisfied the employee becomes with a workplace
situation the more likely that employee would be inclined towards engaging in criminal behaviour such as
theft (Schmidtke 2007). The more dissatisfied the employee becomes with a workplace situation the more
likely that employee would be inclined towards engaging in criminal behaviour such as theft, which would
lead to the retrogression of the performance of the organisation (Chen & Sandino 2012).

Kulas et al. (2007) argue that most of the concluded research which identifies why employees commit
theft from the employer in the first place has nothing to do with the opportunity to steal, but more of a
motivation to steal.

Employee’s Absenteeism Mindset
Absenteeism is a habitual pattern of absence from a duty or obligation (Patton & Johns 2012).

The impact of absenteeism on firms or organisations is enormous, taking account of the costs associated
with it (Carraher & Buckley 2008). A better understanding of the determinants of absenteeism can be
valuable for organisations and policymakers (Stormer & Fahr 2013). The direct costs of sickness absence
from work to employers include statutory sick pay, expense of covering absence with temporary staff and
lost production. Indirect costs, such as low morale among staff covering for those absent because of
sickness and lower customer satisfaction, are difficult to measure, while they also influence the overall
levels of output (Leaker 2008). Employers should use a system of rewarding and recognition for
employees because it has a vital effect in their job satisfaction and engagement which will lead to
reduction of turnover and burnout among employees (Bayoumy 2019).

Employee’s Lateness Mindset

According to Koslowsky (2000) lateness refers to the tendency of an employee to arrive at work after the
scheduled starting time. According to Elicker et al. (2008) lateness is a behavioural outcome of certain
organisational attitudes. Accordingly, the employee arriving late to work is consciously or unconsciously
expressing negative feelings with the organisation. Bolton et al. (2010) found that employees who are
never late to work have significantly higher levels of organisational commitment than employees who
arrive late. For any organisation, lateness has both economic and psychological implications. If employees
are part of a service-oriented organisation, their lateness may affect the quality or quantity of service
offered, especially when fellow workers or consumers depend directly or indirectly on the latecomer's
presence (Koslowsky 2000).

Research Methodology
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This study uses the gquantitative approach, which tend to relate to positivism and seek to gather factual
data, to study the relationships between facts and how such facts and relationships accord with theories
and the findings of any research executed previously. It is essential to ensure that the subject matter of
investigation is both comprehended well by the researcher and is defined precisely, otherwise, the
variables cannot be measured accurately and so, compromise the analyses and findings (Fellows & Liu
2015). The quantitative approach has been used in this study because it is necessary to have the absolute
values of certain key issues during the research. For the purpose of this study, the population chosen
consisted of formal employees of construction firms in Kumasi Metropolis. Census and Convenience
sampling techniques have been used in the study. Convenience sampling describes the situation in which
participants are included in a study only because they happen to be at the right place at the right time.
Convenience sampling is a non-probability sampling technique, which involves a sample being drawn
from a part of your population closer to you (Kothari 2004). The census approach was used to determine
the appropriate sample size. The study made use of a population size of 72 comprising formal employees
such as Quantity Surveyors, Site managers among others, of construction firms in the Kumasi Metropolis.
The sample size for the survey after using the Kish formula using the population size was 42.

The questionnaire as a data collection instrument has been used in this study. A good questionnaire
consists of questions that generate various types of information from respondents (Gall et al. 2003). The
guestionnaire consisted of two main parts; Part One and Part Two. Part one covered the demographic data
of the respondent. According to Ahadzie (2007) the demographic data of the respondent is required to
authenticate the credibility of the data collected. In the part two, the questionnaire was designed to seek
information on the linkages between employee engagement or involvement, employee job satisfaction,
employee organisational commitment and project performance. Primary data has been collected by means
of questionnaires. Questionnaires were issued to the target group, who are formal employees of
construction firms in the Kumasi Metropolis. Their responses were collected and analysed. Secondary data
on the other hand was gotten from sources, which included reading and analysing already processed data
from journals, and online libraries. The Likert scale rating was used in exploring the relationship between
employee’s mindset behaviour and project performance, respondents had to determine the significance
level of some employee mindset behaviours on project performance by responding whether the variable is
“Very significant” (1), “Significant” (2), “Moderately significant” (3), “Less significant” (4) or
“Insignificant” (5) Data collected from the questionnaires was entered into an analysis package called
Statistical Package for Social Sciences Windows Version 16 (SPSS). Tool of analysis used was the
Descriptive Statistics to analyse the linkages between employee’s mindset behaviour and project
performance, and the reliability of the scale was checked using Cronbach’s Alpha Coefficient.

Validity and Reliability of Scale Adopted

Fieldwork is very important as far as the reliability of data is concern (Patton 2002). With the view to
ensuring quality research, the study embarked on some measures. Firstly, the researcher made sure that the
right sources of data were selected. Because the study looked at analysing the relationship between the
construction employees’ behaviour and the project performance, data was collected from the formal
workers of the construction industry in Kumasi. This ensured that the right data was gathered from the
right sources that were very informative. Secondly, the study ensured that participants responded to the
guestionnaire at their own convenience. This is explained by the fact that there is the tendency for
participants to give answers hurriedly if they are being interviewed out of their convenience. The
guestionnaires were delivered and picked as scheduled with the respondents. Finally, a Cronbach’s alpha
analysis was presented to measure the reliability of the scale before further analysis is done to give an in-
depth understanding of the observed items used in the study. An alpha value of .70 or higher is acceptable
as reliable, as a rule of thumb. From Table 1, the alpha value for analysing the six elements discovered to
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have significant effect on project performance was .894. This indicates that all the items reliably measured
what they were intended to measure, and therefore, further analysis can be made.

Table 1: Cronbach’s Alpha Analysis

Variables No. of Items Cronbach’s Alpha

The selected Six elements (name: Six elements, namely; 6 .894
employee commitment mindset, employee involvement
mindset, job satisfaction mindset, employee lateness
mindset, employee theft mindset and employee
absenteeism mindset)

Source: Field survey, 2019

Data Analysis and Discussion of Results

Employee Commitment and Project Performance

In terms of respondents’ contribution towards project performance due to their commitment level, it shows
that 27 respondents representing 64% deemed it very significant, 10 representing 24% deemed it
significant, 3 representing 7% deemed it moderately significantly, and 2 representing 5% deemed it less
significant. Majority of the respondents affirm that commitment level leads to project performance. This
confirms Konovsky & Cropanzano (1991) stance on employee commitment towards project performance.
The authors uncovered a positive relationship between commitment and project performance.

Employee Involvement and Project Performance

When asked about respondents’ involvement or engagement level in work related activities in the
organisation that lead to project performance, it showed that 12 respondents representing 29% deemed it
very significant, 27 representing 64% deemed it significant, 1 representing 2% deemed it moderately
significant, and 2 representing 5% deemed it insignificant. Most of the respondents attested that employee
involvement or engagement in work related activities of the organisation lead to project performance. This
indicates that employees that are highly engaged are twice as likely to be performers. Employees who are
engaged or involved in the activities of an organisation would exhibit positive mindset behaviour towards
work, and this would consequently increase the performance of the employee in the organisation.
Therefore, it is not abnormal that from the data analysis conducted, a very significant number of the
respondents showed their involvement in the activities of the organisation,

Employee Job Satisfaction and Project Performance

With respect to whether the satisfaction respondents get from their work motivates them to contribute to
project performance, it showed that 23 respondents representing 55% deemed it very significant, 16
representing 38% deemed it significant and 3 respondents representing 7% deemed it moderatelely
significant. From the analysis of the data collected from the field, it can be deduced that, majority of the
respondents deem the impact of job satisfaction on project performance very significant. According to
Hagedorn (2000) when a worker feels a high level of achievement, intensely involved in the work place,
appropriately compensated by recognition, responsibility, and good remuneration, job satisfaction is
enhanced. Consequently, the enhancement of job satisfaction in an employee would create positive
mindset behaviour towards work, which would aid increase the performance of an employee in an
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organisation. Therefore, this affirms the response from majority of the respondents who deem the impact
of job satisfaction on employee mindset behaviour very significant.

Employee Absenteeism and Project Performance
The effects of absenteeism are difficult to quantify though various studies have attempted valuing it.

Productivity losses due to employee absence cost organisations millions of dollars each year (Mason &
Griffin 2003). Although numerous dispositional, attitudinal, demographic, health, economic, and social
factors have been linked with an individual's decision to attend work.

Data analysis shows that 23 respondents representong 55% deemed it very significant, 16 representing
38% deemed it significant, and 3 representing 7% deemed it moderately significant the relationship
between employee’s absenteeism mindset behaviour and project performance . This clearly shows that
respondents are aware of the negative effects of absenteeism on project performance. This corroborates
with Dalton & Mesch (1991) view on the effect of employee absenteeism.

Employee Lateness and Project Performance

For an organisation, lateness has both economic and psychological implications. When productivity or
output levels are affected, the efficiency of an organisation may be compromised (Koslowsky 2000). An
employee's late arrival, particularly if the function performed at work is critical, may disrupt the
production schedule of an organisation (Shahzad 2018). If employees are part of a service-oriented
organisation, their lateness may affect the quality of service offered, especially when fellow workers or
consumers depend directly or indirectly on the latecomer's presence. Koslowsky (2000) stated that
employees who are never late to work have significantly higher levels of organisational commitment than
employees who arrive late. Problems associated with lateness include compromised organisational
efficiency. When asked whether employees are aware that lateness affects project performance, it showed
that 22 respondents representong 52% deemed it very significant, 18 representing 43% deemed it
significant, and 2 representing 5% deemed it insignificant. This clearly shows that the respondents are
aware of the negative effects of lateness on project performance.

Employee Theft and Project Performance

Respondents were asked on the significance level of theft on project performance. It showed that 24
respondents representong 57% deemed it very significant, 16 representing 38% deemed it significant, and
2 representing 5% deemed it insignificant. This clearly shows that the respondents are aware of the
negative effects of theft on project performance. This affirms Camara & Schneider (1994) position on
employee theft who stated that employee theft is estimated to account for billions of dollars of loss
globally each year, with employees accounting for more theft than customers.

Findings and Discussions

The study reveals that supervisors normally seek employees’ opinion on issues relating to work. This
shows the level of involvement of employees in work related activities. This is an important aspect as it
identifies the level at which supervisors ask for employees’ opinion and therefore the importance that
managers place on them. The current level at which supervisor asks for employees’ opinion is in the right
order. This affirms Boudrias et al. (2009) study that stated that employee engagement is integral to driving
successful organisations. Engaged employees are satisfied and feel a sense of attachment to their job and
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the organisation. Therefore, this affirms the high significance level of impact employee engagement has
on mindset behaviour as deduced from the study.

In addition, the study reveals that respondents deem the impact of job satisfaction on employee’s mindset
behaviour very significant. Both the employees and management confirm the existence of some
motivation packages management has put in place in order to get employees satisfied with their job. This
confirms a study conducted by Judge et al. (2001) who stated that, when employees are satisfied with their
job, it creates positive mindset behaviour, and consequently leads to increase in their performance in the
organisation. According to Dey et al. (2019) most of the earlier reviews of the literature suggested a
positive relationship between job satisfaction and project performance. Employee job satisfaction is
critical to the overall performance and profitability of the organisation as there is a strong correlation
between job satisfaction and employee motivation as well as productivity. This affirms respondents view
on the impact of employee job satisfaction and mindset behaviour to be very significant.

Furthermore, the study indicates that respondents deem the impact of job commitment on employee’s
mindset behaviour exhibited to be very significant. According to Ali et al. (2010) employees who are
committed to their respective organisation are more likely not only to remain with the organisation but are
also likely to exert more efforts on behalf of the organisation and work towards its success leading to
increase in performance. Employee commitment can benefit organisations in a number of ways such as
improve performance, and reduce absenteeism, thereby resulting in an increase in performance (Dockel et
al. 2006). According to Ali et al. (2010) studies have confirmed that, there are positive effects of
employee commitment on organisational performance. Committed employees are considered as critical
success factors for any organisation. Therefore, it is evident that for a sustained increase in project
performance, employee commitment is an important factor. Therefore, it can be deduced that a committed
employee would possess positive mindset behaviour towards which would consequently aid increase the
performance of an organisation.

From the study conducted, it indicates that majority of the respondents deem absenteeism, theft
and lateness to significantly have a relationship with project performance. This corroborates with
Dalton & Mesch (1991) view on the effect of employee absenteeism. The author stated that productivity
losses due to employee absenteeism cost organisations millions of dollars each year

Conclusion

Organisations should put in place measures to ensure the motivation of employees for employees to exert
positive mindset behaviours to gain performance. Motivation packages like involving employees in the
decision making of the organisation, good compensation packages, good working conditions and
equipment, opportunity for training and promotion should be in place in order to get the employees
reflection of positive mindset behaviours and improved project performance. Further research should be
done to develop a framework for managing the mindset behaviours of employees in order to aid increase
their performance. Several limitations of the study have been identified. First, there was quite a small
number of sample size used in the study. Future research should target a bigger sample size by extending
the scope of the study to capture more geographical area. Second, the use of a single industry as the
research target industry is a potential limitation on the generalisability of these results. In future research,
attempts should be made to replicate these analyses in several different industries, but not only the
construction industry. In summary, this study contributes to our knowledge of the linkage between
employee’s mindset behaviour and project performance. The study provides evidence of a significant
relationship between employee’s mindset behaviour and project performance. The results further indicate
a significant relationship between employee engagement/involvement, employee job satisfaction,
employee organisational commitment and the performance of a project. Therefore, it is in anticipation that
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this study will stimulate future research into the relationship between an employee’s mindset behaviour
and project performance.

References

Alfes, K., Shantz, A., Truss, C. & Soane, E. 2013, 'The link between perceived human resource
management practices, engagement and employee behaviour: a moderated mediation
model', The International Journal of Human Resource Management, 24(2), pp. 330-351.

Ali, A., Ahmad-Ur- Rehman, M., Haqg, 1.U., Jam, F.A., Ghafoor, M.B. & Azeem, M.U. 2010, 'Perceived
organisational support and psychological empowerment', European Journal of Social
Sciences, 17(2), pp. 186-192.

Ali, 1., Rehman, K. U., Ali, S. I, Yousaf, J. & Zia, M. 2010, 'Corporate social responsibility influences,
employee commitment and organsational performance’, African Jounal of Business
Management , 4(12), pp. 2796-2801.

Avolio, B. J. Gardner, W. L., Walumbwa, F. O., Luthans, F. & May, D. R. 2004, 'Unlocking the mask: A
look at the process by which authentic leaders impact follower attitudes and behaviours',
The leadership quarterly , 15(6), pp. 801-823.

Bagherian, R., Samah, B. A., Samah, A. A. & Ahmed, S. 2009, 'Factors Influencing Local People's
Participation in Watershed Management Programs in Iran’, American-Eurasian Journal
Agriculural and Environment Science, 6(5), pp. 532-538.

Bayoumy, S. A. 2019, 'Relationship between Job characteristics and Work Engagement among Nursing
Staff', International Journal of Nursing Didactics, 9(1), pp. 24-29.

Bolton, L. R., Becker, L. K. & Barber, L. K. 2010, 'Big five trait predictors of differential
counterproductive work behaviour dimensions', Personality and Individual Differences ,
49(5), pp. 537-541.

Boudrias, J. S., Gaudreau, P., Savoie, A. & Morin, A. J. 2009, 'Employee empowerment: From managerial
practices to employees' behavioural empowerment’, Leadership and Organisation
Development Journal, 30(7), pp. 625-638.

Brundin, E., Patzelt , H. & Shepherd, D. A. 2008, 'Managers' emotional displays and employees'
willingness to act entrepreneurially’, Journal of Business Venturing, Volume 23, pp. 221-
243.

Camara, W. J. & Schneider, D. L. 1994, 'Integrity tests: Facts and unresolved issues', 49(2), pp. 112-119.

Carraher, S. M. & Buckley, R. M. 2008, 'Attitudes towards benefits and behavioural intentions and their
relationship to absenteeism, performance, and turnover among nurses', Academy of Health
Care Management Journal , 4(2), pp. 89-109.

Chen, C. X. & Sandino, T. 2012, 'Can wages buy honesty? The relationship between relative wages and
employee theft’, Journal of Accounting Research , 50(4), pp. 967-1000.

Chhikara, D. & Nangia, R. 2018, 'The Relationship of High Performance HR Practices with the Job
Satisfaction’, International Journal of Management, Technology And Engineering , 8(12),
pp. 5632-5642.

Dalton, D. R. & Mesch, D. J. 1991, 'On the extent and reduction of avoidable absenteeism: An assessment
of absence policy provisions', Journal of Applied Psychology, 76(6), pp. 810-817.

Dey, T., Nafi, S. M., Miah, M. & Uddin, M. M. 2019, 'Analyzing the Extents of the Factors Influencial to
the Level of Job Satisfaction: A Study on Bankers from Dhaka City's Private Commercial
Banks', International Journal of Science and Business , 3(1), pp. 72-83.

Dockel, A., Johan, B. S. & Coetzee, M. 2006, 'The efect of retention factors on organisational
commitment: an investigation of high technology employees', Journal of Human Resource
Management, 4(2), pp. 20-28.

Dweck, C. S. 2006, Test your mindset. Ballentine, New York.

141



Elicker, J. D., Foust, M. S., O'Malley, A. L. & Levy, P. E. 2008, 'Employee lateness behaviour: The role
of lateness climate and individual lateness attitude', Human Performance, 21(4), pp. 427-

441,
Fellows, R. & Liu, A., 2015. Research Methods for Construction. 4th ed. West Sussex: John Wiley and
Sons Ltd.

Frimpong, Y., Oluwoye, J. & Crawford, L. 2003, 'Causes of delay and cost overruns in construction of
groundwater projects in developing countries; Ghana as a case study', International
Journal of Project Management, pp. 321-326.

Gall, M. D., Borg, W. R. & Gall, J. P. 2003, Educational research: An introduction. Longman Publishing.

Greenberg, J. 2002, 'Who stole the money, and when? Individual and situational determinants of employee
theft', Organisational Behaviuour and Human Decision Processes, 89(1), pp. 985-1003.

Gruman, J. A. & Saks, A. M. 2011, 'Performance management and employee engagement', Human
Resource Management Review, Volume 21, pp. 123-136.

Hagedorn, L. S., 2000. Conceptualizing Faculty Job Satisfaction: Components, Theories, and Outcomes.
New directions for institutional research, 2000(105), pp. 5-20.

Harter, J., 2008. Employee engagement: how great managing drives performance. Positive psychology:
Exploring the best in people , Volume 4, pp. 99-110.

Harter, J. K., Schmidt, F. L. & Hayes, T. L. 2002, 'Business-unit-level relationship between employee
satisfaction, employee engagement, and business outcomes: a meta-analysis', Journal of
applied psychology, 87(2), p. 268.

Heslin, P. A. 2010, Mindsets and employee engagement: Theoretical linkages and practical interventions.
In: S. L. Albrecht, ed. Sydney: Edward Elgar, pp. 218-226.

Jackson, S. E. & Schuler, R. S. 2011, Managing human resources. South-Western Cengage Learning.

Judge, T. A., Thoresen, C. J., Bono, J. E. & Patton, G. K. 2001, 'The job satisfaction-job performance
relationship: A qualitative and quantitative review', Psychological bulletin, 127(3), p. 376.

Konovsky, M. A. & Cropanzano, R. 1991, 'Perceived Fairness of Employee Drug Testing as a Predictor of
Employee Attitudes and Job Performance', Journal of Applied Psychology, 76(5), pp. 698-
707.

Koslowsky, M. 2000, 'A New Perspective on Employee Lateness', Applied psychology: an international
review, 49(3), pp. 390-407.

Kothari, C. R. 2004, Research Methodology: Methods and Techniques. 2nd ed. s.l.:New Age International
Publishers.

Kulas, J. T., Mclnnerney, J. E., Demuth, R. L. F. & Jadwinski, V. 2007, 'Employee Satisfaction and Theft:
Testing Climate Perceptions as a Mediator', The Journal of Psychological
Interdisciplinary Applied, 141(4), pp. 389-402.

Leaker, D. 2008, Sickness absence from work in the UK. Ecomomic and Labour Market Review, 2(11),
pp. 18-22.

Lok, P. & Crawford, J., 2001. "Antecedents of organizational commitment and the mediating role of job
satisfaction". Journal of Managerial Psychology, 16(8), pp. 594-613.

Luthans, F., Norman, S. M., Avolio, B. J. & Avey, J. B. 2008, "The Mediating Role of Psychological
Capital in the Supportive Organisational climate: Employee Performance Relationship’,
Journal of Organisational Behaviour, 29(2), pp. 219-238.

Magd, H. A. E., Abdel, A. M. & Hamza, S. E. A. 2007, Organizational Excellence Journey: Critical
Success Factors of Engineering firms in Saudi Arabia and United Arab Emirates.

Marhayani, Musnadi, S. & lbrahim, M. 2019, 'Effect of competence and employee commitment to
employee performance: job satisfaction as a mediator (study on watering office of aceh
province)', International Journal of Business Management and Economics Review, 2(1),
pp. 15-27.

Mason, C. M. & Griffin, M. A. 2003, 'Group absenteeism and positive affective: A longitudinal study’,
Journal of Organizational Behaviour: The International Journal of Industrial,
Occupational and Organizational Psychology and Behaviour, 24(6), pp. 667-687.

142



Mester, C., Delene, V. & Roodt, G. 2003, 'Leadership style and its relation to employee attitudes and
behaviour', Journal of Industrial Psychology, Volume 29(2), pp. 72-82.

Mrazek, A. J., Ihm, E.D., Molden, D.C., Mrazek, M.D., Zedelius, C.M. & Schooler, JW. 2018,
‘Expanding minds: Growth mindsets of self-regulation and the influences on effort and
perseverance', Journal of Experimental Social Psychology, Volume 79, pp. 164-1180.

Offorbike, S. A., Nnadi, C. S. O. & Agu, J. C. 2018, 'Effect of Managing Employee Attitudes for
Improved Performance of L.G.S.C., Enugu, Nigeria', International journal of academic
research in economics and management sciences, 7(4), pp. 64-77.

Parker, S. K. & Griffin, M. 2011. Understanding active psychological states: Embedding engagement in a
wider nomological net and closer attention to performance. European Journal of Work
and Organisational Psychology, 20(1), pp. 60-67.

Patton, E. & Johns, G. 2012, Context and the social representation of absenteeism: Absence in the popular
press and in academic research. Human relations , 65(2), pp. 217-240.

Patton, M. Q. 2002, Qualitative evaluation and research methods. s.l..SAGE Publications.

Perrin, T. 2003, Working today: Understanding what drives employee engagement.

Pushpasiri, G. K. & Ratnayaka, R. M. 2018, ‘'Influence of Non-Financial Rewards on Employee Job
Satisfaction: Private Banking Industry of Sri Lanka', 7th International Conference on
Management and Economics, 59(6).

Rusu, G., Avasilcai, S. & Hutu, C.-A. 2016, 'Organisational Context Factors Influencing Employee
Performance Appraisal: A Research Framework’, 13th International Symposium in
Management, VVolume 221, pp. 57-65.

Schaufeli, W. B., Bakker, A. B. & Salanova, M. 2006, 'The measurement of work engagement with a short
guessionnaire: A cross-national study', Educational and psychological measurement ,
66(4), pp. 701-716.

Schmidtke, J. M. 2007, 'The relationship between social norm consensus, percieved similarity, and
observer reactions to coworker theft', Human Resource Management Journal, 46(4), pp.
561-582.

Shahzad, M. A. 2018, 'A study of casual relationship of job autonomy, social support and turnover
intention’, Investigation Article, 7(17), pp. 462-471.

Stormer, S. & Fahr, R. 2013, 'Individual determinants of work attendance: Evidence on the role of
personality’, Applied Economics, 45(19), pp. 2863-2875.

143



CASE STUDIES OF TRADITIONAL AND INNOVATIVE BUILDING
APPROACHES FOR AGED CARE FACILITIES
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Abstract

The construction industry has long been criticised as conservative and change-resistant. Despite this,
recent years have seen an accelerating trend towards more sustainable processes, as well as, more
efficient industrialised off-site construction. This paper explores case studies of innovations from one
building company where two different approaches have been used to deliver an aged care residential
development. Both projects happened at the same time, were of similar size and both were located in
the Sydney metropolitan area. In one project, traditional brick and block construction systems were used,
while the other introduced several technical innovations which included modular shoring of the
excavations, prefabricated structural panels and preformed stairs. A scorecard system was developed to
assess the social, economic and environmental impact of both projects. A measurable but modest
performance improvement was observed in the project which took the innovative approach. Future study
will broaden the scope of this kind of assessment to more cases and to different types of projects.

Keywords

Technical innovation; Offsite Construction Methods; Scorecard; Social, economic and environmental
benefits.

Introduction

The construction industry is widely acknowledged for its dynamic role in a nation’s economy, as well
as, for its active contribution to Gross Domestic Product (GDP) (Nadim 2012). In addition, the
construction industry has a high political, environmental and social profile due to its impact on the
natural environment, employment rates and our built fabric (Ngowi et al. 2005). The prosperity,
advancement and economic development of an economy generally can be shaped by its tendency for
innovation. The application of superior solutions to meet new requirements and needs is a driver of
economic prosperity. As a result, the construction sector is considered to be one of the most critical
sectors of a national economy (Jones 2003). In particular, innovation involving Offsite Construction
Methods (OSCM), is altering the way the construction sector operates by challenging productivity and
efficiency levels in the traditional building sector. OSCM has been demonstrated to be capable of
reducing cost and time while improving quality (Nadim 2012).

The term OSCM refers to the completion of elements of a construction project at a different location
from where they will be installed permanently. OSCM is increasingly becoming the industry norm. This
process involves the planning, design, fabrication and assembly in purpose-built offsite components
which are shipped to the site for final assembly. The three main areas of potential benefits explored
within this paper represent the aggregate of sustainable development. They are the social, economic and
environmental benefits of technical innovation, forming the foundation of sustainability accounting.
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Literature review

In 2008, Pichler defined innovation as being; the introduction of a process including the generation,
development and implementation of new ideas and behaviour within a sector (Pichler 2008). Innovation,
at heart, is an idea or a concept, that is fulfilled or delivered. Innovation can be an idea or concept that
is driven by its result which when implemented works to improve efficiency (Vaughan 2013).
Innovation within a firm is moulded by factors such as; culture, knowledge and management structure
(Christensen 2006). Innovation can be generated due to a movement within an area, be it technological,
scientific or financial. In order to be classified as an innovation, the new or enhanced item, procedure or
system must be implemented and delivered (Hashi & Stojcic 2013). To be classified as an innovator,
one must implement an idea and follow through on this idea to produce and implement change (Harris
2014). Over the past decades, technological innovation has changed the way we do things. Afuah (2003),
defined technological innovation as the utilisation of knowledge concerning tools, processes, materials
and techniques to create efficiency. Change and improved performance is a by-product of technological
innovation. To be considered an established technological innovation, industry must accept the change
as ‘common-place’, and in turn, the innovation must improve the performance of industry (Afuah 2003;
Vaughan 2013).

A technological innovation that has more significant advantages, as well as, being less complicated will
be integrated and adopted rapidly within society as compared to complicated technological innovation
(Vaughan 2013). Such advantages and changes of technological innovation were described by one of
the progenitors of innovation theory, Schumpeter (1934) as “creative destruction” as the old is replaced
by the new. Moreover, Schumpeter further defined innovation as being either “radical” or “incremental,
creating a hierarchy of change levels within society (OECD 2008). Tidd (2010) defined innovation as a
linear development process, as well as, a life cycle phenomenon. This lifecycle starts with an invention
through to the Research and Development (R&D) then through to diffusion which results in the
implementation of that innovation (Tidd 2010). A chained lined method was introduced by Kline and
Rosenberg (1986) which demonstrates the relationship between research, invention, innovation and the
production which can be seen in figure 1 below.

Research
T A
; ¥
Knowledge
A A )
Y Y Y \J L J
Potential Invent and/or Detailed design Redesign & Distribute &
market produce . Stest . produce b market
analytical design

Figure. 1 - Innovation as a Life-cycle Phenomenon (Alessandro Maia 2015)

Implementation of technical innovation

One theory often used to explain the relatively slow development of construction innovations is that the
industry is tailored to suit specific individual project requirements. Most projects are unique and largely
non-repetitive which necessitates custom processes. Therefore, integrating innovation is a difficult task
due to the unique nature of each project (Vaughan 2013). In addition, the construction industry by nature
is often associated with high risks. Construction firms are conscious of the risk involved and often prefer
to utilise traditional and previously tested methods. Innovative failure may entail high costs, hence the
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common decision to utilise traditional methods as opposed to innovative OSCM (Hobday 2000; Whitley
2006). Nevertheless, cost, time and quality are measures within the construction industry which have
been demonstrated to be enhanced due to the implementation of technical innovation. However, this is
now showing signs of change as evidenced by the industries move to OSCM. Lack of knowledge of the
benefits of technical innovation may be another reason as to why the industry has a preference for not
straying from traditional construction methods (Winter 2004).

Innovation can be hindered by many factors. Relationships between the builder, client and designer may
hinder innovation (Gann 2000). According to Gann (2000), due to the lack of knowledge and complexity
of OSCM, architects and designers may be reluctant to stray from traditional methods. The belief is that,
with the implementation of technical innovation in construction projects, a lack of knowledge may
devalue the relationship between the architect and the client. Thus, a conservative strategy minimises
the amount of technical innovation specified on construction projects. Communication and trust are vital
aspects required for technical innovation. Brachos et al. (2007) stated that knowledge transfer sometimes
works against technical innovation within construction. The construction industry often lacks open
communication and trust which in turns affects technical innovation. This lack of trust accounts for some
of the risk aversion towards technical innovation in the construction industry (Brachos et al. 2007).

This lack of technical innovation within the construction industry has been researched extensively.
According to Wandahl et al. (2011), technical innovation can be hindered due to the traditional
framework of industry structure. This framework mandates independence between the parties (suppliers,
manufacturers, architects) which causes a lack of communication, as a result reducing innovation rates
(Wandahl et al. 2011). Van Egmond (2012) believes that technical innovation requires an open
framework which allows parties to implement their internal innovation into construction projects which
will enhance innovation. Furthermore, innovation is directly linked to sustainable development practice
in a firm. Figure 2 below describes the components and strategies of sustainable development and its
importance to enhance innovation within the construction sector.

Sustainable construction principles and strategies

Principles
Resource management Life-cycle design Design for human
Strategies
Efficient use of energy Pre-building strategies Preservation of natural conditions
Efficient use of water Building strategies Conserving cultural resources
Efficient use of materials Post-building strategies Protecting health and comfort
Efficient use of land

Figure 2 - Principles and Strategies for Sustainable Development (Sev 2009)
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The built environment can play a significant toll on the natural environment. An innovation which
improves the conservation of natural resources is a progression of its own. Table 1 below depicts several
aspects of the effect of the construction industry on the natural environment.

Table 1 - The Effect of the Construction Industry on the Environment (Robins 2006)

Environmental Social Economic
Raw material extraction and * *
consumption, related resource
depletion
Land use change, including * * *
clearing of existing flora
Energy use and associated * *
emissions of greenhouse gases
Other indoor and outdoor * *
emissions
Aesthetic degradation *
Water use and waste water * *
generation
Increased transport needs * * *
depending on the site
Waste generation * *
Opportunities for corruption * *
Disruption of communities, * *
including through
inappropriate design and
materials
Health risks on worksites and * *
for building occupants

According to Robins (2006), the implementation of the “triple bottom line” accounting (TBL) is a useful
measure of sustainable development within the construction industry. OSCM can be a form of
sustainable development in which the above aspects are addressed. It has been stated that globalisation
and macroeconomics play a vital role in a company’s implementation of technical innovation (OECD
2008). Firms that compete in a global market tend to innovate more. Moreover, if performance standards
replace higher tax rates, this will encourage innovation. Innovation rates are increased when market-
based instruments are utilised. This is due to the higher return on the implementation of the innovation.
A key driver behind technical innovation is the change of social perspectives regarding environmental
aspects. This causes companies to innovate to keep up with their competitors. With the implementation
of technical innovation in the construction sector, there is a possibility that production times and cost
can be decreased, safety and quality can be increased. These factors can only be achieved once technical
innovation are further implemented in the construction industry (Yudelson 2007).
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Technical innovation through offsite and mechanised construction methods

Offsite Construction Methods (OSCM) involve the process of planning, designing, fabricating,
transporting and assembling building elements for rapid site assembly (Jahn 1997). OSCM can include
systems such as modular, panelised and componentized elements. OSCM is produced in a controlled
factory environment, and up to 95% of the system can be constructed offsite ready for site installation
(Chiheb 2017). The construction industry is facing increased demands to satisfy the “Triple P (People,
Planet and Profit). This demonstrates that the much of the construction industry desires to move towards
sustainable development (Abbot, Jeong & Allen 2006; Sev 2009). As clients and developers are always
looking for sound ways to improve the viability of projects, there has been a steadily increasing trend
towards OSCM. OSCM is shaping the way the industry currently works, providing cost, time and quality
advantages over the traditional form of construction (Jones 2003). Cost, time and quality are the primary
focus of the modern construction industry delivery (Lawson 2014). The documented benefits of OSCM
as compared to traditional methods can be summarised below (Chiheb 2017; Jahn 1997; Quale et al.
2012):

Shorter construction schedules
Predictability of cost is greater

Reduction of waste

Reduction of carbon emission

Reduced site disturbance

Increase in safety and security for labourers
Labour productivity increased by 30%

In 2017, Chiheb undertook a study which focused on the success criteria of a construction project; time,
cost, quality, safety and waste. This study was undertaken in the form of a survey, where clients were
asked to vote on the reason as to why a client would utilise OSCM. The results showed time scoring the
highest, followed by cost, quality, safety and waste respectively (Chiheb 2017). The results can be
summarised in table 3.2 below.

Table 2- Success Criteria from a Clients' Perspective (Chiheb 2017)

Rank and outcome Votes Comment

Time-Saving 41% 41% of clients chose time as a priority as to why they
would utilise offsite construction

Quality Improvement 28% 28% of clients chose quality as a priority as to why
they would utilise offsite construction

Cost-Saving 17% 17% of clients chose cost as the number one reason as
to using offsite construction

Safety 8% 8% of clients chose safety as a priority to utilise
offsite construction

Waste Reduction 6% 6% of clients chose waste reduction as a priority to
utilise offsite construction

Improved profits, safety, cost and quality have all been demonstrated as by-products of technical
innovation (Gambatese & Hallowell 2011). OSCM is revolutionising the way the construction industry
currently works, improving the quality, increases profits and stabilises the natural and built environment.
The essence of technical innovation is categorised into three areas of sustainability. Social, economic
and environmental benefits and values which will be considered in this research. The benefits of offsite
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construction will be considered from a social (safety and quality), economical (time and cost), and
environmental (waste and productivity) perspective.

Social value of technical innovation

Social values can be difficult to quantify due to their largely subjective nature (Murphy & Topel 2007).
Wood and Leighton (2010), described social values and benefits as being ‘soft outcomes’ due to their
problematic nature to quantify. Social values and benefits take into consideration the welfare of the
individual, the society and the community (Mulgan 2010; Wood & Leighton 2010). Commonly, social
benefits are quantified by their improvement in the quality of life. Wellbeing, safety, quality,
empowerment and happiness are all terms used to define social values. However, Mulgan (2010) defined
social values as being non-material social factors such as that of morality and conformity. One’s self-
interest usually shapes the way we define the social benefit. Thus, the measure of social benefit is usually
a personal opinion rather than reflecting the benefit of society as a whole.

Technical innovations such as OSCM play a crucial role in the construction industry by improving cost,
time and quality of projects. Thus technical innovation is classified as an outcome of the social direction
from within a society (Barman 2016). This can be seen by the better understanding of work safety and
environmental issues in industry. Over recent years, humanity has acknowledged that natural resources
are finite (Caputo 2011). The impact of the construction industry on the earth has become apparent.
Table 3 below shows the effect that the built environment has on the natural environment.

Table 3 - Effect of the Built Environment (Caputo 2011)

Estimate of global resource used in building

Resource %

Energy 45 -50

Water 50

Materials for buildings and roads 60

Agricultural land loss due to buildings 80

Timber products for construction 60 (90% of hardwoods)
Rainforest destruction 25 (indirect)

Estimate of global pollution that can be attributed to buildings

Pollution %
Air quality 23
Climate change gases 50
Drinking water pollution 40
Landfill waste 50
Ozone depletion 50
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The social features of technical innovation have a direct relationship with its successful implementation
within a society (OECD 2008). The consumer must demand a technical innovation, otherwise, the
likelihood of success will decrease. Society’s image of a technical innovation can make or break
innovation. According to Gann (2000), social responsibilities have a distinct influence on technical
innovation within the construction sector. Moreover, this is linked to the claim by Jones that innovative
projects which improve the quality of life are required to meet society’s needs (Jones 2003). Society’s
needs, expectations and responsibilities can enhance the development and utilisation of technical
innovation. Yet as previously stated, technical innovation within the construction industry is slower than
other industries due to the vast array of society’s responsibilities and the difficulty in meeting them.

Francis (2005) stated that a technical innovation must contribute to the quality of the community in
making the world a better place. Technical innovation such as that of OSCM and related mechanisation
creates faster and safer construction sequences. An innovation may be shaped to suit society. This can
be by the modification of a technical innovation towards a safer, cheaper, faster and better product or
system. A social benefit is a by-product of a modified technical innovation in which the individual, as
well as, society benefit from utilising the innovated product or system.

Economic value of technical innovation

From an economic perspective, innovation is most frequently associated with cost and time. OSCM can
decrease the initial cost by up to 35% (Burwood & Jess 2005). The cost savings can be due to the more
predictable nature of OSCM when compared to traditional construction. It is less likely to suffer from
cost blowouts due to factors such as unpredictable weather. Cost and price factors can be measured in
several ways (Ashworth & Perera 2015). Recent studies undertaken by Chiheb (2017) state that cost
was the third most important factor from a clients’ perspective. The standardised nature of offsite
construction means that less labour is required onsite which leads to lower costs. Gibb and Isack (2003)
stated that the cost savings of OSCM are indirect and relate to the entire life-cycle of the process. With
the integration of offsite methods, fewer trades are required onsite which translates to cost savings.
Moreover, the cost of administration will be minimised due to all trades working in a controlled
environment. Lawson (2014) found that with the implementation of OSCM, 11-19% of the cost can be
minimised and can be attributed to lower preliminaries, consultants’ fees, snagging reduction and the
speed of construction.

With the utilisation of OSCM, fewer activities are required on the critical path. In 2014, Lawson stated
that with the integration of OSCM up to 50% of the construction programme could be minimised in
relation to that activity which can be seen in figure 3.8 (Lawson 2014). In addition to this, recent surveys
undertaken by Chiheb (2017) found that 41% of clients chose time and speed as their priority to utilise
OSCM.

Environmental value of technical innovation

Over the past decade, environmental issues became increasingly important within the construction
industry and environmental awareness have spread widely. Nowadays, organisations place more
emphasis on sustainable development to meet society’s demand. The Environmental Performance Index
(EPI) ranks environmental performance on a national level. The environmental performance of nations
can be seen in Figure 3 which shows the relationship between the sub-scores on the two policies
(Environmental health and Ecosystem vitality) for 180 countries. Australia is currently ranked 21 of the
180 countries worldwide, raising awareness of environmental issues. Eco-innovation is a term which is
widely accepted worldwide. It is defined as the development of a product or process which contributes
to sustainable development to provide environmental improvements (Bossle et al. 2016; Mele & Russo-
Spena 2015). Furthermore, Mi Sun (2017), described eco-innovation as being an innovation that results
in the reduction of environmental risks, minimising resource consumption and the reduction of pollution.
Nowadays, eco-innovation is often driven by regulations. However, the cost-savings and the
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environmental benefits arising from sustainable development have increased the demand for eco-
innovation (Mi Sun et al. 2017; Mok, Han & Choi 2014; Rozkrut 2014).
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Figure 3 - Environmental Performance of Nations (CIESIN & YCELP 2018)

Technological advancements have had a significant impact on the increase of eco-innovation within the
construction sector. Green growth statistics show an increase in sustainable patents namely; energy
efficiency, renewable energy, air pollution and waste management (OECD 2008). OSCM has had a
considerable influence on eco-innovation due to controlled factory environments. Also, the number of
patents directly correlates to the technological advancement within a country. The construction industry
contributes significantly to waste and greenhouse gas emissions which can be attributed to the resource
intense nature of construction (Mok, Han & Choi 2014). Technological innovation is required within
the construction industry to combat such issues. Therefore, innovation is required to minimise the built
environment’s effects on the natural environment. Currently, there is a considerable emphasis on
environmental regulations. The Australian government plays a significant role in deploying these
regulations within the construction sector, regulators have measured standards that target carbon
emission, waste, energy, water and resource use within the construction sector. In order to foster
environmental innovation, continual and stricter regulations are required (Horbach, Rammer &
Rennings 2012). To promote environmental innovation, governments have established policies and
incentives so that organisations can enhance economic development while protecting the environment
equally (Zhou et al. 2013).

Clients today are increasingly requesting an eco-innovative project. The clients’ primary concern is the
products which will be utilised within the project. In addition to this, requirements such as material
efficiency, reduced energy consumption, reduced waste and the elimination of harmful products are also
sought for (Horbach, Rammer & Rennings 2012; Zhou et al. 2013). As a result, technical innovation
within the construction sector has increased steadily and at a progressive rate in several fields (Yilmaz
& Bakis 2015). The construction industry is a leading contributor to waste production within Australia.

The Australian National Waste Report showed that the construction industry produced more than 20
million tonnes of waste (Wardle, Cosson & Trinh 2016). This equates to nearly 33% of Australia’s gross
national waste generation. OSC provides a solution to such waste production, minimising waste by
nearly 35%. The controlled nature of offsite construction allows minimal waste to be produced in the
design phase. Figure 4 above describes the reduction of waste that can be achieved through the utilisation
of various OSCM strategies, resulting in a total of 20-90% waste reduction depending on the system.
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Table 4 - Reduction of Waste when using OSCM (Yilmaz & Bakis 2015)

Offsite method Estimated Waste Reduction
Volumetric Systems 70-90%
Structural Insulated panels 50-60%
Precast Cladding 40-50%
Pods (Kitchen, Bath) 40-50%
Precast Floor Systems 30-40%
Timber Frame System 20-40%
Concrete Panel Systems 20-30%

Research and methodology

In determining an appropriate methodology, the logical data linkage and data analyses must be
considered to answer the research questions posed. The primary objective is to ensure that the data
collected allows the researcher to arrive at a result. The research design must consider the following;

e The research questions
e The data requirements
e The analysis method

Research questions

Through the undertaking of background research and preliminary literature review, the research aimed
at answering the question ‘What are the social, economic and environmental effects of Offsite
Construction Methods (OSCM) and what effect do they have on a construction project?’. This research
question was further broken down into the following sub-questions which were required to prove or
disprove the hypothesis;

e What social benefits do OSCM have on construction projects? Are there any safety and
quality benefits?

e What economic benefit do OSCM have on construction projects? Are there any cost and
time benefits?

e What environmental benefit do OSCM have on construction projects? Are there any waste
reduction benefits?

This study utilised a mixed method approach as it answers the research question, collects the required
data and analyses this data to reach a conclusion. When human perception and behaviour becomes a
focal point of research such as analysing the benefits, a mixed method approach would be preferably
utilised (Hardie 2011). Triangulation can be carried out in a variety of methods such as; survey data,
semi-structured interviews, observation and archival materials. It is a strategy aiming to provide a
complete image of reality than what a single methodological approach may generate. This research
through the use of a mixed method approach aimed to contribute to the understanding of the social,
economic and environmental benefits arising through technical innovation in the realm of OSCM within
the construction industry. A concurrent triangulation strategy allowed both a quantitative and qualitative
data collection to be of equal value, which was necessary to provide consistency. The data collected for
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this research were collected between May 2018 — October 2018 inclusive taking form through academic
references, trade literature, site visits, case studies, professional reports, documentation and observation.

Case studies

Case studies were utilised to enhance the knowledge of an individual, organisation, social and political
phenomena (Hoskins 2013; Yin 2014). This method provides for an in-depth analysis of a product,
process or a system innovation giving the reader an insight into the outcome of the study (Hoskins 2013).

Furthermore, case studies provide an in-depth analysis of the innovation on a tested basis (Fellows 2015).

Case studies collect material from multiple sources of information which therefore provides an in-depth
picture of the social, economic and environmental benefit of technical innovation (Stake 1995). Case
studies are generally representative exhibiting facets of the topic showing the range of alternatives (Yin
2014). Case studies function through theoretical generalisation, therefore forming a distinct style of
research while merging an array of data collection methods (Fellows 2015; Stake 1995). Fellows (2015)
stated that case studies following the scientific approach of a case study are of higher quality and
reliability. Fellows (2015), further went on to describe the scientific approach as being the development
of a clear research question, the utilisation of literature to formulate a hypothesis, definition of the
methodology, a collection of the data and an analysis of the data to draw a conclusion. A scientific
approach was utilised within this thesis.

Yin (2014) states that case studies can be in the form of single case studies or multiple case studies
depending on the explanatory or descriptive nature of the research question. This research utilised
multiple case studies as an in-depth analysis of the social, economic and environmental benefit of OSCM
was required. The data collection for these case studies was through the comparison of an innovative
project to a traditional project to draw a comparison and reach a conclusion.

Score card and data collection

Scorecards were utilised as a data collection tool (a blank scorecard example is given in Figure 3 below).
Scorecards can be classified as taking a comparative or a non-comparative approach. Non-comparative
involves the object being scaled independently of each item, while comparative scales involve the direct
comparison of the stimuli. For this thesis, a Likert scale was utilised as this was the most common form
of scaling within the construction industry and was viable to fulfil the research. Three separate case
study innovations have been utilised to retrieve the data. Each case study will demonstrate the technical
innovative category of a product, a process and a system. The case studies undertaken were subject to a
scorecard approach to derive a standard set of social, economic and environmental criteria. Based on
observed facts and through judgement made from the observation of the parties involved in the case
studies, each case study was ranked according to the success criteria. A conclusion was drawn based on
the observations and the results of the case studies. The results have been ranked in accordance with a
guantitative approach. The total scores achieved per category demonstrates the most beneficial area of
the innovation. The data (score) was analysed to draw conclusions. The scoring criteria were derived
from the primary social, economic and environmental requirements and were scored from the
perspective of the builder.
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Social Value

Project Information

Score 1 2 K] 4 5

Strongly
Disagree

Strongly Overall

Social Benefit Agree Score

Disagree Neutral Agree

Acceptance of the
innovation within

society
Improve social value | | | |

and is it socially
responsible

Comment

Improved quality of | | | |
life and quality of the
project

Comment

Does the innovation | | | |
create change Comment

Does the innovation | | | |
fit within society Comment

Does the innovation
improve safety Comment

Is the innovation | | | |

practical
Is the innovation a | | | |
better solution Comment

Total
Possible Score
Percentage

Figure 4 — Blank scorecard after Sev (2009)

Two building projects were studied. Both were built by the same head contractor in suburban Sydney in
2018. Both were Aged Care residential facilities. Project 1 was classified as the Innovative Project.
Project 2 was considered to be a traditional project. The project details are shown in Table 4 overleaf.
The cost, time and quality benefits were analysed and observations were made to compare the economic,
environmental and social impact of three distinct innovations which were utilised on Project 1. The
scorecards were prepared so that comparative judgements could be made. The first author completed
the assessments by himself due to time constraints on the project.
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Table 5 - Comparative Projects Under Study (Total Construction Pty Ltd 2018)

Comparative Projects

Project 1 — Innovative project Project 2 — Traditional project

Project name Toongabbie Residential Aged Care | Beverly Park Aged Care Facility
Facility

Description New 36 unit aged care facility — | New 34 unit aged care facility —
comprising 2 basement floors, | comprising 2 basement floors, and 2
commercial ground floor and 4 | levels of independent living units
levels of independent living units

Cost $16,388,000 $18,145,000

Duration 381 days 436 days

GFA 5863 m? 4992 m?

GFA Rate (Gross) $2,787 / m? $3,635/ m?

Product innovation | Preformed stairs Traditional in situ stairs

case study

Process innovation | Modular hydraulic shoring Ground anchors

case study

System  innovation | Prefabricated structural panels Brick and block construction

case study

Results

The scorecards demonstrated that there were significant benefits in the areas of safety, quality, cost, time
and waste with the implementation of innovative construction processes. Safety was a significant benefit
of the innovations utilised on Project 1. This was evident as minimal lost time injuries were experienced.
Onsite quality procedures were minimised on Project 1 as such procedures were replaced with offsite
quality control procedures. The cost benefits of innovative construction contributed largely to the
success of the builder of Project 1. The cost comparison of the projects under study can be summarised
in table 5 which shows a total saving of $848 / m?; this equates to 23% saving on the construction cost.
Although these were not attributed solely to the chosen innovations studied, it shows the significance
and potential cost benefits it provides on projects. Lawson (2014) stated that with the implementation
of OSCM up to 50% of the construction programme could be minimised. As evident through the case
studies, Toongabbie Aged Care Facility has a construction programme of 381 days, while Beverly Park
Aged Care Facility has a construction programme of 436 days giving a total saving of 13%. Although
this figure is not as large as predicted, when GFA is considered this demonstrates considerable benefit
to the Project.
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Table 6 — Scorecard results for innovative case study innovations

Innovative case study | Social Economic Environmental Total /120
1. Preformed stairs 31 37 31 99

2. Modular shoring 37 34 33 104
3.Prefabricated 37 38 31 116
panels

Conclusion and Limitations

The results attained from this research show that the industry is capable of the change required to meet
sustainable development. There is, however, some reluctance when dealing with conservative clients
and fixed expectations. The effect of technical innovation in the realm of OSCM can be seen in the case
study analysis, where significant social, economic and environmental benefits were achieved with the
implementation of OSCM on projects. The areas of improvement where social benefits (safety and
quality), economic benefits (cost and time) and environmental benefits (waste). This demonstrates the
effectiveness of OSCM over traditional construction methods within the limited context of the two
projects that were studied.

The strength of OSCM was seen to be due to its demonstrated improvements in the three categories of
technical innovation being; a product, a process and a system. The results showed that with the
implementation of technical innovation all categories of technical innovation provided a significant
improvement in sustainable development. OSCM through its benefits can work to improve the overall
image of the construction industry in providing significant social, economic and environmental
improvements. This is a study of two comparable projects. It does not purport to be a definitive study
but rather a window into the relative readiness to change current practices.

Some theories related to the construction industry imply that the industry is at best lethargic in its
adoption of technical innovation. With the implementation of OSCM, the five success criteria relate to
construction projects being; cost, time, quality, safety and waste are an improvement. Thus, with the
implementation of OSCM on projects this can work to improve the adoption of technical innovation in
the industry. Through the study of the possible benefits of technical innovation in the realm of OSCM
on projects it indicated that, contrary to the well-established theory, that technical innovation are
implemented based solely on its economic benefits on construction projects. The results indicated that
technical innovation had equal social, economic and environmental benefits. This can be seen as
indicative of the changing social trends in its acceptance of a well-balanced innovation.

In addition to this, the results demonstrated that no one category strongly outweighed the other
categories. Although the economic benefits scored the highest, the social benefits scored similar ratings
followed by environmental benefits respectively. Demonstrating that with the implementation of
technical innovation and OSCM, all facets of sustainable development are potentially improved.

Recommendations

Through conducting this research, it was seen that the construction industry needs to improve the
implementation of technical innovation on projects. This can be done by understanding of the benefits
that OSCM have on construction projects, as well as, the improvement of the implementation process.
The possibilities of OSCM need to be further analysed and documented to provide insight into the social,
economic and environmental benefits of such innovative methods. The understanding and knowledge
gained through this analysis will encourage sustainable development through practice, therefore,
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benefiting the planet. The research demonstrated the need for further study into the area of OSCM and
the social, economic and environmental benefits such methods portray.

Limitations

The methodological approach chosen for this thesis faced various limitations and constraints. Such
limitations may influence the findings, as such the results serve as an initial study for future research in
the line of study. Furthermore, the findings of this research should be taken as indicative rather than
definitive. The scorecards were filled out by the primary researcher relying on project data available
from the contractor. If time constraints had allowed, it would have been possible to have a series of
experts fill out the scorecards and statistically examine the correspondences and variations.

This study aimed to investigate the possible social benefits; safety and quality, economic benefits; cost
and time and environmental benefits; waste reduction of technical innovation in the realm of OSCM
when implemented on projects. Through the study of literature and the undertaking of multiple case
studies, it was found that strong social, economic and environmental benefits were achieved with the
implementation of OSCM. Also, this was found across all areas of technical innovative categories of
product, process and system innovation.

Based on the results, this study has given support to the hypothesis of that ‘The implementation of
technical innovations in the realm of Offsite Construction Methods will pave the way to attain the social,
economic and environmental benefits’. Thus, future research within this field of study may include an
overall analysis of the percentage of cost, time, quality, safety and waste improvements when OSCM
are implemented on projects, this can be calculated through considering the lifecycle of the project. This
may result in an improvement of the image of the construction industry, as currently, through literature,
the perception is that the construction industry remains somewhat slow with its implementation of
technical innovation.
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