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The Chinese National Engineering Research Centre for Steel Construction (Hong Kong
Branch) (CNERC) was established under support of the Innovation and Technology Funds
of the Government of Hong Kong SAR in October 2015. The CNERC is dedicated to promote
technological developments of the Hong Kong Construction Industry, to enhance its
sustainable infrastructure developments, and to promote internationalization of its professional
services. The primary objectives of the CNERC are:
•

To establish a high-level technological platform to promote effective design and
construction of modern building and civil engineering structures as well as sustainable
infrastructure development in Hong Kong.

•

To advance technological capabilities of the Hong Kong Construction Industry in
design and construction of super high-rise buildings, long-span bridges and buildings
of large enclosure using high performance materials in Hong Kong as well as in
overseas.

The CNERC is keen to promote engineering research and application of modern construction
technology, and it is actively engaged with international as well as national exchanges in
innovative technology, design and construction of steel structures.
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Foreword
The Construction Industry is an important pillar of the Hong Kong economy, accounting for
about 8% of the Gross Domestic Product in Hong Kong. A safe and efficient construction
industry is important for social and economic reasons. “Industrialisation” is widely recognised
as the most effective approach to resolve the inherent problems of “on site construction”, which
is always associated with safety, quality and productivity issues.
The Hong Kong Construction Industry embarked on the "industrialisation journey" in the
1990s. It has successfully developed construction techniques using prefabrication and
mechanisation, which have contributed to bringing the industry to where it is today.
I commend Ir Professor Joseph Y.W. Mak for compiling the Professional Guide entitled “Design
and Construction of High-rise Residential Buildings in Hong Kong using Prefabrication and Mechanization”.
He generously shares with us valuable knowledge that he accumulated over 25 years as a senior
member of the professional team of the Hong Kong Housing Department, which is the pioneer
organisation in construction industrialisation in Hong Kong.
The Construction Industry is also indebted to Ir Professor K.F. Chung and the Chinese
National Engineering Research Centre for Steel Construction (Hong Kong Branch) for putting
this publication together which will benefit the Construction Industry immensely.

Chan Ka Kui, SBS, JP
Chairman
Construction Industry Council, Hong Kong
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Foreword
Hong Kong is often regarded as one of the leading global cities in the world because of its status
as a vibrant metropolis where East meets West, a global centre on international trade and
finance, and a most prominent gateway to China. In developing this global reputation, the
Hong Kong Construction Industry has played a significant role in the provision of the highquality built environment that has sustained the socio-economic development of the community.
Precast concrete construction is definitely one of the most important construction methods in
Hong Kong as it provides quality accommodation to more than half of its population. It is an
important engineering heritage of the Hong Kong Construction Industry, as the
accomplishment of tens of thousands of constructional professionals working diligently for over
three decades in constructing high-rise residential buildings for Hong Kong people.
I congratulate Prof. Kwok-Fai Chung, Director of the Chinese National Engineering Research
Centre for Steel Construction (Hong Kong Branch) at The Hong Kong Polytechnic University,
for his leadership in developing a series of “Professional Guides” to promote technological
advancement in sustainable infrastructure development in Hong Kong and beyond. I also
commend Professor Joseph Y. W. Mak for making available his valuable experience on precast
construction in the highly professional manner displayed in this Professional Guide entitled
“High-rise Residential Buildings in Hong Kong using Prefabrication and Mechanization”.
I am most delighted to have this opportunity to support this very valuable Professional Guide.
It is my hope that by leveraging effective construction such as prefabrication as well as modular
integrated construction technologies, we are able to address the needs of the community more
quickly, and deliver more top-notch infrastructure to support the further development of Hong
Kong in the coming decades.

Ir C. K. Hon, JP
Permanent Secretary for Development (Works)
Development Bureau
The Government of Hong Kong Special Administrative Region
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Foreword
Precast concrete construction has enjoyed a long history across the world. Structures composed
of precast units and sub-assemblies are widely constructed, combining factory production and
site assembly. Because of the diverse structural forms made possible, the enhanced structural
and architectural quality and the associated savings in time and energy consumption, this form
of construction has long attracted the attention of design and construction engineers. In recent
years, China has been implementing infrastructure developments, including new towns,
industrial facilities, and promoting green construction in the process. Many design and
construction engineers accept that the wide adoption of precast construction has huge beneficial
impacts. In 2015, the Central Government introduced many major reform documents
encouraging the development of precast construction, indicating that in the coming decade, this
construction method will play an important role in the rapid rate of infrastructure development
in China.
As a modern technology in the industry, precast construction for high-rise buildings faces a
variety of design, manufacture, site-lifting and assembly challenges. In parallel with continuous
breakthroughs in construction technology at home and abroad, various technological solutions
have been adopted over the past decades to facilitate its application in buildings in Hong Kong.
This Professional Guide, entitled “Design and Construction of High-rise Residential Buildings in Hong
Kong using Prefabrication and Mechanization”, is a consequence of this progress.
This Professional Guide is authored by Professor Joseph Y.W. Mak, Chief Engineer of the
Chinese National Engineering Research Centre for Steel Construction (Hong Kong Branch).
Joseph is a former Chief Engineer of the Hong Kong Housing Department. Over the past 20
years, he has witnessed and played a prominent part in the large-scale development of precast
concrete high-rise residential building in Hong Kong. This Hong Kong experience is expected
to play a major role in promoting the development of precast construction in China.
As a reader, you have the valuable opportunity to learn about the different technical issues
involved in many detailed Hong Kong engineering experiences. This Guide, therefore, provides
a definitive reference for all construction personnel, including design and construction engineers.
This applies, too, to graduate students in Hong Kong and the Greater Bay Area.
This Professional Guide will be widely read and referred to by construction industry personnel.

YAO Bing
Former Deputy Minister, Ministry of Housing and Urban-Rural Development of the People’s
Republic of China
Former President, China Construction Metal Structure Association
Former President, Chinese National Ethic Affairs Commission
Vice President, China Real Estate Association
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Foreword
Since the 1980s, the construction of public housing in Hong Kong has
involved prefabrication technology. Through continuous innovation and
development, prefabrication has become characterized by standardized
design, factory production, assembled construction on site, integrated
decoration, information management, and intelligent applications. Compared
with traditional construction, prefabrication saves resources and energy,
reduces construction pollution, and improves productivity, work quality and
on-site safety. The prefabrication of buildings has been vigorously developed
in the United Kingdom, the United States, Germany, France, Sweden, Japan,
and other developed countries.
Following China’s Central Urban Work Conference in 2016, the Central
Committee of the Communist Party and the State Council of China issued
the document "Several Opinions on Further Strengthening the Management
of Urban Planning and Construction" (Zhongfa [2016] No. 6), proposing the
development goal, over about 10 years of striving, of making prefabricated
buildings account for 30% of new buildings. Subsequently, the General
Office of the State Council and the Ministry of Housing and Urban-Rural
Development successively issued policy documents proposing further
development of prefabricated buildings, including targeted advances and key
tasks concerned at every stage of the process. The People's Government of
Guangdong Province also issued a follow-up implementation statement.
While the Guangdong-Hong Kong-Macao Greater Bay Area utilises all forms
of construction, the development of prefabricated buildings via a high-quality
prototype, has far-reaching significance. The construction of the Greater Bay
Area, a major national strategy in China, is planned, implemented and
promoted by General Secretary Xi Jinping, as a new fully opening-up action
for modern times, and a new demonstration of the principle of "one country,
two systems”. It is also an important milestone for Guangdong in deepening
reform and in relation to a wider opening up. Since 2018, the governments of
Guangdong and Hong Kong have vigorously promoted the integration of the
construction industry for benefit of the overall development of the Nation,
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have gradually broken-down barriers, and constantly worked towards
convergence of different regulations and practice. Progresses that have been
achieved between the Mainland, Hong Kong and Macao included a mutual
recognition of professional qualifications, more convenient access to work in
Guangdong for professionals and institutions of Hong Kong and Macao, the
new cooperation platform for the construction industry of Guangdong and
Hong Kong, and a trial implementation of modern construction project
management processes. This has prompted the construction industry of the
Great Bay Area to reach global standards hand in hand, and to provide strong
support for the buildings of an area which demonstrates deep cooperation
between the Mainland of China, Hong Kong and Macao. This progress also
represents an important pillar in the construction of the Belt and Road.
As an important field of technical cooperation and exchange, it is time to
learn from Hong Kong’s mature experience in prefabrication. Professor
Joseph Y.W. Mak, a former Chief Engineer of the Hong Kong Housing
Authority, has 30 years of engineering experience on the development of
prefabricated concrete residential buildings in Hong Kong. He has summed
up this experience in the book named “Design and Construction of High-rise
Residential Buildings in Hong Kong using Prefabrication and Mechanization”, in order
to share Hong Kong’s development experience and the construction
technology of prefabricated buildings with the wider construction industry.
The technical content of the book is easy to understand and is of important
reference value as it enables the majority of construction workers to learn and
apply prefabrication technology, with the help of exquisite and detailed
illustrations, and rigorous engineering analyses. The author’s professional
knowledge is sincerely admired.
The quality of construction affects safety of thousands of household lives and
properties. The construction industry, therefore, plays an important role in
the modernization process of the society. I sincerely hope, over time, that this
kind of professionalism will inspire professionals and workers in the
construction industry and lead more structural and construction engineers to
publish more professional books based on their experiences. This will surely
promote sustainable and healthy development of the construction industry
and contribute also to the realization of the Chinese dream and rejuvenation
of the Nation.

CAI Ying
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Foreword
Precast construction has not been new to Hong Kong since the 1980’s. For the last 20 years,
pre-casting and pre-fabrication has been an everyday occurrence for the Hong Kong Housing
Authority, with its typical 6-day floor construction cycle. As veteran pre-casters, we have taken
it for granted. In recent years, many property developers have joined the precast construction
league. Precast construction now contributes to at least 40 % of construction output in Hong
Kong. No one, however, has captured the history of precast construction and its development
here in Hong Kong, nor the wealth of architectural and engineering wisdom generated in the
process.
When Joseph told me that he would write the first ever book on precast construction based on
the engineering experiences of the Hong Kong Housing Authority, I supported him
wholeheartedly. I was so glad to see that our sweat, toil, wisdom and joy would be vividly
captured for the benefit of the Construction Industry in Hong Kong, and beyond.
With his extensive experience as the Chief Structural Engineer responsible for development and
standards in the Hong Kong Housing Authority, Joseph has a strong passion for research and
development on all aspects of his work, and precast construction is no exception. Joseph is
very conversant with all engineering aspects of precast construction. I dare to challenge him to
present a full picture of architectural and engineering design, the construction management and
methods involved as well as the quality control of precast construction.
I must congratulate Joseph for this remarkable endeavour which is highly beneficial not only to
design and construction engineers, but also all professionals in the Construction Industry
involved in procurement, architectural and engineering design, materials supply and quality
control. I am sure you will find this book both informative and interesting.

Ada Y S FUNG, BBS, JP
Former Deputy Director of Housing (Development and Construction)
Housing Department
The Government of Hong Kong Special Administrative Region
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Foreword
In Hong Kong, precast construction was first adopted for public residential buildings in 1990s
as an effective means of improving quality and productivity in the 1990s. In recent years, precast
construction has often been adopted by property developers to build private residential
buildings. It is estimated that over 40% of the local construction market in the past few years
can be broadly classified as precast construction.
Precast construction technology takes advantages of standardization and mechanization, and it
fosters continual improvement through careful implementation and rigorous evaluation. After
the successful completion of hundreds of residential buildings of 30 to 40 storeys over the past
three decades, the Hong Kong Construction Industry has developed a wealth of technological
know-how in every aspect of precast construction technology: planning, architectural and
engineering design, construction management and methods, long term protection and
maintenance, and structural repair and strengthening. This represents the integrated wisdom of
many Hong Kong designers, engineers and builders, accumulated over the past three decades.
The Chinese National Engineering Research Centre for Steel Construction (Hong Kong Branch)
is dedicated to the promotion of modern construction technology for sustainable infrastructure
in Hong Kong. CNERC also wants to introduce effective construction technology to a wide
range of professionals of the construction industry in Hong Kong and neighbouring cities
within the Greater Bay Area. Consequently, CNERC invited Ir Professor Joseph Y. W. Mak to
compile a professional guide on precast construction technology based on his extensive
experience in the design and construction of public housing.
Hence, this Professional Guide entitled “Design and Construction of High-rise Residential Buildings in
Hong Kong using Prefabrication and Mechanization” aims to present various items of technological
know-how on precast construction technology in relation to high-rise residential buildings, with
a view to facilitating a new generations of designers, engineers and builders to acquire this knowhow. This Guide is the definitive document on the design and construction of precast reinforced
concrete residential buildings in Hong Kong.
I trust that many professionals in the Construction Industry in Hong Kong and neighbouring
cities will greatly benefit.

Ir Professor K.F. Chung
Director, Chinese National Engineering Research Centre for Steel Construction (Hong Kong
Branch)
Associate Head, Department of Civil and Environmental Engineering, The Hong Kong
Polytechnic University
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Preface
As a structural engineer by profession, I am delighted to introduce this book which I hope it
could enrich the knowledge and experience of practicing engineers and university students on
the design and construction of tall residential buildings in Hong Kong. I am also very grateful
that for the past nearly 30 years I have the opportunity to walk through the development of
prefabrication and mechanization in the Hong Kong Housing Authority (HA) for providing
quality housing to the pubic in Hong Kong. In this respect, I would like to share the story of
prefabrication in Hong Kong with you.
In the mid 1980’s, the prevailing construction methods of residential buildings were based on
timber formwork and falsework, site mixed concrete transporting by trolleys and material hoists,
intensive skilled and semi-skilled laborers, bamboo scaffolding, etc. Workmanship was the root
cause of fluctuating quality of the building fabric and structure which has led to continual repairs
and maintenance soon after occupation.
The Hong Kong Housing Authority noticed the needs at that time to upgrade the quality of
workmanship by introducing mechanization in construction. To move this forward, HA has
invited via specially devised tender requirements international contractors from overseas,
including France, Portugal, Japan, South Korea, etc, to come over to Hong Kong to build our
public housing using mechanized methods. As a result, the use of large panel steel formwork,
tower crane and concrete skip were first implemented in Hong Kong for residential
construction. Soon after, precast concrete was also proposed by one of these contractors.
Over that period, from 1985 to 1990, the stakeholders including the HA, consultants and local
contractors and sub-contractors began to appreciate the benefits and gradually adapted to carry
out the works. In the end, some capable and competent local contractors were able to take up
the construction contracts on their own and gradually replace the overseas contractors and
perform better because of their familiarity of managing the local sub-contractors.
Starting in the early 90’s, the HA introduced another innovative move by launching
prefabrication of reinforced concrete components in the factory. The purpose was to transfer
some of the difficult construction from elevated positions on site to construction on ground in
the factory. This has eliminated substantial temporary platforms, falsework and scaffolding and
at the same time reduced skilled labour resources on site.
The setting up of precast factories in Hong Kong was not easy because of the shortage of land
for this purpose. The first batch of precasting was done on site and the construction contractors
had to spare extra works area to facilitate. This was initially not a great problem because at that
time many construction sites were in the New Territories or in reclaimed lands and hence had
more extra space. However, soon afterwards when more sites were in operation particularly in
the urban areas, prefabrication had to move to factories set up in the New Territories. Till the
late 90’s, the situation became so difficult that it was necessary to explore an alternative solution
to sustain the prefabrication move.

xi

The solution was to open the market for prefabricated factories in the Pearl River Delta region
and allowed precast components to be manufactured outside the territory. This has taken the
advantage of the availability of land for setting up factories there and also the reduction of
labour costs by mobilizing the workers in Mainland China. The supervision of works can be
resolved by deploying local consultants to full time monitoring the quality control of works in
the factories. This was successfully implemented up to now, for over a decade.
In respect of design of precast components, it was initially proposed by international contractors
and later by local design consultants engaged by contractors. Whilst these designs have been
successfully implemented for some time, the HA has taken up as standard designs and issued
contract drawings for construction. The benefits of the latter was to advance the designs so
that contractors could readily start the manufacture upon award of contracts instead of allowing
more time to carry out the design and seek approval after commencement of works.
With the concerted efforts of the colleagues in the HA and other stakeholders in the industry,
the use of mechanization and prefabrication become a great success. Not only had it enabled
the construction of public housing to cost effective compared with conventional methods, but
it has also improved overall work quality and sustainability. In the last chapter of this book, it
has deliberated on a study conducted by The Hong Kong Polytechnic University in 2009 that
the expected working life of public housing constructed after 1992 using prefabrication and
mechanization could be extended to over 100 years, whereas the conventional methods under
international codes of practice would only be 50 years.
The focus of this book is to describe the following topics in a logical sequence:
a)

characteristics of residential block in Hong Kong and the design requirements

b)

loading criteria for domestic use of residential buildings in Hong Kong

c)

computerized method for analysis of the structure

d)

design of precast concrete components and connections

e)

factory setup and manufacturing process

f)

quality assurance and control of precast components

g)

on site construction and installation

h)

benefits of mechanization and prefabrication

Ir Professor Joseph Y. W. Mak
Former Chief Engineer, Chinese National Engineering Research Centre for Steel Construction
(Hong Kong Branch)
Head, Department of Civil Engineering, Chu Hai College of Higher Education
Former Chief Structural Engineer, Hong Kong Housing Authority
Past Chairman, Structural Division, Hong Kong Institution of Engineers
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Chapter 1

1

Characteristics of High Rise Residential Building

1.1

Building block architectural layout

1

In residential block architectural design, it is characterized by having a number of
individual flats separated by partition walls. Hence functionally more internal walls are
required in residential buildings as compared with office buildings. Walls between flat
units also provide fire and acoustic insulation. These walls are normally thicker than
partition walls. The spans between walls are relatively small, around 5 m apart. Only
the spans in luxurious residential flats would be extended to 8 and 10 m.
The architectural layouts of residential flats for public housing (see Figure 1.1) and for
private sector (see Figure 1.2) may be somewhat different. Because of the need to
provide more number of flats for low cost public housing, it is a common layout to have
long corridors in order to provide passage from the flats to the lift lobby.

Open Staircase

Figure 1.1 Architectural layout of public housing

Long Corridor

2
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In private sector, corridor is normally absent, and the entrances of flats are directly
connected to the lift lobby.

Scissor Staircase

Figure 1.2 Architectural Design for Private Sector buildings

External facades could be combination of walls and windows. The sizes of window
openings are optimized, to strike a balance amongst natural light, ventilation and heat
insulation.
Staircases in private sector are majority scissor staircases which could fit into the
enclosed lift lobby. For public housing, open staircases are commonly used which
provide external natural ventilation. These staircases will be located either at the lift
lobby or at the far end of the long corridor away from the lift lobby. The latter is for
providing nearest fire escape routes for flats further away from the lift lobby.
Public housing has normally adopted a storey height of 2.7m whereby no false ceiling
would be provided to house horizontal services. For private sector, the common storey
height ranges from 3m to 3.3m and false ceilings are provided in specific locations like
kitchen and bathroom.
In public housing, standardized flat units (see Figure 1.3) are adopted and the block
configuration can be varied by assembling the units into different layout, such as T
shape, Y shape or cruciform shape. This could give different outlook identity to the
block and yet the flat units can still maintain to be standardized (see Figure 1.4).
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Figure 1.3 Modular flats

3

4
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Figure 1.4 Block configuration

1.2

Building services provisions

For residential buildings, electrical services runs, both horizontal and vertical, are
preferably be concealed within respectively floor slabs and walls. Floor slabs are hence
designed slightly thicker to accommodate. The concealed services are first collected
within flats and then directed to the corridors and lift lobby area until they reach the
meter room at each floor. The corridors hence become the prime concealed passage
routes of the services and their thicknesses range from 250 mm to 350mm.
Water pipes and drainage pipes are seldom designed to be concealed within walls and
slabs, mainly because of difficulty in maintenance in case of bursting or breakage.
Locating the exact breakage point is also very difficult when concealed. The water and
drainage pipes enter and exit the toilet and kitchen through external walls around the
re-entrant areas and are carried down to the ground level. In the absence of these reentrant areas in some of the luxurious private sector residential blocks, the pipes are
collected in services room of each floor and are carried down to the ground level.

1.3

Durability considerations

High rise residential blocks in Hong Kong have been designed and constructed for over
30 years. The material used is essentially reinforced concrete and the construction
methodology started off with the conventional timber formwork, site mixed concrete
and labor intensive construction. The building developed serves the primary purpose
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5

of providing the basic dwellings of the population at large. Because of this traditional
construction approach, it has however led to substantial investment from the
community in the past in maintaining the flats for concrete spalling, reinforcement
corrosion, deterioration of water pipes and drainage system, window leakage, etc.
Conventional construction adopts plywood as formwork for construction. However,
plywood deteriorates after using for around ten times and beyond which the plywood
starts to peel off and produces uneven and undulating surface finishes. Rectification
requires cost and time for touching up and grout leakage between plywood joints also
affect the concrete integrity and quality.
The government and the private developers saw the need to improve the construction
in the industry and precast factory production was the emerging change brought to the
construction stakeholders some years ago. Prefabrication gives more confidence to the
developers in respect of more mechanized construction using steel moulds in a
controlled ground environment in the factory, use of less skilled laborers but improved
workmanship and accuracy, and prior quality check of finished products before delivery
to site. Taking the public housing as an example, the maintenance cost has been
substantially reduced after the adoption of prefabricated method of construction.
In Hong Kong, because of the proximity to the sea, high wind loading is the controlling
design lateral loading. As a result of wind vibration, precast elements connected
monolithically with insitu structural walls are the common design philosophy so that
separation or cracking at joints would not take place.
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2

Structural Systems and Structural Design of Residential Buildings

2.1

Tall building system for residential building

2.1.1

Frame wall system

Frame wall system (see Figure 2.1) is a combination of frame and shear walls. In general,
the lateral rigidity of walls is much greater than that of frames and hence the walls take
the majority part of the wind loads. For residential buildings up to 30-storey high,
frame wall system is a commonly adopted structural system.

Elevator and service core
Frames
Shear walls

Figure 2.1 Frame wall system
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Shear
shape
Point of

Flexural
shape

Shear
shape

Flexural
shape
(a)

(b)

(c)

Figure 2.2 Frame wall system definition

The wall deflects in flexural mode with concavity downward and maximum slope at the
top (see Figure 2.2). The frame deflects in shear mode with concavity upward and
maximum slope at the bottom. When they are connected together by rigid slab, the
deflected shape is compromised with flexural profile at bottom and shear profile at top.
Wall-Frame
1.0

1.0

1.0
Frame

Wall alone
𝒙
𝑯

Point of
contraflexure

External
𝒙
𝑯

𝒙
𝑯
External
Frame

Wall
0

Wall

0

0

Figure 2.3 Frame wall system bending moment and shear force

Figure 2.3 shows that the deflected curve indicates a reversal of curvature and there is
a point of inflexion. The deflection is reduced due to combining the wall and frame.
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The bending moment is also reversed with upper wall moment in opposite sense as that
of cantilever. For design purpose, nominal reinforcement can be placed for wall above
point of contra flexure.
The shear is approximately uniform over the height of the frame, except near the base.
For design purpose, the floor slabs and beams of the frame can be designed as repetitive
and same.
The following are three computer case studies (see Figure 2.4) of respectively a 10
storey, 20 storey and 30 storey buildings using the wall-frame structures. The
deflections of wall structure alone and frame structure alone are calculated and then
compared with a combined wall frame structure (see Figures 2.4.1 to 2.4.10). It can be
found that the deflection is substantially reduced.

Figure 2.4 Case studies of shear wall-frame interaction
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Figure 2.4.1 Case 1: shear wall structure for 10 storey building

Figure 2.4.2 Case 2: frame structure for 10 storey building
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Figure 2.4.3 Case 3: combined shear wall-frame structure for 10 storey building

Figure 2.4.4 Case 4: shear wall structure for 20 storey building
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Figure 2.4.5 Case 5: frame structure for 20 storey building

Figure 2.4.6 Case 6: combined shear wall-frame structure for 20 storey building
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Figure 2.4.7 Case 7: shear wall structure for 30 storey building

Figure 2.4.8 Case 8: frame structure for 30 storey building
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Figure 2.4.9 Case 9: combined shear wall-frame structure for 30 storey building

Top Floor Deflection Comparison

450
400

Deflection at Top Floor (cm)

14

355.04

350
300
250

Wall

200

Frame

150

158.18
Frame+Wall

100
50
0
0

26.73
15.97
5.18
10

27.35
12.66
20

Number of Storey

40.79
20.87
30

Figure 2.4.10 Top floor deflection comparison for the case studies

40
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2.1.2 Coupled shear wall system
For residential buildings taller than 30 storey, shear wall system is more commonly
adopted. This is because the characteristics of residential building comprise of a lot of
walls partitioning flat units. Some of these walls can be thickened and utilized as shear
walls to resist lateral wind load.
If these shear walls are discretely positioned, the wind resisting capacity is not significant.
Shear walls are therefore purposely aligned and coupled to increase the I-value (see
Figure 2.5). Coupling can be realized by relatively short lintel beams linking adjacent
shear walls. Coupled shear wall structure can be constructed in the range of 40 to 50
storeys.
Coupled shear walls

Figure 2.5 Coupled shear wall system
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Figure 2.6 Stresses at coupled shear wall system and discrete shear wall system

W

H=60

αis the wall parameter to define wall relative stiffness.

Stress distribution at base of wall (relative to plane wall)

Relative stiffness
1

0.07

Maximum shear force on lintels
1.5
0

0.3

0.7

0.9

0.5

1.0

1.3

Figure 2.7 Relative properties of various wall geometries
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𝒙
𝑯

Deflection relative to that of separate walls

Figure 2.8 Relative deflection of coupled shear walls

From the stress diagrams (see Figure 2.6), it can be seen that the linking of two coupled
walls can effectively transform the two coupled walls into almost a single piece of solid
wall, with relative stiffness of up to 90% of the latter (see Figure 2.7). The relative
deflection (see Figure 2.8) is also very close to that of a single piece of wall. However,
if the walls are discretely positioned and not linked up, the relative stiffness is only 7%
of that of a single solid wall.
On top of coupling, orthogonal walls (see Figure 2.9) are also aligned to form channel,
I or T shape to enhance the overall stiffness. These walls when connected can allow
continuous shear flow from one end of the building to the other (see Figure 2.10).

Figure 2.9 Orthogonal walls
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Figure 2.10 Continuous shear flow

Horizontally shear flow is transferred from one shear wall to another via the floor slab
which forms a rigid diaphragm across the block (see Figure 2.11). If bottle-neck exists,
e.g. at corridor area near re-entrant, tie-beams should be added to uniformly transfer
the shear flow. Otherwise stress concentration may occur resulting in possible concrete
cracking in the corridor slab.

Figure 2.11 Transfer of horizontal shear flow via floor rigid diaphragm

Vertically, the end gable walls and the walls further from the central core are more
effective in resisting the vertical bending moment to the block due to lateral wind (see
Figure 2.12). As a result, the end gable walls are normally made thicker than the other
walls. On the other hand, the central lift cores are less effective. When the block has
long corridor, the corridor spine walls are also very effective in resisting wind bending
moment.
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Figure 2.12 End gable walls and walls further from centre better resist vertical bending
moment

In the event of an exceptionally long and slender block (see Figure 2.13), the torsional
effect due to wind needs to be catered for. This occurs when the gust wind centre is
offset from the block geometric centre. Stiffening of the cross walls and corridor walls
may provide the torsional rigidity.

Figure 2.13 Long slender block
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2.1.3 Common forms of residential buildings in Hong Kong

Figure 2.14 Common forms of residential buildings

It can be seen in Figure 2.14 that walls are aligned together to form coupled shear walls,
with the agreement with the architect on the architectural layout. It should be noted
that blocks with symmetrical shapes are preferred (e.g. cruciform, circular, trident,
square). Otherwise, certain walls need to be thickened because of the non-symmetry
and the cost may need to be increased.
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2.2

Lateral wind loading

2.2.1 Hong Kong Wind Code

HKWC 2014

2.2.2 Wind velocity profile
City centre
100%

Velocity profiles over different terrains
Sub urban
100%
Open sea
100%

Figure 2.15 Velocity profiles over different terrains
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When wind blows over a rough surface, a boundary layer is formed. The variation of
the mean velocity within the layer can be represented by the logarithmic profile (see
Figure 2.15).
The rougher the surface, the steeper the wind profile and the higher the height at which
the wind speed attains the value of free stream velocity.
There could be typically three categories of wind terrains in countries subject to wind
loads.
In the previous Wind Code (1983), open sea terrain (general terrain) and built-up terrain
are specified. However, since Hong Kong is so close to the sea, a single terrain (i.e.
open sea condition) is considered satisfactory and this is specified in the new code
(2004).
Wind pressure Profile under 200m
1983
1983

Height (m)

(Stepwise)

PNAP150
2004

Pressure (kPa)
Figure 2.16 Wind pressure profiles

It can be found in Figure 2.16 that the overall wind loading has been moved from the
right to the left side, implying that the wind loading has been generally reduced from
the 1983 version to the 2004 version. However, the wind load at the lower zone has
been restored back to those in 1983, which means that for low rise structures the wind
loading is more or less maintained.
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2.2.3 Design wind velocity

Mean hourly wind
(logarithmic function)

Gust wind

Table 1 and Table 2
(stepped function)

Figure 2.17 Mean hourly wind and gust wind

There are two types of wind velocity profiles:
i)

Hourly mean wind velocity
𝑧
𝜈
=
𝜈
𝑧

where 𝜈 – hourly mean wind speed at gradient height 𝑧
(𝜈 = 59.5 m/s, at gradient height = 500m).
𝑧 – gradient height, height at which the ground friction
influence becomes insignificant.
𝜈 – hourly mean wind velocity at height 𝑧.
𝛼– the power law exponent = 0.11.
The corresponding design hourly mean wind pressure are given in Table 2.1.
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Table 2.1 Design hourly mean wind pressure (Table 2 of HKWC 2014)

ii)

Height above
site-ground level

Design hourly mean wind pressure
𝑞 (kPa)

≤5m

0.77

10 m

0.90

20 m

1.05

30 m

1.15

50 m

1.28

75 m

1.40

100 m

1.49

150 m

1.63

200 m

1.74

250 m

1.83

300 m

1.90

400 m

2.03

≥ 500 m

2.13

Gust wind velocity (Table 2.2 Design wind pressure)
𝑣 =𝑣 ⋅𝐺

where 𝑣 – gust wind velocity
(𝑣 = 78.7m/s, 3 sec gust at gradient height = 500m).
𝐺– gust factor.
𝑣 – hourly mean wind velocity at height 𝑧.
The corresponding design wind pressure are given in Table 2.2.
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Table 2.2 Design wind pressure (Table 1 of HKWC 2014)
Height above
site-ground level

Design wind pressure
𝑞 (kPa)

≤5m

1.82

10 m

2.01

20 m

2.23

30 m

2.37

50 m

2.57

75 m

2.73

100 m

2.86

150 m

3.05

200 m

3.20

250 m

3.31

300 m

3.41

400 m

3.58

≥ 500 m

3.72

Note: For intermediate values of height, linear interpolation is permitted.

2.2.4 Topographic effect
Wind speed increases when blowing up the windward slope of a hill (see Figure 2.18
and Figure 2.19). As a result, wind speed is affected by the topography of the land
surface. The sharp hill has intensified the flow lines at the peak area, hence increases
the wind magnitude there.
When the topography is significant, HKWC 2014 recommends the design wind
pressure to be increased by multiplication with a topography factor 𝑆 .
Not all parts of the hill top need to increase the wind pressure, only the zone called
significant zone as defined in Figure 2.20 and Figure 2.21 (see Figure C1 and C2 of
HKWC 2014).
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Flow pattern over a smooth hill

Flow pattern over a sharp hill

Figure 2.18 Wind flow pattern over a smooth hill and a sharp hill

Velocity profiles over the crest of a hill
Profile at hill crest

Upstream profile

Figure 2.19 Velocity profiles over the crest of a hill
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Figure 2.20 Definition of significant topography (Figure C1 of HKWC 2014)

Figure 2.21 Definition of topographic dimensions (Figure C2 of HKWC 2014)
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The topographic factor 𝑆 is given by the following formula:
𝑆 = (1 + 1.2𝛼 ⋅ 𝑠)
Where 𝛼 is the effective slope and 𝐿 is the effective length of the slope defined in the
Table 2.3. 𝑠 is the topographic location factor given by Figure 2.22 and Figure 2.23
(see Figure C3 and C4 of HKWC 2014).
Table 2.3 Values of 𝛼 and 𝐿
Shallow upwind slope
0.05 < 𝛼 < 0.3

Steep upwind slope
𝛼 > 0.3

Effective slope 𝛼

𝛼 =𝛼

𝛼 = 0.3

Effective length 𝐿

𝐿 =𝐿

𝐿 =

𝐻
0.3

Figure 2.22 Topographic location factor s for hills and ridges (Figure C3 of HKWC 2014)
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Figure 2.23 Topographic location factor s for cliffs and escarpments
(Figure C4 of HKWC 2014)

2.2.5 Worked example to determine topographical factor 𝑺𝒂
2

= 250m
Wind Direction

H = 420m

αu =0.6

αD =0.3
LD

Lu
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Check hill & ridge or cliff & escarpment
𝛼 = 0.6 > 0.05 (if 𝛼 < 0.05, 𝑆 = 1)
𝛼 = 0.35 > 0.05 → Hill & ridge.

ii)

Check influence distance
𝛼 = 0.6 > 0.3
Influence distance = 1.6𝐻 = 1.6 × 420 = 672m
𝑋 = 250m < 672m
∴ Within influence distance.

iii)

Find 𝛼 and 𝐿
𝛼 = 0.6, ∴𝛼 > 0.3 → steep upwind slope.
𝛼 = 0.3, 𝐿 =𝐻 /0.3 = 420/0.3 = 1400m
𝐿 = 𝐻/𝛼 = 420/0.35 = 1200m
𝑥/𝐿 = 250/1200 = 0.208
𝑧

𝑧/𝐿

𝑠

𝑆 = (1 + 1.2𝛼 ⋅ 𝑠)

10

0.007

0.6

1.48

100

0.07

0.6

1.48

180

0.13

0.58

1.46

2.2.6 Static and dynamic response
A building is considered to be one with significant resonant dynamic response, if it has
either of the following properties:
i)

The height (H) exceeds five times the least horizontal dimension (B);

ii)

The height is greater than 100m;

unless the fundamental natural frequency is greater than 1 Hz.
The flow chart in Figure 2.24 shows the two options designing respectively for static
and dynamic response.
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Figure 2.24 Flow Chart showing static and dynamic response

2.2.7 Force coefficient
Force coefficients (𝐶 ) are factors taking the height/breadth ratio and the shape of the
building into account, which affect the wind effect on a building.
𝐶 = 𝐶ℎ × 𝐶
where 𝐶ℎ – height aspect factor (h/b)
𝐶 – plan shape factor (b/d)
𝐶 and 𝐶 can be obtained from Table 2.4 and Table 2.5 (see Table D1 and Table D2
of HKWC 2014).
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Table 2.4 Height aspect factors 𝐶 for enclosed buildings of generally uniform section
(Table D1 of HKWC 2014)
Height
Breadth
1.0 or less
2.0
4.0
6.0
10.0
20.0 and over

Height aspect factor 𝐶ℎ
0.95
1.0
1.05
1.1
1.2
1.4

Note: Linear interpolation may be used to obtain intermediate values.
Table 2.5 Shape factors 𝐶 for enclosed buildings of generally uniform section
(Table D2 of HKWC 2014)
Shape factor 𝐶

General plan shape
Rectangular
d
wind

b

𝑏
=
𝑑

1.0 or less

1.0

2.0

1.1

3.0 and over

1.3

Interpolate
linearly

Circular
0.75
wind

Other shapes

Value of 𝐶 for the respective enclosing
rectangular shape in the direction of the wind.

Note: When the actual shape of a building renders it to become sensitive to wind acting not
perpendicular to its face, the diagonal wind effects and torsional wind effects should be
considered.
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2.2.8 Dynamic magnification factor
If the building is considered to be subject to significant resonant dynamic response as
mentioned in para.2.2.6, dynamic magnification factor 𝐺 can be obtained respectively
from Table 2.6 for steel structure and Table 2.7 for concrete structure (see Table F1
and Table F2 of HKWC 2014).
Table 2.6 Dynamic magnification factor G for 𝜁 = 1.5% ( Table F1 of HKWC 2014)
Breadth (m)
Height (m)
200

20

30

40

1.994

1.955

1.922

180

1.983

1.943

1.909

160

1.972

1.930

1.896

140

1.959

1.916

1.882

120

1.945

1.902

1.868

100

1.929

1.886

1.853

Note: For intermediate values, linear interpolation is permitted.
Table 2.7 Dynamic magnification factor G for 𝜁 = 2.0% (Table F2 of HKWC 2014)
Breadth (m)
Height (m)

20

30

40

200

1.907

1.874

1.847

180

1.900

1.867

1.840

160

1.894

1.859

1.832

140

1.886

1.851

1.824

120

1.879

1.843

1.816

100

1.871

1.836

1.808

Note: For intermediate values, linear interpolation is permitted.

2.2.9 Reduction factor to frontal projected area
If the building is not dynamic sensitive, it will be subject to gust wind under Table 2.2
of para.2.2.3. For large frontal area, 𝐶 needs to be reduced by a reduction factor 𝑅 .
This is because normally a gust wind can only engulf an area of about 500𝑚 . For any
larger area, the force is not directly proportional.
𝑅 can be obtained from Table 2.8 (see Table D3 of HKWC 2014).
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Table 2.8 Reduction factors RA for enclosed buildings according to frontal projected area
(Table D3 of HKWC 2014)
Frontal projected area 𝑚

Reduction factor 𝑅

500 or less

1.00

800

0.97

1 000

0.96

3 000

0.92

5 000

0.89

8 000

0.86

10 000

0.84

15 000 and over

0.80

Note: Linear interpolation may be used to obtain intermediate values.

2.2.10 Wind load distribution of building
An example of a building erected at the top of a slope, on the downwind side, is given
in Figure 2.25.
Building Height ℎ = 123𝑚
Building Breadth 𝐵 = 40.23𝑚
Building Plan Length 𝐿 = 40.23𝑚
𝐶 = 1.026

𝐶ℎ = 1.026

𝐶 = 1.000

𝐺 = 1.90

Height of Slope 𝐻 = 30𝑚
Slope Base Length 𝐿 = 100𝑚
𝛼 = 𝐻/𝐿 = 0.300

𝐻

𝛼 = 0.300

𝐿 = 100.000𝑚
𝑋 = 30𝑚
(- value implies building on upwind of slope)
𝑋/𝐿 = 0.300

𝐿

Upwind Topography Significant Zone Length = 50𝑚
Downwind Topography Significant Zone Length= 150𝑚
Figure 2.25 Example for topographic effect

𝑋
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Based on the slope section and according to the HKWC 2014, the following parameters
can be determined in the Excel (Table 2.9 and Table 2.10):
i)

values of 𝑆 for different values of z, the height above ground floor level;

ii)

values of wind shear at respective floors;

iii)

values of wind moment at respective floors.

Table 2.9 is based on the wind pressure not subjected to dynamic response and Table
2.10 is based on the wind pressure with dynamic response. (Note: The building height
has slightly exceeded 100 m, but the figures are for comparison and illustration
purposes).
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Table 2.9 Wind pressure not subjecting to dynamic response

Chapter 2
Table 2.10 Wind pressure subjecting to dynamic response
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2.2.11 Wind load direction for design

Figure 2.26 Wind in X and Y direction and wind in diagonal direction

Under normal circumstances when the blocks are symmetric, wind from both X & Y
directions are commonly accepted for calculating wind load distribution. However, for
non-symmetric layout, additional wind direction (e.g. diagonal wind for Y-shape
building) may be required (see Figure 2.26).

2.2.12 Pressure coefficient
For calculating local wind pressure on building elements, such as:
i)

walls and claddings;

ii)

flat roof;

iii)

pitched roof;

iv)

canopies.

The pressure coefficient (𝐶 ) is used. 𝐶 can be found in Table 2.11 (see Table E1 of
HKWC 2014).
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Table 2.11 Total pressure coefficients 𝐶 for individual elements of enclosed buildings with
negligible probability of dominant opening (Table E1 of HKWC 2014)
Walls and claddings
(a) Edge zones of the building
(b) Other surfaces

-1.4 or +1.0
-1.0 or +1.0

Flat roofs
(a) Edge zones of the roof
(b) Other surfaces

-2.2
-1.2
Roof angle
10°

30°

60°

(a) Edge zones of roof

-2.2

-1.7

-1.0

(b) Ridge zones of the roof

-1.4

-1.3

-1.0

-1.4

-1.2 or +0.3

+1.0

(ii) Wind across ridge, leeward surface

-0.8

-0.7

-0.8

(iii) Wind parallel to ridge

-1.0

-1.0

-1.0

Pitched roofs

(c) Other surfaces:
(i)

Wind across ridge, windward surface

(interpolate linearly)
Canopies
(a) Edge zones

+2.0 and -2.0

(b) Other areas

+1.2 and -1.2

Note:
1. Negative value of 𝐶 indicates that the resultant force is outwards or upwards.
2. Where alternative coefficients are given the element should be designed to accept both
loading conditions.
3. Edge zones of the building are the areas within a distance from the edge of the building
equal to 0.25 times the lesser horizontal dimension of the building.
4. Edge zones of the roof are the areas within a distance from the edge of the roof equal
to 0.15 times the lesser horizontal dimension of the roof.
5. Ridge zones of the roof are the areas within a distance from the ridge of the roof equal
to 0.15 times the span of the pitched roof.
6. Canopies means any structure which projects more than 500 mm from any wall of any
building to provide protection from rain or sun and at a height of not more than 7.5m
above the level of ground.
7. Edge zones of the canopy are the areas within a distance from the edge of the canopy
equal to 0.2 times the span of the canopy.
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Gravity loading

2.3.1 Code of Practice of Dead and Imposed Load
Gravity loading on horizontal elements can be comprised of two types:
i)

Dead load;

ii)

Imposed load;

in accordance with the Code of Practice of Dead and Imposed Load 2011 (HKLC 2011).

HKLC 2011
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Table 2.12 Classification of floor uses (Table 3.1 of HKLC 2011)
Class

Use

1

Floors for domestic use and residential activities

2

Floors for offices and other non-industrial workplaces

3

Floors where people may congregate

4

Floors for shopping purposes

5

Floors for storage, equipment, plant and industrial use

6

Areas for vehicular traffic

7

Roofs

8

Affiliated building elements

Table 2.13 Minimum imposed loads (Table 3.2 of HKLC 2011)
𝑞 (𝑘𝑃𝑎)

𝑄 (𝑘𝑁)

Domestic uses

2.0

2.0

Dormitories

2.0

2.0

Private sitting rooms, bedrooms and toilet
rooms in hotels, motels and guesthouses

2.0

2.0

Wards, bedrooms and toilet rooms in
hospitals, nursing homes and residential
care homes for elderly persons

2.0

2.0

Bathrooms (load from jacuzzi in
bathrooms shall be assessed separately
and on individual basis)

2.0

2.0

Pantries

2.0

2.0

Kitchens

2.0

2.0

Use

1

Floors for
domestic use
and
residential
activities

Examples of Specific Use

For Class 1 floor for domestic use, the minimum imposed load is 2.0 kPa, according to
Table 2.12 and Table 2.13 (see Table 3.1 and Table 3.2 of t HKLC 2011).
Common area such as the corridor and the lift lobby can use a minimum imposed load
of 3.0 kPa, in accordance with Table 2.14 (see Class 3 of Table 3.2 of HKLC 2011).
For Class 7B accessible roof, the minimum imposed load is 2.0 kPa (see Table 2.16).
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Table 2.14 Minimum imposed loads (Table 3.2 of HKLC 2011)
Use

𝑞 (𝑘𝑃𝑎)

𝑄 (𝑘𝑁)

Billiard rooms and bowling alleys

3.0

4.5

Dance practice rooms

3.0

4.5

Dance halls, karaoke establishments,
discotheques, gymnasia

5.0

4.5

Ice rinks (weight of ice shall be assessed
separately), ball courts, golf driving
ranges

5.0

4.5

Stages, television studios used as stages

7.5

9.0

Examples of Specific Use
3D: Floors with possible physical activities

3

Floors where
people may
congregate

Table 2.15 Classification of roofs and canopies (Table 3.7 of HKLC 2011)
Class
7A
7

Specific Use
Inaccessible roofs and flat roofs (where no access is provided
to the roof except such access as may be necessary for
maintenance work only)

7B

Accessible roofs (where access is provided in addition to such
access as may be necessary for maintenance work only) or for
use of Class 1 to 6

7C

Accessible flat roofs or for use of Class 1 to 6

7D

Canopies

Table 2.16 Minimum imposed loads on roofs and canopies (Table 3.8 of HKLC 2011)
Class
7A

Roof Slope
Of or less than 5°
Greater than 5° but of
or less than 20°
Of 40° or greater

𝑞 (𝑘𝑃𝑎)
2.0

𝑄 (𝑘𝑁)

0.75

1.5

0
As given in Table 3.2, 3.4 and 3.5 according
to the specific use but 𝑞 not less than 2.0
Of or less than 20°
7B
kPa and 𝑄 not less than 1.5 kN
0
0
Of 40° or greater
As given in Table 3.2, 3.4 and 3.5 according
7C
Not applicable
to the specific use but 𝑞 not less than 2.0
kPa and 𝑄 not less than 1.5 kN
7D
Not applicable
2.0
1.5
Note: For roof slopes greater than 20° but less than 40°, the value of 𝑞𝑘 may be determined
by linear interpolation.
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Where a building is to support partition walls but the positions of the partitions are not
in the building plans, the weight of the partitions shall be regarded as imposed
distributed loads applied uniformly on plan and shall, in addition to other imposed loads,
be:
i)

not less than 1/3 of the weight per meter length of the partitions uniformly
distributed per meter square; and

ii)

not less than 1 kPa

For the upper stories, HKLC 2011 allows reduction of the total distributed imposed
loads on vertical members, in accordance with Table 2.17 (see Table 3.11 of HKLC
2011).
Table 2.17 Reduction of total distributed imposed loads on vertical members
(Table 3.11 of HKLC 2011)
Number of floors (including the roof) with
loads qualifying for reduction carried by the
member under consideration

Percentage reduction of total distributed
imposed load on all floors (including roof)
carried by the member under consideration

1

0

2

5

3

10

4

15

5

20

6

25

7

30

8

35

Over 8

40 maximum

2.3.2 Gravity load estimation by Tributary Area Method
The gravity load calculation can be done manually by the Tributary Area Method. An
example is given below for load estimation of two-way slabs onto beams, walls and
column (see Figure 2.27).
Alternatively, computer software like SADS can also take off the gravity loading using
computerized method.
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Figure 2.27 Gravity load estimation by Tributary Area Method
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2.4
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Computer analysis for lateral and gravity loads

ETABS is a popular computer analysis program in Hong Kong for tall building design.
The general approach is to graphically plot out the building model with defined
dimensions and then input all the related forces and moments together with the material
properties for analysis. The following paragraphs will briefly describe the procedures
and processes.
2.4.1 Creating objects in computer model
There are three types of objects in ETABS model, namely, point, line and area:
i)
ii)

iii)

Point assignment - point restraints (supports), ground point springs, point
object forces, etc.
Line assignment - columns, beams, braces are line objects. Section properties,
end releases or partial end fixity can be defined for line objects. Point loads,
distributed loads and temperature loads can be added.
Area assignment - area with three or more corners cana be defined. Slabs, walls
and ramps are area objects. Slab can be defined as rigid diaphragm, shell and
membrane elements. Uniform surface loads and temperature loads can be
added.

2.4.2 Setting up a computer model

Figure 2.28 Setting up a computer model
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Step 1: Under the global coordinate system, the grid points are first defined in x and y
directions (see Figure 2.29).

Figure 2.29 Defining the grid points
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Step 2: Material properties are defined, including material name such as concrete,
weight per unit volume, Poisson’s ratio, modulus of elasticity, concrete
strength, reinforcement yield stress, etc. (see Figure 2.30).

Figure 2.30 Defining the material properties
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Step 3: Draw the beams on the global coordinate system (see Figure 2.31).

Figure 2.31 Draw the beams onto global coordinate system

Step 4: Place the concrete columns on the grid (see Figure 2.32).

Figure 2.32 Draw the columns onto global coordinate system
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Step 5: Draw the shear walls (see Figure 2.33).

Figure 2.33 Draw the shear walls

Step 6: Draw the slabs. Create the rigid diaphragm and assign slab as shell element (see
Figure 2.34).

Figure 2.34 Draw the slabs

50

Chapter 2

Step 7: Input storey data including no. of stories and storey heights. Then generate the
full building model (see Figure 2.35).

Figure 2.35 Input storey data and generate building model
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Step 8: Create the wind load cases with load combinations (see Figure 2.36).

Figure 2.36 Create wind load cases and load combinations
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Figure 2.36 Create wind load cases and load combinations (Cont.)

Step 9: Check building deflection (see Figure 2.37).

Figure 2.37 Check building deflection
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Design of Precast Concrete Components

3.1

Prefabrication
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With the use of standardized modular flats in public housing, the building skeleton
components such as facades, slabs, staircases, partition walls, beams and bathrooms are
prefabricated (see Figure 3.1). Prefabrication of concrete components is essentially the
construction method which transfers some of the difficult insitu reinforced concrete
construction from working floor to factory. The transfer is also from elevated
construction on site to construction on ground in factory (see Figure 3.2).

Figure 3.1 Common types of precast elements

For elevated construction, it is often difficult to handle complicated component profiles
or locations which are difficult to access. Substantial falsework and working platforms
may be required (see Figure 3.3). In case timber formwork is used, the workmanship
may be deteriorated after repetitive construction. For factory fabrication on ground,
steel moulds can be used which facilitates horizontal casting of concrete and steel fixing
(see Figure.3.4).
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Figure 3.2 Prefabricated construction

Figure 3.3 Traditional method of construction

Figure 3.4 Factory fabrication on ground
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3.2
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Precast concrete components

3.2.1 Precast facade
Precast facade (see Figure 3.5) is a typical example where casting at elevated position
is difficult, whether it is cast together with the working floor construction or after the
structural skeleton is cast using insitu method. On the other hand, if the complicated
profile is tackled on ground in the factory, it is much easier. The facade is cast
horizontally in factory (see Figure 3.6) like a slab instead of like a wall for insitu
construction. Moreover, in the factory, the window frame can be cast into concrete
which can prevent water seepage in the long run. The surface finishes can also be
applied on ground instead of applying by scaffolding or working platform at height.

Figure 3.5 Precast facade

Figure 3.6 Facade casting horizontally like a slab

56

Chapter 3

In respect of design, the facade is supported on either side by structural walls, which
has the effect that it will not accumulate the loadings to the lower floors (see Figure
3.7). Each facade will transfer the dead load to the structural walls on either side and
will not impose onto the facade underneath. As a result, the loading of each facade,
which is its self-weight, will be the same and hence the facade can be standardized. This
has a significant implication to the manufacture in factory when these facades can be
repetitively fabricated.

Elevation of Precast Facade

Sectional Elevation of Precast Facade
Figure 3.7 Facade supported on either side by structural wall and not resting on facade at
lower floor (with a gap in between)
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Typical Details of Joint Between
Precast Facade and Precast Plank
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Typical Details of Joint between
Precast Facade and Wall

Figure 3.8 Facade horizontal and vertical joints

At the horizontal joint, structurally the upper and lower facades are separated, leaving a
gap in between (see Figure 3.8). The gap is plugged by the floor screed (not shown)
inside the flat. If there is incoming external rain trying to penetrate through the gap,
the gap forms a vacuum which prevents water to further penetrate. This is a very
effective water proofing mechanism. Moreover, the ledge of the upper facade
cantilevering out also protects the joint from water penetration.
At the vertical joint, it is a completely cast in monolithic joint with reinforcement
anchoring from the facade to the structural wall (see Figure 3.8). The joint is robust
and no structural movement is anticipated, even if the building is under vibration due
to wind. In addition, the cast-in joint is watertight.
During the manufacturing and erection stages, the facade is required to be lifted up and
transferred (see Figure 3.9). The lift up loads need to be designed for so that the
concrete sections will not be damaged or cracked. A common practice is to use a lifting
frame so that the lifting wires can be kept vertical instead of inclined, hence no
horizontal component of the lifting force will be exerted upon the concrete sections
which creates undue stresses.
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Figure 3.9 Facade showing the lifting frame

3.2.2 Semi-precast slab
Traditionally, substantial timber formwork is used for slab construction. The effect is
similar to that for wall construction in that a lot of touching up works for the slab soffit
is required due to deterioration of timber plywood and due to grout leakage at formwork
joints. This involves additional cost for labor and plastering materials.
Semi-precast slab (see Figure 3.10) is a composite construction method whereby the
lower portion is precast done in the factory and the upper portion is cast in-situ. The
benefit is that the slab soffit is now very smooth and needs no touching up and it also
serves as formwork for casting the upper portion. No slab formwork is hence required
on site. The construction is much neater and less labor on site will be deployed.
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Figure 3.10 Semi-precast slab
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Figure 3.10 Semi-precast slab (Cont.)

The width of semi-precast slab is maximum 2.5 m, which is the width allowed for
transportation on trucks. In-situ portion of the composite slab allows the incorporation
of electrical conduits which will be concealed with concrete afterwards (see Figure 3.11).
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The conduits can be laid and run on top of the semi-precast slab with great flexibility,
to be connected to junction boxes within the slab or at the edges of the slab. Concealed
conduits is a much neater construction, as compared with the traditional method of
exposing the conduits underneath the slab soffit.
Reinforcement laying for the in-situ portion is also very convenient, simply laying a few
sheets of fabric reinforcement on top of the precast planks (see Figure 3.11). Much
less labors is deployed as compared with traditional method.

Figure 3.11 Laying of electrical conduits and fabric reinforcement on top of semi-precast slab

In respect of the interfacing joint of the precast planks with each other and with the
adjoining walls, Figure 3.12 are the typical details. For joints between precast planks, a
3mm recess is formed at the bottom gap and the recess will be plastered with non-shrink
grout at later construction stage.
The interfacing of the precast planks with the in-situ concrete requires only brush
roughening of the top surface of the concrete before hardening. This is adequate for
connecting with the in-situ toppings. No shear keys is necessary for shear connection
because of the relatively large surface areas.
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Figure 3.12 Typical details of joints for semi-precast slab
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3.2.3 Precast staircase
Staircase in residential building is normally confined in a limited space within the stair
core. In-situ construction is difficult because of the need for erecting formwork and
falsework within the confined space, reinforcement fixing and concreting. It is
sometimes even dangerous due to the possible movement of falsework by workers’
passage up and down before the cast concrete has reached the necessary strength to
facilitate falsework removal.

Figure 3.13 Precast staircase

64

Chapter 3

Precast staircase is simple to produce in factory and easy to install on site. Connection
at supports are made by dowel bars and box-outs, to be grout filled afterwards (see
Figure 3.14).

Figure 3.14 Typical details of precast staircase
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Figure 3.14 Typical details of precast staircase (cont.)

3.2.4 Precast partition wall
There are two types of partition walls, one is by lightweight concrete and the other is by
reinforced concrete. Lightweight concrete wall (see Figure 3.15) is used for internal
partitions, such as toilets, kitchens, etc. They are made by either hollow sections or
aerated concrete. Lightweight partitions are to be erected after construction of
structural frame, to serve as partitions but eliminate wet trade (previously by
blockworks).

66

Chapter 3

Figure 3.15 Lightweight concrete wall

The partition wall is first erected up vertically, then jacked up by wedges at the bottom
of the wall and afterwards filled up the bottom gap with cement mortar.
R.C. partitions (see Figure 3.16) are normally used for partitioning between two flat
units, for the reasons of fire protection and security. They are thin partitions which are
difficult to be constructed vertically by in-situ method. These walls can be cast
horizontally in factory.
The erection of RC partition wall shall be carried out by tower crane before construction
of the floor slab above. The top of R.C. partition is anchored into the upper floor slab
with reinforcement. This is to better stabilize the wall for security reasons.
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Figure 3.16 R.C. Partition Wall

3.2.5 Precast tie beam
As discussed in paragraph 2.1.2, tie beams are often provided to better transfer the
horizontal shear at locations such as re-entrants. The tie beams are usually very short
beams, but do not have floor slabs on either side of the beams. As a result, it is difficult
to construct the beam at elevated position unless substantial temporary working
platform and falsework are erected. With the use of precast tie beams (see Figure 3.17),
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the construction will be very simple. The projected reinforcement at both ends of the
tie beam can rest upon the construction joint on the top of the wall as temporary
supports and the tie beam can be cast into the permanent wall supports on either sides.

Figure 3.17 Precast tie beam

3.2.6 Semi-precast wall
Semi-precast walls are usually installed at the end gable wall or re-entrant wall locations
(see Figure 3.18). The purpose of the wall is to allow external finishes such as tiles to
be applied in the factory and on ground instead of at elevated positions on site which
saves the setting up of scaffolding and/or working platform to do so. The semi-precast
wall serves as a sacrificial skin like a formwork and is later connected to the permanent
structural wall. This type of semi-precast wall is sometimes called the lost form. It has
also the added benefit of not requiring workers to work outside the building (working
at height) and hence better safety for workers.
The semi-precast wall has shear keys (reinforcement) for anchoring into the permanent
wall. It is first erected with inclined supports and later on the permanent wall
reinforcement and steel formwork are installed for casting of concrete.

Figure 3.18 Semi-precast wall
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3.2.7 Precast bathroom
Precast bathroom (see Figure 3.19) is a box-type structure which embodies numerous
pipe ducts, fittings, tiles, waterproofing membranes, etc. The purpose is to transfer a
lot of wet trade to the factory which is a better controlled working environment. From
past experience, bathroom areas are locations which call for frequent maintenance
throughout their life spans because of concrete spalling, water seepage at floor, pipe
leakage, etc. With better quality assurance in factory and on ground, the aforesaid
workmanship problems can be substantially eliminated.

Figure 3.19 Precast bathroom

The structural design of the box structure is relatively simple, only to pay attention to
the lifting forces acting on the structure during transportation and erection. In case one
of the side wall is a structural shear wall, connections between the upper and lower
storey walls need to be detailed.
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Factory Manufacture of Precast Components

4.1

Factory layout

4.1.1

Factory set up

Figure 4.1 Factory set up
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4.1.2 Transportation routes
Transportation route between production lines must have adequate width, allowing
large trailers to move, and facilitating the gantry to lift the components onto the trailers
(see Figure 4.2).

Figure 4.2 Transportation route
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4.1.3 Production lines
Production line (see Figure 4.3) should as far as possible be carried out in covered
factory, particularly for concreting which will not be affected by rain. If the works
involved can be carried out under the sun and time is not a constraint, such as applying
finishes, production line can also be not covered.

Figure 4.3 Production line
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4.1.4 Cut and bend yard
If cut and bend of steel reinforcement can be carried out in covered factory, the working
condition is much better, and quality can be better assured (see Figure 4.4). For cage
fabrication like that used for precast bathroom, reinforcement cage fixing can be carried
out in a steel frame.

Figure 4.4 Cut and bend yard
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4.1.5 Ready mix concrete plant
Concrete mixing and batching plant are set up in factory, supplying all precast concrete
production (see Figure 4.5). All the raw materials and ready mixed concrete are under
stringent quality control.

Figure 4.5 Ready mixed concrete plant
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The transportation of ready-mix concrete within the factory is by way of ready-mix
trucks (see Figure 4.6). Upon arrival to the covered factory, the concrete is delivered
to the casting point using concrete skip.

Figure 4.6 Transportation of ready mix concrete

4.1.6 Lifting gantry
Lifting gantry is essential for both covered and uncovered production lines (see Figure
4.7). It runs on rails for gantry on ground or overhead, to lift up heavy precast
components, steel moulds and raw materials. At the same time, it can transfer materials
from covered factory to external yard and then in turn to the trailers and trucks for
delivery.
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Figure 4.7 Lifting gantry for covered and uncovered production line

4.1.7 Steel mould
Steel mould in precasting is a significant investment. For the case of facades, if the
design of facades can be standardized as far as possible, the steel moulds can be reused
many times. There are two common types of steel moulds for facades:
i)

Lift-up type mould (see Figure 4.8) – the facade after casting can be
demoulded by vertically lifting up the facade after the concrete has reached
adequate strength. Vertical returns are made to be inclined to facilitate the lifting
operation. The advantage of the lifting type of facade mould is that it saves the
rotating frame type discussed below, thus reducing the cost of the mould system.
However, it has to wait for the concrete to gain strength before the concrete
can be lifted and demoulded.
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Figure 4.8 Lift up type mould

ii)

Rotating table - Another type of facade mould is the rotating steel mould,
turning 90°from horizontal to vertical (see Figure 4.9). When the mould is
vertical, it can be demoulded the next day like a wall formwork. When the
production is on a tight schedule, rotating moulds can facilitate earlier release of
moulds for next manufacture cycle. Nonetheless, because of the rotating
mechanism, the cost of the system is more expensive.
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Figure 4.9 Rotating table
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4.1.8 Factory storage
Stacking and storage of precast units need to be done systematically in order to protect
the components from damage (see Figure 4.10). At the same time, the units after offformed needs to be regularly sprayed with water and/or covered with plastic sheet to
ensure proper curing.

Figure 4.10 Stacking and storage
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4.2

Manufacture process of precast components

4.2.1

Precast facade

i)

Clean mould

Figure 4.11 Cleaning

ii)

Figure 4.12 Cleaning completed

Apply mould oil

Figure 4.13 Applying oil

Figure 4.14 Applying oil completed
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iii)
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Fix reinforcement cage

Figure 4.15 Fix reinforcement

iv)

Figure 4.16 Reinforcement cage completed

Install reinforcement cage

Figure 4.17 Steel mould ready

Figure 4.18 Reinforcement cage completed
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v)

Install window frame

Figure 4.19 Window frame ready

vi)

Figure 4.20 Installation completed

Complete steel mould set up

Figure 4.21 Install steel mould stop-ends,
window cover, accessories

Figure 4.22 Steel mould completed
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vii)

Concreting

Figure 4.23 Check before concreting

viii)

Figure 4.24 Concreting completed

Demoulding

Figure 4.25 Dismantle steel mould

Figure 4.26 Demoulding completed
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ix)

Wash construction joint and expose aggregates

Figure 4.27 Transfer to washing area

x)
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Figure 4.28 Water jet to expose aggregates

Check surface flatness and air voids

Figure 4.29 Check flatness

Figure 4.30 Repair air voids
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xi)
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Curing by water spray

Figure 4.31 Water spraying

xii)

Figue 4.32 Stacking and storage

Delivery by truck and trailers

Figure 4.33 Lift onto trailers

Figure 4.34 Tied up and ready for delivery
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4.2.2

Semi-precast slab

i)

Clean mould

Figure 4.35 Clean mould accessories

ii)

Figure 4.36 Clean concrete residual

Apply mould oil and set up stop ends

Figure 4.37 Apply mould oil

Figure 4.38 Set up stop ends
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iii)
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Fix reinforcement, lifting hooks and seal up stop ends reinforcement

Figure 4.39 Fix reinforcement and
lifting hooks

iv)

Figure 4.40 Seal up stop ends reinforcement

Concreting

Figure 4.41 Concreting on vibration table

Figure 4.42 Concreting completed
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v)

Natural curing in covered enclosure

Figure 4.43 Slabs lifted to air curing tank

vi)

Figure 4.44 Slabs covered for curing

Demoulding

Figure 4.45 Demoulding

Figure 4.46 Demoulding completed
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vii)

Water spray curing

Figure 4.47 Slab before water spray

viii)

Figure 4.48 Spraying water for curing

Delivery by truck and trailer

Figure 4.49 Lift onto trailer

Figure 4.50 Tied up for delivery
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4.2.3 Precast staircase
i)

Clean mould

Figure 4.51 Clean mould

ii)

Figure 4.52 Apply mould oil

Fix reinforcement cage and conduit boxes

Figure 4.53 Fix reinforcement

Figure 4.54 Fix conduits and conduit boxes
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iii)
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Concreting

Figure 4.55 Vertical casting

iv)

Figure 4.56 Concreting completed

Demoulding and stacking

Figure 4.57 Demoulding

Figure 4.58 Stacking
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v)

Tiling at staircase steps and landings

Figure 4.59 Install tiles

vi)
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Figure 4.60 Tiling completed

Curing and packaging

Figure 4.61 Curing by water spray

Figure 4.62 Packaging with plywood
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vii)
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Delivery

Figure 4.63 Final checking

Figure 4.64 Loading on trailer
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4.2.4 Precast bathroom
i)

Fix reinforcement cage

Figure 4.65 Fixing in steel frame

ii)

Figure 4.66 Completed reinforcement cage

Clean mould and install window frame

Figure 4.67 Clean mould

Figure 4.68 Install window frame
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iii)
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Install reinforcement and conduits

Figure 4.69 Fix base reinforcement

Figure 4.71 Fix wall reinforcement

Figure 4.70 Deliver wall reinforcement cage

Figure 4.72 Install conduits and boxes
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iv)
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Install external steel mould system

Figure 4.73 External steel mould in box shape

Figure 4.74 Side wall moves on rails

Figure 4.75 Clean concrete residual in edges
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v)
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Install interior collapsible steel mould

Figure 4.76 Interior collapsible steel mould

vi)

Figure 4.77 Interior mould installed

Concreting

Figure 4.78 Concreting at working platform

Figure 4.79 Vibrating concrete
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vii)

Demoulding

Figure 4.80 Sliding external mould
wall outward

viii)

Figure 4.81 Lifting up interior
collapsible mould

Lift precast bathroom to elevated frame to remove accessories

Figure 4.82 Lifting precast bathroom

Figure 4.83 Placing on elevated frame
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Figure 4.84 Extacting pre-installed
Reinforcement sleeves

ix)

Figure 4.85 Sleeves extracted

Prepare for casting bathroom top slab

Figure 4.86 Intall slab bottom aluminum
formwork

Figure 4.87

Fix reinforcement
and conduit
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x)

Concreting

Figure 4.88 Cast concrete

xi)
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Figure 4.89 Remove bottom aluminum
forwork

Apply waterproofing layer

Figure 4.90 Clean base slab and apply
waterproofing layer

Figure 4.91 Ponding to assure watertightness
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xii)
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Lay wall and base tiles

Figure 4.92 Install wall tiles

xiii)

Figure 4.93 Lay base tiles

Delivery

Figure 4.94 Load bathroom onto trailer for delivery
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Quality Assurance of Precast Concrete Components in Factory

Similar to other factory products, the quality assurance in the factory is essentially an
important upstream control such that the products can be assured before leaving the
factory for delivery. If this is not properly done and the components are transported
and installed on site, it would be hard to rectify and even be un-noticed until problems
arise during service.
Quality assurance in factory is slightly different from that on site in that it emphasizes
on process control. The workers involved are less skilled as compared with those on
site but they follow established work procedures which both the workers and
supervisors can adhere to. It can therefore ensure the quality and better avoid mistakes
as the process for a particular procedure is repetitive.

5.1

Quality workmanship of precast manufacture

Starting from the workers and the supervisors, the following quality measures are
suggested which can better assure the workmanship at the factory:
i)

Cleaning of steel mould (see Figure 5.1)

Steel mould surface if not thoroughly cleaned will lead to roughened surface; stop-ends
if not properly cleaned will effect in grout leakage and/or inaccurate dimensions. Do
not use hammer to hit onto stop ends. This will lead to cumulative deformation to steel
moulds.
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Figure 5.1 Cleaning of steel mould
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ii)
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Applying steel mould oil (see Figure 5.2)

Too much mould oil will produce an unclean oily surface, but too little mould oil will
make it difficult to demould or damage the concrete surface. After applying the mould
oil, use dry brush to control to the appropriate mould oil thickness.

Figure 5.2 Applying steel mould oil

iii)

Fixing of aluminum window (see Figure 5.3)

Before installation of window frame, thoroughly inspect the frame to ensure no defects.
During installation, make sure that the frame is correctly fixed into position, in respect
of alignment and level.

Figure 5.3 Fixing of aluminum windows
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Fixing reinforcement (see Figure 5.4 and Figure 5.5)

Reinforcement quantity should be adequate and spacing should be within 10%
tolerance, maximum not exceeding 30 mm.

Figure 5.4 Fixing reinforcement

Concrete spacers should have maximum spacing of 600 mm. Tying wires have to be
turned into the concrete core such that it will not affect the concrete cover. Hooks used
for lifting should be correctly positioned and at appropriate height.

Figure 5.5 Fixing concrete spacers and lifting hooks
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v)
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Connecting PVC conduits (see Figure 5.6 and Figure 5.7)

Apply glue to connect PVC conduits. Use correct sized conduit and connector.

Figure 5.6 Connecting PVC conduits

Conduit boxes to be correctly fixed to reinforcement, not inclined and orthogonal to
reinforcement. Ensure that conduit boxes are properly sealed up such that no grout
leakage into the boxes.
Ensure that the holes for the screws in the conduit boxes are maintained to be
horizontal. Ensure that the connections of PVC conduits are securely fixed. Conduits
bending angle is correct.
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Figure 5.7 Installing conduit boxes
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Installation of steel mould (see Figure 5.8)

For precast facade, ensure that steel mould cover are securely connected, all connecting
screws are tightly fastened. Ensure no grout leakage at joints and/or no stepping joints.

Figure 5.8 Installation of steel mould

vii)

Installation of stop ends (see Figure 5.9)

For semi-precast slab, ensure all screws are tightly fastened so as to prevent grout
leakage or inaccurate dimensions.

Figure 5.9 Installation of stop ends

Stop end plates with ribs have to be securely fixed to a steel angle along the slab
perimeter. Ensure that the end plates are not distorted which will lead to incorrect
dimensions of the slab.
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Figure 5.9 Installation of stop ends (Cont.)
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viii)
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Concreting (see Figure 5.10 and Figure 5.11)

Every load of concrete cannot be too much or too thick. This will render the concrete
difficult to vibrate properly. Vibrating poker has to dip fast but drag slow. Vibrating
coverage has to be even and dip points not too far apart.

Figure 5.10 Vibration of concrete

For semi-precast slab, ensure adequate vibration is provided by the vibration table so
that no air bubbles exist on the concrete surface. Before the slab is transferred out from
the vibration table, check that the height of the lifting hook is correct and adjust it if
necessary. If it is adjusted, vibrate the concrete one more time.
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Figure 5.10 Vibration of concrete (Cont.)

If the concrete in one concrete skip is not enough, wait for the next skip before pouring.
Otherwise, cold joint will be formed.
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Figure 5.11 Pouring of concrete

For precast facade, ensure correct concreting sequence. Concreting to the facade wall
between upper and lower panel has to be last one to be concreted.

Figure 5.11 Pouring of concrete (Cont.)
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Surface polishing (see Figure 5.12)

For precast facade, surface polishing has to ensure the correct thickness of concrete.
Too thick or too thin will affect the component thickness or concrete cover. The
concrete at window edges has to be pressed well so as to avoid breakage and gaps after
concreting.

Figure 5.12 Surface polishing
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Conduit boxes have to be properly aligned and levelled. Junction box has to be flushed
with concrete surface.

Figure 5.12 Surface polishing (Cont.)
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Surface brushing (see Figure 5.13)

For semi-precast slabs, surface brushing can commence when the cement paste is not
sticking to the hands. Brushing too early will lead to lines in roughened surface not
clear and have surface powder. Brushing too late will lead to roughened surface too
shallow.

Figure 5.13 Surface brushing

xi)

Initial set (see Figure 5.14)

After concreting, place the slab in a horizontal position and allow it to have the initial
set, the time for drying depends on the temperature and humidity of the atmosphere.

Figure 5.14 Initial set
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Demoulding (see Figure 5.15)

Facade can be demoulded at concrete strength of 13.5 MPa (rotating mould) and can
be lifted at 20 MPa (lifting mould). Before demoulding, check that all connections have
been unscrewed. Otherwise, forced dismantling may lead to breakage or cracking.

Figure 5.15 Demoulding

xiii)

Steam curing (see Figure 5.16)

When steam curing is applied, the temperature in the steam curing enclosure is raised
for one hour from its initial temperature to 45 °𝐶, then maintained it at 45 °𝐶 +/-10
°𝐶 for four hours, and then gradually lower the temperature down to the original
temperature.

Figure 5.16 Steam curing
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Storage at stacking area (see Figure 5.17)

For semi-precast slabs, separation timber must be vertically aligned and no missing
timber, hence overhanging, in between slabs. Size of timber should be all the same and
the separation distance should be minimum 100 mm or above.

Figure 5.17 Storage at stacking area

Spray water to slab at regular intervals to maintain the slabs to be kept moist at all times
until they are delivered out of the factory.

Figure 5.17 Storage at stacking area (Cont.)

Concrete has to attain a strength of 20 MPa before they are transported out of factory.
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Full time supervision of manufacturing process

Since precast concrete components are in fact cast in concrete and are covered up, it is
necessary to have full time supervision similar to the works carried out on site. As a
result, consultants are commissioned to supervise since the factories are mostly located
in Mainland China.
Scope of supervision and monitoring include:
i)

Full time supervision by a team of consultant resident supervisors.

ii)

A minimum inspection frequency of activities to tally with those for in-situ
concrete works.

iii)

Registered structural engineer of the consultant to audit at intervals of at least
twice every month.

iv)

First joint factory visit at commencement of each project to ensure buildability
of precast components before mass production.

v)

Pilot production run to be conducted for factory with no past record of
supplying to the client, to ensure the factory’s capacity and adequacy of plant
and equipment.
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5.3

Factory audit

Factory audit is an additional upstream control by the client to assure the quality of
factory production. The audit is conducted by an independent audit unit assigned by
the client to carry out factory assessment and measurement, associated with past testing
and production records, for determining the manufacturer's quality of works, work
sequence, and resources allocation.
Assessment team include the project manager or representative of the main contractor,
the quality manager of the manufacturer and the audit unit representing the client, so as
to ensure an objective and fair assessment.
The following is an example of the audit for the precast facade manufacture:
i)

Fixing steel reinforcement and installing steel mould.

Measure the reinforcement spacing and bar sizes (see Figure 5.18).

Figure 5.18 Reinforcement spacing and bar sizes

Measure the reinforcement anchorage length and concrete cover (see Figure 5.19).

Figure 5.19 Reinforcement anchorage length and concrete cover
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Measure the dimension between steel moulds which gives the thickness of the facade
wall. Measure the concrete cover to wall reinforcement (see Figure 5.20).

Figure 5.20 The dimension between steel moulds

ii)

Concreting: Before casting of concrete, carry out slump test and check concrete
wet temperature (see Figure 5.21).

Figure 5.21 Slump test and concrete wet temperature

iii)

After demoulding

Measure facade wall thickness and wall length (see Figure 5.22).

Figure 5.22 Facade wall thickness and length

122

Chapter 5

Measure concrete surface evenness and check concrete cover using cover meter (see
Figure 5.23).

Figure 5.23 Concrete surface evenness and concrete cover

Use schmidt hammer to check the facade concrete strength (see Figure 5.24).

Figure 5.24 façade concrete strength checking

For every 100 pieces of facades, select one sample for breaking down and checking on
the reinforcement sizes and spacing and the positions of conduits (see Figure 5.25).

Figure 5.25 Sample for checking
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Traceability of precast concrete components

Traceability is an important part of quality assurance. Products received on site has to
be assured that they come from the approved factory instead of some other
unauthorized factories. To accomplish this, products have to be identified with proper
means which cannot be imitated.
Radio Frequency Identification (RFID) is an IT system which is getting more and more
popular for identification. This is a more reliable means as compared with markings or
bar codes in that it cannot not be reproduced (see Figure 5.26).

Figure 5.26 an RFID system

RFID tags are installed within the precast facade at an agreed position, for example, and
then cast with concrete (see Figure 5.27). After that, it can be stored with data by
read/write function of the RFID reader. It can hence be identified both in the factory
and on site. The data are uploaded to the web-based system and can be accessed by the
manufacturer, contract manager, contractor and client.
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Figure 5.27 Installation and reading RFID tag
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On Site Construction and Installation

6.1

Mechanized construction
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For elevated construction using traditional methods, it is often difficult to construct at
locations which are difficult to access. Substantial falsework and working platforms may
be required. In case timber formwork is used, the workmanship may deteriorate after
repetitive construction (see Figure 6.1).

Figure 6.1 Traditional construction
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Mechanized construction comprise primarily the use of tower crane to move around
steel formwork, concrete skips and precast components. The transportation is between
ground and working floor and between different wings of working floors (see Figure
6.2).

Figure 6.2 Mechanization construction
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Large panel steel formwork

Large panel steel formwork is robust and in one single piece, without vertical joints
within the panel. As a result, no vertical marks due to grout leakage on wall face after
dismantled. Off-form wall surface are smooth and no undulating profile (see Figure
6.3).

Figure 6.3 Large panel steel formwork and off-form surface finish

Large panel steel formwork saves the need for carpentry which are expensive skilled
laborers nowadays. It can be used when the flat units are relatively standardized in
residential buildings (see Figure 6.4).
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Figure 6.4 Semi-skilled laborer for fixing formwork

6.1.2 Aluminium formwork
Aluminium formwork panels are smaller in size, normally 600 mm in width. They are
assembled into one big panel piece by connecting with bolt joints (see Figure 6.5). As
a result, they are more flexible in fitting different shapes and dimensions. They are
transported and assembled by manual labours because of their smaller sizes.

Figure 6.5 Aluminum formwork

Aluminium formwork panels have still the drawback of possible vertical joint marks,
though far less significant than those produced by timber formwork. Compared with
large panel formwork, it is more expensive because of the cost of material, i.e.
aluminium is more costly than steel.
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Construction cycle

6.2.1 Six day construction cycle
Six day construction cycles are common construction time using mechanization and
prefabrication method. The set up for the construction include:
i)

one tower crane for each block. In this respect, if the block layout is more or
less symmetric, the tower crane can be placed centrally so as to fully cover the
whole block footprint. If the block layout is very linear, two tower cranes may
need to be used to cover the whole footprint;

ii)

large panel steel wall formwork for one half floor. Again, if the block layout is
symmetric, the formwork can be rotated over the same floor without the need
to deliver the formwork to ground level for temporary storage (see Figure 6.6).
This could free more space at ground level as the site area for building site is
often very congested;

iii)

precast components to arrive as far as possible “just in time” for the tower crane
to lift up to the working floor for erection. This would again minimize storage
of precast components on site. The trailer carrying the precast components can
be parked on ground closest to the positions where the components are to be
erected and hence saves double handling by the tower crane;

iv)

concrete to be delivered by concrete skip and tower crane from ready mix trucks
at ground level.
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Figure 6.6 Rotation of formwork for symmetric layout
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The sequence of activities for six days construction cycle are described as below. For
the convenience of following the sequence, it can be focussed to activities, say, in Wing
A:
Day 1 (see Figure 6.7)
WING C

WING D

WING B

WING A
Figure 6.7 Day 1 activities

i)

Wing A - Dismantle wall formwork (100 %). Lay semi-precast slab (100%).

ii)

Wing B - Dismantle wall formwork (30%).

iii)

Wing C - Install wall formwork (100%). Erect precast facades (100%).

iv)

Wing D - Fix wall reinforcement (100%). Install wall formwork (30%).
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Day 2 (see Figure 6.8)
WING C

WING D

WING B

WING A
Figure 6.8 Day 2 activities

i)

Wing A - Lay steel fabric reinforcement over semi-precast slabs (70%).

ii)

Wing B - Dismantle wall formwork (100%). Lay semi-precast Slab (100%). Fix
fabric reinforcement (20%).

iii)

Wing C - Concreting walls (100%).

iv)

Wing D - Install wall formwork (100%).
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Day 3 (see Figure 6.9)
WING C

WING D

WING B

WING A
Figure 6.9 Day 3 activities

i)

Wing A - Lay fabric reinforcement over semi-precast slabs (100%) Concreting
over semi-precast slabs (100%).

ii)

Wing B - Lay fabric reinforcement over semi-precast slabs (100%). Concreting
over semi-precast slabs (100%).

iii)

Wing C - Dismantle wall formwork (10%).

iv)

Wing D - Concreting walls (100%).
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Day 4 (see Figure 6.10)
WING C

WING D

WING B

WING A
Figure 6.10 Day 4 activities

i)

Wing A - Erect precast facades (100%). Fix wall reinforcement (100%). Install
wall formwork (100%).

ii)

Wing B - Erect precast facades (100%). Fix wall reinforcement (100%). Install
wall formwork (30%).

iii)

Wing C - Dismantle wall formwork (100%). Lay semi-precast slabs (100%).

iv)

Wing D - Dismantle wall formwork (30%).
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Day 5 (see Figure 6.11)
WING C

WING D

WING B

WING A
Figure 6.11 Day 5 activities

i)

Wing A - Concreting walls (100%).

ii)

Wing B - Install wall formwork (100%).

iii)

Wing C - Lay fabric reinforcement on semi-precast slabs (60%).

iv)

Wing D - Dismantle wall formwork (100%). Lay semi-precast slabs (100%). Lay
fabric reinforcement over semi- precast slabs.
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Day 6 (see Figure 6.12)
WING C

WING D

WING B

WING A
Figure 6.12 Day 6 activities

i)

Wing A - Dismantle wall formwork (10%).

ii)

Wing B - Concreting walls (100%).

iii)

Wing C - Lay fabric reinforcement on semi-precast slabs (100%). Concreting
over semi-precast slabs (100%).

iv)

Wing D - Lay fabric reinforcement on semi-precast slabs (100%). Concreting
over semi-precast slabs (100%).
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Throughout the 6 days construction cycle, it can be found that majority of the works
are assembling various components using mechanized methods, including:
i)

Erecting and dismantling of large panel steel wall formwork which are
prefabricated;

ii)

Connecting precast components such as facades and semi-precast slabs.

iii)

Fixing of wall and slab reinforcement which contain a great percentage of
prefabricated mesh reinforcement (from 60% in walls to 90% in slabs).

As a consequence, the usage of skilled labours on site is very much reduced which in
turn enhanced the quality of the products in respect of accuracy arising from human
errors and workmanship problems frequently found in traditional method of
construction. In addition to the quality of works, site safety aspects can also be
significantly improved. It covers the following:
i)

Workers are confined within the working floor with precast facades and large
panel steel formwork erecting along the building perimeter. This is much safer
to workers in protecting them from falling from height as compared with the
traditional use of scaffolding.

ii)

Workers are not required to erect timber wall and slab formwork involving a lot
of carpentry work which are often sources of minor accidents.

iii)

With the substantial use of precast components, much of the difficult insitu
works such as facades, tie beams, staircases, etc. can be transferred to the factory
instead of constructing at elevated working platforms which poses higher risks
to the workers.
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6.2.2 Acceleration of construction cycle
The six day construction cycle hinges very much on the tower crane. The latter is
basically fully occupied throughout the day in transporting precast elements, formwork
and concrete skip, plus the other construction materials such as partition walls,
reinforcement, equipment, etc. (see Figure 6.13).

Figure 6.13 Tower crane is heavily occupied
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The following table shows the typical example of the activities of a six day cycle with
time schedules:
Table 6.1 Six day cycle schedule of work
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It can be found that there are idling time every day in some of the wings of the block,
basically waiting for the tower crane. In order to better utilize the tower crane and
hence shorten the cycle time, one effective method is to use pumped concrete which
could spare the time of transporting the concrete skip by the tower crane (see Figure
6.14). As a result, a 5-day cycle can be achieved.

Figure 6.14 Replacement of concrete skip with pumped concrete
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6.2.3 Dimensional accuracy of precast elements for construction

Precast Facade
(Dimensional
accuracies are
very important
as only very
tight tolerances
are allowed)

Semi-precast slab

Insitu concrete walls
Figure 6.15 Dimensional accuracy for precast components

Precast construction calls for high precision; otherwise it cannot fit into and interface
with insitu construction as formwork is also prefabricated (see Figure 6.15). For
example, precast facades need to be fitted between two insitu walls. Where precast is
connecting to precast, accuracy is also vital. This applies to semi-precast slab panels of
2.5 m width which are connected together to form the floor slabs. Generally, a
maximum of 4mm tolerance between each connection is allowed. As a consequence,
the dimensions of the precast elements have to be well controlled in order to facilitate
a smooth construction process on site.
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Benefits of Prefabrication and Mechanization

7.1

Benefits of saving construction cost
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Saving in construction cost can be realized in several aspects:
i)

Fair face off-form finishes minimizes touching up and repair, which is very
frequent for timber construction (e.g. slab soffit and wall finishes).

ii)

Labor cost in precast factory is much lower than that for in-situ construction,
first because cost is cheaper in Mainland China and second semi-skilled labor in
factory instead of skilled labor at working floor is required.

iii)

In-situ architectural wet trade, such as block works partitioning, tiling, plastering,
etc. (see Figure 7.1) are substantially reduced, mostly transferred to factory or
eliminated through the use of metal formwork.

iv)

Mechanized construction demands much less labor than those of conventional
timber construction, particularly in terms of carpentry and temporary works.

Figure 7.1 Wet trade transferred to factory
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7.2

Benefits of saving maintenance cost

Saving in maintenance cost can be achieved as follows:
i)

window leakage – through precast construction, windows are cast into the
facades which eliminate regular maintenance (see Figure 7.2).

ii)

plumbing and drainage – again through volumetric precast whereby pipes and
ducting are cast in factory (see Figure 7.3).

Figure 7.2 Cast-in windows

Figure 7.3 Cast-in ducting
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Benefits of extending life cycle time of building

Carbon dioxide in the atmosphere penetrates into concrete structure at a very slow rate.
By the time it reaches the reinforcement, the reinforcement will start to corrode. The
time span normally will take years to complete.
However, if the concrete cover is below design thickness, due to workmanship problem,
corrosion will commence much earlier.
Robustness of steel formwork contributes significantly to the quality of built products,
such as the maintaining of consistent concrete cover to reinforcement.
Corrosion
to reinforcement is the major factor which leads to deterioration of reinforced concrete
structures and substantially reduces the working life of buildings.
In July 2009, Hong Kong Housing Authority (HA) commissioned the Hong Kong
Polytechnic University to study the expected useful life of the Post -1992 HA’s Rental
Housing Blocks. These blocks have largely been designed and built to HA current
standards and with wider use of mechanized construction and prefabrication. The
purpose of the study is to enable HA to understand how sustainable are the blocks
constructed using this approach.
The following are the selection criteria for the study:
i)

Building type (Harmony (H1)) (see Figure 7.4);

ii)

Number of building selected (8 nos. out of 250 nos. built);

iii)

Range of completion dates of the selected buildings (1993-2001) to cover
different ages;

iv)

Geographic distribution of the locations of the selected buildings, some were at
hillsides and some were by the seaside

The above criteria give a good representation of the general performance of HKHA
buildings structures of post-1992 rental domestic blocks.
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Figure 7.4 Harmony Block (Mean value of buildings age for study – 12 years)

In this study, a dual approach was used comprising both the traditional coring
(destructive) method for the determination of compressive strength, carbonation depth
and chloride content, and non-destructive methods, for the determination of depth of
concrete cover to re-bars and corrosion rate of re-bars. Additionally, accelerated
carbonation tests were carried out at the laboratory to assess the rate of carbonation of
the concrete cores taken from the buildings under an accelerated environment.
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The following tests are conducted in the study and the findings shown:
i)

Concrete cover test

Figure 7.5 Concrete cover test
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Concrete cover (mm)
Figure 7.6 Concrete cover results

ii)

Concrete core compressive strength

Figure 7.7 Concrete core test
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Figure 7.7 Concrete core test (Cont.)

Compressive Strength (MPa)
Figure 7.8 Concrete core test results

The above data (concrete covers and compressive strength) show that the in-situ
concrete quality of all the 8 selected buildings was good, meaning that both the material
and workmanship during construction were at good levels.
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Carbonation depth

Figure 7.9 Carbonation depths in light grey

Carbonation Depth (mm)
Figure 7.10 Carbonation depths result

Based on the findings, carbonation depths ranged from 2-14 mm. Less carbonation
was observed at the external locations (average carbonation depth (D) was 5 mm),
probably due to degree of water saturation in the exposed concrete. Sheltered parts of
a structure undergo carbonation at a faster rate (average carbonation depth (D) was 10
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mm). This is probably because CO2 diffusion is slowed down if exposed to rain or
periodic wetting (Neville 1995).

Figure 7.11

Service life model

Due to carbonation:
The relationship between carbonation depth and time of exposure is given by
𝐷 = 𝐾𝑡

.

where 𝐷 = carbonation depth in mm;
𝐾 = carbonation coefficient in mm/ year;
For interior concrete, 𝐾 = 2.8 mm/year
𝑡 = time of exposure in years.
Due to chloride ingress:
The results show that, in general, negligible risk of chloride induced corrosion in the
common areas.
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Therefore, putting the values into the formula for carbonation,
𝐷 = 𝐾𝑡

.

taking 𝐾 = 2.8 mm/year, the time for the initiation stage is:
𝑡 = (25/2.8) ≈ 80 years
After full carbonation, the corrosion induced expansion in a re-bar at sheltered areas, in
terms of its diameter, is about 0.002 mm/year. Therefore, the time taken for the
corrosion to induce general cracking due to re-bar corrosion is (0.05/0.002), about 25
years.
Combining the initiation and propagation stages, it is estimated that the total service life
of the post-1992 HKHA rental domestic blocks→ (80+25) ≈ 100 years.
The above findings are very encouraging because it was established that the working life
could be over 100 years, without the need for major repairs. In accordance with the
normal international design codes, the design life is 50 years for domestic buildings.
It can be deduced that with the use of prefabrication and mechanization, the concrete
covers can be consistently maintained and the concrete material can be of very high
quality, hence a much extended life cycle time for the buildings.
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Demolition of Precast Concrete Buildings

8.1

Introduction
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Precast concrete building construction has taken place in public housing blocks in the
mid-80s when the Hong Kong Housing Authority introduced mechanization and
prefabrication on a large scale. Before that time, very few residential buildings in Hong
Kong were of precast concrete construction. However, there was one precast project
which the HA had pioneered nearly 50 years ago. The blocks in this project have
recently been demolished for redevelopment purposes, to yield more flats on the same
site.
In the course of demolition of these precast buildings, valuable experience has been
gained. I would like to share this experience with our readers in this chapter.

8.2

Case study - Lower Ngau Tau Kok Estate Phase 2

Lower Ngau Tau Kok Estate Phase 2 was developed in the late 1960s for housing the
needy (Figures 8.1 and 8.2). To achieve fast track construction, the then Architectural
Office of the Hong Kong Government adopted precast concrete panels for the
construction of five 16-storey domestic blocks on the Lower Ngau Tau Kok Estate
Phase 2 in 1967. These buildings were constructed with precast structural walls and
slabs except for the lift core structures. Each cross wall was one storey height, formed
by two to three precast concrete panels, which also functioned as a coupled shear wall
for wind resisting purposes. Precast concrete floor slabs were inserted between the wall
panels. All connections were secured by “stitches”, in that projecting reinforcing bars
were welded together and the cavities filled with concrete. Typical details of the
connections are shown in Figure 8.3.
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Figure 8.1. Photograph of Lower Ngau Tau Kok (late 1960)

Figure 8.2. Photograph of Lower Ngau Tau Kok (before demolition)
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Figure 8.3

8.3
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Typical Details of Connection between Precast Concrete Panels

Desk study

The planning of demolition works started with desk studies. The project team tried to
collect all information of the existing buildings, including drawings and the records of
existing utilities and hazardous materials etc. from relevant parties such as the estate
management office, government departments and even builders who took part in the
original construction works. Unfortunately, as-built drawings of the precast buildings
could not be located. Nevertheless, a photograph taken during construction found in
the estate management office and a paper regarding prefabricated construction issued
by the Architectural Services Department shed some light on the construction of the
precast buildings. It was noted that the connections between precast concrete panels
were secured by stitches with projecting reinforcement welded together and the cavities
filled with concrete. This connection detail is very dependent on the workmanship of
construction and any damage to the concrete infill would affect structural integrity.
Extreme care should therefore be taken in the demolition of these buildings.

8.4

Site investigation

Site investigation played a vital role in identifying and verifying the condition of the
precast structures because some critical records were not available. Localized opening
up of the structure was carefully arranged in vacant flats so as not to disturb nearby
tenants. Even though only a limited sample size could be achieved, some crucial
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information such as typical locations of construction joints for a domestic unit, the
connection details, the sizes of the precast concrete elements, the concrete quality etc.
could be obtained or verified for demolition design purposes. The conditions around
the site were also examined, looking for any constraints which might affect the
demolition plan. It was seen as important that the proposed demolition would cause no
major nuisance to residents in the vicinity or to the public at large.

Figure 8.4 Site investigation through localized opening up of structure
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Preliminary design

It is not an easy to carry out a preliminary demolition design without knowing how the
precast buildings will behave during demolition. The demolition sequence is important
to avoid any potential risk of progressive collapse. A typical floor prototype was built
in order to study the proposed demolition arrangement with due regards to safety, the
technology available, the programme cost. Preliminary design included a temporary
supporting system with stiff lateral restrain and light-weight plant were carefully selected
for the proposed demolition. The global and local stabilities of the precast buildings at
all stages of demolition were examined in detail. The capabilities of demolition
contractors were also taken into account when designing the demolition works. A
preliminary design was provided in the tender documents for reference by tenderers.

Figure 8.5 Typical floor prototype to study the demolition arrangement

8.6

The cut-and-lift method

To minimize risk, the project team worked together with the contractor to review the
proposed demolition plan and supervision of the works. After a comprehensive site
investigation of the connection details of the precast buildings after taking over the site,
a cut-and-lift demolition method, in reverse sequence to the original construction
sequence was devised with due consideration taken on the pros and cons in relation to
the traditional method (Table 8.1).
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Table 8.1 Comparison between Traditional Method and Cut-and-Lift Method
Traditional

Cut-and-Lift

Heavy, Difficult to Handle

Light, Easy to Handle

Heavy Machine

Hand-held Tools

Heavy

Light

Risk of Overloading

Risk on Lifting

Progress

Slow

Fast

Site Condition

Messy

Tidy

Relatively High

Relatively Low

Temporary Supporting System
Plant
Working Load on Structure
Safety

Dust and Noise Pollution

The cut-and-lift method consists of cutting off the precast panels at the connections
and lifting them away piece by piece in a designed sequence. The precast wall and slab
panels were respectively braced by inclined steel tubes and supported by steel
scaffolding before their connections were broken up for lifting. They were removed
bay by bay from the gable ends of each floor, working towards the central core. All the
panels on a floor had to be completely removed before moving to demolish the floor
below. Extreme care was taken to ensure that the panels were tightly fastened and
carefully lifted throughout the process to prevent accidental collapse of the panels
leading to possible progressive collapse.
Silent type hand-held electrical breakers were used to break up the connections to
minimize damage to the precast panels prior to lifting and also to help reduce the noise
and dust generated during the breaking up. Hydraulic jacks were used to de-bond the
panels before lifting so as not to adversely affect the stability of the structures. In order
to cope with the heavy precast concrete panel lifting demand, standalone tower cranes
were suitably located so that their jibs could cover the whole area of the buildings. As
two or three tower cranes would operate concurrently on site, an anti-collision system
and cameras were installed on the tower cranes to enhance lifting safety.
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Tower Crane

Recycled Footing

Jack

Saw-cut

Hand-held Breaker

Hydraulic Crusher
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Figure 8.6 Plants and equipment used for demolition

To demolish the remaining portions, of cast in-situ reinforced concrete structures at the
lift cores and lobbies, traditional hydraulic concrete crushers, saw-cutting / chaincutting machines were adopted. These are effective and efficient in crushing concrete
and in cutting steel bars.

160

Chapter 8

8.7

Pre-demolition open-up inspection (slabs)

Figure 8.7 Open-up inspection of slabs prior to demolition

Prior to the demolition of the slabs, an ‘open up’ inspection is carried out at the actual
joint locations before cutting works commence. This is to check whether there is any
deviation from the original design and to take necessary action as appropriate.
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8.8

Pre-demolition open-up inspection (walls)

Figure 8.8 Open-up inspection of walls prior to demolition

Similar pre-demolition open-up inspection is carried out for walls.
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8.9

Removal of slab panel

Figure 8.9 Removal of slab panels
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8.10

Removal of wall panel

Figure 8.10 Removal of wall panels
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8.11

Removal of parapet panel

Figure 8.11 Removal of parapets
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BIM modelling

In this demolition project, because of the complexity of the demolition method and
sequence, BIM was pioneered to demonstrate and train the workers involved. BIM
animation was prepared and some of the contents are shown below.

Figure 8.12 BIM modeling

8.13

Procurement

Demolition is a high-risk activity. It is prudent to engage competent contractors, in
terms of qualification, experience, performance, technical and financial capability, to
carry out demolition works as part of the risk management. While demolition
contractors are registered under the Buildings Ordinance as Specialist Demolition
Contractors for carrying out demolition works, the Housing Authority maintained its
own List of Demolition Contractors to select suitable contractors for executing
demolition contracts or carrying out demolition works for its projects. Contractors in
the List have to satisfy the prevailing List requirements on corporate particulars,
financial and technical capability in order to remain on the List. They are also required
to achieve certification on ISO 9001, ISO 14001 and OHSAS 18001 for their
commitment on promoting a safety and environment protection culture during the
work process. Their performance would also be monitored continuously.
In view of the high risk in demolition of the precast high-rise buildings and substantial
temporary works design that would be involved, capable demolition contractors were
shortlisted from the List and the execution of the demolition works was bundled in a
foundation contract of its future development for further reinforcing the risk
management for this large and complicated demolition project. The main contractor
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with stronger management capabilities would then manage the demolition works for
which its domestic demolition subcontractor had to be selected from the shortlist. This
arrangement has been proven to be effective in managing demolition of complicated
structures.
A tender briefing was arranged to brief all the tenderers on the project particulars and
the risks that were of concern. The prototype was presented to demonstrate the
suggested structural model of the precast buildings to facilitate the tenderers to estimate
the works and risks involved for pricing the tender.

8.14

Conclusion

With proper management on the demolition works, together with the cut-and-lift
demolition method and pioneer use of BIM on demolition safety management, the
precast high-rise buildings in Lower Ngau Tau Kok Estate Phase 2 were torn down
smoothly with zero accident as well as zero complaint on noise and dust nuisance. It is
hoped that the experience shared in this chapter could help promote good demolition
practices in the industry.
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