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Abstract. The objective of the study presented in this paper is to determine the characteristics of the scaffolding supply
chain in a liquefied natural gas (LNG) infrastructure project. This research is significant as the outsourcing of scaffolding
is integral to its use and productivity toward LNG infrastructure project completion. As such, this paper presents the re-
search undertaken on the subcontracting of scaffold manufacturing, supplying and delivering. It focuses upon the organi-
sations, management and control in scaffolding subcontracting. A comparative analysis of three organisations was car-
ried out to reveal issues with current practice in manufacturing, supplying and delivering scaffold products for assembly
onsite. Their management and control approaches are also compared and contrasted. It is found that, while the divided
contract approach may help save costs, enhance market exposure and is ideal when choice of subcontractor is limited,
its risks can impact upon the entire project and be difficult for the contractor to control. The limited background in scaf-
folding studies and importance of subcontracting within LNG infrastructure projects has made this research timely. This
paper identifies issues in relation to quality assurance, warranties and rework, which have the potential to mitigate any

cost benefits obtained from subcontracting practices within this supply chain.
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Introduction

Scaffolding systems would enable for different levels
of temporary support structures. They allow workers to
work and access their job tasks in convenient ways that
would otherwise not be possible without them. The effec-
tive organisation and contracting of the supply of these
temporary structures would be significant in their contri-
bution toward both the liquefied natural gas (LNG) in-
frastructure project timeline and budget. Previous studies
of scaffolding have traditionally focused upon improving
their safety through the use of bamboo truss-out scaffolds
(Chan et al. 2008), analysis of components (Rubio-Rome-
ro et al. 2012), identification of the load-bearing capacity
of nodes (Pienko, Btazik-Borowa 2013), measurement of
safety performance (Choudhry 2014) and development of
a BIM-based safety platform (Kim et al. 2016).

Some related scaffolding studies have also investi-
gated the design of movable scaffold systems (Pan 2009;

Povoas 2012), use of bamboo materials (Chung, Yu 2002;
Yu et al. 2005), as well as educational aspects for deci-
sion making and supervision (Goh, Binte-Sa’adon 2015).
Research that concentrated solely on the management as-
pects of scaffolding would be very difficult to find at pre-
sent. In particular, very limited studies have considered
scaffolding in LNG infrastructure projects, except for re-
cent research on productivity (Moon ef al. 2016), and a
scheduling algorithm (Hou ef al. 2017), which are part of
an ongoing Australian Research Council (ARC) funded
research project.

This research is a subsequent part of this funded
project and aims to determine the characteristics of the
scaffolding supply chain in a LNG infrastructure pro-
ject. Case study approach was adopted for the in- depth
analysis of the scaffolding practice. The paper provides
solutions and insightful references to the problem of sub-
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contracting procurement method selection in this supply
chain. This research is significant as the subcontracting
of scaffolding would be integral to its subsequent use, as
well as productivity, toward LNG infrastructure project
completion.

1. Literature review

1.1. Organisational outsourcing and insertion

Scaffolding works describe as common outsourcing jobs
that are erected by subcontractors. However, the out-
sourcing practice has always affected the planning and
management of construction projects (Kim et al. 2016).
The organisational decision to outsource would be fun-
damentally influenced by searching for business part-
ners, investments based upon working relationships and
incomplete contracts (Grossman, Helpman 2005; Spencer
2005). Despite these, we would already know that there
are measurable benefits of outsourcing to organisations.
For example, Bhagwati ef al. (2004), in their study of the
“muddles” over outsourcing, had argued that the electron-
ic mediums of phone and internet have together removed
the burdens of information sharing between buyers and
sellers. This would be particularly true for working rela-
tionships between geographically dispersed organisations
(Bhagwati ef al. 2004). Girma and Gorg (2004), in their
study of outsourcing, foreign ownership and productivity
in the UK, had found that outsource intense organisations
would positively facilitate their overall rate of production.
This would normally be due to more of their work being
done in less time (Girma, Gorg 2004).

In addition Leahy and Montagna (2009), in their
comparison between outsourcing and foreign direct in-
vestment (FDI), had found that organisations with higher
costs of production generally have a greater tendency to
outsource. This would be because the same work could
also be done at a lower cost, usually by another organi-
sation overseas that has inserted themselves into the lo-
cal market (Humphrey, Schmitz 2002). Humphrey and
Schmitz (2002), in studying the impacts of insertion upon
upgrading, had argued that organisations could insert
themselves into global markets in unique ways. These
ways may include marketing, advertising, tendering, rep-
utation and word of mouth (Humphrey, Schmitz 2002).
You-Wei and Jin (2005) had found that gradual inser-
tions of Chinese organisations into global markets over
time noticeably improved FDI and international trade.
They had also advocated a need for some organisations
to improve upon their marketing strategies (You-Wei, Jin
2005).

1.2. Project governance and cooperation

The LNG infrastructure project client would have some
degree of control over the organisations in the scaffolding
supply chain. Such control would be achievable through
some form of alliance arrangement between the organi-
sations without the need to subcontract necessarily. For
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instance, the LNG infrastructure project client’s control
over the functions of subcontractors would be limited and
often divorced from their real time issues of resourcing,
quality and productivity (Webster ef al. 1997). The con-
tinual need for organisations within supply chains to con-
tinually improve their cooperation and innovate would
call for them embracing effective information technolo-
gies (IT), just in time (JIT) deliverables, as well as total
quality management (TQM) (Jones, Kraatz 1997). In-
deed, the late twentieth century has witnessed the begin-
nings of an ever increasing dependence of activities upon
computerised IT (Webster et al. 1997).

1.3. Project coordination, communication and infor-
mation flow

The conditions of the contracting and subcontracting ar-
rangements implemented significantly influences the de-
gree of coordination, communication and flow of infor-
mation between organisations in a supply chain (Titus,
Brochner 2005). Jha and Iyer (2006) had found the main
factors that determine coordination in Indian projects to
concern planning for quality, remediating defects, opti-
mising resources, project stakeholder inputs, contract
documents, as well as continuous improvement. Depend-
ing upon these conditions, the contractor may even be
obliged to propose their list of subcontractors for the cli-
ent to approve before commencing the LNG infrastruc-
ture project (Jones, Kraatz 1997). Likewise, a representa-
tive of the head contractor had emphasised this approach
in his reflection of the LNG infrastructure project:

“Lessons were learnt between all the parties
... Use the same contractors in future who are
aware of historical issues” (head contractor
representative).

Typically, there are metaphorical boundaries that
physically separate subcontracted organisations in the
supply chain which would serve to reduce the real time
interactivity between the offsite manufacturing of scaf-
folding products and the contractor’s work after their de-
livery onsite. The following scaffolding products in use
for an LNG infrastructure project would typically be the
same as those used within other project types (Atlantic
Pacific Equipment Inc. 2017):

- Ring locks — these normally include spigots, brac-
es, brackets, transoms, castors, collars, ledgers and
jacks;

— Tubes — these are either aluminium, steel or a com-
bination of both, which normally include joiners and
fittings; as well as

- Working platforms — these normally include clamps,
planks and toe boards.

The contractor still needs to communicate require-
ments and issues with their subcontracted scaffolding sup-
plier, which would in turn affect the delivery to the site. A
dynamic information exchange between them should ex-
ist so that the LNG infrastructure project client’s require-
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ments could, at least in part, influence the manufacturing
of scaffolding products to be supplied. This is because
the separation of organisations in the scaffolding supply
chain would not make such dynamic communication easy
(Standen 1995; Webster ef al. 1997). This would more
importantly require a LNG infrastructure project culture
based upon mutual support and trust. Achieving both of
these would be much easier said than done. Especially
after the risks associated with subcontracting are factored
into consideration (Hartmann, Caerteling 2010).

1.4. Subcontracting risks

To distinguish between the characteristics of LNG infra-
structure subcontracting, as well as the context of scaffold
supply in particular, would require the consideration of
selecting organisations within the supply chain, control
of manufacturing the products and scheduling the work
(Webster et al. 1997; Government of Western Australia
2012). This would be because Enshassi et al. (2012), in
their survey on the causes of subcontracting issues, had
found the main risks to be the potential for subcontractor
replacement during work, financial problems when pro-
gress payments were delayed, non-conformances or con-
traventions, as well as inadequacies in the quality of their
workmanship. Knowing the contractor’s vulnerabilities, a
subcontractor may renege on their agreement. Likewise,
the supplier’s opportunism could also be a risk to the
contractor if sole sourcing is a subcontracting policy of
theirs (Artto et al. 2008; Enshassi et al. 2012).

1.4.1. Subcontractor selection

Subcontractor selection is an issue of concern for con-
tractors, particularly in the supply of scaffolding, and
can be performed at two or more levels. At level one, a
list of external organisations that could supply the nec-
essary manufactured scaffolding products when subcon-
tracted are generated and evaluated, sometimes through
a formal corporate appraising procedure. Agreements to
arrange work for the listed organisations could also be
made informally. At levels two and beyond, the subcon-
tracted supplier would then in turn need to subcontract
the delivery of the necessary scaffolding products that
complies with the contractor’s program. This process
could be based on straightforward working relationships
of trust (Artto et al. 2008; Hartmann, Caerteling 2010).

Manu et al. (2015) had found the main factors in-
fluencing trust to concern change management, payment,
economic situation, future work, performance and cir-
cumstance. Additionally, Liu ef al. (2015) purport that
culture influences beliefs, thoughts, practices and behav-
iours. Each of these would serve to increase the LNG
infrastructure project risks, particularly when they dif-
fer from those of the host country and inform the risk
management of each stakeholder organisation (Liu et al.
2015). These factors may also make the subcontracting
process a complex mechanism of business transactions
(Artto et al. 2008).
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1.4.2. Project scheduling

Any models that simulate long term or permanent sub-
contracting relationships would be of minimal relevance
to the case studies presented in this paper as LNG infra-
structure projects by their nature are bespoke and have
temporary durations (Webster et al. 1997; Government
of Western Australia 2012). Despite previous studies on
the project schedule, none of them would explicitly ad-
dress the scheduling of the scaffolding supply chain in
particular. Moreover, the scaffolding supply chain is a
dynamic process that normally requires continual com-
munication of information on the requirements of the
manufactured products in real time so that orders can be
modified and any defects returned for replacement under
warranty without delaying the LNG infrastructure project
schedule (Standen 1995). Ironically, it is from this real
time awareness that would also come an ability to fore-
cast the future work of every organisation in the scaffold-
ing supply chain in order to help them better keep track
of their human resourcing and productivity (Hartmann,
Caerteling 2010).

1.5. Subcontracting procurement strategies

Subcontracting arrangements have been established for
various reasons. Subcontracting based on capacity is es-
tablished to satisfy a sudden demand and can indicate
the firefighting tendencies of organisational management.
Contrastingly, subcontracting based on specialisation is
established to obtain the specialist expertise and technol-
ogy that would otherwise not be available. The outsourc-
ing of oil and gas technology would often be an initial
firefighting reaction. This could occur to fulfil a need and
the imbalance may result in incompatibilities with the rest
of the group (Webster et al. 1997).

On the other hand, subcontracting based on eco-
nomics is established when it is cheaper for another or-
ganisation to do the work than it would otherwise be in
house (Webster et al. 1997). Subcontracting based upon
both specialisation and economics can reveal the busi-
ness sustainability focus of organisational management
(Artto et al. 2008). It is primarily based upon capacity,
specialisation, as well as economics, which influence or-
ganisations to implement traditional, design and build, or
divided approaches toward their subcontracting practices.
The main characteristics, advantages and disadvantages
of each subcontracting procurement method are provided
in Table 1 (Standen 1995; Webster ef al. 1997; Rowlin-
son, McDermott 1999; Walker 2007; Walker, Rowlinson
2008; APCC 2014; McGraw Hill Construction 2014).

Whilst the divided contract approach would not be
an established type of contract in the construction indus-
try, their procurement methods of project manage and
management contracting would be. Both of these pro-
curement methods would fundamentally share the same
characteristics, benefits and shortcomings. The divided
contract approach has been used to describe the contract-
ing of all the project risks onto either a particular person



Journal of Civil Engineering and Management, 2017, 23(8).: 1136—1147

Table 1. Characteristics of subcontracting procurement methods

1139

Sll)lbcontractmg Main Characteristics Advantages Disadvantages
rocurement
Traditional Design; - Contractor owns design and fabrication; Commercial contracting;
Approach Bid; and - Specialists undertake the work; Requires understanding of ar-
Build. - All responsibility and risks are trans- rangement;
ferred onto the contractor; Requires sound understanding
- Creates opportunities for practitioners; of tax implications;
- Subcontractors used to maintain pro- Lump sum payment;
ductivity; Selection based upon lowest
- Increases business flexibility; price;
- Facilitates greater market competition. Problematic and adversarial
working relationships.
Design and Build, operate and - Design and fabrication by same entity; Requires justifying design /
Build transfer (BOT); - Simple singular accountability; fabrication methodology;
Approach Build, own, operate - Overlapping of design and fabrication; Subcontracting based upon
and transfer (BOOT); - Opportunity to increase efficiency; specialisation / economics;
Build, own and man- - Various financial, leadership and pay- Promotes firefighting reactions.
age (BOM); ment options.
Turnkey; or
Novation.
Divided Project management; - Tailor made to suit certain character- No established criteria;
Contract or istics; Commercial contracting;
Approach Management contract- - Subcontractor prices included into con- Requires understanding of ar-

ing.

tract sum;

Performed by the people involved,
Incompatibilities can either be em-
braced / neglected / outsourced;
Specialists can undertake the work;
Subcontractor responsible for own edu-
cation, practices and efficiencies.

rangement;

Requires sound understanding
of tax implications;

Lump sum payment;
Selection based upon lowest
price;

Problematic and adversarial

working relationships;
- Ensuring cooperation and con-
structability require effort.

or entity by the client. This person or entity would rep-
resent them in managing the project on their behalf. In
doing so, the management person or entity would then
typically divide their entire project risks onto the other
stakeholders engaged, often in whichever way they see
fit. This division of project risks onto the other stake-
holders would normally be undertaken through the use
of subcontracts (Walker, Rowlinson 2008; CIOB 2010;
Hartman, Caerteling 2010; APCC 2014).

1.6. Theoretical foundation and research gap

From a macro perspective of scaffolding research, the
related previous studies primarily focus upon its safety
and design, particularly for different scaffold systems
and their materials. With regard to the scaffolding supply
chain, recent literature has merely associated the existing
outsourcing and subcontracting principles for scaffolding
practice in LNG projects. Basically, the generic nature
of these management theories for the scaffolding supply
chain may not be suitable for the highly complex and of-
ten unstructured practices of these projects. Scaffolding
research has continued to evolve and develop due to lim-
ited empirical data and the need for better productivity of
scaffolding practice in LNG projects (Hou et al. 2017).
Consequently, different managerial approaches have been

developed and used in the scaffolding supply chain, par-
ticularly during the planning stage of the project (Kim
et al. 2016), as well as operation of the constructed facil-
ity (Kumar et al. 2013). There is an obvious lack of fun-
damental research on scaffolding procurement. Therefore,
analysis of scaffolding procurement is required, particu-
larly to determine the characteristics of its supply chain
in LNG projects.

2. Methodology

Due to the required in-depth analysis of subcontracting
practices in scaffolding, the case study was adopted in
the research methodology (Yin 2013). More importantly,
other reasons why a case study was preferred over other
field research methods would be due to its ability to en-
able an investigation of complex issues with scaffolding
subcontracting through exploration and address the objec-
tives of this study (Flyvbjerg 2006). Chan ef al. (2008)
have adopted a similar data gathering method to deter-
mine what causes falls from scaffolding to happen during
maintenance and repair work. The case study was con-
ducted primarily through obtaining information from and
permissions to interview the stakeholders involved in an
Australian LNG infrastructure project. Multiple unstruc-
tured qualitative interviews were conducted with twelve
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(12) of the practitioners involved in a period throughout
2015 and early 2016.

The number of practitioners interviewed who were
involved in the same LNG infrastructure project was also
the principle behind the selection of case study organi-
sations. Because they were employed by the organisa-
tions being studied, their involvement in this LNG in-
frastructure project would have ranged from direct to
indirect. For example, this meant that those interviewees
employed by an organisation being studied, but were not
directly involved in this particular project, had also been
included together with the research participants sampled.
While the conclusions drawn from these case study or-
ganisations may not universally apply for every project
type, the collective experiences of this extended number
of research participants were not be limited to LNG in-
frastructure projects. Their roles in the scaffolding sup-
ply chain were as representatives of the head contractor,
supplier and transportation company. These respondents
were initially contacted via email correspondence. They
had been selected on the basis of their involvement in the
same project and were employed in senior management
roles at their organisations.

A pilot semi-structured instrument had been used
for the first four (4) research participants interviewed to
determine its effectiveness. Some minor alterations had
been made to refine the interview instrument. The refined
instrument had been used for the remaining interviews
then after. Other than particulars on their name, organi-
sation, role and profile, the following probing questions
were asked using a generic interview protocol — What
does your organisation do? Have you come across any is-
sues while working with your client on this project? Have
you come across any issues while working with your sub-
contractors on this project? What could have been done to
prevent the issues encountered? What can be done to im-
prove learning to prevent the issues encountered? Would
you have any other comments? It was discovered during
the preliminary pilot interviews that the scaffolding sup-
plier, as well as the transportation company, generally did
not have access to the budgetary information of the LNG
infrastructure project they were subcontracted in. Hence,
it was not possible to obtain information on the project
budget from the supplier and transportation company rep-
resentatives sampled. This information would have been
biased as it is normally limited only to the head contrac-
tor involved.

From the many approaches of conducting a case
study, the process oriented approach had been used pri-
marily to inquire into instances of scaffolding subcon-
tracting and present meaningful findings on the current
situation (Flyvbjerg 2006). These qualitative inquiries
had served to make sense of the underlying philosophi-
cal influences of scaffolding practices. Therefore, three
(3) organisations were selected. Whilst all the organisa-
tions selected operate their businesses within Australia,
the first two of these would actually be global companies
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with their origins in Germany and United States respec-
tively. This served as a qualitative ethnographic study that
investigated how the scaffolding practices could be dif-
ferentiated between each of the organisations (Merriam,
Tisdell 2015). An ethnographic study is defined by Mer-
riam and Tisdell (2015) as the “focusing on the cultural
dimension of a specific case”. Benefits, shortcomings,
risks and procurement strategies associated with each of
the subcontracting arrangements would be discussed in
the forthcoming section.

3. Results and analysis
3.1. Scaffolding subcontracting case studies

Subcontracting arrangements between organisations in
the scaffolding supply chain could either include supply-
ing, delivering, labour or a combination of any of these.
Their activities will be described based on the issues of
current practice in scaffolding previously reviewed. As
mentioned previously, different procurement strategies
would have some influence upon the contractual roles
and responsibilities of the project client, as well as other
stakeholders. The project client communicated a set of
requirements to the head contractor for them to construct
their deliverables. The head contractor had subcontract-
ed a supplier who could satisfy their requirements for
scaffolding to be delivered onto the site. The scaffolding
supplier would then subcontract out the transportation of
their products.

3.2. Organisation one

Organisation one is the head contracting company that
specialises in carrying out the planning, management, ex-
ecution and maintenance of various large scale resource
facilities. Their tailor made integrated solutions and ser-
vices are aimed toward general improvements in the ef-
ficiency, safety and comfort of life within industrial work-
ing environments. The familiarity of the head contractor
with issues that emerge from various industrial situations
like continuously changing project conditions, require-
ments for new materials and legislative changes usually
mean that they are capable of providing solutions to each
of these. The head contracting company itself has over
a century of experience with LNG infrastructure project
involvement (Kaefer Integrated Services Pty Ltd. 2015).

Table 2 presents a matrix of the organisation two
business models centred upon organisational and project
management, as well as fabrication and maintenance. It
entails the interrelated business functions and capabilities
of the head contracting company based upon three (3)
groups of employed in house and contracted external peo-
ple. Their boards of directors are responsible for devel-
oping strategies, implementing standards and systems, as
well as promoting economic activity in the regions where
they operate. The head contracting company’s business is
divided into their industrial, marine, offshore, fabrication
and maintenance operations. Its corporate headquarters
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(HQ) are responsible for the contract administration and
obtaining the technology they require, as a representative
of organisation one had explained:

“The contract admin is most important. Because
it is here that checking and rechecking would
correct many human errors” (head contractor
representative).

Table 2. Matrix of organisation one business functions and
capabilities

Business Business Business
model functions capabilities
Organisational ~ Board of - Strategy developing;
and / or Directors - Standards implementing;
Project - Systems implementing;
Managing and / or
- Regional activity pro-
moting.
Corporate - Administration; and / or
Headquarters - Technology.
(HQ)
Fabrication and / or - Industry;
Maintenance Operations - Marine; and / or
- Offshore.

3.2.1. Subcontracting benefits to organisation one

There would be some benefits to organisation one associ-
ated with them subcontracting external companies. They
have established some close contractual partnerships with
other stakeholders in the oil and gas industry that en-
able them to deliver bespoke technological innovation.
It specifically enables them to employ expertise in order
to carry out some of the fabrication, refurbishment and
servicing work. Each of these would include the supply
and delivery of scaffolding. In this instance, relying on
the combined knowledge and expertise of their subcon-
tractors provide the head contractor with the ability to
guarantee the timely delivery of efficient and innovative
solutions to their client upon completion of the project
that is within their budget (Kaefer Integrated Services Pty
Ltd. 2015).

3.2.2. Subcontracting shortcomings and risks to organi-
sation one

Conversely, there would also be shortcomings and risks
to organisation one associated with them subcontracting
external companies. The harsh demands of the LNG in-
frastructure project had often brought challenges to the
subcontracted team. The head contractor had to meet the
project client demands for a great degree of technical
knowledge, competency, management, safety and quality
in workmanship. For example, workers on the offshore
platform were constantly exposed to large amounts of
ambient noise from engine rooms, even in their areas of
accommodation. The head contractor had a set of princi-
ples to manage such a responsibility, which was included
when the supply of scaffolding was subcontracted out-
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ward onto organisation two. The responsibility of manag-
ing noise upon the delivery of scaffolding onsite was in
turn forwarded onto organisation three (Kaefer Integrated
Services Pty Ltd. 2015).

3.2.3. Procurement strategy of organisation one

The head contractor (organisation one) was involved in
this LNG infrastructure project from when they were
commissioned by their client from the outset prior to the
design stage. They had claimed that this LNG infrastruc-
ture project is constructed under a turnkey procurement
method to help ensure the safety and comfort of working
life in the facility (Kaefer Integrated Services Pty Ltd.
2015). Under the procurement method, this mantra for
safe and comfortable onsite working conditions would be
ensured predominantly through their capability of imple-
menting the acceptable relevant AS / ISO standards for
each. Being situated under the metaphoric umbrella of
the design and build procurement approach, the turnkey
method would presuppose that organisation one is also
capable of providing their own scaffold systems in house.

In contrast to the traditional approach, Table 1 shows
the main characteristic of design and build procurement
would generally be when both the designing and fab-
ricating work is legally contracted onto a single entity
(McGraw Hill Construction 2014). This would emphasise
the benefits of its relative simplicity in singular account-
ability, as well as an opportunity to increase efficiency by
overlapping both the design and fabrication (Rowlinson,
McDermott 1999). Despite these benefits, a shortcoming
with this procurement method is that using a contractor
to justify a design and / or fabrication methodology could
initially be regarded a fire fighting reaction, particularly if
used to reduce the amount of unionised labour involved
(Webster et al. 1997). Yet, other benefits are that the
supply of manufactured scaffolding products would still
normally be outsourced onto a subcontracted supplier for
purposes of specialisation or economics. Again, despite
these benefits, another shortcoming of subcontracting for
this purpose would also be a fire fighting reaction (Web-
ster et al. 1997).

All of these characteristics of design and build pro-
curement may well still be true for their manufacture,
supply and / or delivery to the site. Despite these capabil-
ities and the peculiarities of a design and build approach,
organisation one did not pursue to provide their own scaf-
fold systems. Instead, they appeared to have implemented
a fundamental aspect of the divided contract approach
to procure scaffolding by subcontracting its supply onto
organisation two for their own organisational interests.

3.3. Organisation two

The supplier company has been specialising in and offer-
ing complete scaffold solutions to fulfil the specific re-
quirements of their customers for almost two decades. In
their specialisation, they have been supplying scaffolding
to an extensive range of projects across various industries



1142

and adhere to rigorous quality assurance procedures. The
supplier company utilises their expertise and commit-
ment toward safety in providing a range of scaffolding
products including ring locks, tubes, clamps and work-
ing platforms. They are capable of offering creative scaf-
folding solutions tailored for the bespoke requirements of
their customers, as a representative of organisation two
describes (Atlantic Pacific Equipment Inc. 2017):

“For the material ... This is what you want
(brief). Then, let them determine what they want
to modify to suit their budget. Or change the
budget” (scaffolding supplier representative).

The supplier company has been continuing their
expansion internationally. Through their subcontracted
logistics company (organisation three), they are able to
consistently supply complete scaffold solutions to their
customers (Atlantic Pacific Equipment Inc. 2017).

Table 3 presents a matrix of the organisation two
business model centred upon both the supply and super-
vision of scaffold equipment. It entails the interrelated
business functions and capabilities of the scaffold sup-
plying company based upon six (6) groups of employed
in house and contracted external people. The supply of
scaffolding equipment can either be rented, sold, leased
toward ownership or undergo their buyback program.
Their planning and estimating operations has responsi-
bilities in the workface, critical path and reviewing mile-
stones. The designing and engineering functions of the
scaffold supplying company encompass the selection of
materials and labour estimates to produce shop drawings.
The managing and consulting responsibilities of the scaf-
fold supplying company can be at the project level, with
superintendents, as well as providers of safety personnel,
engineering design and product training. They conduct
facilitating and training of scaffolding globally that can
include their onsite yard setting up. Their tracking and
reporting functions involve database creation.

3.3.1. Subcontracting benefits to organisation two

There were some benefits identified by organisation two
associated with being the subcontractor for the supply
of scaffolding. Their involvement with organisation one
had provided them with some additional exposure into
the resources market to diversify the capabilities of their
business further. In particular, by attracting more work in
both the short and long term future on the back of their
scaffolding supply to this LNG infrastructure project. The
scale of income received from a contractor in the resourc-
es sector would typically be significantly greater than
from many of its counterparts that operate within other
sectors of the Australian economy. There were also some
benefits identified by organisation two associated with
them subcontracting out the transportation of scaffolding.
The most obvious of these would be that the transporta-
tion of scaffolding responsibilities was not entirely theirs.
They were also able to harness the transportation exper-
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Table 3. Matrix of organisation two business functions and
capabilities

Business Business Business
model functions capabilities
Scaffold Supplying - Rental supplying;
Equipment Arrangements - Sale supplying;
Supplying - Lease to owning; and / or
- Buyback program.
Planning and /- Workface planning;
or Estimating - Critical path; and / or
- Milestone reviewing.
Designing - Design of scaffold mate-
and / or rials;
Engineering - Labour estimating; and /
or
- Shop drawings.
Scaffold Managing and - Project managing;
Equipment /or Consulting - Superintendents;
Supervising - Safety personnel;

- Engineering design sup-
porting; and / or
- Product training.

Facilitating - Global facilitating;
and / or - Onsite yard setting up;
Training and / or
- Scaffolding training.
Tracking - Database creating; and /
and / or or
Reporting - Reporting.

tise of their subcontractor. This enabled them to make
significant savings on both the associated time and outlay
costs of transportation. This would be consistent with the
suggestion of Errasti et al. (2007) that cost savings could
indeed be made by outsourcing activities onto suppliers
with access to the procedural knowledge required.

3.3.2. Subcontracting shortcomings and risks to organi-
sation two

Conversely, there were some shortcomings and risks
identified by organisation two associated with being the
subcontractor for the supply of scaffolding. The responsi-
bility for supplying the adequate quantities of scaffolding
products as and when they are required was theirs alone.
This was problematic when scaffolding product short-
ages were encountered. The responsibility for the safety
of scaffolding supplied was also theirs. There were also
some shortcomings and risks to organisation two associ-
ated with them subcontracting out the transportation of
scaffolding. The supply of scaffolding products included
warranties to cover their replacement for manufactur-
ing defects. These were claimed by the head contractor
regularly for defects in stability, load bearing capacities
and quality. These claims had significantly added to the
transportation costs of the supplier in particular, much of
which was not covered as a contingency in their quota-
tion to the head contractor. Because the transportation of
their scaffolding products was subcontracted out, the sup-
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plier subsequently had very limited control over quality
and delivery times.

3.3.3. Procurement strategy of organisation two

Organisation two was initially requested by the head con-
tractor (organisation one) to provide a quotation for the
supply of scaffolding in this LNG infrastructure project
following its design stage prior to construction without
a tender process. This had established that they were
subcontracted under a project management procurement
method of the divided contract approach. The scaffolding
supplier (organisation two) had advocated that they too
would engage in subcontracting practice in order to sup-
port the capabilities and functions of their business. In this
case study, they had subcontracted the logistics company
(organisation three) under a divided contract procurement
approach, but through the management contracting pro-
curement method. This is because organisation two and
their subcontractor would have no other involvement in
the LNG infrastructure project than what they had been
contracted to undertake. As a representative of the scaf-
folding supplier had emphasised, they would require a
conscious effort to ensure cooperation and effectively
improve design constructability (Morledge ez al. 2013):

“Contracted staff is to be responsible for their
own education of current building practices
and environmental efficiencies” (scaffolding
supplier representative).

Table 1 shows the main characteristics of the divided
contract procurement approach would indeed comprise
the methods of both project manage and management
contracting (Rowlinson, McDermott 1999; Walker 2007).
A significant shortcoming with the divided contract ap-
proach would be that there are actually no clearly estab-
lished criteria set for selecting any of these methods. This
is because of its perceived benefit that they would be tai-
lor made to better suit certain characteristics of an LNG
infrastructure project in particular (APCC 2014). Another
benefit observed with the divided contract approach was
that prices provided by subcontractors for their contri-
butions would be factored into the overall contract sum
(Standen 1995).

3.4. Organisation three

The logistics company regularly operates over 600 of
their vehicles to a dozen cities and towns throughout Aus-
tralia based on customer demands. The logistics company
has seven depots with hardstand and warehouse storage
facilities in three of these cities and towns across West-
ern Australia. Their resources logistics operations support
the supplier company (organisation two) through goods
receiving, storage, container packing, shrink wrapping of
equipment and transportation (CTI Logistics Ltd. 2015).
The logistics company has also installed satellite tracking
Global Positioning System (GPS) technology into all of
their vehicles to enhance their service by being able to
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inform organisations within the supply chain on the loca-
tions of freight being delivered at any given time (Nav-
man Australia 2014). This satellite based system gives
all of their vehicles the visibility to be monitored at any
time from the moment they depart a location. The GPS
technology also enables communication with their driv-
ers anytime, particularly when they are located outside
the mobile phone coverage (CTI Freightlines 2015). The
extent of communication possible with the use of this
technology had also been expressed by a representative
of organisation three:

“Communication between all the parties in-
cludes the consultants, clients and contractors”
(transportation company representative).

Table 4 presents a matrix of the organisation three
business model centred upon both the supply and storage
of general goods. It entails the interrelated functions and
capabilities of the transportation company based upon six
(6) groups of employed in house and contracted external
people. The largest of these would be their transporting
function that is responsible for couriers, parcel deliver-
ing, taxi trucking, fleet managing, hauling, container and
freight forwarding. The transportation company also has
a manufacturing function is responsible for plumbing fit-
tings and un-plasticised polyvinylchloride (PVC) inject-
ing. Their warehousing and logistics function is respon-
sible for distributing, temperature controlled and bulk
product storing, picking, packing, as well as stock con-
trolling. Its records managing function is responsible for
storing, imaging, scanning and destructing documents.
Their pest controlling function is responsible for termite
inspecting and treating, quarantining, as well as fumi-
gating. Its securing function is responsible for alarming,
closed circuit television (CCTV) installing, monitoring,
servicing and accessing control systems.

3.4.1. Subcontracting benefits to organisation three

There were some benefits to organisation three associ-
ated with being the subcontractor for the transportation
of scaffolding. Their involvement with a major customer
like organisation one would be likely to ensure that more
income would be generated from a greater continuation
of work. This would particularly be true in the limited
pool of competitors within the local freight transporta-
tion market with the same capabilities to transport fragile
goods from Perth to the Pilbara and even interstate into
the Northern Territory of Australia. The involvement of
organisation three with a supply chain to the oil and gas
industry has added to the diversification of the transporta-
tion services this company would be capable of providing.

3.4.2. Subcontracting shortcomings and risks to organi-
sation three

Conversely, there were also some shortcomings and risks
to organisation three associated with being the subcon-
tractor for the transportation of scaffolding. The scaffold-



1144

Table 4. Matrix of organisation three business functions and
capabilities

Business Business Business
model functions capabilities
General Manufacturing - Plumbing fittings; and / or
Goods - Un-plasticised polyvinyl-
Supplying chloride (PVC) injecting.
Transporting - Couriers;

- Parcel delivering;

- Taxi trucking;

- Fleet managing;

- Heavy / line hauling;

- Container transporting;

and / or

- Freight forwarding.
General Warehousing - Distributing;
Goods and / or - Temperature controlled
Storing Logistics product storing;

- Bulk product storing;
- Picking / packing; and / or
- Stock controlling.

Records - Storing;
Managing - Imaging;
- Scanning; and / or
- Document destructing.

Pest - Termite inspecting / treat-
Controlling ing;

- Quarantining; and / or

- Fumigating.
Securing - Alarming;

- Closed circuit television
(CCTV) installing;

- Monitoring;

- Servicing; and / or

- Accessing control systems.

ing products also needed to be handled carefully due to
their fragility upon imposed impacts, weights and heat.
Toward this end, all of the straps, ratchets, chains, bind-
ers, crates and containers used had to be in good condi-
tion, as well as effectively positioned prior to travel. The
single way distance the vehicles owned by this company
were required to travel was at around 1,400 kilometres.
The return journeys were toward the safety limits of their
freight transportation capabilities (CTI Freightlines 2015).

The potential for an emergency, like a breakdown,
required their vehicles to carry adequate potable water
and be tracked by GPS technology from Navman Aus-
tralia (2014). The drivers were to have rest breaks of at
least 30 minutes for every 5 hours of travel time, which
was an important measure to avoid fatigue and refuel the
vehicle. Information provided by the Australian Govern-
ment’s Bureau of Meteorology was monitored before and
during these trips for any warning of adverse weather
conditions that could have potentially delayed the trans-
portation of scaffolding products along this route. Ad-
verse weather conditions were identified as a major risk
to their estimated travel time of 17 hours plus resting
breaks. Beyond the Perth metropolitan area traffic was
not identified as a major risk to their estimated travel
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time, particularly as much of the planned route involved
travelling along Northwest Coastal Highway (Common-
wealth of Australia 2015; CTI Freightlines 2015).

3.4.3. Procurement strategy of organisation three

Organisation three was involved in this LNG infrastruc-
ture project during its construction stage as and when
their logistics services were required by the scaffolding
supplier (organisation two) without a tender process. This
had established that they were also subcontracted under
a management contracting procurement method of the
divided contract approach. Organisation three had been
contracted to support the scaffolding rental supplying
capability of organisation two. At the time of this case
study, they had been contracted for the LNG infrastruc-
ture project duration only. Consequently, only the trans-
porting business function of organisation three had been
contracted. According to the logistics company (organisa-
tion three), there had not been a need to contract out any
part of their transporting business function onto another
subcontractor.

Table 1 also shows that the characteristics of this
particular untraditional procurement method would not
always necessarily be devoid of the problematic disad-
vantages inherent with the traditional approach (Walker
2007; Walker, Rowlinson 2008). Indeed, the management
contracting procurement method would essentially be
performed only by the people involved with it (Rowlin-
son, McDermott 1999; Walker, Rowlinson 2008). For in-
stance, the freedom that any incompatibilities of the scaf-
folding supplier could be either embraced, neglected or
outsourced further onto the company with the specialist
expertise in logistics and vehicles that are otherwise una-
vailable to them (Webster et al. 1997). Dependent upon
the situation and primary subcontracting objective, this
freedom could be either advantageous or disadvantageous
to the scaffolding supplier and logistics companies.

4. Discussion

The research has discovered that the decision for or-
ganisations to subcontract in oil and gas supply chains
would invariably involve implementing a divided con-
tract approach. This would be a deviation away from the
structured traditional bidding approach. It was under the
competitive traditional approach that the head contractor
had been contracted by the project client. Their selec-
tion may have been based either upon the lowest cost /
time, perceived quality, or premise that the organisation
had the complete set of capabilities to complete this par-
ticular LNG infrastructure project themselves. What is
clear from this LNG infrastructure project was that the
head contractor had indeed contractually engaged other
organisations to help them with procuring its delivera-
bles. In turn, this practice was also evident in each of the
subcontracted organisations throughout the scaffolding
supply chain presented in this paper.
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The research also has revealed that the question of
which procurement method is better for subcontracting
should be answered based upon priorities at the project,
rather than organisation level. Despite the megaproject
magnitudes of the oil and gas industry, the traditional ap-
proach is far too cost and human resource intense for its
procurement methods to also be implemented by subcon-
tracted organisations. This then remains the more self-
directed procurement methods of subcontractor selection
in the divided contract approach. Those that were used
for subcontracting in this supply chain were the project
manage and management contracting procurement meth-
ods. The project management procurement method was
found to be effective in saving costs and providing a sub-
contractor with greater market exposure, but can hinder
QA. Conversely, management contracting was found to
be particularly useful when the choice of subcontractor is
limited, but their risks can affect the entire project and are
more difficult for the contractor to control.

Conclusions

The contribution to the body of knowledge of this re-
search is through the presentation of the LNG infrastruc-
ture scaffolding supply chain, as well as the technical re-
view and analysis of subcontracting practices from three
case study organisations involved within it. Within this
supply chain, the organisations studied generally were the
head contracting, scaffolding supplying and transporta-
tion companies. The qualitative data was gathered from
a review of relevant literature, as well as multiple un-
structured interviews with 8 practitioners involved in the
oil and gas sector of the Australian construction indus-
try. These qualitative inquiries had served to make sense
of the underlying philosophical influences of scaffolding
practices.

The business functions and capabilities of three
case study organisations that were involved in the same
construction project have been presented. The benefits,
shortcomings and risks associated with the subcontract-
ing arrangements within the LNG infrastructure scaffold-
ing supply chain were then discussed. For this particu-
lar construction project, whilst it was found that all of
the business functions of the head contractor were used
in some way, the two subcontractors studied each had a
more diverse range of services to offer than what they
were contracted to perform. Critical to the profitability of
this supply chain, it was also found that issues relating to
QA, warranties and rework have the potential to mitigate
any immediate cost benefits obtained from the practice
of subcontracting certain business functions onto other
organisations.
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