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Abstract: This paper will be demonstrating a research framework on the need to boost the productivity
and efficiency of design-to-manufacture within the New Zealand construction industry. We outline and
address how the implementation of BIM can be an effective approach to streamline the flow of
information through design-to-manufacture for the construction sector. However, there are also many
issues which surround the application of BIM that also affects its value. Many users within the design-to-
manufacture supply chain mostly are unable to utilise BIM to its full capabilities. The research aims to
propose an effective strategy for which information of a BIM project can transition seamlessly throughout
a design-to-fabrication workflow. This improvement is to reduce conflict, minimise data loss and allow for
a smoother transition and handling throughout the design and construction process. The research is to be
delivered through six key stages. Currently, this research is in the initial stages of stage 2. Therefore this
paper will address the outcome of stage 1. The stages are as follows: (1) Recognise and identify barriers;
(2) Data collection; (3) Result analysis; (4) Formulate recommendations; (5) Pilot implementation; and (6)
Project review. While this research project is currently ongoing, this paper intends to provide awareness
for those involved in the New Zealand construction industry.
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1. Introduction

The Construction industry plays a significant role in New Zealand’s economy, contributing strongly to
employment, businesses and gross domestic profit (GDP). It is New Zealand’s fifth-largest sector by
delivering up to $18.9 billion to the country’s GDP and 10% of national employment (PWC, 2016). While
the construction sector is currently operating in a boom phase, it is also one of the most fragmented due
to poor productivity development and coordinating issues (Burns et al., 2016). Estimate figures from the
New Zealand National Pipeline Report (2016) published by MBIE show that the cost of poor productivity
in our building sector range as high as 20%, costing the New Zealand economy up to $1.2 billion annually.
The Value of the New Zealand Construction Sector report published by PWC (2016) states that labour
productivity in the sector is well below the national average. Whilst this is not uncommon amongst labour-
intensive industries, there is scope for significant improvements to advance the performance of the
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sector, thus also further benefitting the country’s economy. To challenge this issue, it requires
engagement from government, the industry and clients/ consumers. One of biggest reasons for this lack
of advancement has been defined as to be a combination of the collaborative needs in performing
construction projects, the level of skill and education required combined with the disjointed nature of
multidisciplinary disciplines within the Architecture, Construction and Engineering (AEC) industry
(Lindblad, 2013). The effect of poor productivity causes poor information flow throughout the supply
chain of a project. Thus causing disputes and rework which can lead to cost overruns and project delays;
ultimately resulting to extension times (Figure 1). Building Information Modelling (BIM) is presented as a
method to improve communication, coordination and interoperability, thereby improving productivity in
construction projects (BIM Acceleration Committee, 2016).
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Figure 6. Causes for reworking in Construction (Burns et al., 2016)

2. Background

The New Zealand BIM Handbook 2016 defines BIM as “a digital representation of physical and functional
characteristics of a facility. A building information model is a shared knowledge resource for information
about a facility, forming a reliable basis for decisions during its life-cycle; defined as existing from earliest
conception to demolition”. BIM is fundamentally an approach of working and managing information more
efficiently, for which all disciplines collaborate to create, use and embed data within a centralised digital
As-Built Model - to be utilised throughout all phases of before, during and after construction (Figure 2).
The accessibility and management of embedded data is used to improve the understanding and decision-
making from conceptual design right through to the operations and maintenance phase, thus increasing
the efficiency of a project. It is important to recognise that BIM is not all about the three-dimensional
modelling or the process itself, but the information being developed, managed and shared, in support of
better collaboration. The focus is on managing projects to get the right information to the right places at
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the right time. Effective collaboration and consistent information is essential to a successful BIM project
(BIM Acceleration Committee, 2016)

BIM is changing the AEC industry and the way that project teams work together (Figure 3).
Collaboration between consultants, architects, engineers, contractors and fabricators not only increase
project efficiency but also reduces risk and resolves conflicts before construction even begins. It is simply
a better way to build — faster and more efficiently. BIM goes well beyond the effective application of 3D
CAD, as a three-dimensional visualisation can better depict the story of how the systems and building
elements are to interact together (Corser, 2010).

THE PROJECT
LIFE CYCLE

2,
<,
%%

BUILDING
INFORMATION
MODELLING

Figure 2. BIM Project Life Cycle (BIM Acceleration Committee, 2016)
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Figure 3. An integrated workflow (Corser, 2010)

3. BIM in New Zealand

While BIM has the capabilities of streamlining the efficiency of AEC industries within New Zealand, many
barriers are hindering the growth and effectiveness of BIM. This is due in large part to the lack of BIM
understanding and user capability (Cunningham, 2015). A 2016 report led by Traffic in collaboration with
the BIM Acceleration Committee, conducted a series of interviews with eight leading industry
professionals within the design to manufacturing and construction industry. It outlined that participants
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within the New Zealand supply chain lack the BIM competence required to use the tools and processes
necessary for an efficient and streamline workflow. Often information delivered down the construction
supply chain were either incorrect, missing, duplicated or too complicated for the downstream user
requirements. It was thought that different members of the design-to-build process do not have clear and
mutually agreed expectations of the downstream user needs for professions such as contractors or
fabricators. Ironically, these barriers are hindering the efficiency of the workflow for a BIM project, leading
to difficulties in achieving full collaboration through the design and construction process (Traffic NZ Ltd,
2016). While recent surveys and reports from Eboss (2016) have shown a gradual increase in the
implementation of BIM within the New Zealand construction industry, many challenges still need to be
addressed to ensure that its real advantages are realised. Small and Medium Enterprises (SME) are
predominant in most economy structures around the world; therefore SMEs is essential for exploiting the
improvement of BIM (Machado, Underwood, & Fleming, 2015). New Zealand has not taken the same
approach as the UK regarding mandating BIM for all construction projects, and this mainly due to the lack
of government drive and client demand. To achieve this, it requires a cultural and technological shift
(Cunningham, 2015).

4. Lean and BIM

BIM represents a technology change but also a people and process change. The emphasis of streamlining
an organisations processes and workflows also align with Lean philosophies. Lean which is also short for
lean production or lean manufacturing is a systematic method for delivering a product or service, while
also maximising value (from the client perspective) and minimising waste - without also having to sacrifice
productivity. Lean aims to enhance productivity by simplifying the operational structure enough to
understand, perform and manage the work environment. The management principals of lean were
derived mostly from the car manufacturer Toyota. Ever since the growing success of Toyota, the core
principles have been adopted in other manufacturing sectors (Abdelrazig, 2015). The construction
industry uses lean to manage and improve the building process to profitably deliver customer
requirements. While Lean construction and BIM are both independent initiatives, each of which can be
applied without another, we can argue that there are synergies between them. Sack et al. (2010)
recognises these potential synergies and argue that any BIM implementation project enables, or is the
catalyst for a leaner organisational process. To effectively link design through to fabrication with the use
of BIM, a breakdown of the complete supply chain from the architectural design process through to
construction is required. Around the world different industries with complex manufacturing projects such
as the automotive and aerospace industry, are constantly innovating and improving their productivity,
focusing on the process of design and manufacturing components to be later assembled (Building and
Construction Authority, 2016). The construction industry can learn from these industries in streamlining
processes of design and construction, which can thereby reduce the time of projects while creating value
for the client.

5. Design for Manufacture and Assembly (DFMA)

Design for Manufacture and Assembly (DfMA) is a combination of two methodologies; Design for
Manufacture, which stresses the design for the ease of manufacturing parts that will form the final
product, and Design for Assembly, which underlines the design of components for the ease of assembling
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the final product. The purpose of DFMA is used to guide the design team by helping them identify, quantify
and eliminate waste or inefficiency in a product design. The solution starts by understanding the end
product. Therefore, DfMA is a component of Lean Manufacturing (Building and Construction Authority,
2016). With offsite fabrication saving both time and cost along with sustainable benefits, the use of DFMA
is increasing in the construction sector. The process of DfMA has three main components: digital design
tools using a computer-aided design (CAD) system, specifying how the digital design model is to be
manufactured using a computer-aided manufacturing (CAM) system, and a computer numerical control
(CNC) machine to fabrication. The application of DfMA can reduce the time to the finish of the final
product, thus reducing the overall product cost. Collaboration between the design and delivery is essential
for the use of DfMA. Therefore, BIM can be influential to support this coordination to facilitate and work
in harmony with DfMA. Implementing BIM into DfMA could enable the use of digital fabrication tools,
such as CNC machines to improve the construction performance and quality of products. By using digital
models and extracting the embedded data from within, it can streamline the processes of manufacturing
and assembling components for the final product. Therefore, the adoption of Lean construction together
with BIM can reduce the gap between designs to manufacturing. However, there is a need to address the
slow uptake of BIM to achieve integration across the whole supply chain (Machado et al., 2015).

6. Research Methodology

6.1. RESEARCH FRAMEWORK
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Figure 4. Research Framework

The study is to be delivered through six key stages: (1) Recognise and identify barriers; (2) Data collection;
(3) Result Analysis; (4) Formulate recommendations; (5) Pilot implementation; and (6) Project review
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(Figure 4). This research aims to contribute to these stages by; (a) reviewing the BIM skills gaps in the
industry as it applies to different members within the construction supply chain, (b) identify and outline
best practices of BIM, (c) illustrating the application of BIM in design-to-fabrication workflow, and (d)
interviewing and surveying industry participants and reviewing recommended case studies.

6.1.1. Stage 2: Data Collection

Primary data will be gathered from case studies, supplemented by interviews and surveys to deepen the
understanding of the constraints and opportunities for improving design-to-manufacture workflow.

i. Case Studies

Case Studies will be used to support current design-to-manufacture workflow within construction
industries. The proposed case studies are to be either precedent or current ongoing projects from local
or worldwide practices. We aim to identify best practices of successful BIM projects from design-to-
manufacture. Case studies are to also provide good secondary data for the analysis of this research. The
objective is to use a project example to understand a typical workflow from design to fabrication, analyse
potential blockages and review opportunities to get the most out of the supply chain participants (skill
and knowledge).

ii. Interviewing industry experts

The purpose of interviews is to complement the case studies and provide a deeper understanding of the
constraints of workflow within design-to-manufacture workflow in the construction sector. Those that
will be interviewed will have some expertise and connection with BIM within the design to the fabrication
process in the New Zealand construction industry. The interviews will be of a semi-structured type with
much freedom to elaborate both on the workflow processes and opportunities to improve. Interviews will
also target automotive and design fabricators, to gather further knowledge of their workflow in
comparison to the construction industry. The Traffic report (2016) of “Accelerating the introduction of
BIM” can be used to identify and further support ongoing issues within BIM projects.

iii. Surveying participants within the design-to-manufacture supply chain

Surveys will be allocated to specific organisations within the New Zealand construction industry, to gather
information from participants within the design-to-construction supply chain. We hope to achieve a
deeper understanding of the overall BIM knowledge and skill level of individuals, to identify the areas of
the supply chain that are hindering the workflow needed for improvement. The Eboss survey report
(2016) can be used to supplement data.

6.1.2. Stage 3: Result Analysis

This stage will be used to process and review the collection of data gathered from all methods of Stage 2:
Data collection. Data is to be grouped and summarised, as a means for analysis. Key information is to be
extracted from the raw data, for a detailed review and analysis of each of the organisation's current issues.
We will analyse key gains, risks and problems, and map out which areas of the design-to-manufacture
supply chain that require the most attention for improvement. From there, we will look at the best
established BIM workflows from around the world found through literature and compare the collected
data with the successful workflows.
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6.1.3. Stage 4: Formulate Recommendations

Based on the data captured in the previous stages, a customised BIM-based collaborative strategy plan is
to be formulated to streamline the flow of information through design-to-manufacture for the
construction industry within New Zealand. The proposed strategy is to be carefully plotted to establish
areas of improvement gain followed by processes, procedures, systems, practices and people capabilities.

6.1.4. Stage 5: Pilot implementation

Stage 5 is to implement the developed BIM-based collaborative strategy for design-to-manufacture
through an identified pilot project. A pilot implementation will be required to test the proposed strategy
for viability. Collaboration with an existing organisation is required for this stage. Therefore, it is critical
to link with an organisation within a DfMA environment that is willing to test and provide results.
However, due to nature and time constraints for this research, there will be limitations regarding testing
the full viability of the proposed strategy. If in that case, it is recommended that only a small part of the
proposed strategy will be tested for this research.

6.1.5. Stage 6: Review

A project review and evaluation along with further academic and industry dissemination of the results will
be presented. We will provide an impact assessment of the implemented strategy and its effectiveness
within a BIM based design-to-manufacture working environment. It is also important to address that in
terms of work flow strategies, there will be different workflows required for different project types and
for different variables; not all projects will be applicable for the proposed workflow strategy. We
understand and acknowledge the limitations to this study, and while the objective is not to provide a
workflow strategy to fulfil all BIM projects, we hope to provide evidence of methods for a seamless flow
of information from design-to-manufacture.

7. Discussion

This paper recognises the concerns surrounding the productivity and inefficiency of the New Zealand
construction industry. While BIM can be thought as the driving catalyst in injecting effective approaches
into the design-to-manufacture workflow, there remain many factors which hinder the value of BIM
altogether. It is believed that the issue lies with the need of a technological and cultural shift to get
individuals engaged with BIM. However, it is also important to recognise and focus on change
management strategies for continuous improvement in a learning organisation. Currently, this research
is at stage 2 of 6 stages. Although we are at an early stage of the research project, the purpose of this
paper is to address these current issues and provide awareness for those involved in the New Zealand
construction industry. The following proposed stage of Stage 2: Data Collection will be hugely significant
to the direction of this research; to find information gaps and approaches to improve on. If successful, the
collected data will be used to deliver an efficient strategy, for which information of a BIM project will
transition seamlessly throughout a design-to-fabrication process. From this, we hope to validate
established key benefits and confirm new advantages (if identified) and clarify the direction and objective
for future BIM research. However, due to nature of this project and possible time constraints, it may not
be feasible to come to a complete conclusion. Therefore, it is important to address these limitations and
provide recommendations for potential future work to further this research and provide for an efficient
built environment.
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