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Abstract: This paper aims to develop a framework to
achieve sustainability by overcoming the challenges of
the construction supply chain (CCSC) during the design
process. To achieve this, two approaches, namely the-
oretical and practical, were used to accomplish four
objectives. For the theoretical approach, based on lit-
erature review and case studies, the objective used was
to identify, classify and validate the challenges that the
construction supply chain (CSC) encounter. For the prac-
tical approach, a survey questionnaire was employed to
quantify the CCSC and investigate the perception of archi-
tectural design firms (ADFs) in Egypt towards achieving
sustainability by overcoming the CCSC during the design
process. Based on the results, the research developed a
framework to overcome the CCSC as an approach towards
achieving sustainability in construction projects during
the design process. The research identified and validated
20 challenges that the CSC encounter towards achieving
sustainability during the design process. These chal-
lenges were classified under four categories, namely (1)
design and technical process; (2) coordination, informa-
tion flow and accuracy; (3) material specification, tech-
nology, supplier rework and whole life cycle cost; and
(4) skills gap of the qualified architects and design man-
agers and non-compliance to building codes, regulations,
laws and standards. In addition, a survey questionnaire
was employed to rank these challenges according to
their importance on 1-5 Likert scale using the measure of
central tendency and dispersion and relative importance
index (RII).
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1 Introduction

The construction industry plays a significant role in the
social and economic development of the countries world-
wide. Socially, it provides societies with projects and infra-
structure facilities that fulfil their needs and enhance the
living standards and quality of people’s life (Friends of the
Earth, 1995; Roodman and Lenssen, 1995; Khan, 2008). Eco-
nomically, it provides most of the countries’ fixed capital
assets, increases gross domestic product (GDP), offers job
opportunities and supports other industrial sectors to
prosper (Field and Ofori, 1988). However, the construction
industry has a major impact on the environment. It is esti-
mated that about 3 billion tons of raw materials and 40%
of the total flow of the global economy are used in manu-
facturing construction materials (Roodman and Lenssen,
1995). Moreover, the construction sector is responsible for
50% of the material resources extracted from nature, 40%
of energy consumption and 50% of total waste generated.
These unsustainable practices called for the construction
industry to be more sustainable (Chileshe, 2011). The con-
struction industry is concerned with translating the client
requirements into a design that specifies technical char-
acteristics, functional performance criteria and quality
standards and by completing the project within the stip-
ulated time and in most cost- effective manner (Bowen
et al., 1999; Broft et al., 2016). These projects are achieved
through a network of all parties involved in the project
development process (e.g. designer, contractor, supplier,
manufacturer, distributer, wholesaler and retailer). The
base foundation of this network is the CSC and through
its activities, the construction industry can operate. The
CSC is a valuable part of the economy. However, it has
been argued that its performance needs to be improved
in order to achieve sustainability objectives. Due to the
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diverse nature of the CSC, as it is human-based and
consists of intense activities, relationships and operations
(Chin et al., 2015), it faces several issues such as uncer-
tainty of the project cost, poor quality, time delay, rework,
lack of information, waste generation, and lack of integra-
tion and collaboration between different parties (Essam
and Ehab, 2015; Simangunsong et al., 2016). It is claimed
that the root causes of these issues are found in the design
phase (Segerstedt and Olofsson, 2010). This is due to the
reason that ADFs are the first line of contact with clients in
the construction industry and many of the decisions made
during the design phase affect the building performance
throughout its life cycle (Othman, 2008). To address this
issue, this paper aims to develop a framework to achieve
sustainability in construction projects by overcoming
the CCSC during the design process. In order to achieve the
abovementioned aim, a research methodology consisting
of literature review, case studies and survey questionnaire
was developed with four objectives to achieve:

a) First, toidentify and classify the CCSC by investigating
the nature of the construction industry, CSC, sustain-
ability and architectural design process. This objec-
tive was achieved through literature review based on
textbooks, academic and professional journals, con-
ference and seminar proceedings, dissertations and
theses, organisations and government publications
as well as Internet and related websites.

b) Second, to validate the identified CCSC by collecting
and analysing a number of case studies of the con-
struction projects. The information obtained was clas-
sified into two main types: the first being background
about the project; and the second concerned with the
challenges that the CSC encountered and their impact
on the environmental, social and economic aspects of
sustainability.

¢) Third, to quantify the CCSC and investigate the per-
ception of ADFs towards achieving sustainability
through overcoming the CCSC. This objective was
achieved by conducting a survey questionnaire with
a representative sample of ADFs in Egypt. The survey
consisted of three sections: (1) general information
about the surveyed firms, (2) ranking of CSCC on
1-5 Likert scale and (3) CSC solution strategies. A
pilot study of the survey was tested with colleagues
to determine its effectiveness and drawbacks. After
going over the responses of the preliminary test and
making changes, the questionnaire was ready for
formal testing (Baker, 1994; Czaja and Blair, 1996).
Copy of the survey questionnaire could be obtained
from authors upon request.
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d) Finally, to develop a framework to achieve sustain-
ability by overcoming the CCSC during the design
process (see Figure 1).

2 Literature review

2.1 Nature of the construction industry

The construction industry and its activities are consid-
ered one of the major sources of social development
and economic growth of the countries worldwide. It
can be regarded as a means of providing communities
with projects and infrastructure facilities that fulfil their
needs and meet their expectations. In addition, it is a
mechanism of generating employment and offering job
opportunities to millions of unskilled, semiskilled and
skilled workforces. Furthermore, it plays a crucial role in
increasing the GDP and supplementing foreign exchange
derived from the trade in construction materials and
engineering services (Khan, 2008; Essam and Ehab,
2015). However, the construction industry is blamed for
being fragmented, risky and complex business. Because
getting the project approval from the initial investment
appraisal stage to completion and into use involves a
complex and time-consuming design and construction
process. This involves a multitude of people from various
organisations with different skills and interests, and a
great deal of effort is required to co-ordinate a wide range
of construction activities (Guo et al., 2016). Moreover,
the construction industry has a negative impact on the
environment. It affects the environment in two ways,
namely consuming resources and creating pollution and
waste. According to a report prepared by the Willmott
Dixon Group (2015), the construction industry accounts
for around 45-50% of global energy usage, nearly 50%
of worldwide water usage and around 60% of the total
usage of raw materials. In addition, the industry causes
about 23% of air pollution, 50% of climate change gases,
40% of drinking water contamination and another 50% of
landfill wastes. The increasing attention towards saving
the environment called for the construction industry to
be more sustainable and to consider the decisions made
during the design phase.

2.2 The construction supply chain

The concept of the supply chain has been a relatively
recent business topic especially when compared to the
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broader history of manufacturing and commerce. Yet,
the actual practice of the supply chain management
(SCM) is in operation for many decades, if not centuries
(Sarkis, 2014). The supply chain is the network of organ-
isations that are involved directly or indirectly, through
upstream (supply) and downstream (distribution) link-
ages, in the different processes and activities needed to
produce value in the form of products and services in
the hands of the ultimate customer (Christopher, 1998).
It involves the flow and transformation of materials,
information and processes into products and services
from the involved organisations to the final customer
(Chopra and Meindl, 2013). In construction, the supply
chain describes the interconnected hierarchy of supply
contracts needed to procure a built asset. Managing
the supply chain includes the proper understanding of
the breakdown and traceability of products, services,
organisations, logistics, people, activities, informa-
tion and resources that transform raw materials into a

finished product that fits its purpose. Due to its nature,
the construction industry is different from the automo-
tive industry. This is because the construction industry
has a distinct difficulty that every building has a unique
prototype and was developed by a team of designers,
contractors and suppliers that may never have worked
together before and may never work together again.
In addition, the different procurement approaches
adopted in construction place elements of SCM with
varying disciplines and organisations. For example, in
the traditional procurement approach, the design con-
sultants are the first tier of suppliers, working for the
client, and the contractor has a supply chain of subcon-
tractors and specialist suppliers. In the private finance
initiative (PFI) and Design and Build projects, there will
be the first tier supplier (i.e. contractors) and the design
consultants will work for them as part of their supply
chain. In large or complex projects, there is plethora of
suppliers in every discipline (AlNassar et al., 2018).
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2.2.1 Types of the supply chain

Mentzer et al. (2001) identified three different types of
supply chains based on the level and the number of organ-
isations involved as follows.

¢ Basic (direct) supply chain consists of an organi-
sation, an instant supplier and an instant customer,
which are directly linked via one of the upstream and
downstream flows of products, services, finances and
information (see Figure 2).

¢ Extended supply chain consists of suppliers of the
immediate supplier and customers of the immediate
customer, which are connected by one or more of the
upstream and/or downstream flows of products, ser-
vices, finances and information (see Figure 3).

e Ultimate supply chain includes all the organisations
involved in all the upstream and downstream flows
of products, services, finances and information from
the ultimate supplier to the ultimate customer (see
Figure 4).

2.2.2 Supply chain management in construction

The concept of SCM is originally developed in the manufac-
turing industry. Due to the unique nature of the construction
industry, Cox and Townsend (1998) criticised many authors
and practitioners in the construction industry for copying
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the ideas of supply chain partnering from Japanese and
Western automotive industries without considering the dis-
tinctive nature of both industries. To cope with this difference
in nature, great effort was devoted in construction literature
to develop an understanding of the SCM in the context of
construction. There are several statements and perspectives
that defined SCM and explained its contents and objectives,
which agreed that the SCM is the system of suppliers and
contractors producing, delivering and installing materials
for construction projects (O’Brien and Fischer, 1993). It is
the establishment, co-ordination and maintenance of an
optimised supply chain that operates effectively, fulfilling
all its preconditions and goals optimally, and involving all
its stakeholders (Vrijhoef, 1998). SCM is the management of
all the processes that are required to deliver a service or a
product for a customer through a network of organisations
with minimum waste and maximum value. It is the practice
of a group of companies and individuals working collabo-
ratively in a network of interrelated processes structured to
best satisfy end-user needs while rewarding all members
of the chain (Arbulu and Tommelein, 2002; Elfving et al.,
2005).

2.2.3 The importance of supply chain management
in construction

Vrijhoef (1998) mentioned that the SCM plays a pivotal
role in providing improvement opportunities for all

Supplier | ~| Organisation | ~| Customer
Fig. 2: Basic supply chain (adapted from Mentzer et al., 2001).
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Fig. 4: Ultimate supply chain (adapted from Mentzer et al., 2001).
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problematic issues in the construction industry. It pro-
vides strong mechanism for enhancing the cohesion
and controllability of the CSC as a whole. It helps opti-
mising the material and information flow in construc-
tion projects by means of measurement, redesign and
reengineering of the chain process. Moreover, it brings
up possibilities to enhance operations, logistics and
materials management, and intensify collaboration
and communication across the supply chain. Green-
wood (2004) proposed that managing the CSC through
collaborating has a powerful effect on the areas of cost
and cost predictability. It is expected to save approxi-
mately 31% of the tender price. Furthermore, he pointed
out that more than 70% of the project cost is associated
with the supply chain (suppliers and subcontractors)
rather than the main contractor. This means that
effectively managing the supply chain opens up an
opportunity for significant reduction in the project’s
costs. This argument is supported by Edum-Fotwe et
al. (1999), who claimed that competition within the
construction industry in the next decade or two will
be between supply chains, and not among individual
companies.

2.2.4 The focus of supply chain management in
construction

Vrijhoef and Koskela (2000) introduced four major areas
of focus of SCM in construction.

a) The first focus is on the impacts of the supply
chain on site activities, with the goal of reducing
costs and durations of site activities. The main
concern is to ensure the flow of materials and
labour to the site to avoid disruption to the work-
flow. The main contractor is in the best position to
adopt this focus.

b) The second focus is on the supply chain itself. The
goal is to reduce the costs related to logistics, lead-
time and inventory. Material and component suppli-
ers may adopt this focus.

¢) The third focus is on transferring activities from the
site to earlier stages of the supply chain. The goal is to
reduce the total costs and duration. This focus may be
initiated by suppliers or contractors.

d) The final focus is on the integrated management and
improvement of the supply chain and the site produc-
tion, where site production is subsumed into SCM.
This focus may be initiated by clients, suppliers or
contractors.
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2.3 Sustainability
2.3.1 Background and importance

In a broad sense, sustainability is the capacity to endure.
It aims to create and maintain the social, economic and
environmental conditions that enable humans to exist
with nature in ‘productive harmony’ in the present and
the future (USEPA, 2009). There are more than 200 dif-
ferent definitions for sustainability (Parkin et al., 2003).
This emphasised its importance and showed the efforts
made by various academic and practical disciplines to
define and understand its implications to their fields.
However, all these definitions agree that it is necessary
to develop innovative solutions to meet the needs of the
present generations without compromising the ability
of future generations to meet their own needs (World
Commission on Environment and Development, 1987;
Boyko et al., 2006). It promotes a balanced approach by
taking account of the need to continue in business, but
does not seek profitability at the expense of the environ-
mental or societal needs (MaSC, 2002). Despite the val-
uable contribution of the construction industry towards
social development and economic growth, it is a very
large consumer of non-renewable resources. It is a sub-
stantial source of waste and pollution to air and water
as well as land dereliction (Friends of the Earth, 1995;
Roodman and Lenssen, 1995). Anink et al. (1996) stated
that the construction sector is accountable for 50% of
the material resources taken from nature, 40% of energy
consumption and 50% of total waste generated. The
increasing awareness of sustainability worldwide and
its contribution towards saving the environment, pros-
pering economy and enhancing society called for the
construction industry to think sustainable (Addis and
Talbot, 2001; Abdellatif and Othman, 2006).

2.3.2 Aspects of sustainability

Sustainability has three main aspects, namely environ-
mental, social and economic. The interaction between
these aspects generated three new aspects, namely
social-environmental, environmental-economic and
economic-social, which revolve around the rights of all
individuals to have a fair share of the natural resources
of the environment at national and international
levels. This ensures that these environmental resources
are not exploited by a portion of the society leaving
the rest with needs that cannot be met by the remain-
ing resources (see Figure 5; Rodriguez et al., 2002;
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Karlsson, 2009; Valdés-Rodriguez and Pérez-Vazque,
2011; Othman et al., 2014).

2.3.3 Benefits of sustainability

The application of sustainability in construction is
reflected in every aspect of the construction process. It
includes, for instance, sustainable design, sustainable
planning, sustainable architecture, sustainable land-
scaping and sustainable construction. By applying the
concepts of sustainability in the construction industry,
a number of benefits will be achieved. Environmentally,
sustainability helps in reducing the use of non-renewable
resources, minimising environmental risks and uncer-
tainty, reducing waste and pollution and increasing the
reuse and recycling of building materials (Kim, 1998).
Socially, sustainability focuses on identifying stake-
holders’ requirements and ensuring that the developed
project fulfils their needs and meets their expectations.
Moreover, it encourages involvement and getting feed-
back from all parties affected by the built environ-
ment, ensuring the health and safety requirements are
achieved, considering people with special needs and
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Natural Resource Use
Environmental Management
Pollution Prevention

§ sciendo

providing support and adding value to communities and
the supply chain. Economically, sustainability supports
growth in the construction industry through increasing
GDP, providing more job opportunities, raising the cli-
ent’s profit and investment return (Chen and Chambers,
1999; Addis and Talbot, 2001; WS Atkins Consultants,
2001).

2.3.4 Sustainable construction supply chain

Sustainable supply chain has taken multiple forms in lit-
erature under the terminologies of green management,
green SCM, green supply chain, sustainability and sus-
tainable SCM. The previous terms shared a common goal,
which is the management of environmental, social and
economic impacts, and the encouragement of good gov-
ernance practices throughout the life cycles of projects
and delivered services. Suppliers in the present-day busi-
ness environment are taking more responsibility to effec-
tively design, produce and recall their products because
the construction industry is becoming more environmen-
tally cautious and the government regulations are put in
place accordingly. To achieve that, the CSC should not

Environmental - Economic
Energy Efficlency
Subsidies / Incentives for use
of Natural Resources

(air, water, land, waste)
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Soclal I Economlic
Standard of Living Profit
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Busliness Ethics
Falr Trade
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Fig. 5: Aspects of sustainability (Rodriguez et al., 2002).
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only act in its own interests but also in the interests of its
stakeholders and the society at large (Sisco et al., 2010).

2.3.5 The architectural design process

2.3.5.1 Overview and importance

As one of the key processes in the construction indus-
try, the architectural design process plays a crucial role
towards achieving successful delivery of projects. It was
meant to be a very critical process as it involves the most
important decisions that affect the project performance
throughout its life cycle. For instance, end-users partici-
pation, cost estimation, material selection and systems
and design features are very critical decisions that affect
the successful completion of the project positively if well
managed or negatively if ignored (Goral, 2007).

2.3.5.2 Project life cycle

Typical project life cycle consists of different phases,
each having its own definition, scope of work and par-
ticipants. According to the Royal Institute of British
Architects (RIBA) plan of work updated in 2013, the
typical project life cycle is composed of eight stages,
namely (1) strategic definition, (2) preparation and brief,
(3) concept design, (4) developed design, (5) technical
design, (6) construction, (7) handover and closeout and
(8) use (RIBA, 2013). This paper will focus on the design
stages, namely concept design, developed design and
technical design.

2.3.5.3 Concept design stage

This stage focuses on preparing the concept design
including outline proposals for structural design, build-
ing services systems, outline specifications and pre-
liminary cost information along with relevant project
strategies in accordance with design programme. It
agrees alterations to brief and issues final project brief.
This stage ensures the development of sustainability
strategies, the preparation of maintenance and opera-
tion plans, handover strategies and risk assessment. It is
important to review the project execution plan in order to
make sure that every aspect is well implemented and that
construction strategies and health and safety issues are
clearly stated (RIBA, 2013).

2.3.5.4 Developed design stage
This stage is concerned with preparing developed
design, including coordinated and updated proposals
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for structural design, building services systems, outline
specifications, cost information and project strategies in
accordance with the design programme. It is no doubt to
say that updating sustainability issues, maintenance and
operational issues are to be checked permanently in every
stage. It is very essential that the change control proce-
dures are implemented to ensure that any change is well
controlled. The RIBA plan of work 2013 recommended that
this stage may be overlapped with other stages in order to
well bind the whole project cycle (RIBA, 2013).

2.3.5.5 Technical design stage

This stage ensures that all the architectural, structural
designs and building services information, specialist
subcontractor design and specifications are prepared
in accordance with the design programme. In addition,
during this stage, sustainability aspects are well estab-
lished as well as maintenance and operational issues and
risk assessment are reviewed. The RIBA plan of work 2013
suggests that any change in planning is well addressed in
this stage before starting the site works (RIBA, 2013).

2.4 Challenges of the construction
supply chain

In order to respond effectively to the challenges that the
supply chain encounter, these challenges have to be iden-
tified and classified. During this research, 20 challenges
and their impact on achieving sustainability objectives
(i.e. environmental, social and economic) were extracted
from literature review and validated by case studies.
Table 1 lists the CCSC and indicates whether these chal-
lenges were identified from literature, case study or both.
Moreover, it shows the effects of the identified challenge
on sustainability aspects.

2.4.1 The rationale behind the CCSS

The rationale behind the CCSC occurrence is given below by
a summary of literature and/or specific case study examples.

2.4.1.1 CCSC related to the design and technical process
(€csC1,2,3,5,7, 10, 14 and 16)

Due to its nature, the design process is complex, creative

and time-consuming. It aims to develop sustainable solu-

tions that translate the client requirements and end-user

needs into technical drawings and specifications (Othman

and Abdelwahab, 2016). Failing to deliver the project
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Tab. 1: CCSC
No. Challenges From literature review From case studies Impact of sustainability
Economic Social Environmental
CCSC(1) Delayed design process (Othman et al., 2014; * * * *
Subramani et al., 2014).
CCSC(2)  Project design cost overrun (Othman and * * * *

El-Gendawy, 2010; Baloyi and Bekker, 2011;
Bassioni et al., 2013; Othman and Abdelwahab,
2016).
CCSC(3)  Design variations carried out by the architect * * * * *
(Barrett and Stanley, 1999; Othman et al., 2014;
Othman and El-Gendawy, 2010).
CCSC(4)  Skills gap of qualified architects and design * * * * *
managers (Richardson 2007; Aring, 2012;
Othman and Sokkar, 2019).

CCSC(5)  Tight project design schedule (ICE, 1996a,b; * * * * *
Othman et al., 2014; Othman and El-Gendawy,
2010).

CCSC(6)  Supplier's rework (Love and Li, 2000; Love and * * * *
Edwards, 2004).

CCSC(7)  Design errors and omissions (Building Research * * * * *

Establishment, 1981; The National Economic
Development Office, 1987).

CCSC(8)  Failure to abide to contracts requirements * * * *
(Othman and Harinarain, 2009).

CCSC(9) Inappropriate materials’ specifications (Lawson * * * *
etal., 2014).

CCSC(10) Design changes by the client and other stake- * * * * *

holders at later stages (CIC, 1994; Kubal, 1994;
O’Brien, 1998; Veenendaal, 1998; Barrett and
Stanley, 1999; Othman et al., 2014).

CCSC(11) Uncoordinated and incorrect construction * * * * *
documents (Wantanakorn et al., 1999; Othman
etal., 2014).

CCSC(12) Lackof adhering to environmental requirements * * * * *
and regulations (Othman and Nadim, 2010)

CCSC(13) Lackof considering whole project life cycle cost * * * * *

(CIB, 1996; Smith and Wyatt, 1998; Whyte and
Scott, 2010).
CCSC(14) Lackof Integration, coordination and trust * * * * *
between architects and suppliers (Othman et al.,
2014; Katunzi, 2011).

CCSC(15) Specifying outdated construction materials and * * *
technology (Akadiri et al., 2012).

CCSC (16) Project design complexity (Caniato and GroBler, * * * * *
2015).

CCSC(17)  Lack of long-term relationship with involved * * *
parties (Thunberg et al., 2017).

CCSC(18) Improper communication and coordination * * * *

between public authorities and ADFs (O’Leary,
1992; Othman et al., 2014)

CCSC(19) Lackof information flow between architects and * * * * *
suppliers (Craig and Sommerville, 2006; Marquez,
2010).

CCSC(20) Non-compliance to building codes, regulations, * * * *

laws and standards (Ching and Winkel, 2016).
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design within the agreed timeframe and estimated cost
represents one of crucial issues in the construction indus-
try. This could be referred back to a number of reasons
including poor scope definition, lack of understating the
client business case, slow decision-making process, lack
of information provision, inadequate design and insuffi-
cient resources and tight schedule to develop appropriate
design (ICE, 1996a,b; Othman et al., 2014; Bassioni et al.,
2013). Design delay and cost overrun as well as design
changes carried out by the architect and other stakehold-
ers at later stages (CIC, 1994; Kubal, 1994; O’Brien, 1998;
Veenendaal, 1998; Barrett and Stanley, 1999; Othman and
El-Gendawy, 2010) affect the achievement of sustaina-
bility objectives in terms of reducing the value delivered
to the client, frustrating design team, preventing the
client from launching the project on the defined date that
reduces the project feasibility and profitability. In addi-
tion, these challenges will increase client dissatisfaction
and create disputes and litigation between project stake-
holders (Baloyi and Bekker, 2011; Subramani et al., 2014).
Moreover, lack of integrating and consulting contractors,
suppliers and other parties of the CSC during the design
process leads to increasing generated waste and design
rework (Katunzi, 2011). Other challenges that affect the
CSC during the design phase include the project design
complexity, which is defined as the characteristics and
number of components, technologies and materials that
a project contains. Complex design affects the types of
problems that the supply chain can encounter such as
the number and calibre of suppliers, advanced materi-
als and technologies required. Design complexity has an
impact on increasing project duration and cost (Caniato
and Grofller, 2015). Design complexity and design errors
and omissions can have a negative effect on achieving
sustainability objectives at social, economic and envi-
ronmental levels (Building Research Establishment,
1981; The National Economic Development Office, 1987).
A case study of 35 residential buildings constructed in the
United Arab Emirates confirmed many of the CCSC during
the design process. The estimated cost of the project was
dirhams (DHS) 53,760,000 and the construction period
was 24 months. The later delivery of project requirements,
lack of information for items such as soil nature and elec-
tricity loads resulted in changing the structural design
system and the electricity connection cable to suit the
project size. These changes delayed the project handover
for 180 days. Moreover, lack of considering environmental
requirements resulted in design changes to suit the area
weather and shift the water tanks from exposed to under-
ground to protect them from heat and sand storming. As
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a result, the project cost increased by DHS 5,692,813 and
duration by 255 days. Another case is of a building that
was initially designed as residential building and then the
client decided to change the design suitable for medical
centre because of the business offer to lease the building
for 20 years. These changes resulted in 100 extra days and
additional cost of DHS 298,908 for redesign and approvals.
A further 180 days were required to find a funding body to
finance the extra DHS 2,104,318 for hospital equipment
(Othman et al., 2014).

2.4.1.2 CCSC related to coordination, information flow
and accuracy (CCSC 11, 17, 18 and 19)

The successful delivery of the project design entails effec-
tive coordination, communication and long-term relation-
ship between the project participants during the design
phase. In addition, information flow and accuracy plays a
prominent role in facilitating the design and construction
process. Wantanakorn et al. (1999) stated that uncoordi-
nated and incorrect construction documents are a result
of many causes such as the fragmentation of the design
activities, unfamiliarity of the design team with the project
type, time pressure, lack of information flow and over
staffing. According to Othman et al. (2014), contradiction
between construction documents affects the sustainable
delivery of projects in terms of conflicts between partici-
pants, time, cost and effort needed to rectify and resolve
the inconsistency between different construction docu-
ments. In addition, lack of communication and coordina-
tion between public authorities and ADFs has a number
of impacts on the sustainable delivery of construction
projects such as lack of regulatory update and changing
government regulation and codes (O’Leary, 1992). Katunzi
(2011) and Thunberg et al. (2017) highlighted the role of
integrating and maintaining long-term relationships
between the design team and supply chain parties in
delivering sustainable design projects by creating con-
ducive business environment that encourages creativity,
trust and collaboration. Marquez (2010) emphasised the
role of information flow between the designer and the sup-
plier. These information include material specifications,
technical drawings, manufacturing manuals, production
schedules, client requirements and inventory informa-
tion. However, architects take time to share information
and do not share project information early in the design
phases. These actions increase information lead-time by
making the flow of information stagnate at some points
of the supply chain in the construction phase (Craig and
Sommerville, 2006). A New Shopping and Retail Space
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Centre case study in the UK confirmed many of these chal-
lenges. The nature and complexity of the project implied
the involvement of suppliers and subcontractors from
widely distributed geographic areas. Thus maintaining
effective communication between the project participants
is a vital process for the design development. The remote
locations of supply chain members affected the collabo-
ration and information flow during the design process. In
addition, the poor communication impacted also on the
project cost and time as many conflicts arose and incom-
plete and inaccurate designs were addressed during the
construction phase (Xie et al., 2010).

2.4.1.3 CCSC related to material specification,
technology, supplier rework and whole life
cycle cost (CCSC 6, 9, 13 and 15)

The CSC professionals recognise that rework is a signifi-
cant factor contributing to poor project performance. Love
and Li (2000) defined rework as doing something at least
one extra time due to non-conformance to requirements.
Essentially, rework which accounts for 79% of total cost
deviation is a result of errors, omissions, failures, damages
and change orders that affect the CSC performance (Love
and Edwards, 2004). Suppliers rework has a negative
impact on sustainability in terms of generating waste,
increasing cost and double effort of workers. In the same
context, the proactive involvement of suppliers in the
development and procurement phases of materials, equip-
ment and systems specifications and standardisation will
aid in reducing the whole life cycle cost, negative envi-
ronmental impacts and enhancing project performance
(Lawson et al., 2014). This is because suppliers have the
experiences of material specifications, workability, main-
tainability, availability, time of purchasing, importing and
manufacturing. It is estimated that 75-85% of avoidable
total cost are controllable at the schematic design stage.
Moreover, rapid improvement of construction materials
and technology coupled with the lack of designer’s expe-
rience to follow-up these improvements and excluding
suppliers from the design process resulted in specifying
outdated materials and technology which were no longer
produced or available in market. This affects the sustain-
ability of the delivered project due to the delay, cost and
effort required to change the specified materials and tech-
nology to match market availability (CIB, 1996; Akadiri
et al., 2012; Whyte and Scott, 2010). Two residential housing
projects in Amman, Jordan, confirmed these challenges.
Inappropriate specification and inaccurate calculation of
material amount during the design phase as well as lack
of material delivery played a major role in increasing the
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project duration, cost, waste and client dissatisfaction.
This project was delayed by 50% of its duration (Al-Werikat,
2017). Another example is the Lansing Community
College (LCC), Michigan, USA. The cost of the new campus
building exceeded the allocated budget. Therefore, LCC
decided to redesign the project or scrap part of it. The
building was originally designed as a three-story build-
ing with a future fourth floor expansion. The expansion
exceeded the $2.5 million budget for steel fabrication and
erection by $200,000. The involvement of Ruby and Asso-
ciates Consulting Structural Engineers and Douglas Steel
Fabrication Corporation helped developing sustainable
project through redesigning the project and succeeded to
eliminate 700 steel members and 1,400 connections, while
shear studs were reduced by 11,000. Overall, approxi-
mately 300 tons of steel were saved. This saved enough
money to enable LCC to construct the fourth floor upfront
while bringing the project in approximately $100,000
under budget and on schedule. In addition, using informa-
tion technology in communication and exchange of files
and information reduced the redesign time and enhanced
communication between different parties. The new design
maintained design intent and made the project easier to
build (Aeck and Ruby 2006).

2.4.1.4 CCSC related to skills gap of qualified architects
and design managers and non-compliance to
building contracts, codes, regulations, laws and
standards (CCSC 4, 8, 12 and 20)
Skills gap is one of the pressing problems that encoun-
ter the construction industry. It is either (1) skills short-
age that appears when there are not enough people
with skills to meet the demand of the industry or
(2) skills mismatch that occurs when the employees
have skills and do not meet the industry needs and
agree to work under any condition (Richardson 2007;
Othman and Sokkar, 2019). Skills gap of qualified archi-
tects and design managers is an obstacle to growth,
innovation and delivering sustainable services and
products. Closing the skills gap has a direct connection
with improving productivity, human development and
economic growth (Aring, 2012). In addition, contracts
are tools designed to organise the relationship between
different project participants and reduce the potential
risks that may lead to project failure. Failing to adhere to
carry out the work in accordance with contracts require-
ments will lead to unsustainable delivery of projects due
to disputes, time delay, cost overrun, poor quality, envi-
ronmental non-compliance and client dissatisfaction
(Othman and Harinarain, 2009). Moreover, adhering to
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environmental requirements and regulations during the
design process is an essential and integral part of deliv-
ering sustainable projects. Failing to consult supply
chain professionals to consider environmental require-
ments and regulations will impact negatively on the sus-
tainability of the delivered design due to the generation
of waste and toxic materials, increasing green gas emis-
sion effluent that are harmful to human health (Othman
and Nadim, 2010). Furthermore, project design must
adhere to regulations and codes that are developed to
protect public health, safety and general welfare as
they relate to the construction and occupancy of build-
ings and structures. The building codes became law of
a particular jurisdiction when formally enacted by the
appropriate governmental or private authority (Ching
and Winkel, 2016). Non-compliance to building codes,
regulations, laws and standards affect the sustainabil-
ity of the delivered project socially, economically and
environmentally. A case study of Hyatt Regency Kansas
City, Kansas City, Missouri, confirmed these challenges.
In 1981, the upper walkway fell on the lower walkway,
and the two fell onto the crowded dance floor, killing
114 people and injuring over 200. The two walkways were
supported above one another and suspended from the
ceiling by hanger rods. The walkways were supported
on box beams, which were made of two steel channels,
welded together. In the original design, a single rod
supported the two walkways as shown in Figure 6. The
originally designed hanger detail for the two walkways
was altered at the time of fabrication by the supplier.
The designer did not check the changes made by the
supplier. In addition, the designer did not communicate
or called for a meeting with the steel supplier to further
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understand the changes of design. Finally, the designer
agreed upon the requested changes without inspection
or checking the calculations, which resulted in this vital
error (Marshall et al., 1982).

3 Data analysis

This section presents and analyses the results of a survey
questionnaire conducted with a representative sample of
ADFs in Egypt to quantity the identified CCSC and inves-
tigate the perception and application of achievement of
sustainability objectives by overcoming the CCSC during
the design process. Two approaches were applied to
analyse collected data. First, the measure of central ten-
dency is used to get an overview of the typical values
for each variable through computing the mean, median
and mode. The measure of dispersion is used to inves-
tigate the homogenous or heterogeneous nature of the
collected data by calculating the variance (V) and the
standard deviation (SD) (Bernard 2000). Analysis of the
collected data revealed close values of these measures,
which confirmed its quality and homogeneity. Second,
because not all challenges have the same importance for
achieving sustainability, the relative importance index
(RII) was used to differentiate between these challenges
using the formula RII = (XW/AN, where W =weighting
given to each challenge by the respondents on a Likert
scale from 1 to 5, A = highest weight (5 in our case) and
N = total number of samples (Olomolaiye et al., 1987;
Shash, 1993; Kometa and Olomolaiye, 1997). Data was
analysed with the aid of Microsoft Excel spreadsheet.
Since there is no quantification without qualification
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Fig. 6: The two walkways (Marshall et al., 1982).
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and no statistical analysis without interpretation (Bauer
and Gaskell, 2000) during the course of this research,
both approaches of quantitative and qualitative data
analysis were employed.

3.1 Questionnaire survey sample

The sampling plan using a random probability sampling
method was applied to the population size, which was 44
ADFs registered in the Egyptian Engineers Syndicate (EES,
2018). This allowed every unit an equal chance of being
included in the sample (Hannagan, 1986; De Vaus, 1990).
This helped selecting a representative and unbiased
sample. In order to calculate the sample size, the next two
equations were used (FluidSurveys Team, 2014).

In this research, the confidence level chosen is 95%
and the margin of error is 5%. The confidence level score
corresponding to the confidence level of 95% is 1.96.

However, as the true sample size is only different from
the population size by 4, the population size would be
considered entirely for the survey questionnaire.

3.2 Response rate and respondents’ profile

Out of 44 ADFs, only 31 firms responded to the survey
questionnaire, which represents 70.4%. The number of
years of experience of these firms in the construction
industry ranges from 5 to 50 years. They are involved in
all types of projects including residential, commercial,
medical, industrial, cultural, business, recreational and
educational. The size of these firms ranges from 10 to 50

17%

Supplier
Project Manager
Client

22%

Contractor 29%

Architects
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employees with architecture, engineering and construc-
tions backgrounds.

3.3 Results

3.3.1 Awareness and influencers of supply chain in the
Egyptian construction industry

A total of 63.33% of respondents mentioned that they
are aware of the concept of CSC. Respondents’ rated on
a scale of 1-5, the influence that the different parties of
the supply chain can play towards achieving sustainabil-
ity in construction projects as follows: architect (37%),
contractor (29%), client (22%), project manager (17%) and
suppliers (13%) (see Figure 7). The high rank of architects
as an important party to influence the achievement of
sustainability is due to their role in providing the design
with sustainable features, materials and systems. While
respondents rated suppliers as the lowest influential party
due to the nature of the traditional procurement approach
that separates the design team from the construction and
supply team (Azhar et al., 2014).

3.3.2 Ranking and relative importance of construction
supply chain challenges

Table 2 shows the measure of central tendency and disper-
sion of all challenges that affect the CSC towards achiev-
ing sustainability during the design phase identified from
literature review on a scale of 1-5 (where 1 = least impor-
tant and 5 = highest important). To further investigate

37%

o

Fig. 7:
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Influence of supply chain on achieving sustainability in construction projects.
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Tab. 2: CCSC against their measures of central tendency, dispersion and ranking.

No. Challenges of the construction Mean Median Mode V SD  Percentage of respondents RII Rank Final rank
supply chain (CCSC) scoring
1) (2 (3 @ 5) () () <308 3-4(9 >0 (@11) @12) (@13)
CCSC(1) Delayed design process 4.90 5 5 0.78 0.88 0 3 28 098 (1) 1
CCSC(2) Project design cost overrun 4.81 5 5 0.75 0.86 0 5 26 0.96 ) 2
CCSC(3) Design variations carried out by 4.71 5 5 0.72 0.85 1 5 25 0.94 3) 3
the architect
CCSC(4)  Skills gap of qualified architects  4.65 5 5 0.70 0.83 1 6 24 0.93 (4) 4
and design managers
CCSC(5) Tight project design schedule  4.55 5 5 0.69 0.83 1 7 23 0.92 (5) 5
CCSC(6)  Supplier’s rework 4.52 4 4  0.66 0.81 2 7 22 0.90 (6) 6
CCSC(7) Design errors and omissions 4.42 4 4 0.63 0.79 0 17 14 0.88 @) 7
CCSC(8) Failure to abide to contracts 4.32 4 4 0.60 0.78 0 20 11 0.86 (8) 8
requirements
CCSC(9) Inappropriate materials 4.26 4 4  0.58 0.76 1 19 11 0.85 (9) 9
specifications
CCSC (10) Design changes by the client 4.16 4 4 0.56 0.75 1 20 10 0.83 (10) 10
and other stakeholders at later
stages
CCSC(11) Uncoordinated and incorrect 4 4 4 0.52 0.72 0 23 8 0.80 (11) 11
construction documents
CCSC(12) Lack of adhering to environ- 3.74 3 3 0.45 0.67 1 23 7 0.75 (12) 12
mental requirements and
regulations
CCSC(13) Lack of considering whole 3.68 3 3 0.44 0.66 2 22 7 0.74 (13) 13
project life cycle cost
CCSC(14) Lackof integration, coordination 3.55 3 3 0.41 0.64 4 21 6 0.71 (14) 14
and trust between architects
and suppliers
CCSC (15) Specifying outdated construc-  3.42 3 3 0.38 0.61 5 21 5 0.68 (15) 15
tion materials and technology
CCSC (16) Project design complexity 3.35 3 3 0.36 0.60 6 20 5 0.67 (16) 16
CCSC(17) Lackof long-term relationship  3.29 3 3 0.35 0.59 7 19 5 0.66 (17) 17
with involved parties
CCSC(18) Improper communicationand  3.16 3 3 0.32 0.57 8 19 4 0.63 (18) 18
coordination between public
authorities and ADFs
CCSC(19) Lackof information flow between 3.03 3 3 0.30 0.54 10 17 4 0.61 (19 19
architects and suppliers
CCSC(20) Non-compliance to building 2.90 3 3 0.27 0.52 11 17 3 0.58 (20) 20
codes, regulations, laws and
standards
the data, an RII was used to rate CCSC according to their e Skills gap of qualified architects and design
importance. As would be expected, while some CCSC were managers
highly rated, others do not (see Figure 8). Inspection of e Tight project design schedule
the results showed that CCSC could be classified into three e Supplier’s rework
categories: e Design errors and omissions
e Failure to abide to contracts requirements
(1) First, the high to very high importance CCSC with RIIs e Inappropriate materials specifications
above 0.800, which includes: e Design changes by the client and other stakehold-
¢ Delayed design process ers at later stages
¢ Project design cost overrun ¢ Uncoordinated and incorrect construction docu-

e Design variations carried out by the architect ments
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(2) Second, the average to high importance CCSC with

RIIs lying between 0.600 and 0.800, which includes:

e Lack of adhering to environmental requirements
and regulations

e Lack of considering whole project life cycle cost

e Lack of Integration, coordination and trust
between architects and suppliers

e Specifying outdated construction materials and
technology

e Project design complexity

e Lack of long-term relationship with involved
parties

e Improper communication and
between public authorities and ADFs

e Lack of information flow between architects and
suppliers

(3) Finally, the low to average importance CCSC with RIIs

less than 0.600, which includes:

e Non-compliance to building codes, regulations,
laws and standards

coordination

For example, ‘delayed design process’ was ranked the
highest affecting challenge with mean (4.9/5), median and
mode (5/5), V (0.78), SD (0.88) and RII (0.98). These results
are in line with literature review because delay in the
project design leads to cost overrun, design team frustra-
tion and client dissatisfaction. In addition, it will prevent
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the client from launching the project on the defined date,
which will affect the project profitability (Subramani
et al., 2014).

Another example is the ’inappropriate material specifi-
cations’, which was ranked 9th with mean (4.26/5), median
and mode (4/5), V (0.58), SD (0.76) and RII (0.85). These
results are in line with literature review as lack of integrat-
ing suppliers in the design process leads to specify materials
that either inappropriate to the project or no longer availa-
ble in market that results in rework and increases the main-
tenance and operation costs (Othman et al., 2014). Finally,
‘Non-compliance to building codes, regulations, laws and
standards’ was ranked the lowest affecting challenge with
mean (2.9/5) and median and mode (3/5), V (0.27), SD (0.52)
and RII (0.58). Despite the necessity of adhering to codes
and regulations (Ching and Winkel, 2016), respondents
ranked this challenge the lowest and referred it to the inef-
fective application of building codes, regulations, law and
standards as well as being not mandate by authorities man-
aging the building process.

3.3.3 Construction supply chain solutions
Figure 9 shows the solutions proposed by literature

review (Khan, 2019) to address the challenges of supply
chain in the construction industry. Respondents were

CCsc(1)

CCSC(11)

Fig. 8: RIl of CCSC.
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Selecting Green Certified Suppliers

Supply Chain Partnering

Design for the Supply Chain

Sustainable Supply Chain Management
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24%

19%

Fig.9: CSCsolutions.

asked to rank these solutions according to their role
towards achieving sustainability during the design
phase in ADFs in Egypt.

e Around 42% of respondents selected ‘design for the
supply chain’ because it focuses on how the product of
architectural design facilitates the design of supplier’s
products and CSC process. It compromises modularity
in designs for easier manufacturing on site, designing
projects for reduced consumption of materials and
energy by suppliers, involving suppliers in design
phases and selecting local green materials.

e Of the total respondents, 19% selected ’supply chain
partnering’, which encourages early supplier involve-
ment in construction projects. This helps increasing
efficiency, productivity, relationships, information
flow, communication and quality of the production
processes in the construction industry.

e Nearly 24% of respondents chose ‘selecting green cer-
tified suppliers’ because it focuses on cost saving and
efficiency beyond traditional techniques by enhancing
energy efficiency, quality and environmental perfor-
mance. In addition, it aims to identify the root causes
of waste and inefficiency during the early stages of
design.

e About 15% of respondents selected ‘sustainable SCM’
as a solution to CCSC. This is because it focuses on
managing raw materials and services of suppliers and
manufacturers provided to the client. In addition,

10 20 30 40 50

it encourages information flow across the CSC and
project team, establishing trust, communication and
integration between project team members.

4 Construction supply chain
management improvement
framework

4.1 Definition and importance

A framework is defined as a structure for describing a
set of concepts, methods and technologies required to
complete a product process and design (EDMS, 2007).
The Construction Supply Chain Management Improve-
ment Framework (hereinafter referred to as ‘CSCMIF’
or ‘Framework’) is a proposed framework developed by
this research to overcome the CCSC as an approach for
achieving sustainability in construction projects during
the design process. The importance of this framework
stems from the necessity to enhance the performance
of the CSC towards achieving sustainability objectives
in construction projects. In addition, the framework is
required to fill the gap in construction literature and
establishing organised procedures that enable ADFs to
overcome the challenges that affect the construction
supply chain.
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4.2 The aim of the framework

The CSCMIF is an innovative business improvement tool
aimed at overcoming the CCSC towards achieving sustain-
ability in construction projects during the design process.

4.3 Description of the framework

The development of the framework is based on the results
gained from literature review, case studies and survey
questionnaire. It consists of four domains based on the
classifications of the CCSC mentioned in Section 3.4 (see
Figure 10).

4.3.1 Design and technical process domain

The aim of this domain is to overcome the challenges that
encounter the CSC related to the Design and Technical
Process as an approach for the achievement of sustaina-
bility objectives during the design phase. Activities that

Design and Tecnical
Process Domain

Material
Specification,
Technology, Supplier
Rework and Whole
Life Cycle Cost
Domain

Fig.10: CSCMIF.
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need to be carried out during this domain are shown in
Figure 11.

Achieving the abovementioned activities to attain
sustainability objectives necessitates:

e Understating the client requirements and providing
the design team and supply chain with needed infor-
mation in the right form and time will expedite the
design decision-making process. Setting plans, dead-
lines and milestones for the design activities and offer-
ing all the resources needed will help meeting targeted
objectives and reducing design delay and cost overrun.
These activities will help achieving social, economic
and environmental aspects of sustainability.

e Integrating the client and supply chain during the
design process and allowing proper time for the design
team to develop the project design will reduce design
changes. In addition, conducting quality planning,
assurance and control procedures during design will
enable reducing design errors and omissions. These
activities will help achieving social and economic
aspects of sustainability.

Coordination,
Information Flow
and Accuracy
Domain

Skills Gap of
Qualified Architects
and Design
Managers and Non-
Compliance To
Building Codes,
| Regulations, Laws
and Standards
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Design and

Technical
Process
Domain

Fig. 11: Activities of the design and technical process domain.

Adopting the ‘design for the supply chain’ approach
will bring up the client’s conceptual thoughts to
reality, enhance efficiency, and reduce waste and cost.
Furthermore, using modularisation and preassembly
design should be considered before actual designing
to facilitate the supply chain process such as fabrica-
tion, transportation and installation. These activities
will help in achieving economic and environmental
aspects of sustainability.

4.3.2 Coordination, information flow and accuracy domain

This domain aims to overcome the challenges faced by the
CSC related to Coordination, Information Flow and Accu-
racy as an approach for achieving sustainability during
the design phase. Activities that need to be carried out
during this domain are shown in Figure 12.

Achieving the abovementioned activities to attain

sustainability objectives necessitates:

a)

Integrating architects and suppliers during the design
process and facilitating information flow will help
choosing sustainable materials and technology prefer-
ably from local market to reduce the importing time,
cost and air pollution produced by transportation
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Understanding the client

[ Providing ADFs with needed |
information in the right form

and time

Setting plans, deadline and
milestones for design
development

Integrating clients and supply

chain in the design process

Adopting the “design for the

supply chain”

b)

vehicles and trucks. Often, local materials are better
suited to climatic conditions and support national
economy growth. These activities will help achieving
economic and environmental aspects of sustainability.
Establishing effective coordination and communi-
cation channels between architects, suppliers and
public authorities during the design phase will help
sharing ideas and feedback, which will ensure coordi-
nated and correct documents. In addition, it will help
avoiding any delay due to changes in regulation and
updates in activities. These activities will help achiev-
ing social, economic and environmental aspects of
sustainability.

Implementing transparency policy, where informa-
tion is shared between all project participants openly,
in order to get advice and provide constructive feed-
back. This will help building cooperation between
supply chains and improve the project sustainability
accordingly.

Conducting regular meetings with project supply
chain members to agree on the objectives and bene-
fits of effective relationship and trust between them.
Moreover, generating correspondence, reports and
manuals in a clear and concise manner and commu-
nicating complex issues clearly and credibly with
widely varied supply chain members.
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Integrating architects and suppliers
during the design process

Coordination,

Encouraging the use of local
materials and technology

Information

Flow and
Accuracy
Domain

( Establishing effective coordination \

and communication channels
between ADFs, supply chain and
public authorities

through sharing information openly,

Adopting transparency approach

getting advice and providing
constructive feedback.

Fig. 12: Activities of the coordination, information flow and accuracy domain.

4.3.3 Material specification, technology, supplier rework
and whole life cycle cost domain

The aim of this domain is to overcome the challenges that
the CSC encounter is related to material specification,
technology, supplier rework and whole life cycle cost as
an approach for the achievement of sustainability objec-
tives during the design phase. Activities that need to be
carried out during this domain are shown in Figure 13.

a) Early supplier involvement in the design process will
help achieving sustainability objectives and improv-
ing the project performance by proposing alternative
designs with substitute materials and systems that
provide the required function with minimal cost,
reducing supplier’s rework, mitigating the difficulties
of the logistical issues of getting the products deliv-
ered to the site in a timely manner and with minimal
impact on the surrounding community. In addition,
early supplier involvement will help building long-
term relationship and trust between the project par-
ticipants, introducing new knowledge regarding
the properties and applications of newly introduced
materials (Chavhan, 2012; Northey, 2018). Suppliers
from different disciplines could be integrated in the
design process to provide advice to the design team.
They could be hired as advisors who deliver a con-
sultancy service based on a contract drafted for this

purpose and they could be paid either monthly or on
a lump sum basis.

Involving supply chain during the selection of appro-
priate materials and equipment that suit the project
life cycle cost will achieve sustainability through
reducing the operation and maintenance cost as well
as environmental hazards in addition to increasing
the project life span and end-user satisfaction.

b)

4.3.4 Skills gap of qualified architects and design
managers and non-compliance to building codes,
regulations, laws and standards

This domain aims to overcome the challenges that the
CSC face related to Skills Gap of Qualified Architects and
Design Managers and Non-Compliance to Requirements,
Regulations and Codes as an approach for achieving sus-
tainability during the design phase. Activities that need to
be carried out during this domain are shown in Figure 14.
Achieving the abovementioned activities to attain
sustainability objectives necessitates:
a) Enhancing the skills of architects and design manag-
ers through training and skills development will help
achieving social and economic aspects of sustainabil-
ity by bridging the skills gap, improving productivity
and growth development.
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b) Employing quality management procedures to ensure
that contract requirements, environmental regula-
tions and building codes are adhered to during the
design process. This will help achieving sustainabil-
ity through reducing conflicts and reducing the time
and cost lost to rectify the documents to meet require-
ments, regulations and codes.

4.4 Benefits and limitations of the
framework

The developed framework acts as a business improve-
ment model to achieve sustainability by overcoming

Material
Specification,
Technology,
Supplier
Rework &
Whole Life
Cycle Cost
Domain
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the CCSC during the design process. The proposed
framework has benefits as it classifies the domains
for improvement to include (1) design and technical
process, (2) coordination, information flow and accu-
racy, (3) material specification, technology, supplier
rework and whole life cycle cost, and (4) skills gap of
qualified architects and design managers and non-
compliance to requirements, regulations and codes.
Such classification enables ADFs to focus their efforts,
provide appropriate training programmes and offer
facilities required towards overcoming the CCSC. In
addition, it helps raising the awareness of ADFs about
the importance of integrating suppliers in the design
process. However, the adoption and application of the

( )
Involving suppliers in specifying
sustainable and up-to-date
construction materials and
technology

Considering whole project life
cycle cost

Reducing suppliers rework

Fig. 13: Activities of the material specification, technology, supplier rework and whole life cycle cost domain.

Skills Gap of
Qualified Architects
& Design Managers

and Non
Compliance To Non-

compliance to

building codes,
regulations, laws

and standards

Improving the skills of
architects & design
Managers through training
and skills development

J

Ensuring the adherence
requirements, regulations and
codes

Fig. 14: Activities of the coordination, information flow and accuracy domain.
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proposed framework requires whole organisational
commitment and provision of training, raising aware-
ness and facilities to ensure its success. The framework
is a time-consuming process that may not be welcomed
by a number of ADFs and supply chain members in the
construction industry because of time constraints and
the reluctance to change. In addition, the success of the
framework depends, to a large extent, on the willing-
ness and support of the senior management to adopt
and apply the proposed framework. Though the involve-
ment of suppliers in the design process will add to the
project cost, the expected benefits of their involvement
will help avoiding errors or issues that will cost higher
than the fees paid to them.

4.5 Action plan for implementing the
construction supply chain management

4.5.1 Improvement of framework

In order to put the proposed framework in practice, an
action plan was developed by the authors. The action plan
proposed to implement the framework composed of five
functions, namely:

e Identifying the challenge of CSC,

e Establishing the implementation objectives,

e Developing the implementation plans,

e Executing implementation plans, and

¢ Monitoring and evaluating the implementation plans
(see Figure 15).

4.5.2 ldentifying integration problem

The ‘identifying the CCSC’ function is an important activ-
ity of this action plan because it enables ADFs to identify
the core challenges that obstruct the achievement of sus-
tainability objectives in construction projects. It is essen-
tial to form an effective team (including a competent team
leader) to carry out the implementation study. Achieving a
balance between the need for participants who represent
various areas of expertise and possess diverse background
is fundamental for accomplishing the study objectives.
The study team should contain between six and twelve
full-time participants to maintain optimum productivity
(Norton and McElligott 1995). Performing an early orien-
tation meeting will help in establishing strategic issues
such as study duration, resources required and assigning
responsibilities to team members. Senior management
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support will facilitate the provision of needed resources
and the adoption of study decisions and recommenda-
tions. Data collection methods (i.e. literature review,
survey questionnaire, interviews and case studies) and
data analysis techniques (i.e. quantitative and qualita-
tive) have to be defined and utilised. Brainstorming tech-
niques, team consensus and evaluation matrix have to be
used for identifying the root causes and rank them accord-
ing to their importance.

4.5.3 Establishing the implementation objectives

Towards implementing the proposed framework in ADFs,
the objectives of implementing the action plan have to be
adequately established and agreed by all participants.
This could be achieved using brainstorming techniques
and team consensus to generate and select objectives that
address the identified challenges. Establishing implemen-
tation objectives gives team members ownership to these
objectives and encourages the study team to accomplish
them. Evaluation matrix will be used to rank these objec-
tives based on their significance. In addition, this func-
tion will also result in defining the criteria to be used to
measure the achievement of sustainability objectives in
ADFs during the design phase.

4.5.4 Developing implementation plans

The ‘developing implementation plans’ function aims to
set the procedures and actions necessary to accomplish
the implementation objectives. It will include a work
breakdown structure and a responsibility matrix, where
the first downsizes the work into manageable work pack-
ages and the later links the activity to be done to the
responsible person. In addition, the plans should include
expected risks and corrective actions to be taken in case of
the plan did not go as intended. Furthermore, the commu-
nication plan between the study team has to be developed
to portray the reporting structure during overcoming the
CCSC in the design phase.

4.5.5 Executing implementation plans

Within this function, the plans developed in the previ-
ous function will be executed. The execution plans may
require that employees involved in the implementation
process be trained and equipped with all tools and tech-
nologies required to guarantee the successful execution
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Fig. 15: Functions of the action plan (developed by the authors).

of plans. In addition, the support of senior management
and its offering the required facilities will help achiev-
ing the implementation objectives. The execution func-
tion should use the work authorisation system, which
verifies the predecessor activities and permits the suc-
cessor activities to proceed. This ensures the quality of
work performed.

4.5.6 Monitoring and evaluating the implementation
plans

The aim of this function is to ensure that overcoming
CSCC towards achieving sustainability objectives during
the design phases goes according to the plans. Comments
and feedback from the execution team will enable taking
corrective actions if plans were not implemented as con-
trived. Furthermore, this will help improving the perfor-
mance of ADFs in future projects.

5 Conclusion and recommendations

Being one of the biggest industries worldwide, the con-
struction industry contributes towards achieving the
social and economic development objectives of countries

) ( conren | 4
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worldwide. At the social level, it provides communities
with buildings and facilities that meet their needs and
fulfil their requirements. At the economic level, it provides
most of the countries’ fixed capital assets, increases GDP,
offers job opportunities and supports other industrial
sectors to excel. Conversely, the construction industry
has a major impact on the environment in terms of waste
and pollution generation, energy consumption and water
contamination, which calls for the construction industry
to be more sustainable. Construction projects are usually
delivered through a supply chain network consists of
all parties involved in the project development process.
Despite the valuable role of the CSC, it has been argued
that its performance needs to be improved in order to
achieve sustainability objectives. During the course of
this research, 20 challenges that encounter the CSC and
affect achieving sustainability were identified, classified
and validated through literature review and case studies.
In addition, a survey questionnaire was conducted with a
representative sample of ADFs to quantify the CCSC and
investigate the perception of ADFs towards achieving sus-
tainability through overcoming these challenges. Based
on the above, the research developed an innovative busi-
ness improvement framework to enhancing the perfor-
mance of the CSC towards achieving sustainability during
the design process. In addition, an action plan was devel-
oped to explain how the proposed framework could be



2412 —— Othman and AlNassar, Framework for achieving sustainability by overcoming CCSC

implemented in practice. Accordingly, the research comes
up with the following recommendations to ADFs.

1) Raising the awareness of all parties involved in the
construction project about the important role played
by the CSC towards achieving sustainability objec-
tives during the design phase.

2) Providing necessary training and resources to
enhance the design and technical skills of archi-
tects and design managers to facilitate information
flow, expedite the decision-making process, conduct
quality assurance and control.

3) Fostering coordination, integration, communication
and information flow between ADFs and supply chain
to help specifying appropriate materials and equip-
ment, understanding the client requirements and
end-users needs as well as life cycle considerations.

4) Encouraging trust and relationship between ADFs
and supply chain to help sharing information, provid-
ing feedback and advice, and facilitating communica-
tion of complex issues.

5) Engaging employees in developing their firms’
visions, missions and strategies to include the
collaboration and integration with different CSC
networks.

6) Providing the senior management of ADFs with suc-
cessful examples of the role of supply chain towards
achieving sustainability will help providing the
needed resources and allowing ample time for imple-
mentation to ensure successful results.

7) Issuing laws to encourage collaboration between
ADFs and supply chain networks and enforcing laws
for green building design.

8) Conducting the same study to investigate the role col-
laboration between other construction professionals
(e.g. structural engineers, quantity surveyors) and
suppliers towards achieving sustainability in con-
struction projects.
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