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ABSTRACT

As a way to minimize the waste of materials, time and effort to generate the maximum
value, the lean construction concept has been introduced successfully into the
construction industry. This paper first examines the implementation of the lean
construction principles, which is primarily focusing on waste reduction. The paper then
suggests the adoption of a process-based approach to integrate the lean principles into
the off-site prefabricated housing production. A case study on Hong Kong public
housing production is presented in this paper. The study analyses the detailed business
process along the supply chain of public housing production, which typically includes
the design, manufacturing of prefabricated components, cross-border logistics, as well
as on-site assembly and operation. Observations are made on the existing procedural
deficiencies from the perspective of the client. In order to further improve the efficiency
and increase the cooperation among various supply chain actors, information
communication technologies are implemented by the client based on the process-based
approach.
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Introduction

Housing construction poses a grave concern for cities with high population density,
such as Hong Kong. Currently, housing in Hong Kong is mainly supplied through three
channels: private housing, public rental housing (PRH), and subsidized housing under
the Home Ownership Schemes (HOS). The upsurge price of private housing has made
it only affordable to a small portion of the people while nearly half of the population is
now residing in some form of public housing [4]. There were over 100,000 applicants
on the waiting list for PRH [4]. To produce more public housing is a long-term strategy
for the local government. Table 1 shows the forecast public housing production from
2014/15 to 2016/17.

Table 1 : Forecast public housing production from 2014/15 to 2016/17 [Source: 10]

Year Public Rental Housing | Subsidized Sale Flats Total
2014/2015 12700 0 12700
2015/2016 20400 0 20400
2016/2017 15300 2200 17500
Grand Total 77800

Housing production in Hong Kong mainly adopted conventional construction
technologies which is characterized by fixed jobsites, labor intensive, formwork and
false work, cast-in- situ, wet trades, and bamboo scaffolding, as shown in Figure 1.

e

Figure 1 : Traditional construction technologies in Hong Kong

While cast in-situ construction technology has its own strengths (e.g. highly flexible to
design changes), it has received widespread criticisms. A local industry report
published by the Construction Industry Review Committee [6] in 2001 entitled
“Construct for Excellence” has critically pointed out the problems, including:
e Poor site safety record.
¢ Inadequately trained workforce.
e Unsatisfactory environmental performance. The construction activities
essentially disturb the environment, generating nuisance such as dust, noise,
muddy site run-off, and considerable amount of waste. In particular,
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conventional construction methods involve the use of significant amounts of
timber formworks and wet trades which produce large amount of wastes [13].

» Extensive use of traditional and labor-intensive construction methods. While
in-situ construction methods (i.e. construction work carried out on site) are well
proven and may be more economical when labor supply is sufficient, the output
quality hinges on the workmanship of construction workers. As the site
environment is less conducive to the consistently good outputs possible in an
established indoor production facility, close supervision is required.

e Declining productivity growth and high building cost. A number of factors may
affect the efficiency and productivity of local construction. Prevalence of labor-
intensive in-situ construction methods and relatively low investment in the use
of new technologies, inter alia, are obviously the perceived culprits.

Overseas construction industry is also facing the similar issues. Research has been
conducted to tackle and solve these problems [7], [12], [18], [23], [25]. Lean
construction, such as the use of prefabrication, standardized and modular components,
is considered as an effective way to enhance construction productivity and therefore the
current practice [6], {7], [9], {12], [18]. This paper examines the implementation of lean
construction and its implication on public housing in Hong Kong, through a case study.

From Lean Manufacturing to Lean Construction

Each organization strives to add value to their products via high returns on investment
in the long run, regardless of which industry. Lean manufacturing combines the
capabilities of the workforce with organizational techniques to achieve high outcomes
with fewer resources [1], [14], [19], [24]. Lean principles determine the goals of lean
manufacturing. Researchers have explored the following principles for lean
manufacturing, e.g. value specification, value stream (waste elimination), flow, pull,
and continuous pursuit of perfection [27].

However, due to the intrinsic characteristics of each industry, each organization
employs different means to achieve their objectives. For example, supply in the
manufacturing sector is an order-driven activity that is synchronized through the
material handling systems, whereas supply in construction projects is schedule-driven
because the process span is longer and the sequence of tasks can be affected by
unforeseen exceptions [23]. More importantly, the complexity of construction projects
is much greater due to its customization-oriented nature, as shown in Figure 2 below.

The lean concepts comprise a variety of production systems that share certain
principles, including waste minimization, responsiveness to change, just-in-time,
effective relationships within the value stream, continuous improvement, and quality
from the beginning [11], [23]. However, the implementation of lean construction
principles is in specific context of projects and rather fragmented [3], [20], [21]. Most
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of research in lean construction is focusing on waste reduction despite much work needs
to be done on project management principles to increase and maximize the value of the
client [12], [15], [18], [23]. This study focuses on the lean construction principles being
applied in public housing construction from the perspective of the client through a case
study.

Manufacturing Construction

<=
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standardisation standardisation standardisation customisation customisation

Standardisation
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Figure 2 : Standardization and customization {adopted from [16]}

Prefabricated Public Housing Production in Hong Kong

Prefabrication technology has been widely adopted by the Hong Kong Housing
Authority (HKHA) for its public housing projects, due to its higher efficiency, cleaner
and safer working environment, and better quality. There is a total of 12 prevailing
prefabrication construction components being used for public housing, namely precast
water tank, precast fagade, precast parapet, semi-precast slab, precast staircase, precast
refuse chute, precast water meter cabinet, precast stair landing, partition wall for
staircase, partition wall for kitchen, precast tie beam and precast bathroom. The
prefabrication sector serving Hong Kong is primarily located in the Pearl River Delta
(PRD) region due to lower costs of materials and labors.

The prefabrication housing development consists of several critical phases: (i) design;
(ii) prefabrication production; (iii) cross-border logistics; (iv) on-site assembly; and (v)
operation. As the project client, HKHA coordinates and monitors the project quality,
cost and progress, from the project inception stage up until the substantial completion
of the project. These entire phases are presented in Figure 3.
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Lean Construction Through A RFID-Enabled BIM Platform

Applying lean principles in public housing construction is different from traditional
construction and building projects for its wider use of cross-border prefabrication. With
the distinctive project natures, construction adopting lean construction should use a
project- based approach while industrialized housing should adopt a process-based
approach for its mass off-site production of prefabricated components [12]. The
process-based perspective goes compatibly with the initiatives and requirements of
supply chain management [5]; it shapes an analytic approach to mapping the structures
and relationships among the supply chain network, in order to apply the lean
construction principles.
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Figure 3 : Prefabrication housing production flow chart

Information communication technologies (ICT) including the geo-spatial database
infrastructure, building information modelling (BIM) and internet of things (IoT), such
as the radio frequency identification (RFID), have already been used to support
prefabrication construction by HKHA, as shown in Figure 4. BIM plays an important
role in supporting the prefabrication construction due to its powerful management of
digital presentations of physical and functional aspects. Currently, BIM software is able
to plan, design, construct, operate and maintain most physical infrastructures from
apartments to bridges [2]. Due to the advantages of compressed project cycle, increased
worker safety, and fewer environmental impacts, BIM supported prefabrication
construction has been adopted widely in the US, UK, Japan, South Korean, and
Singapore [2], [26], [8], [22].
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Figure 4 : The visionary roadmap of Hong Kong housing authority for ICT
applications

ICT could not just improve the efficiency and increase the cooperation among supply
chain actors, but it would also enhance lean construction for public housing production.
For example, the contractors and prefabrication suppliers may use the BIM models to
conduct clash-detection before project execution, which can save lots of time and cost
suffered from rework. Nevertheless, technological challenges still exist. The challenges
can be generally classified into three aspects: (i) the information gaps between
stakeholders, technologies and processes, caused by ‘a dummy BIM’; (ii) a lack of real-
time information visibility and traceability, due to ‘a blind BIM’; and (iii) the absence
of information interoperability between different stakeholders and their heterogeneous
enterprise information systems which create the ‘new information islands’ [17]. These
issues can be resolved through the development of a RFID-enabled BIM platform,
which follows the process-based approach. The envisaged RFID-enable BIM platform
can be used to visualize and manage information and material flow through real-time
visibility and traceability. The RFID tag embedded in the prefabricated components can
link all different work processes together to achieve integration and synergy, as shown
in Figure 5.

With the RFID-enabled BIM platform, the application of BIM technique can be
henceforth extended to the construction and operation phases. Historical data of
building and its components can now be kept for subsequent operation and
maintenance, during which the BIM of the built works can also be utilized. It should be
noticed that, instead of changing the current core business process, the envisaged RFID-
enabled BIM platform would gather real- time data associated with different processes.
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As aresult, the RFID-enabled BIM platform shall improve the accuracy and reliability
of the data acquired by the prefabrication yard and exchanged among stakeholders, as
well as the ability of project parties in response to design changes. The RFID tag
attached to the precast components can facilitate the tracking and tracing of the material
flow whilst the BIM model can provide support to information flow. Their integration
through the RFID-enabled BIM platform can enhance the management of flow and
buffer. Due to the improved accuracy and reliability, reduction in construction
recourses consumption and waste generation can also be achieved. On the other hand,
the project client can be benefited from obtaining real-time information from the
prefabrication production yard to the status of on-site assembly. Historical information
pertinent to stakeholders’ performance resided in the RFID-enabled BIM platform can
even be used to support future decision making, such as contractor and sub- contractor
selection.

Maintenance

Figure 5 : Lean construction through RFID-enabled BIM platform for integration and
synergy
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Conclusion

Majority of the lean-related principles and aspects identified in the literature review
have been focusing on minimizing wastes in the construction industry. This paper
presents a process-based approach from the perspective of the project client. The
applications of lean-related principals from the case study focuses on promoting BIM
together with other ICTs, to improve the efficiency and increasing the cooperation
among the supply chain actors. Technical problems in relation to prefabrication still
exist in the construction industry of Hong Kong. In order to solve these problems, a
RFID-enabled BIM platform is proposed in this study. This platform shall be able to
provide various services, tools and mechanisms to different stakeholders in order to
fulfil their daily operations and decision making. With that, the efficiency and
effectiveness of construction projects involving a large number of prefabricated
components can be improved thanks to the enhanced information sharing ability
provided by the proposed RFID-enabled BIM platform.

For the purpose of continuous improvement, future work should be carried out. First of
all, the industrial standards including but not limited to the Construction Standard
CS2:2012 and ISA 95 (International Standard for the Integration of Enterprise and
Control Systems) shall be integrated into the RFID-enabled BIM platform so that the
operations, behaviors and data formats can be standardized to further enhance the
efficiency and interoperability. Secondly, huge amount of activities data can be
captured and collected from prefabrication yards, logistics companies, and construction
sites where the precast components are finally assembled. Such data can be fed into
various analytical models to generate another layer of data, such as the embodied carbon
of construction components. All in all, the data captured and generated should carry
rich implicit information and knowledge which is indeed an invaluable asset for
advanced technologies in particular the ‘big data’ model development in future.
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