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Abstract 

 

A continual increase in the demand for high-class residential estates in Hong Kong 

is recorded as the property market revives after years of economic difficulties.  It is 

reported that the value of property estates in this category has increased by 40% 

since last year.  

 

Change of land use and development of undeveloped area are desirable solutions to 

meet the growing needs for deluxe residential areas. In this dissertation, Shek Mun 

is chosen to illustrate how to transform a green belt area to a superior residential 

district. Situated in Shatin, one of the most successful and popular new towns in 

Hong Kong, Shek Mun is an ideal place for luxurious residential development as it 

is surrounded by gently rising hills leading to a perfect setting for homebuyers who 

look for good living environment.  

 

Site formation is a prerequisite for any property development, so it will be discussed 

in details.  This includes methodologies for site investigation, platform level design, 

examination of slope stability, road systems and interchange designs, surface 

drainage system, stormwater and sewerage system designs. 
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Chapter 1.  

 

Introduction 

 

 

1.1   Background 

 

With the rising standard of living, an increasing number of Hong Kong people are now 

demanding higher living conditions. Shatin is Hong Kong’s most successful and popular 

new town. The gently rising hills around Shatin are an ideal setting for homebuyers who 

look for a good living environment. The lush green slope around Shek Mun in Shatin 

offers the most suitable location for the luxury residential development. The Shek Mun 

development project is designed to meet this need. 

 

In this project, site formation of Shek Mun is designed for establishing a high-class 

residential area.  In this site formation development, several major factors should be 

considered:  The selection of a suitable location, determination of the platform layout, 

a check of the slope stability, design of the internal road system and interchange, and the 

design of the storm and sewage drainage system.  The above tasks are required to 

provide a safe and comfortable condition for the residents in the proposed development. 
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Site formation works are the important part of town planning. There are five aspects 

should be considered. They include the land use of the site, population foreseen, geology 

analysis, road network, and drainage management.  All of these situations are referred 

to development principles based on ‘Hong Kong Planning Standard and Guidelines’ 

(HKPSG). 

 

 

1.2   Project Aim 

 

In Hong Kong, about 95% of residential areas have been developed. The land available 

for further development continues to decrease. Change the use of the land, however, is 

the only solution. Shek Mun is the most suitable place to develop a residential zone in 

Shatin.  In Shek Mun, the low population density and attractive surrounding scenery 

(including green fields, racecourse and river views) provide desirable elements for the 

development.  Furthermore, the site stands conveniently near the Tate’s Cairn Tunnel, 

while the Lion Rock Tunnel and Shing Mun Tunnel are just minutes away. Hence, the 

location of Shek Mun is recommended for this project. 

 

The aim of this project is to develop a defined site area in Shatin for a new housing 

estate with residential complex.  The development is intended to accommodate a 

population of 1000. The following tasks will be performed: 

- Conduct Site investigations with desk study, site reconnaissance and 

detailed examination for design. 

- Design the layout of the site and level of the platforms 



 

 3

- Check the slope stability for certain critical slopes with SLOPE/W 

software. 

- Design horizontal and vertical alignment of the road system within the 

site. 

- Design surface drainage system and sewer system 
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Chapter 2.  

 

Selection of Location 

 

 

2.1   Site Condition 

 

In Shek Mun, the low population density and attractive surrounding scenery including 

green fields, racecourse and river views, make this location very appealing. Furthermore, 

the site stands conveniently near the Tate’s Cairn Tunnel, while the Lion Rock Tunnel 

and Shing Mun Tunnel are just minutes away. 

 

 

2.2   Location of Shek Mun 

 

Shek Mun is located in the central of New Territories (toward the east of Shatin 

Racecourse), which is a part of Siu Lek Yuen. In this project, the actual location of the 

site is next to the Shatin Hospital.  The coordinate of the site is between N828700 to 

N828000 and E839750 toE840450. It is situated within a part of Green Belt Area. The 

location of Shek Mun is shown in Figure 2.1. 
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Figure 2.1 Location of Shek Mun 

 

 

 

(Source: Survey Sheet No.: 7-SE-7D) 
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Chapter 3.  

 

Site Investigation 

 

 

A site investigation was conducted in stages as follows: desk study; site reconnaissance 

and detailed examination for design.  

 

 

3.1   Desk Study 

 

Much useful information about the site already is available in existing records.  

Therefore a desk study is necessary before any actual physical investigation of the site.  

In this project, the information is mainly supported by existing records. This information 

can be obtained from the following sources: 

 

 

3.1.1   Map, Plans and Past Records 

 

Geological maps and memoirs provide detailed geology of the area.  These maps are 

useful for studying general features of an area.  In this project, it is available on a scale 
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of 1:5 000 for draft planning, which sheet number is 7–SE –A and the series is HP 5C. 

 

Furthermore, the publications of the Geotechnical Area Study Programme (GASP) 

provide an important source of basic geotechnical information.  These publications are 

available from the Government Public Centre and Geotechnical Engineering Office 

(GEO).  They generally contain Engineering Geology, Terrain Classification, Erosion, 

Landform and Physical Constraint Maps. 

 

In addition, past site investigation reports are often very useful and can often save time 

and money in site investigations. The Geotechnical Information Unit of the (GEO) 

contains numerous records of boreholes from throughout the Territory, as well as useful 

records of landslides, rainfall and piezometric data, and laboratory test results on soil 

and rock samples.  Relevant data can be readily accessed by geographical location of 

the site. However, there are not enough boreholes for the site in Shek Mun.  Therefore, 

some soil parameters are assumed according to Guide to Retaining Wall shown in Table 

3.1, Borehole records in Figure 3.1(a), (b) & (c), and Laboratory result from boreholes 

in Figure 3.2. The location of boreholes is shown in Figure 3.3. 

 

 



 

 8

Table 3.1 Typical Ranges of Values of Geotechnical Parameters 

 

 

(Source: Geotechnical Engineering Office, Civil Engineering Department 2000b, Guide to 

Retaining Wall Design, Hong Kong. p.145.) 
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Figure 3.1 (a) Borehole record done by Gammon Ltd 

  

 
(Source: Gammon Borehole Record, 1977) 
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Figure 3.1 (b) Borehole record done by Lam Geotechnics Ltd 

 

 
(Source: Lam Geotechnical Borehole Record, 1988) 
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Figure 3.1 (c) Borehole record 

 

 
(Source: Lam Geotechnical Borehole Record, 1988) 
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Figure 3.2 Laboratory result from borehole 

 

 
 
(Source: Lam Geotechnical Borehole Record, 1988) 
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Figure 3.3 Location of boreholes 

 

 

 

 

 

3.1.2    Consideration and Restr ictions 

 

The location of the site covers a part of the Green Belt Area.  Therefore, the designated 

site usage should be changed from green belt to residential. The planning of a residential 

development in the Green Belt should be assessed by the Town Planning Board. 

Moreover a planning permission should be obtained before commencement of work. For 

this reason, the followings are criteria and protective measures to minimize the effects 

on the Green Belt zone:  

 

(i) The scale and intensity of the proposed development including the plot ratio, 

Borehole 2 
N828327 
E839694 
Figure 1b 

Borehole 1 
N828422 
E840492 
Figure 1a 
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site coverage and building height should be in harmony with the surrounding 

areas.  In this project, the plot ratio is limited to 0.4 for residential 

development may be permitted. 

 

(ii) Passive recreational uses that are in harmony with the surrounding areas may 

be given sympathetic consideration. After construction period, the 

surrounding areas affected by the development are replanted by 

hydro-seeding. 

 

(iii) The design and layout should minimize the clearance of existing natural 

vegetation, effects on existing natural landscape, and adverse visual impact on 

the surrounding environment. 

 

(iv) Tree preservation and landscaping proposals should be provided along the 

access road and parking areas to compensate the affected existing trees or 

other natural landscape features. 

 

(v) The proposed development should not overstrain the capacity of infrastructure 

such as sewerage, roads and water supply. It should not adversely affect 

drainage or aggravate flooding in the area (Town Planning Board 1991, p. 10). 

 

(vi) Waste management scheme and noise barrier should be provided during the 

construction period. Proper measures are used to minimize the adverse 

effective to the environment. 
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(vii) The stability of critical slopes should be checked by SLOPE/W in the design 

phase. The developed slopes or hillsides should be protected by hydro-seeding 

after the construction phase (Town Planning Board 1991). 

 

 

3.2    Ground Investigation 

 

The ground condition would be revealed by field tests such as boreholes. Since this 

project did not have actual field test, the ground condition was determined by the past 

borehole records. There were two borehole records MEF4 and EF58. 

 

From the report on borehole no. MEF4 made by Gammon (Hong Kong) Limited and the 

report on borehole no. EF58 made by Lam Geotechnics Limited obtained from 

Geotechnical Engineering Office (GEO) shown in Figure 3.1 (a), (b) & (c), the water 

level position, the type of the soil and the soil parameters of the site were estimated. 

 

The water levels within the site were estimated by proportional to the water levels of 

borehole records with its co-ordinates. The water levels within the site are ranged from 4 

mPD to 210 mPD.  
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The soil parameters used in analysis are simplified to be uniform within the site and 

shown in Table 3.2: 

 

Table 3.2 Soil Parameters used in analysis 

 

 Soil layer 

Bulk unit weight g 

(kN/m3) 

21 

Phi (� ’ ) 38º 

Cohesion c’ (kPa) 5 

Pore-air pressure  0 

 

However, due to inadequate information, some soil parameter such as unit weight or 

mass permeability cannot be obtained from the borehole. Thus, this data is assumed 

from the typical range of values of Geotechnical Parameters for Selected Hong Kong 

Soils shown in Table 3.1.  As a result, the Bulk Unit Weight over the site is assumed to 

be 21 kN/m3. 
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3.2.1    Ground Condition 

 

Geotechnical Engineering Office (1988) provides the Physical Constraints Map (PCM) 

for preliminary analysis: 

The Physical Constraints Map (PCM) provides the information relating to the types of 

physical constraints which affect the terrain.  It should be used in conjunction with the 

Geotechnical Land Use Map (GLUM) in the GASP Report V but it is designed to stand 

alone as an assessment of the physical resources for general planning and engineering 

purposes.  These are shown in Figure 3.4 and Table 3.3. 
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Figure 3.4 Physical constraints map 

 

 

 

(Source: Geotechnical Engineering Office, Civil Engineering Department 1988, 

GASP V Geotechnical Area Studies Programme - North New Territories, Hong 

Kong.) 
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Table 3.3 Legend of Geotechnical Land Use Map 

 

 
 

(Source: Geotechnical Engineering Office, Civil Engineering Department 1988, GASP V 

Geotechnical Area Studies Programme - North New Territories, Physical Constraints Map, Hong 

Kong.) 
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The distribution and nature of geology materials will affect the planning and engineering.  

A wide variety of geology materials are present in the area, and the nature and extent of 

their influences varies accordingly.  

 

There are very few data on the compressibility characteristics of soil from the Shek Mun 

formation, in particular the secondary compression characteristics. For this reasons 

further geotechnical investigations are required. For example, the study involved would 

need to determine a wide range of engineering parameters such as primary and 

secondary consolidation properties of the soil by using an oedometer. The tests indicate 

variation of rate of secondary compression with time. 

 

In order to determine the ground, conditions over the site, some in-situ tests should be 

carried out. 

Geotechnical Engineering Office (1992 pp.79-87) provides the following examples of 

in-situ tests: 

(i) Standard Penetration Tests aims to determine the SPT N value, which 

gives an indication of the soil stiffness, bearing pressure and liquefaction 

potential. 

(ii) Pressuremeter (GEO Probe) tests or Bearing test aims to determine the 

strength, deformation characteristics and limit pressure of the soils and to 

reflect the ultimate bearing capacity penetration resistance of soil. 

(iii) Permeability test aims to determine the coefficient of permeability 

(iv) In-situ density test such as Sand Replacement. 

(v) Consolidation test aims to determine the compressibility and rate of 

consolidation of fine-grained soils under applied load. 
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(vi) Installation of piezometer and subsequent regular monitoring aim to 

determine the pore pressure. (Geotechnical Engineering Office 2000, pp. 

17-22 and Geotechnical Engineering Office 1992, pp. 79-87). 

 

 

3.2.2    Conclusion 

 

The GASP Report V (Geotechnical Engineering Office 1988) indicated that the 

Geotechnical Limitations in Shek Mun are mainly from moderate to high which 

classified as Class II to III of the Characteristics of GLUM.  Although the Geotechnical 

Limitations are high, the project is designed to build low-rise buildings; therefore, the 

cost of foundation work will not be too high. 

 

 

3.3     Site Reconnaissance 

 

At an early stage, a thorough visual examination of the site should be made.  In the 

intensely developed urban areas of Hong Kong, it will usually be necessary to inspect 

existing slopes and retaining walls within surrounding areas of the site and adjacent 

properties during the site reconnaissance stage. 

 

3.3.1    Site Visit 

 

It is important that one should visit the site before starting planning. A site visit enables 
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us to confirm the information from the desk study.  Moreover, it also reinforces the 

understanding of the site condition and surrounding area, making it easier to plan the 

project. A site visit was conducted on 25 March 2004. The site is located in the hillside 

of Turret Hill with Indian-rubber tree, White Bauhinia, Camellia hongkongensis and 

grassland. In the site area, no agricultural land and residential area was found but there 

were many mosquitoes and spiders living along the stream and the hill. A rich fish fauna 

such as small fishes and shrimps were observed in the stream. Moreover, some birds, for 

instance, Tree Sparrow and Crested Myna were seen implying they possibly inhabited in 

the area. However, no terrestrial mammals were noted in the site area. The site was 

found to be a low population density area having a view of Racecourse and Shing Mun 

River. The site is suitable to set up a low-rise building estate. There is a highway beside 

the site so a long sound barrier should be built along the edge of the site. 



 

 23

 

 

 

Chapter 4.  

 

Environment Impact Assignment (EIA) 

 

 

Besides the consideration of the existing green belt area and ground conditions, an EIA 

study also is an important step that needs to be carried out before starting construction. 

An EIA is intended to identify the potential impacts of the project in the early planning 

stages. The EIA report is used to apply for an environmental permit before construction. 

 

An EIA report should comprise a series of documents providing a detailed assessment of 

the environmental impacts and environmental benefits of the project.  Moreover, as 

stipulated by Environment Protection Department (1997), the EIA report should be 

produced in accordance with the EIA study brief issued by the Director to the applicant. 

 

 

4.1   Content of an EIA Repor t 

 

Firstly, the project benefits for carrying out the project are discussed.  This project 

provides a residential development to alleviate the demand of housing in Shatin.  
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Moreover, it provides a relaxed and comfortable condition for the residents.  With a 

well-designed transport system, this site is a suitable location for residential 

development in Shatin.  However, the natural slope is so steep, which will increase the 

difficulty of the project design and the construction process, and raise the project cost.  

In addition, a special care on the migration of air and noise pollution is required in this 

project, because the Shatin Hospital is located beside the site.  The following items are 

the guideline for identifying the negative effects caused by the project. 

 

 

4.1.1  Land Contamination 

 

Since the existing condition of the site is a natural slope, there is no existing land 

contamination, which may cause the pollution of watercourses and groundwater; impact 

on fauna and flora; and health and safety.  Besides this, care should be taken to prevent 

contamination arising during construction of the development. 

 

 

4.1.2  Air Pollution 

 

The potential for generation of dust is likely to be greatest during the pre-construction 

and construction phase.  Removal of material from the site, and excavation and 

division of services in the pre-construction phase may produce dust.  While transport to 

site of construction materials, digging foundation, erection of building and wind effect 

in construction phase are the major factors leading to air pollution.  For this reason, 

there are some suggested measures shown below to mitigate that impact: 
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i) suppression of dust by use of water bowsers or chemical agents on site, 

ii) wheelwashers to prevent dust being carried off the site by vehicles, 

iii) keeping on-site and off-site roads clean, and 

iv) sheeting lorries. 

 

 

4.1.3   Water Pollution 

 

During construction, the stripping of vegetation and topsoil can lead to large quantities 

of sediment-laden runoff from rainfall.  Moreover, the contaminated water may cause 

water pollution, if dust suppression by use of water or chemical agents.  In order to 

prevent such pollution, a good drainage and a sewerage system should be designed for 

the whole site.  They should have sufficient capacity for the runoff and sewage.  On 

the other hand, the chemical agents used for dust suppression should be less toxic. 

Moreover a temporary U-channel is constructed along the site boundaries before the 

construction phase to mitigate runoff during construction. 

 

 

4.1.4  Noise 

 

The preparation for, and construction of, the development creates a large number of 

noise sources.  The pre-construction phase has the potential to give rise to particularly 

high levels of noise.  In order to mitigate the noise to Shatin Hospital, a temporary 

noise barrier is suggested to construct along the north boundary of the site, which beside 

the hospital. This temporary noise barrier is composed of lightweight concrete which is 
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150 mm thick and 25 m tall. 

 

Besides the noise caused by the project, the Tate’s Highway beside the site will also 

produce noise to the residents in the site after completion of the construction.  Thus, a 

permanent noise barrier with 25-meter height is designed to install the western boundary 

of the site to minimize the noise effect.  Moreover, the residential buildings are 

designed as low rising to minimize the disturbance of noise for high-floor residents. 

With reference to Environment Protection Department (2003, pp. 2-7), the detail design 

of the permanent noise barrier is shown in Figure 4.1 (a) to (d). 

 

Figure 4.1 (a) Noise barr ing design 

 

(Determine of illumated zone) 

 

 

 

 

 
 

(Environment Protection Department 2003, Guidelines on Design of Noise Barriers, Hong Kong) 
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Figure 4.1 (b) Cont. noise barr ing design 

 

Assume building height = 15 m 

 

 

 

 

 

 

 
(Environment Protection Department 2003, Guidelines on Design of Noise Barriers, Hong Kong) 
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Figure 4.1 (c) Noise barr iers calculation 

 

Assume noise loudness = 80 dB for busy traffic 

 

Noise level could be reduced to 55 dB (living room) 

Noise reduction = 25 dB 

 

The minimum barrier height H 

The required attenuation, A = 80 – 55 = 25 dB 

If A = 25 dB, and path difference = 3 m, 

 

a2 = (H – 0.5)2 + 52  

b2 = (65 – H)2 + 402 

c2 = (65 – 0.5)2 + (40 + 5)2  

 

Therefore, the path difference, d = a + b – c 

 = [(H – 0.5)2 + 52]1/2 + [(65 – H)2 + 402]1/2 + [(65 – 0.5)2 + (40 + 5)2]1/2  

 

By solving for H, when d = 3 m 

The barrier height H = 25 m 

 

 

The minimum length L of the barrier 

The expected noise attenuation = 25 dB 

The minimum subtended �  = 165º 

          Traffic line source 

 

      barrier 

 

               �  

 

 

Therefore, the barrier length for one receiver, l = 2D tan(� /2) 

           = 2*40* tan(165/2) = 608 m 

 

L = sum of l = 608 +550 = 1 158 m 

So, the total length of the noise barrier along the west boundary of site = 1 158 m 
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Figure 4.1 (d) Cont. noise barr iers calculation 

 

 

Minimum barrier surface density 

Transmission Loss, TL of the barrier material should be 10 dB higher than the barrier 

attenuation, A. 

 

Therefore, TL = 10 + A,  where A = 25 dB 

   = 35 dB 

 

Assume frequency, f = 600 Hz 

 

The surface density, m = 10[(35+49)/20]/600 = 26.4 kg/m2  

 

This can be easily fulfilled by say, ordinary lightweight concrete of 150 mm thick. 

 

 

 

(Source Environment Protection Department 2003, Guidelines on Design of Noise Barriers, 

Hong Kong) 

 

 

4.1.5   Landscape and Visual Impact 

 

During the construction phase, visual impact will result not only from the construction 

activities themselves but also from the removal of the existing vegetation and other 

landscape features.  Additionally visual impact will result both from permanent 

features and from the activities associated with its use.  Mitigation of visual impact can 

be achieved in the following way: 

i) well-designed configuration and size of building, 

ii) low rising buildings 
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iii) green in colour schemes, and 

iv) proposed landscaping such as tree planting. 

 

Besides the above items, the traffic and congestion; public utilities; socio-economic and 

heritage etc. should be considered.  Moreover, the proposed mitigation measures 

should be investigated for its feasibility, effectiveness and implications. 

 

 

4.2   Issuing Environmental Permit 

 

The Director will grant an environmental permit to the application if an EIA report 

covering the project has been approved with or without conditions under Environmental 

Impact Assignment Ordinance (Construction Industry Research and Information 

Association 1994). 

 

 

4.3    Environmental Monitor ing and Audit Requirements 

 

The environmental permit may impose requirements for monitoring the environmental 

impacts of the project for verification of predictions or the effectiveness of measures to 

mitigate its environmental impacts, whether such impacts occur within or outside the 

physical boundary of the project.  In determining the need for and the scope of the 

environmental monitoring and audit programme, the Director shall have regard to the 

findings and recommendations in an approved EIA report (Construction Industry 

Research and Information Association 1994). 
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4.4   Conclusion 

 

EIA report will be submitted to Hong Kong Environment Protection Department for 

requesting environmental permit issued by the Director.  In the report, it should 

consider many factors, such as adverse effects on the quality and/or quantity of the 

biophysical environment; land contamination; discharges or releases to the environment; 

air pollution; noise; water pollution; and changes to existing landscapes.  For these 

reasons, the EIA report is able to reveal the extent and degree of the adverse effects 

caused by the project and suggest appropriate solutions to minimize these effects.  This 

ensures less pollution caused by the project and minimizes adverse effects on our 

environment.
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Chapter 5. 

 

Residential Density and Site Zoning 

 

 

In order to achieve the most efficient and effective use of land, it is necessary to know 

the size of the population being planned for, its density and the time scale over which 

development will take place before preparing a town-planning layout.  If these are not 

known in advance, there is a tendency to overplan for roads and services in order to 

meet unexpected demands and to keep land reserved for community facilities which 

may never be required.  Also, the whole area will retain an unfinished look for many 

years due to the unused land reservations, which are either put to temporary uses or have 

to be guarded constantly against illegal usage. 

 

 

5.1  Objective 

 

The residential density which are likely to be achieved in various residential zones, are 

intended to provide guidance for accessing the design populations of residential areas 

and districts and the distribution of the population. 
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5.2   Site Zoning 

 

Since the location of the site covers a part of Green Belt, the scale and intensity of the 

proposed development including the plot ratio, site coverage and building height should 

be in harmony with the surrounding areas. Therefore, the plot ratio is limited to 0.4 and 

the site is rezoned into Urban Residential Density Zone 4.  

 

The site is designed to have 5 platforms and 38 residential buildings, 2 residential 

buildings and 1 club house in Platform 1; 8 residential buildings and 1 barbecue park in 

Platform 2; 10 residential buildings in Platform 3; 10 residential buildings and 1 lawn in 

Platform 4, and 8 residential buildings in Platform 5. Each of the residential building is 

designed to be a 3-storey house with 2 flats per floor. The planning department 

recommends the plot ratio of residential area converted from green belt area to be 0.4. 

The maximum domestic plot ratios for new towns are shown in Table 5.1. 

 

In Hong Kong, the size of a flat in a deluxe low-density residential building is generally 

no less than 92 m2 (about 1 000 ft2). For this reason, all flats in the site are designed to 

be 138 m2 (about 1 500 ft2).  
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Table 5.1 Maximum Domestic Plot Ratios - New Towns (Excluding Tsuen Wan) 

 

Residential density zone ���� Maximum domestic plot ratio����

R1� 8.0 (i) (ii) (iii)�

R2� 5.0�

R3� 3.0�

R4 (iv)� 0.4�

Notes:  

General: The Table only gives an indication of the maximum plot ratio which may be allowed for 

a particular area. However, where there are significant constraints on development capacity (such 

as transport or infrastructure limitations, or environmental, topographical or geotechnical 

conditions), or special design considerations, a lower plot ratio may be specified when considered 

appropriate and possible. 

i. Domestic PR8 should only be permitted where there are no infrastructure constraints, 

e.g. close to high capacity transport systems. Elsewhere, the plot ratio should 

be determined according to local circumstances.  

ii. In the first generation new towns (i.e. Tuen Mun, Sha Tin, Fanling / Sheung Shui, Tai 

Po, Yuen Long and Tsuen Wan), lease modifications for higher plot ratios 

than those applicable prior to September 1981 should be permitted only if the 

proposed development forms the whole or a substantial part of a 

comprehensive redevelopment plan prepared or approved by the planning 

authority.  

iii. If there is non-domestic floorspace, maximum domestic plot ratio will be reduced 

according to the provisions of the B(P)R composite building formula.  

iv. Sites in New Towns should only be designated R4 if there are special justifications 

such as severe geotechnical or infrastructural constraints. 

(Source: Planning Department 2003, Hong Kong Planning Standards and Guidelines, Chapter 2, 

Residential Densities, Section 3.3, New Towns, Hong Kong.) 
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With reference to Section 3.3 New Towns, Chapter 2 Residential Densities in Hong 
Kong Planning Standards and Guidelines (Planning Department 2003), details of the 
scale and intensity of the development are shown below. 

 

Table 5.2 Table of scale and intensity of the development 

 

Plot Ratio (PR) 0.4 

Population Assumed 1 000 

Gross Floor Area Per Flat (GFApf) 138 m2 (about 1,500 ft2) 

Person Per Flat (Ppf) 4 

GFA Per Person (GFApp) = GFApf / Ppf 34.5 

Net Site Area Per Person (NSApp) 

= GFApp / PR 
86.3 

Development Site Area 22 Hectare 

No. of Residential Buildings in the Site 38 

No. of Flats in a Residential Building 6 

 

 

5.3    Conclusion 

 

In this project, the gross site area is 25.6 hectares which is larger than the required area.  

Thus, the assumed population and the plot ratio are accepted.  For the residential 

density, the number of flats per hectare is 10 and the number of persons per hectare is 

39. 

 

Each of the low-rise buildings has 5 floors including a car park at the ground floor, while 
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each floor has 2 flats.  As a result, the site has 32 blocks of residential low-rise 

buildings and provides 256 flats in this project. 

 

In order to provide some leisure facilities for the residents, a 10 000 m2 two-floor 

clubhouse and shopping centre in platform 1, a 2,100 m2 Barbecue Park in platform 2, 

and a 3,500 m2 grassland in platform 4 are designed in the site. 
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Chapter 6. 

 

Slope Stability Check 

 

 

The slopes within the site should be checked for stability against landslide. The stability 

analyses of slopes in the site were carried out using Slope/W. Slope/W is a software 

product for computing the factor of safety for slopes. It is used to analyze the trial slip 

surface and find out the trial slip that gives the lowest factor of safety. It can also analyze 

complex problems for a variety of slip surface, pore-water pressure conditions, soil 

properties, analysis methods and loading conditions. 

 

 

6.1   Selection of Factor of Safety 

 

It is a common practice to define the stability of a slope in terms of a factor of safety 

obtained from a numerical stability analysis.  An appropriate design factor of safety 

against the failure of a slope depends on the extent to which that failure could cause loss 

of life or economic loss.  Geotechnical Engineering Office recommended a range of 

factors of safety against loss of life and against economic loss for new slopes as shown 
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in Table 6.1. (Geotechnical Engineering Office 2000, pp. 71-73).  This factor of safety 

is for groundwater conditions resulting from a ten-year return period rainfall.  There are 

three risk categories in each case (i.e. negligible, low and high).  The risk-to-life 

category reflects the likelihood of loss of life in the event of failure.  The economic risk 

category reflects the likely magnitude of economic loss in the event of failure.  In this 

project, the minimum factor of safety is 1.4, so the factor of safety of the slope in the site 

cannot be less than 1.4, unless with a careful examination to evidence its stability. 
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Table 6.1 Recommended Factors of Safety for  New Slopes 

 

 
(Source: Geotechnical Engineering Office, Civil Engineering Department 2000a, Geotechnical 

Manual for Slopes, Hong Kong, p. 183.) 
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6.2   Examination of Soil Stability 

 

The stability analyses of critical slopes in site were carried out using Slope/W. The 

techniques in Slope/W program are based on limit equilibrium methods such as Bishop 

and Janbu method. While Hong Kong Civil Engineering Department recommended the 

Non-circular analytical methods, such as Janbu (1972) or Morgenstern & Price (1965), 

to analyze most soil slopes in Hong Kong. 

 

 

6.2.1    Consideration of Slope Stability Analysis 

 

The soil parameters considered as the input of Slope/W are shown below: 

(i) Geometry: Geometry is defined by regions. Regions are closed polygon 

formed by soil units or stratigraphic layers. 

 

(ii) Soil strength: the most common way of describing soil strength is by 

Coulomb’s equation: � = c + � n tan�    

where  �  = shear strength, 

c = cohesion, 

� n = normal stress on shear plane, and 

�  = angle of internal friction 

 

The equation represents a straight line on shear strength versus normal 

stress as shown in Figure 3.2.  
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The effective strength parameters give the most realistic solution, 

particularly with respect to the position of the critical slip surface. 

 

Soil unit weight: The sliding mass weight or gravitational forces is applied 

by assigning the soil a unit weight. The weight of the slice is determined 

by the slice cross sectional area times the specified unit weight. 

 

(iii) Pore-water pressure: It is important in calculating the correct shear strength. 

The most realistic position of the critical slop surface is obtained when 

effective strength parameters are used in the analysis. The pore-water 

pressure conditions are defined by piezometric line in the analysis. 

 

(iv) Imposed loading: The imposed loading deals with seismic or dynamic 

forces, such as earthquake shaking. Imposed loadings were not considered 

in this analysis. 

 

 

6.2.2  Slope Analysis 

 

The soil parameters are conservatively applied according to the S.I. report, Table 3.2 and 

Figure 3.1 and 3.2. Following parameters are used in the analysis. 

 

The critical slopes with large height or steep angle or high water table under the ground 

are selected and analyzed. There are three critical slopes in the site analyzed by Slope/W 

and shown in Figure 6.1 (a), (b) & (c). The location of the three critical slopes is shown 
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in Figure 6.2. 

 

Figure 6.1 (a) Slope stability checking for  cr itical slope 1 

 

 
 

(Krahn, John 2004, Stability Modeling with Slope/W: An Engineering Methodology, available in 

www.geo-slope.com.) 
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Figure 6.1 (b) Slope stability checking for  cr itical slope 2 

 

 
 

(Krahn, John 2004, Stability Modeling with Slope/W: An Engineering Methodology, available in 

www.geo-slope.com.) 
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Figure 6.1 (c) Slope stability checking for  cr itical slope 3 

 

 

 

(Krahn, John 2004, Stability Modeling with Slope/W: An Engineering Methodology, available in 

www.geo-slope.com.) 

 

 



 

 45

Figure 6.2 Location of cr itical slopes 

 

 

 

 

 

Slope 1 

Slope 2 

Slope 3 
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6.3   Other Considerations on Slope 

 

For the slope under undrained condition, the soil strength is determined solely by a 

constant undrained strength, i.e. �  is zero. Krahn (2004, pp. 108-109) observes that in 

such a case, the critical slip surface will tend to go as deep as possible. However, the 

slope analysis shows that the factor of safety increases when the critical slip surface 

moves toward the base of the soil. The stability of slope surfaces, therefore, is more 

critical under drained condition than that of the undrained condition. 

 

In order to increase the stability of slope surface, berms were formed at regular intervals 

along the slope. Moreover, berms must be at least 1.5m wide and should generally be 

spaced at not more than 7.5m vertical intervals.  One of the main advantages of 

providing intermediate berms with drainage channels is the reduction in volume and 

velocity of runoff on the slope, reducing the damage to structures at the toe of the slope. 

They also improve access for maintenance but can cause increased infiltration unless 

drains and surface protection are well maintained (Geotechnical Engineering Office, 

2000 pp. 79-83). The typical slope with berms is shown in Figure 6.3. 
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Figure 6.3 Typical slope with berms 

 

 

 

 

 

 

 
 

(Geotechnical Engineering Office, Civil Engineering Department 2001, Standard Drawing, 

Section 2, Hong Kong, C 2415C.) 
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6.4   Conclusion 

 

From the slope analysis, the factor of safety of the critical slopes in the site is over 1.4.  

This indicates that the slopes within the site meet the requirement of Slope Guideline 

from the Geotechnical Engineering Department.  Furthermore, the slope, with vertical 

intervals larger than 7.5 meter, is required to provide a berm for improving its stability 

and stromwater runoff. 
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Chapter 7. 

 

Design the Platform Level and Area 

 

 

In order to provide a stable platform for establishing the buildings and to ensure all flats 

in the site have a full view of Racecourse and Shing Mun River, a well designed 

platform level and area is required.  Furthermore, it also helps the drainage system to 

fully operate, because the sewage flow should achieve the minimum flow with a suitable 

gradient. 

 

 

7.1   Platform Layout 

 

The site is designed to be 5 platforms which have different platform levels and areas as 

shown in Table 7.1 and Map 1.  From the Table 7.1, there is a tendency that the higher 

platform, the larger area it has.  It is because higher platforms have a wider view and 

far away from the highway, Tate’s Cairn Highway.  So, a larger area is required to 

establish more residential buildings at a higher platform level. 
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Table 7.1 Table of Platform Level and Area 

Platform no. Platform level (mPD) Area (m2) 

1 55 15 000 

2 80 17 600 

3 80 19 500 

4 100 27 700 

5 65 17 500 

 

 

7.2   Volume of Cut and Fill 

 

The location of cut and fill sections is shown in figure 7.1, and the volume of cut and fill 

of each platform in this project is shown in Table 7.2. 
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Figure 7.1 Cross-section of Cut and Fill Volume 

 

 

 

 

 

P1a 

P1a 

P1b 

P1b 

P1c 

P1d 

P1c 

P1d 

P2a 

P2a 

P2c 

P2c 

P2b 

P2b 

P2d 

P2d 

P3a 

P3a 

P3b 

P3b 

P3c 

P3c 

P4a 

P4a 

P4b 

P4b 

P4c 

P4c 

P4d 

P4d 

P5a 

P5a 

P5c 

P5c 

P5b 

P5b 

P5d 

P5d 
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Table 7.2 Table of Volume of Cut and Fill 

 

Cross section 

Figure no. 

Cross section area 

(m2) 

Cross section 

Figure no. 

Cross section area 

(m2) 

P1-a + 1 000 P3-c + 5 475 

P1-b + 810 P4-a + 275 

P1-c + 1 550 P4-b + 2 750 

P1-d + 6 075 P4-c + 6 330 

P2-a + 2 350 P5-a + 4 225 

P2-b + 3 600 P5-b + 175 

P2-c + 1 600 P5-c + 5 725 

P2-d + 175 P5-d + 3 950 

P3-a + 2 450 P5-e + 3 900 

P3-b + 5 150 P5-f + 125 

(+) indicate cut volume    (-) indicate fill volume 

 

Total volume of cut in Platform 1 = 319 875m3 

Total volume of cut in Platform 2 = 416 250m3 

Total volume of cut in Platform 3 = 668 750m3 

Total volume of cut in Platform 4 = 921 750m3 

Total volume of cut in Platform 5 = 901 875m3 

 

The total volume of cut in the site = 3 228 500m3 

The cross-section diagrams are shown in Figure 7.2 (a) to (k). 
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Figure 7.2 (a) Cross-section of Cut and Fill Volume 
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Figure 7.2 (b) Cross-section of Cut and Fill Volume 
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Figure 7.2 (c) Cross-section of Cut and Fill Volume 
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Figure 7.2 (a) Cross-section of Cut and Fill Volume 
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Figure 7.2 (e) Cross-section of Cut and Fill Volume 
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Figure 7.2 (f) Cross-section of Cut and Fill Volume 
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Figure 7.2 (g) Cross-section of Cut and Fill Volume 
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Figure 7.2 (h) Cont. Cross-section of Cut and Fill Volume 
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Figure 7.2 (i) Cont. Cross-section of Cut and Fill Volume 
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Figure 7.2 (j ) Cont. Cross-section of Cut and Fill Volume 
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Figure 7.2 (k) Cont. Cross-section of Cut and Fill Volume 

 

 

 

 

7.3   Construction of Platforms 

 

7.3.1  Deposition of fill mater ial 

 

Platforms will be filled with general fill material which can be obtained from excavation 

within the site. From the calculation of section 7.2, the volume of cutting will be more 

than that of the filling so the provision of fill material is self-contained. 

 

Before deposition of fill material, the surface should be prepared after site clearance. For 

example, topsoil, grass, and organic matter should be removed; and watercourses be 

diverted. 
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The fill material will then be deposited to the foundation of platforms in horizontal 

layers, except for any gradient required for drainage.  The thickness of each layer 

should be uniform across the site area (Civil Engineering Department 2002, pp. 

169-170). 

 

 

7.3.2   Compaction of fill mater ial 

 

The fill material in the site area should be compacted in layers to a stable condition and 

to achieve a relative compaction of at least 95%. The filling material except rock fill 

material should be maintained at optimum moisture content during compaction. 

 

The foundation will be compacted with vibratory rollers which roll should have a static 

load of at least 2 kN per 100 mm. The final surfaces should be completed to smooth 

alignments without abrupt irregularities (Civil Engineering Department 2002, pp. 

171-173). 

 

 

7.4    Conclusion 

 

For an ideal case, the volume of cut and fill should be kept as close as possible, because 

either acquisition or disposal of residual will increase the cost of the project.  However, 

the volume of cutting in the site is much more than that of filling due to low platform 

levels. The low platform levels are restricted by the internal road network, and slope 



 

 65

stability in the site. 

 

For road network design, the gradient of the internal road is limited to 10% in 

accordance to Transport Planning and Design Manual (hereafter TPDM) (2001) as 

stated in Table 7.4; thus the platforms cannot be established at a very high level.  The 

detail of the road network design will be discussed in next topic. 

 

For slope stability, a large difference between platform levels will lower the factor of 

safety and may causes slope failure.  On the contrary, a low platform level will lead to 

too much disposal of residual soil to be delivered out of the site and increase the cost of 

the project.  To sum up the above considerations, the suggested platform levels and 

areas were designed as shown in Map 1, in order to minimize the project cost and ensure 

the project follows the concerned regulations. 
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Chapter 8. 

 

Road System 

 

 

A good transport system is necessary to support the development in the site.  It should 

provide and maintain efficient and convenient movements of passengers and goods 

between the different platforms.  Furthermore, it also provides a linkage between 

external and internal road network. 

 

 

8.1   Transport Planning 

 

Transport planning is required to consider future developments to provide an efficient 

and environmentally friendly transport system. Transport planning normally involves an 

analytical process, which builds on a number of quantitative techniques. 

 

In ‘Section 1.4.7, Analysis and Evaluation of Transport Projects and Polices’ (Transport 

Planning Division 2001), the following considerations for a transport planning is 

suggested: 
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(i) Operation evaluation: 

This approach is to measure the impact of the project on the transport 

system in terms of loading and congestion levels. Moreover the screenline 

should operate at a volume/design capacity (v/c) ratio up to 0.8 – 0.9 

during the peak hour. This allows some space capacity for fluctuations. 

(ii) Financial evaluation: 

This approach estimates the impact of the project on the financial cost and 

revenues of the affected organization and interest group. 

(iii) Economic evaluation: 

This approach compares values on all costs and benefits resulting from 

projects, and shows which one are of the greatest value to the community 

as a whole. 

(iv) Budgetary evaluation: 

This approach assess whether the proposed transport infrastructure projects 

are affordable. 

(v) Environment evaluation: 

This approach ensures that the proposed transport system is 

environmentally acceptable. 

(vi) Public acceptance 

The policy, strategy or project may be considered acceptable by the general 

population and specialized transport related. 
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8.2   Preliminary design of Transpor t system 

 

After a preferred transport plan has been selected, a preliminary design of proposed 

transport system with layout drawing should be carried out. The layout plan of the 

internal road system is shown in Map 1. The detail design and calculation of horizontal 

alignment for the internal road network is shown in Figure 8.1 (a) to (l) (Transport 

Planning Division 2001, Section 3.3.3, Horizontal Curvature, TPDM, vol 2). 
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Figure 8.1 (a) Road System Design 

 

Assumption: Design Speed for the internal Road is 50 km/h 

Design speed = 50 km/h 

 

Rate of lateral acceleration q = 0.3 m/s3 

 

From St.A to St.B (Circular Curve) 

Assume S = 50 m, I = 121º 

R = 50 m 

T = R tan(I/2) = 88.37 m 

L = � /180 º I R = 105.59 m 

 

St.A = CH 0+00 m 

St.B = St.A + L = 105.59 

St.A = CH 0+00 m 

St.B = CH 1+06 m 

 
 

 



 

 70

Figure 8.1 (b) Cont. Road System Design 

 

 

From St.B to St.D (transition Curve) 

Assume superelevation = 5% 

R = 180 m 

L = 50 m 

I = 28 º 

 

P = L2/(24R) = 0.58 

K = L/2 – L3/(240R2) = 24.98 m 

T = (R+P)tanI/2 + K = 70.00 m 

� s = 180 º/�  *  L/(2R) = 7.96º 

Lc = � /180 º (I - 2� s)R = 37.96 m 

T.S. = St.B + 32 m = CH 1+37.59 m 

St.C = T.S – L/5*2.5 = CH 1+12.59 m 

S.C. = T.S + L = CH 1+87.59 m 

C.S. = S.C. + Lc = CH 2+25.55 m 

S.T. = C.S. + L = CH 2+75.55 m 

St.D = T.S + L/5*2.5 = CH 3+00.55 m 

 

St.C = CH 1+13 m 

St.D = CH 3+01 m 
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Figure 8.1 (c) Cont. Road System Design 

 

 

From St.D to St.F (transition curve) 

Assume superelevation = 7% 

I = 125º 

R = 125 m 

L = 70 m 

P = 1.63 m 

K = 34.9 m 

T = 278.17 m 

� s = 16.04º 

Lc = 202.71 m 

T.S. = St.D + L/10*2.5 = CH 3+18.05 m 

S.C. = T.S + L = CH 3+88.05 m 

C.S. = S.C. + Lc = CH 5+90.76 m 

S.T. = C.S. + L = CH 6+60.76 m 

St.F = T.S + L/10*2.5 = CH 6+78.26 m 

 

St.F = CH 6+78 m 
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Figure 8.1 (d) Cont. Road System Design 

 

 

From St.E to Platform 5 (Circular Curve) 

Assume S = 8 m, I = 108º 

R = 50 m 

T = 68.82 m 

L = 94.25 m 

 

 

 

From St.F to Platform 3 (Circular Curve) 

Assume S = 7 m, I = 89º 

R = 50 m 

T = 49.13 m 

L = 77.67 m 
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Figure 8.1 (e) Cont. Road System Design 

 

 

 

From St.G to St.H (Circular Curve) 

St.G = St.F + 86.39 = CH 7+64.65 m 

 

St.G = CH 7+65 

m 

 

Assume S = 4 m, I = 70º 

R = 50 m 

T = 35.01 m 

L = 61.09 m 

TP1 = St.F + 86.39 + 53 = CH 8+17.65 m 

St.H = TP1 + L = CH 8+78.74 m 

 

St.H = CH 8+79 m 
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Figure 8.1 (f) Cont. Road System Design 

 

 

From St.H to St.J (Platform 4) (transition Curve) 

Assume superelevation = 7%, I = 135º 

R = 125 m 

L = 70 m 

P = 1.63 m 

K = 34.91 m 

T = 326.15 m 

� s = 16.04º 

Lc = 220.16 m 

St.I = St.H + 8 = CH 8+86.74 m 

 

St.I = CH 8+87 m 

 

T.S. = St.I + L/10*2.5 = CH 9+04.24 m 

S.C. = T.S + L = CH 9+74.24 m 

C.S. = S.C. + Lc = CH 11+94.40 m 

S.T. = C.S. + L = CH 12+64.40 m 

St.J = T.S + L/10*2.5 = CH 12+81.90 m 

 

St.J = CH 12+82 m 
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Figure 8.1 (g) Cont. Road System Design 

 

 

From St.G to St.K (Circular Curve) 

Assume S = 4 m, I = 76º 

R = 50 m 

T = 39.06 m 

L = 66.32 m 

TP1 = St.G + 53 = CH 8+17.65 m 

St.K = TP1 + L = CH 8+83.97 m 

 

St.K = CH 8+84 m 
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Figure 8.1 (h) Cont. Road System Design 

 

 

From St.K to St.L (transition Curve) 

Assume superelevation = 5%, I = 30º 

R = 175 m 

L = 50 m 

P = 0.60 m 

K = 24.98 m 

T = 72.03 m 

� s = 8.19º 

Lc = 41.63 m 

T.S. = St.K + L/5*2.5 = CH 9+08.97 m 

S.C. = T.S + L = CH 9+58.97 m 

C.S. = S.C. + Lc = CH 10+00.60 m 

S.T. = C.S. + L = CH 10+50.60 m 

St.L = T.S + L/5*2.5 = CH 10+75.60 m 

 

St.L = CH 10+76 m 
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Figure 8.1 (i) Cont. Road System Design 

 

 

From St.L to St.M (transition Curve) 

Assume superelevation = 7%, I = 94º 

R = 125 m 

L = 70 m 

P = 1.63 m 

K = 34.91 m 

T = 170.71 m 

� s = 16.04º 

Lc = 135.08 m 

T.S. = St.L + L/10*2.5 = CH 10+93.10 m 

S.C. = T.S + L = CH 11+63.10 m 

C.S. = S.C. + Lc = CH 12+98.18 m 

S.T. = C.S. + L = CH 13+68.18 m 

St.L = T.S + L/10*2.5 = CH 13+85.68 m 

 

St.L = CH 13+86 m 
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Figure 8.1 (j ) Cont. Road System Design 

 

 

From St.M to St.N (Circular Curve) 

Assume I = 90º 

R = 20 m 

T = 20 m 

L = 31.42 m 

St.N = St.M + L = CH 14+17.10 m 

 

St.N = CH 14+17 m 
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Figure 8.1 (k) Cont. Road System Design 

 

 

From St.N to St.O (Circular Curve) 

Assume I = 90º 

R = 20 m 

T = 20 m 

L = 31.42 m 

St.O = St.N + L = CH 14+48.52 m 

 

St.O = CH 14+49 m 
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Figure 8.1 (l) Cont. Road System Design 

 

 

From St.K to St.P (Circular Curve) 

Assume S = 9 m, I = 80º 

R = 50 m 

T = 41.95 m 

L = 69.81 m 

TP1 = St.K + 61 = CH 9+44.97 m 

St.P = TP1 + L = CH 10+14.78 m 

St.P = CH 10+15 m 
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Figure 8.1 (m) Cont. Road System Design 

 

 

From St.P to St.Q (Platform 2) (transition Curve) 

Assume superelevation = 7%, I = 90º 

R = 125 m 

L = 70 m 

P = 1.63 m 

K = 34.91 m 

T = 161.54 m 

� s = 16.04º 

Lc = 126.35 m 

T.S. = St.P + L/10*2.5 = CH 10+32.28 m 

S.C. = T.S + L = CH 11+02.28 m 

C.S. = S.C. + Lc = CH 12+28.63 m 

S.T. = C.S. + L = CH 12+98.63 m 

St.Q = T.S + L/10*2.5 = CH 13+16.13 m 

 

St.Q = CH 13+16 m 
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8.2.1   Types of Internal Road 

 

The internal roads were designed to be local distributor roads which linking 

development to the Distributor Roads (Kung Kok Road), at the north part of the 

development. 

 

The internal roads (local distributor roads) are designed to be single carriageway roads 

with direct frontage access. On-street parking provision may be permitted (Planning 

Department 2003, Chapter 8 Internal Transport Facilities). 

 

The capacity of a single 2 lane Local distributor road with 7.3 m width is 8 000 AADT 

and the peak hourly flow is 1 700 Veh/hour. The design width and capacity of internal 

road was based on the Design Table of TPDM as shown in Table 8.1 and Table 8.2. 
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Table 8.1 Design Flows 

 

 

 

(Source: Transport Planning Division, Transport Department 2001, Transport Planning and 

Design Manual, Volume 2, Section 2.4, Design Flow Characteristics, Hong Kong.) 
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Table 8.2 Peak Hour ly Flow 

 

 
 
(Source: Transport Planning Division, Transport Department 2001, Transport Planning and 

Design Manual, Volume 2, Section 2.4, Design Flow Characteristics, Hong Kong.) 
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8.2.2  Design Speeds 

 

Since the internal road is a single local road and the road system is integrated with the 

low-density residential area, the design speed of the internal roads is limited to 50 km/h. 

The design speed also complies with the Table of Design Speed as stated in ‘Section 3.2 

Design Speeds’ in TPDM, vol. 2 (Transport Planning Division 2001) and it is as shown 

in Table 8.3. 

 

 

Table 8.3 Design Speeds 

 

 
 

(Source: Transport Planning Division, Transport Department 2001, Transport Planning and 

Design Manual, Volume 2, Section 3.2, Design Speeds, Hong Kong.) 
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8.2.3  Gradients 

 

As recommended in ‘Section 3.3.6 Gradient’ in TPDM, vol 2. (Transport Planning 

Division 2001), the maximum gradients of road are shown in Table 8.4. The desirable 

maximum gradient of the road is 5%. However, due to the topographical difficulties, 

Road 3 and Road 6 excess this limit. The gradients of these two roads, nonetheless, do 

not excess the absolute maximum gradients (10%) as set forth in the same section of 

TPDM. 

 

 

Table 8.4 Maximum Gradient for  Internal Road Network 

 

 

 
(Source: Transport Planning Division, Transport Department 2001, Transport Planning and 

Design Manual, Volume 2, Section 3.3.6, Gradient, Hong Kong.) 

 

 

8.2.4  Hor izontal Curvature 

 

For Horizontal curves, the radius of any horizontal curve in internal road should not be 
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less than 44 m measured to centre line of the carriageway the road. In ‘Section 3.3.3 

Horizontal Curvature’ , in TPDM, vol.2 (Transport Planning Division 2001) recommended radii 

for the roads with different design speeds as shown in Table 8.5. 

 

Under normal condition, the crossfall of the internal road is 2.5% and the radius of the 

horizontal curvature is 500 m. When the curve of the road system is transitional design, 

the crossfall is change from 2.5% to 10%, and the radiuses of the curves are ranged from 

88m to 500m. The table of Radius and Superelevation is shown in Table 8.5. 

 

 

Table 8.5 Appropr iate Radii and Superelevation 

 

 
 

(Source: Transport Planning Division, Transport Department 2001, Transport Planning and 

Design Manual, Volume 2, Section 3.3.3, Horizontal Curvature, Hong Kong.) 
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 8.2.5   Junction Design 

 

Junction design plays an important role which affects the safety and the efficiency of 

movement within a road system.  

 

Since Platform 2 and Platform 4 consist of large proportion of population in the 

development, a roundabout at the junction between Road 5 and Road 7 to provide a 

moderate to high traffic capacity for these roads. Moreover roundabout junction provides 

the safest form of at-grade junction. The diameter of the roundabout is 16 m which 

complies with the minimum standards of turning circle for private cars in TPDM. 

 

Besides the roundabout at the junction between Road 5 and Road 7, all junctions were 

designed to be Priority junctions. It provides low to moderate flow capacity for the roads 

with very low construction costs. 

 

 

8.2.6   Standards for Pedestr ian Facilities 

 

It is important that at the initial stage of planning, adequate consideration should be 

given to the provision of suitable pedestrian facilities to enable pedestrians to go about 

their normal activities conveniently and safety.   

 

Footways adjacent to carriageways are in the form of at-grade separation from vehicular 

traffic. They should have sufficient width to accommodate pedestrian flows at an 

acceptable level-of-services that would avoid a spillover of pedestrians onto the 
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carriageway.  In ‘Section 5.4 Standards for Pedestrian Footways/Walkways, Chapter 8 

Internal Transport Facilities”  in HKPSG (Planning Department 2003), the recommended 

minimum width of footway is 2.0 m and it is shown in Table 8.6.  The width should be 

increased where practicable to accommodate appropriate street furniture.  From the 

recommended footway width, the width of pedestrian is designed to be 3.5 m. 

 

 

Table 8.6 M inimum Width of Footways 

 

Zone���� Peak Pedestrian 

Volume 

(Pedestrians per 

minute)����

Footway Width����

Commercial/Residential 

Residential Zone 1, and near 

Cinemas, Mass Transit 

Stations, some GIC Facilities 

(e.g. Schools) etc.�

Very high 

(over 150)�

4.5 m�

Residential Zone 1� High (115-150)� 3.5 m�

Residential Zone 2� Medium (75-115)� 2.75 m�

Residential Zone 3� Low (below 75)� 2.0 m�

Rural� Very Low� 1.6 m�

General Industrial Use*� Very High� 6 m�

Special Industrial Use*� High � 3.5 m�

Rural Based Industrial Use*� Low� 2.5 m�

 

(Source: Planning Department 2003, Hong Kong Planning Standards and Guidelines, Chapter 8, 

Internal Transport Facilities, Section 5.4, Standards for Pedestrian Footways/Walkways, Hong 

Kong.) 
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8.2.7   Detail of Internal Roads 

 

The detail of the road system in different section in shown below Table 8.7: 

 

Table 8.7 Table for Detail of road system 

 

Road No. Length (m) Maximum Gradient (%) 

1 580 5.09 

2 250 3.85 

3 150 8.74 

4 790 4.79 

5 140 4.11 

6 420 7.94 

7 60 2.47 

 

The detail design and calculation of horizontal alignment for the internal road network is 

shown in Figure 8.1 (a) to (m). 

 

 

8.2.8  Pavement Design 

 

The pavement design of the internal road system is based on “Guidance Notes on 

Pavement Design”  (Highway Department 2003). 
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8.2.8.1  Design Information 

 

Road Type: Local Distributor, single 2-lane 2-way carriageway 

 

Location: Shek Mun low-density residential development 

 

Pavement condition (structural): The lowest 85 percentile deflection in the Falling 

Weight Deflectonmeter survey is assumed at a distance of 1.80 m from the loading 

centre and to be 129 � m. 

 

The annual traffic census of Seymour road, which size and type are similar to internal 

road system of Shek Mun development, are shown in Figure 8.2 
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Figure 8.2 Traffic Data from the latest Annual Traffic Census 2003 

 

 

 

(Source: Traffic and Transport Survey Division, Transport Department 2004, The Annual Traffic 

Census 2003,.Hong Kong, pp. B7.)



 

 93

Traffic Data from the latest Annual Traffic Census 2003 (Transport Department 2004): 

 

AADTb = 4, 600 veh./day at year 2003 [Similar size and type of low-density 

residential development] 

r = annual traffic growth rate = 2% [from Transport Department] 

Pv = percentage of commercial vehicles in AADTb = 10% 

 

 

8.2.8.2  Rigid Pavement Design 

 

Step 1.  Design initial average daily traffic flow at opening in 2005: 

AADTd = AADTb x (1 + r)m [vehicles/day] 

where m = 2005 – 2003 = 2 

 = 4, 600 x (1 + 0.02)2 

 = 4, 786 veh./day 

 

Step 2. Initial daily number of commercial vehicles (Ce) in the slow lane in one 

direction: 

 Ce = Ps x Pv x Ds x AADTd   [no. of commercial veh./day] 

  = 1 x 0.1 x 0.55 x 4, 786 

  = 263 commercial veh./day 

    

where Ps = percentage of commercial vehicles using slow lane 

  = 1 where there is only 1 traffic lane in the direction concerned 

 Pv = percentage of commercial vehicles in AADTb, from Annual Traffic 

Census 

 Ds = direction split factor 

  = 1 for 1-way roads; or 

  = 0.55 for 2-way roads (assuming 55/45% split) 

 

Step 3. Cumulative number of commercial vehicles (Cv) using the slow lane during 

the design life: 

 Cv = 350 x Ce x [(1+r)n-1]/r   [no. of commercial veh.] 

  = 350 x 263 x [(1+0.02)30-1]/0.02 
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  = 3.73 million commercial vehicles 

    

where 350 = number of working days per year 

 r = annual traffic growth rate [in decimal] 

 n = design life [years], Table 8.8 

 

Table 8.8 Design L ife n 

 

 
 

(Source: Research and Development Division, Highways Department 2003, Guidance Notes on 

Pavement Design, Hong Kong, p. 18.) 

 

 

Step 4. Check that Cv does not exceed the design flow capacity of traffic lane (Cd): 

Cv <= Cd = 350 x n x Pv x Ps x Df/Kp   [no. of commercial veh.] 

  = 350 x 30 x 0.1 x 1 x 1200/0.08 

  = 15.75 million commercial vehicles > Cv 

Hence Cv = 3.73 million commercial vehicles 

    

where 350 = number of working days per year 

 n = Design life [years] 

 Pv = percentage of commercial vehicles in AADTb 

 Ps = percentage of commercial vehicles using slow lane 

 Df = maximum design flow [veh./hr/lane], Table 8.9 

 Kp = peak hour factor as recommended in Table 8.10 
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Table 8.9, Design Flows Df 

 

 
 

(Source: Research and Development Division, Highways Department 2003, Guidance Notes on 

Pavement Design, Hong Kong, p. 18.) 

 

 

 

Table 8.10 Peak Hour Factors Kp 

 

 

 

(Source: Research and Development Division, Highways Department 2003, Guidance Notes on 

Pavement Design, Hong Kong, p. 19.) 
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Step 5. Determine the design traffic load (Ca): 

 Ca = AaCv   = 2.7 Cv   [axles] 

  = 2.7 x 3.73 

  = 10.07 million axles 

    

where Aa = Average number of axles per commercial vehicle (2.7 

axles/commercial vehicle recommended) 

 

Step 6. Determine the modulus of elasticity of the subgrade (Es) using Falling Weight 

Deflectometer: 

 Es = (1-� 2)� o a
2/(x � x) 

  = 13 959/( x � x) (for Dynatest FWD 8000)   [Mpa] 

  = 13 959/(1.8 x 129) 

  = 60 MPa 

    

where x = distance [m] of deflection reading from loading centre, 1.5 

 � x = deflection reading [� m] at a distance x from the loading centre 

 � o = applied stress on loading plate  = 0.707 Mpa for FWD 8000 

 a = radius of the loading plate = 150 mm for FWD 8000 

 �  = Poisson’s ratio of the subgrade = 0.35 

 

Step 7. Determine the thickness of the capping layer and the sub-base layer with 

reference to Table 8.11: 

From the Table 8.11 the required granular sub-base thickness is 225 mm. A capping 

layer is not required. 
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Table 8.11 M inimum Capping Layer / Sub-base Recommendations 

 

 

 

(Source: Research and Development Division, Highways Department 2003, Guidance Notes on 

Pavement Design, Hong Kong, p. 20.) 

 

 

Step 8. Determine the Modulus of Subgrade Reaction (K) using Table 8.12 

From Table 8.12, K = 0.055 Mpa/mm (by interpolation) 
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Table 8.11 Modulus of Subgrade Reaction K 

 

 
 

(Source: Research and Development Division, Highways Department 2003, Guidance Notes on 

Pavement Design, Hong Kong, p. 21.) 

 

 

Step 9. Determine the required slab thickness. 

From Figure 8.3, the design chart indicates that the required concrete slab 

thickness is 212 mm, say 225 mm. 

 

Step 10. Determine the minimum amounts of mesh reinforcement. 

  From Table 8.13, the minimum amount of mesh reinforcement is 4.34 kg/m2. 
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Figure 8.3 Design Char t for  Pavement Design 

 

 

 
(Source: Research and Development Division, Highway Department 2003, Guidance Notes on 

Pavement Design, Hong Kong, pp.26.) 
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Table 8.13, M inimum Amounts of Mesh Reinforcement 

 

 

 
(Source: Research and Development Division, Highways Department 2003, Guidance Notes on 

Pavement Design, Hong Kong, p. 21.) 

 

 

Hence the following pavement design is adopted: 

 Reinforced concrete slab  225 mm thick  (slab length >= 6 m) 

 Granular sub-base    225 mm thick 

 Minimum amounts of mesh reinforcement  4.34 kg/m2 

 

 

8.2.9  Parking Areas 

 

All low-rise building has a car park at the ground floor, and each car park has 10 parking 

spaces.  In ‘Section 7.2 Off Street Parking, Chapter 8 Internal Transport 

Facilities’ (Planning Department 2003), HKPSG recommended 6 to 9 flats with 5 car 

parking spaces as shown in the Table 8.14. As a result, 10 parking spaces per Flat can 

meet the requirement to the residents and visitors. 
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Table 8.14 Parking requirements for  Pr ivate Housing 

 
 Private Car:   

Global Parking Standard(GPS)  
1 car space per 6-9 

flats  

< 40m2  0.6  

40 – 

69.9 m2  
1  

70 – 

99.9 m2  
2.5  

100 – 

159.9m2  
5  

Demand Adjustment Ratio 

(R1)  

Average 

Flat 

Size 

(GFA)  

> 

159.9m2  
9  

Within a 

500m-radius of rail 

station [see Note (2)]  

0.85  

Accessibility Adjustment Ratio 

(R2)  Outside a 

500m-radius of rail 

station [see Note (2)]  

1  

Parking Requirement = GPS x R1 x R2  

 

(Source: Planning Department 2003, Hong Kong Planning Standards and Guidelines, Chapter 8, 

Internal Transport Facilities, Section 7.2, Off Street Parking, Hong Kong.) 

 

 

8.3   Existing Road System 

 

There is the Tate’s Cairn highway and an urban wide-2-lane 2-way road beside the site, 

so a Priority Junction is designed to be located at the junction between the external and 

internal road system.  The minor internal road is controlled by “stop”  signs, because the 
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designed flow of the internal road is only 8 000 or fewer vehicles per day. 

 

Since there is a highway beside the site, a sound barrier should be installed to minimize 

the noise effect.  After the calculation of noise barrier in accordance to Noise Barring 

in Hong Kong from Hong Kong Government Environmental Protection Department, a 

lightweight concrete noise barrier of 150 mm thick with 1m height and 1158m long is 

suggested to be constructed along the site.  The calculation is shown in Figure 4.1 (a) to 

(d). 

 

 

8.4   Conclusion 

 

The internal roads are designed to be Urban Single 2-lane 2-way roads, which classified 

as Local Distributors Road.  The designed speed for the road network is planned to be 

50 km/h, and assumed to 8 000 or fewer vehicles per day.  In addition, the width of the 

pedestrian is designed to be 3.5m while the width of the road is 7.3 m. 

 

All roads are designed with the Chapter 8, Internal Transport Facilities, Hong Kong 

Planning Standards and Guideline and Volume 1, 2, and 7, Transport Planning and 

Design Manual, Transport Planning Division, Hong Kong Transport Department. 

Moreover, the gradient, width and designed speed also follow the above regulations, 

thus it ensuring all roads provide a safe and comfortable condition for divers.  The 

detailed road system layout is shown in Map 1.
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Chapter 9. 

 

Stormwater Management and Design 

 

 

In Hong Kong, our life and property are usually under the threat of flooding due to 

heavy rainfall.  Therefore a stormwater drainage system should be designed to collect 

and convey run-off generated within a catchment area during and after rainfall events, 

for safe discharge into a receiving watercourse or the sea. 

 

 

9.1   Runoff Estimation 

 

For stormwater drainage design, the Ration Method is commonly used, because of its 

simplicity.  Once the layout and preliminary sizing of a system has been determined by 

the Ration Method, the design can be refined by dynamic routing of the following 

expression: 

Qp = 0.278 C i A 

where Qp =  peak runoff in m3/s, 

C =  runoff coefficient (dimensionless) 
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i =  rainfall intensity in mm/hr, 

A =  catchment area in km2. 

 

The catchment area mentioned above is the area in which all the runoff is collected by 

the stormwater drainage system in this project.  The catchment area is about 840 km2 

and the coordinate is between N828700 to 827750 and E839750 to E841200.  The 

boundary of the catchment area is shown in the bottom map of Map 2. 

 

 

9.1.1    Runoff Coefficient (C) 

 

C is the least precisely known variable in the Ration Method while it depends on the 

impermeability, slope and pounding character of the surface.  It also depends on the 

character and condition of the soil, rainfall intensity, vegetation cover etc.  For this 

project, the site is located in a less developed area, so the C is 0.9 for roads; 0.8 for 

footways and 0.3 for cutslopes. 

 

The assumed Runoff Coefficient C is derived from Table 9.1, in accordance with 

Stormwater Drainage Manual (Drainage Services Department 1999). 
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Table 9.1 Recommended Runoff Coefficient 

 

 

(Source: Drainage Services Department 1999, Stormwater Drainage Manual, Hong Kong, p. 

125.) 

 

 

9.1.2    Rainfall Analysis 

 

According to the Stormwater Drainage Manual, IDF is recommended for rainfall 

analysis. The relationship is presented in Figure 9.1 for duration’s not more than 4 hours.   

 

 

9.1.3    Time of Concentration (tc) 

 

tc is the time for a drop of water to flow from the remotest point in the  

catchment to its outlet.  For an urban drainage system, 

tc = to + tf 

where to = inlet time (time taken for from the remotest point to   

reach the most upstream point of the urban drainage system), 

   = flow time, 

 



 

 106 

 

9.2      Design and Calculation of Pipe sizes 

 

The size of drainage pipes is determined by the Table for the hydraulic design of pipes 

and sewers (Barr 1993) shown in Table 9.2 (a) to (g) while the details of each 

stormwater pipe is shown Table 9.3 (a) to (c): 
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Figure 9.1 (a) Intensity-Duration-Frequency Curves (for Duration not exceeding 4 

hours) 

 

 

(Source: Drainage Services Department 1999, Stormwater Drainage Manual, Hong Kong, p. 

150.) 
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Table 9.2 (a) Hydraulic Design of Pipes and Sewers 

 

 

 

(Source: Barr, D. I. H. 1993, Additional tables for the hydraulic design of pipes, sewers and 

channels, Thomas Telford, London.) 
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Table 9.2 (b) Cont. Hydraulic Design of Pipes and Sewers 

 

 

 
(Source: Barr, D. I. H. 1993, Additional tables for the hydraulic design of pipes, sewers and 

channels, Thomas Telford, London.) 
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Table 9.2 (c) Cont. Hydraulic Design of Pipes and Sewers 

 

 
 

(Source: Barr, D. I. H. 1993, Additional tables for the hydraulic design of pipes, sewers and 

channels, Thomas Telford, London.) 
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Table 9.2 (d) Cont. Hydraulic Design of Pipes and Sewers 

 

 
 

(Source: Barr, D. I. H. 1993, Additional tables for the hydraulic design of pipes, sewers and 

channels, Thomas Telford, London.) 
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Table 9.2 (e) Cont. Hydraulic Design of Pipes and Sewers 

 

 

 
(Source: Barr, D. I. H. 1993, Additional tables for the hydraulic design of pipes, sewers and 

channels, Thomas Telford, London.) 
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Table 9.2 (f) Cont. Hydraulic Design of Pipes and Sewers 

 

 
 

(Source: Barr, D. I. H. 1993, Additional tables for the hydraulic design of pipes, sewers and 

channels, Thomas Telford, London.) 
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Table 9.2 (g) Cont. Hydraulic Design of Pipes and Sewers 

 

 
 

(Source: Barr, D. I. H. 1993, Additional tables for the hydraulic design of pipes, sewers and 

channels, Thomas Telford, London.)
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Table 9.3 (a)  Table of Storm-Water System  (Ks = 0.6 mm;  Return Per iod = 50 years) 

Section 

No. 

Lengt

h (m) 

Gradient 

(%) 

Pipe 

size 

(mm) 

Flow 

vel. 

(m/s) 

Capacity 

(l/s) 

te 

(min) 

tf 

(min) 

tc = 

te+tf 

(min) 

Intensity 

(I) 

(mm/hr) 

Cumulative 

Area (KA) 

(m2) 

Runoff (l/s) 

= 

KIA/3600 

Ground 

Level 

(m) 

Inlet 

Level 

(m) 

Outlet 

Level 

(m) 

1-01 70 7.0 675 6.954 2 489 3.00 0.17 3.17 290 28 472 2 294 100-94 97.0 92.1 

1-02 70 7.0 675 6.954 2 489 3.17 0.17 3.34 288 29 613 2 369 94-89 91.6 86.7 

8-01 20 12.5 1200 10.268 11 613 18.40 0.03 18.43 192 19 600 1 045 89-90 89.2 96.7 

1-03 70 7.0 825 7.876 4 210 3.34 0.15 3.49 284 50 410 3 977 89-83 86.2 81.3 

1-04 70 7.0 825 7.876 4 210 3.49 0.15 3.64 282 51 607 4 043 83-78 81.3 76.4 

1-05 70 7.0 825 7.876 4 210 3.64 0.15 3.79 280 52 804 4 107 78-72 74.9 70.0 

1-06 75 7.0 825 7.876 4 210 3.79 0.16 3.95 277 52 932 4 073 72-66 69.5 64.3 

1-07 60 2.0 1 050 4.878 4 224 3.95 0.21 4.16 275 53 958 4 122 66-65 64.3 63.1 

2-01 70 9.0 600 7.330 2 073 3.00 0.16 3.16 290 20 397 1 643 80-73 77.0 70.7 

2-02 70 9.0 600 7.330 2 073 3.16 0.16 3.32 287 21 375 1 704 73-65 69.7 63.4 

1-08 70 5.0 975 7.377 5 508 4.16 0.16 4.32 274 59 351 4 517 65-62 63.1 59.6 

1-09 80 5.0 975 7.377 5 508 4.32 0.18 4.50 270 60 719 4 554 62-57 59.1 55.1 

1-10 80 5.0 975 7.377 5 508 4.50 0.18 4.68 263 62 087 4 536 57-56 55.1 51.1 

3-01 50 3.0 675 4.548 1 627 3.00 0.18 3.18 290 18 315 1 475 60-59 57.0 55.5 
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Table 9.3 (b)  Table of Storm-Water System  (Ks = 0.6 mm;  Return Per iod = 50 years) 

Section 

No. 

Length 

(m) 

Gradient 

(%) 

Pipe 

size 

(mm) 

Flow 

vel. 

(m/s) 

Capacity 

(l/s) 

te 

(min) 

tf 

(min) 

tc = 

te+tf 

(min) 

Intensity 

(I) 

(mm/hr) 

Cumulative 

Area (KA) 

(m2) 

Runoff (l/s) 

= 

KIA/3600 

Ground 

Level 

(m) 

Inlet 

Level 

(m) 

Outlet 

Level 

(m) 

3-02 60 3.0 675 4.548 1 627 3.18 0.18 3.36 288 19 293 1 543 59-58 55.5 5.37 

3-03 60 3.0 675 4.548 1 627 3.36 0.18 3.54 287 20 271 1 605 58-56 53.7 51.9 

1-11 30 0.7 1 500 3.585 6 336 4.68 0.14 4.82 262 82 847 6 029 56-54 51.1 50.9 

4-01 25 4.0 600 4.882 1 380 3.00 0.09 3.09 292 15 408 1 250 55-54 52.0 51.0 

1-12 80 4.6 1 100 7.620 7 241 4.82 0.17 4.99 261 99 559 7 218 54-50 50.9 47.2 

1-13 100 4.6 1 200 8.038 9 091 4.99 0.21 5.20 261 101 189 7 336 50-44 46.7 42.1 

1-14 120 4.6 1 200 8.038 9 091 5.20 0.25 5.45 257 103 145 7 363 44-37 40.6 35.1 

1-15 88 4.6 1 200 8.038 9 091 5.45 0.18 5.63 256 104 579 7 437 37-32 34.1 30.1 

1-16 95 4.6 1 200 8.038 9 091 5.63 0.20 5.83 254 106 128 7 488 32-27 28.6 24.2 

1-17 35 4.6 1 200 8.038 9 091 5.83 0.07 5.90 251 106 698 7 439 27-25 23.7 22.1 

5-01 50 2.0 900 4.435 2 822 4.22 0.19 4.41 269 34 359 2 567 65-64 62.0 61.0 

5-02 40 3.4 825 4.903 2 621 4.11 0.14 4.55 263 35 011 2 558 64-62 60.5 59.5 

5-03 56 3.4 900 5.787 3 682 4.55 0.16 4.71 263 35 924 2 624 62-60 59.1 57.2 

6-01 25 4.2 675 4.799 1 717 3.00 0.09 3.09 290 18 028 1 452 80-78 77.0 76.0 
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Table9.3 (c)  Table of Storm-Water System (Ks = 0.6 mm;  Return Per iod = 50 years) 

Section 

No. 

Length 

(m) 

Gradient 

(%) 

Pipe 

size 

(mm) 

Flow 

vel. 

(m/s) 

Capacity 

(l/s) 

te 

(min) 

tf 

(min) 

tc = 

te+tf 

(min) 

Intensity 

(I) 

(mm/hr) 

Cumulative 

Area (KA) 

(m2) 

Runoff (l/s) 

= 

KIA/3600 

Ground 

Level 

(m) 

Inlet 

Level 

(m) 

Outlet 

Level 

(m) 

6-02 50 4.2 675 4.799 1 717 3.09 0.17 3.26 289 18 883 1 516 78-75 75.5 73.4 

6-03 50 4.2 675 4.799 1 717 3.26 0.17 3.43 287 19 738 1 574 75-72 71.9 69.3 

7-01 20 7.5 1 000 9.180 7 210 16.80 0.04 16.84 198 92 400 5 082 72 71.2 69.7 

6-04 50 4.2 1 350 8.255 11 816 3.43 0.10 3.53 285 112 993 8 945 72-69 68.8 66.7 

6-05 46 4.2 1 350 8.255 11 816 3.53 0.09 3.62 283 113 780 8 944 69-66 66.2 64.3 

6-06 50 4.2 1 350 8.255 11 816 3.62 0.10 3.72 281 114 635 8 948 66-63 62.8 60.7 

6-07 50 4.2 1 350 8.255 11 816 3.72 0.10 3.82 280 115 490 8 983 63-60 59.2 57.1 

5-04 60 3.8 1 500 8.373 14 797 3.82 0.12 3.94 279 152 440 11 814 60-57 57.0 54.7 

5-05 60 3.8 1 500 8.373 14 797 3.94 0.12 4.06 278 153 460 11 851 57-55 54.2 51.9 

5-06 60 3.8 1 500 8.373 14 797 4.06 0.12 4.18 276 154 486 11 844 55-52 51.4 49.1 

5-07 60 3.8 1 500 8.373 14 797 4.18 0.12 4.30 275 155 512 11 879 52-49 48.6 46.3 

5-08 60 3.8 1 500 8.373 14 797 4.30 0.12 4.42 275 156 538 11 958 49-47 45.8 44.5 

5-09 60 3.8 1 500 8.373 14 797 4.42 0.12 4.54 274 157 516 11 989 47-44 44.0 41.7 

5-10 50 3.8 1 500 8.373 14 797 4.54 0.12 4.64 273 158 331 12 007 44-42 41.2 39.3 
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9.3    Manholes 

 

Manholes should be provided at (i) intersections of stormwater drains; (ii) junctions 

between different size/gradient of stormwater drains; (iii) where a stormwater drain 

change direction; and (iv) on long straight at the following intervals (Drainage Services 

Department 1999, pp. 67-68): 

A) The Maximum interval is 40 m, when diameter of Pipe Size smaller than 

600mm. 

B) The Maximum interval is 80 m, when diameter of Pipe Size between 600 – 1050 

mm. 

C) The Maximum interval is 120 m, when diameter of Pipe Size larger than 1050 

mm. 

 

 

9.4    Conclusion 

 

In this project, there are two main outlets of drainage system to convey the stormwater 

from the outlet pipes into the Government Manhole.  Thus, the Government is 

recommended to increase the capacity of the existing drainage system to support the 

runoff from the site. 
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Chapter 10. 

 

Surface Drainage 

 

 

In this project, open channels are required to provide flood protection, collection of 

surface drainage from slope stability, irrigation, diversion of water to control erosion and 

sedimentation. 

 

 

10.1   Slope Drainage Layout 

 

Runoff should be conveyed by the most direct route away from vulnerable areas of the 

slope, particularly from behind the top of slope.  Runoff should be led down the layer 

slope in several stepped channels and should not be concentrated into only one or two.  

Streams intercepted by a slope should be conveyed directly down the slope.  Any change 

in direction needed to rejoin the stream course should occur at the toe of the slope. 
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10.2   Sur face Runoff 

 

As mentioned before chapter, Ration Method is commonly used in Hong Kong to 

calculate the runoff.  The Formula is shown below: 

Q =  k I A / 3600 

where Q  =  maximum runoff (litres/sec) 

i =  design mean intensity of rainfall (mm/hr) which is dependent upon 

the time of concentration, 

A =  area of catchment (m2), and 

k =  runoff coefficient 

The value of runoff coefficient is assumed to be 0.3. 

 

 

10.2.1   Time of Concentration 

 

The time of concentration of a natural catchment, is commonly estimated from empirical 

formulae based on field observations.  In Hong Kong, the Brandsby William’s Equation 

is commonly used: 

t = 0.14465 [L/(H0.2 A0.1)] 

where   t  = time of concentration (min) 

A = area of catchment (m2) 

H    = average fall (m per 100m) from the summit of catchment to the 

point of design, and  

L    = distance in meters measured on the line of natural flow between the 

design section and that point of the catchments from which water 

would take the longest time to reach the design section. 
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10.3   Types of Channel 

 

Channels for slope drainage in this project will be open-channels.  Pipes should not be 

incorporated in slope drainage systems. 

 

 

10.4  Channel Design 

 

The minimum gradient for channels is determined by the velocity of flow sufficient to 

remove silt.  The velocity should not be less than 1.3 m/sec for the peak flow, which 

occurs at least once in two years. 

 

The channel size, which depends upon the gradient adopted, may be determined from 

Chart for Rapid Design of Channel shown in Figure 10.1. Assuming a maximum 

permissible velocity of 5 m/sec and a roughness factor of 0.013, Manning’s formula can 

be used: 

V = (R0.67 S0.5)/ n 

where V =  velocity (m/sec), 

n =  roughness factor, 

R =  hydraulic mean depth  =  A/P, 

A =  wetted cross-sectional area (m2), 

S =  gradient of channel 
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Figure 10.1 Char t for  the Rapid Design of Channel 

 

 
 

(Source: Geotechnical Engineering Office, Civil Engineering Department 2000, Geotechnical 

Manual for Slopes, Hong Kong, p. 253.)
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Design and Calculation of U-channel: 

Table 10.1.  Table of Channel System:  (Ks = 0.3) 

Channel 

No. 

Catchment 

Area (m2) 

Gradient 

(length/ fall) 

Average 

fall (H) 

Length 

(m) 

Time t 

(min) 

Intensity 

(I) 

(mm/hr) 

Runoff 

(l/s) = 

KiA/3600 

Size 

(mm) 

Velocity 

(m/s) 

Ground 

Level (m) 

Inlet 

Level 

(m) 

Outlet 

Level 

(m) 

U-01 45 000 27 29 750 18.9 180 675 525 4.7 197-90 169.7 89.7 

U-02 81 000 57 40 525 11.7 223 1505 750 4.6 108-90 107.7 89.7 

U-03 231 000 78 - - - - 2180 900 4.2 90-72 89.7 71.7 

U-04 7 500 20 12 130 4.7 267 167 300 3.6 108-76 107.7 75.7 

U-05 35 000 19 27 700 18.4 192 56 225 2.8 169-137 168.7 136.7 

U-06 14 000 41 27 190 5.5 263 307 375 3.4 164-137 163.7 136.7 

U-07 49 000 20 - - - - 530 375 4.8 137-90 136.7 89.7 

U-08 28 600 210 17 210 6.2 250 596 750 2.9 164-163 163.7 162.7 

U-09 32 00 13 14 100 3.8 294 78 225 3.4 163-150 162.7 149.7 

U-10 1 050 30 37 70 2.5 325 28 150 1.9 150-124 149.7 123.7 

U-11 3 900 83.0 40 220 0.7 370 120 300 1.9 124-120 123.7 119.7 

U-12 49 400 31 28 360 9.1 230 947 525 4.8 120-20 119.7 19.7 
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10.5   Conclusion 

 

In this project, all U-channels are installed on the hillside and the catchment area is taken 

from highest point of the hill to the U-channel.  Furthermore, it has two main outlets to 

convey the surface water from the outline pipes to the culverts, which are shown in Map 

2. 
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Chapter 11. 

 

Sewerage System 

 

 

A sewerage system should be designed to collect all the wastewater generated within a 

catchment area and to convey it to a sewage works for treatment prior to discharge into 

the receiving watercourse or the sea via the outfall facilities.  General information on the 

planning and investigation required for sewerage is given in BS 8005 (BSI, 1987). 

 

 

11.1   Consideration of Sewerage Master plans (SMP) 

 

In planning a sewerage system, the appropriate Sewerage Master Plan (SMP) Study 

should be referred to ensure compatibility with overall strategic plan and master plans 

(Drainage Services Department 1995, p.16). 

A typical SMP Study consists of the following: 

i) an investigation of existing condition of the sewerage system; 

ii) an assessment of flow and population loads within the sewerage system; 

iii) an analysis of the hydraulic capacity of sewerage system – generally on 
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computerized models, but Charts for the hydraulic design is used in this project; 

iv) the recommendation of measures to mitigate pollution problems or shortfalls in 

the existing sewerage system; and 

v) details (including as-built records and operation data) of any existing sewage 

installations such as pumping stations, sewage treatment works, dry weather flow 

interceptor and outfalls. 

 

 

11.2   L imitation 

 

A sewer is subjected to a wide range of flow conditions.  It must have sufficient capacity 

to cater for the designed peak flow.  On the other hand it must also minimize the 

deposition of solids under low flow conditions. 

 

Sewers under surcharge are not desirable, thus all sewer should be located at non-building 

area such as road reserves and specially designated drainage reserves. 

Furthermore, a minimum velocity enables the sewage flow to self-cleanse the nominal 

amount of silt carried through the sewers, and helps to minimize sewer chokage as a 

result of siltation and grease accumulation.  Subsequent maintenance costs and 

environmental nuisance are reduced.  Therefore, the minimum velocity should be 1 m/s 

at full bore flow unless further research is done and local data are available the 

recommendation of BS 8005 will be followed. While very fast flow is not desirable 

because very fast is not stable and will give rise to scouring and cavitation.  More 

importantly, severe erosion causes damage to the sewerage system.  Moreover, very fast 

flow occurs when the sewer is laid at steep gradient and the flow becomes supercritical.  

When the gradient eventually flattens, the flow may become subcritical and a hydraulic 
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jump will occur.  The potential damage associated with the energy loss is substantial.  

Therefore the maximum velocity at peak flow should be limited to 3 m/s but this can be 

relaxed to 6 m/s provided that a continuous, smooth, durable, and abrasion resistant pipe 

(ductile iron) of internal lining is chosen; and the appurtenances are designed with 

appropriate erosion protection measures. 

 

The followings are the measures to reduce the maximum velocity: 

i) Laying the sewer at flatter gradient; 

ii) Providing steps at manholes to dissipate energy; and 

iii) Using specially designed energy dissipators. 

 

 

11.3   Levels and Alignment 

 

As the size of a sewer increases downstream, it is normal practice to align the soffits at 

the same level at the manhole.  This is to prevent the sewer being surcharged by back 

water effect when the downstream sewer is following full.  Similarly when a lateral 

sewer joins a main sewer, the lateral shall not be lower than that of the main sewer. 

 

Besides the level of sewer, the designer should check carefully whether the alignment of 

sewer would be obstructed by other utilities.  Utility diversions should be carried out in 

advance of the sewer construction if necessary. 
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11.4   Flow Estimation 

 

The global unit flow factors are recommended by Sewage Manual shown in Table 11.1 

for use in design. The formula is shown below: 

 

Flow rate (m3/day) = Population X Global unit flow factors 

= Population X (Datum factor in 1983 + Increase  

   per annum factor X n) 

where n  =  number of years between 1983 and the design years. 

 



 

 129 

Table 11.1 Global unit flows factors 

 

 
 

(Source: Drainage Services Department 1995, Sewerage Manual, Hong Kong, pp. 78.) 
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11.4.1   Flow Peaking Factors 

 

The recommended flow peaking factors for use in design are shown in Table 11.2, for 

populations up to 50 000.  The formula is shown below: 

Peak Flow rate (m3/day) = Flow rate X Flow Peaking Factors 

 

Table 11.2 Global peaking factors 

 

 
 

(source: Drainage Services Department 1995, Sewerage Manual, Hong Kong, pp. 79.) 
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11.5  Design and Calculations 

 

In this project, the sewers convey the wastewater from domestic building and recreational 

facilities.  Therefore, the sewers will not be attacked by corrosion in high acid and alkali.  

The concrete pipe with monolithic construction against steel forms is proposed to be used. 

The assumptions for the sewerage system are shown below: 

 

The Peaking Factor is assumed to be 6 as the population for sewers is 1 000. 

 

For the Club House, the Global unit flow factor of recreational facilities (which assumed 

200 persons used per day) is 10 m3/day for each person;  

The Global unit flow factor of shopping center (which assumed 5 000 m2) is 3 m3/day for 

each m2. So, the peak flow of the Clubhouse in platform 1 is 1 180.56 l/s. 

 

For the Barbecue Park (which assumed to be used by 80 persons used per day), the 

Global unit flow factor is 30 m3/day for each person and; 

The Global unit flow factor of the lawn (which has 2 100 m2) is 0.5 m3/day. So, the peak 

flow of the Barbecue Park in platform 2 is 239.58 l/s. 

 

For the lawn, which has 3 500 m2, the Global unit flow factor is 0.5 m3/day. 

So, the peak flow of the lawn in platform 4 is 121.53 l/s. 

 

The size of the sewers is determined by the Table for the hydraulic design of pipes and 

Sewers shown in Table 9.2 (a) to (g). 

The following Tables show the calculation and results of the sewerage system: 
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Table 11.3 (a)  Table of Sewerage System (Peaking Factor = 6) 

 

Section No. 
Length 

(m) 

Gradient 

(%) 
Population 

Peak flow 

(l/s) 

Pipe size 

(mm) 

Flow Vel. 

(m/s) 

Capacity 

(l/s) 
Ground Level Inlet Level Outlet Level 

1-01 35 7.0 288 (lawn) 128.93 225 3.48 138 100-97 96.5 94.1 

1-02 35 7.0 288 128.93 225 3.48 138 97-94 93.6 91.2 

1-03 35 7.0 288 128.93 225 3.48 138 94-92 90.7 88.3 

1-04 35 7.0 288 128.93 225 3.48 138 92-89 87.8 85.4 

1-05 35 7.0 288 128.93 225 3.48 138 89-86 85.9 83.4 

1-06 35 7.0 288 128.93 225 3.48 138 86-83 82.9 80.5 

1-07 35 7.0 288 128.93 225 3.48 138 83-81 80.0 77.6 

1-08 35 7.0 288 128.93 225 3.48 138 81-78 77.6 75.2 

1-09 35 7.0 288 128.93 225 3.48 138 78-75 74.7 72.3 

1-10 35 7.0 288 128.93 225 3.48 138 75-72 71.8 69.4 
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Table 11.3 (b)  Table of Sewerage System (Peaking Factor = 6) 

 

Section No. 
Length 

(m) 

Gradient 

(%) 
Population 

Peak flow 

(l/s) 

Pipe size 

(mm) 

Flow Vel. 

(m/s) 

Capacity 

(l/s) 
Ground Level Inlet Level Outlet Level 

1-11 35 7.0 288 128.93 225 3.48 138 72-69 68.9 66.5 

1-12 40 7.0 288 128.93 225 3.48 138 69-66 66.0 63.5 

1-13 30 5.0 288 128.93 300 3.53 250 66 63.5 62.0 

1-14 30 5.0 288 128.93 300 3.53 250 66-65 62.0 60.5 

2-01 35 9.0 320 8.22 150 3.04 54 80-76 76.5 73.4 

2-02 35 9.0 320 8.22 150 3.04 54 76-73 72.9 69.7 

2-03 35 9.0 320 8.22 150 3.04 54 73-69 69.7 66.6 

2-04 35 9.0 320 8.22 150 3.04 223 69-65 65.2 62.0 

1-15 35 4.0 608 137.15 300 3.16 223 65-63 60.5 59.1 

1-16 35 4.0 608 137.15 300 3.16 223 63-62 59.1 57.7 
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Table 11.3 (c)  Table of Sewerage System (Peaking Factor = 6) 

 

Section No. 
Length 

(m) 

Gradient 

(%) 
Population 

Peak flow 

(l/s) 

Pipe size 

(mm) 

Flow Vel. 

(m/s) 

Capacity 

(l/s) 
Ground Level Inlet Level Outlet Level 

1-17 40 4.0 608 137.15 300 3.16 223 62-61 58.0 56.4 

1-18 40 4.0 608 137.15 300 3.16 223 61-59 57.1 55.5 

1-19 40 4.0 608 137.15 300 3.16 223 59-57 55.5 53.9 

1-20 40 4.0 608 137.15 300 3.16 223 57-56 53.9 52.3 

3-01 25 2.0 288 7.40 150 1.42 25 60 56.5 56.0 

3-02 25 2.0 288 7.40 150 1.42 25 60-59 56.0 55.5 

3-03 30 2.0 288 7.40 150 1.42 25 59 55.5 54.9 

3-04 30 2.0 288 7.40 150 1.42 25 59-58 54.9 54.3 

3-05 30 2.0 288 7.40 150 1.42 25 58-57 54.3 53.7 

3-06 30 2.0 288 7.40 150 1.42 25 57-56 53.2 52.6 
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Table 11.3 (d)  Table of Sewerage System (Peaking Factor = 6) 

 

Section No. 
Length 

(m) 

Gradient 

(%) 
Population 

Peak flow 

(l/s) 

Pipe size 

(mm) 

Flow Vel. 

(m/s) 

Capacity 

(l/s) 
Ground Level Inlet Level Outlet Level 

1-21 30 6.0 896 144.55 300 3.87 273 56-54 52.3 50.5 

4-01 25 4.0 64 (club) 1182.20 600 4.88 1380 55-54 52.0 51.0 

1-22 40 2.4 960 1326.75 675 4.07 1455 54-52 49.1 48.1 

1-23 40 2.4 960 1326.75 675 4.07 1455 52-50 48.1 47.1 

1-24 30 4.6 960 1326.75 600 5.24 1481 50-48 46.6 45.3 

1-25 40 4.6 960 1326.75 600 5.24 1481 48-46 44.8 43.0 

1-26 40 4.6 960 1326.75 600 5.24 1481 46-44 42.5 40.7 

1-27 40 4.6 960 1326.75 600 5.24 1481 44-42 40.7 38.9 

1-28 40 4.6 960 1326.75 600 5.24 1481 42-40 38.4 36.6 

1-29 40 4.6 960 1326.75 600 5.24 1481 40-37 36.1 34.3 
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Table 11.3 (e)  Table of Sewerage System (Peaking Factor = 6) 

 

Section No. 
Length 

(m) 

Gradient 

(%) 
Population 

Peak flow 

(l/s) 

Pipe size 

(mm) 

Flow Vel. 

(m/s) 

Capacity 

(l/s) 
Ground Level Inlet Level Outlet Level 

1-30 30 4.6 960 1326.75 600 5.24 1481 37-35 33.8 32.4 

1-31 30 4.6 960 1326.75 600 5.24 1481 35-33 31.9 30.5 

1-32 28 4.6 960 1326.75 600 5.24 1481 33-32 30.0 29.7 

1-33 30 4.6 960 1326.75 600 5.24 1481 32-31 29.2 27.8 

1-34 30 4.6 960 1326.75 600 5.24 1481 31-29 27.3 25.9 

1-35 35 4.6 960 1326.75 600 5.24 1481 29-27 25.4 23.8 

1-36 35 4.6 960 1326.75 600 5.24 1481 27-25 23.3 21.7 

6-01 25 5.0 288 (BBQ) 246.98 300 3.53 250 80-78 76.5 75.3 

6-02 25 4.2 288 246.98 375 3.72 411 78-77 74.8 73.6 

6-03 25 4.2 288 246.98 375 3.72 411 77-75 73.1 71.9 
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Table 11.3 (f)  Table of Sewerage System (Peaking Factor = 6) 

 

Section No. 
Length 

(m) 

Gradient 

(%) 
Population 

Peak flow 

(l/s) 

Pipe size 

(mm) 

Flow Vel. 

(m/s) 

Capacity 

(l/s) 
Ground Level Inlet Level Outlet Level 

6-04 25 4.2 288 246.98 375 3.72 411 75-74 71.4 70.2 

6-05 25 4.2 288 246.98 375 3.72 411 74-72 70.2 69.0 

6-06 25 4.2 288 246.98 375 3.72 411 72-71 68.5 67.3 

6-07 25 4.2 288 246.98 375 3.72 411 71-69 67.1 65.9 

6-08 20 4.2 288 246.98 375 3.72 411 69-68 65.4 64.4 

6-09 26 4.2 288 246.98 375 3.72 411 68-66 64.1 62.8 

6-10 25 4.2 288 246.98 375 3.72 411 66-65 62.3 61.1 

6-11 25 4.2 288 246.98 375 3.72 411 65-63 61.1 59.9 

6-12 25 4.2 288 246.98 375 3.72 411 63-62 59.4 58.2 

6-13 25 4.2 288 246.98 375 3.72 411 62-60 58.1 56.9 
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Table 11.3 (g)  Table of Sewerage System (Peaking Factor = 6) 

 

Section No. 
Length 

(m) 

Gradient 

(%) 
Population 

Peak flow 

(l/s) 

Pipe size 

(mm) 

Flow Vel. 

(m/s) 

Capacity 

(l/s) 
Ground Level Inlet Level Outlet Level 

6-14 30 3.8 288 246.98 375 3.54 391 60-59 56.4 55.3 

6-15 30 3.8 288 246.98 375 3.54 391 59-57 55.1 54.0 

6-16 30 3.8 288 246.98 375 3.54 391 57-56 53.5 52.4 

6-17 30 3.8 288 246.98 375 3.54 391 56-55 52.1 51.0 

6-18 30 3.8 288 246.98 375 3.54 391 55-54 51.0 49.9 

6-19 30 3.8 288 246.98 375 3.54 391 54-52 49.9 48.8 

6-20 30 3.8 288 246.98 375 3.54 391 52-51 48.5 47.4 

6-21 30 3.8 288 246.98 375 3.54 391 51-49 47.1 46.0 

6-22 30 3.8 288 246.98 375 3.54 391 49-48 45.5 44.4 

6-23 30 3.8 288 246.98 375 3.54 391 48-47 44.1 43.0 
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Table 11.3 (h)  Table of Sewerage System (Peaking Factor = 6) 

 

Section No. 
Length 

(m) 

Gradient 

(%) 
Population 

Peak flow 

(l/s) 

Pipe size 

(mm) 

Flow Vel. 

(m/s) 

Capacity 

(l/s) 
Ground Level Inlet Level Outlet Level 

6-24 30 3.8 288 246.98 375 3.54 391 47-46 43.0 41.9 

6-25 30 3.8 288 246.98 375 3.54 391 46-44 41.9 40.8 

6-26 25 3.8 288 246.98 375 3.54 391 44-43 40.3 39.2 

6-27 25 3.8 288 246.98 375 3.54 391 43-42 39.0 37.9 

6-28 30 8.5 288 246.98 675 7.67 2743 42-39 37.9 35.4 

6-29 30 8.5 288 246.98 675 7.67 2743 39-36 35.4 32.8 

6-30 40 8.5 288 246.98 675 7.67 2743 36-33 32.5 29.1 

6-31 40 8.5 288 246.98 675 7.67 2743 33-29 29.1 25.7 

6-32 40 8.5 288 246.98 675 7.67 2743 29-25 25.2 21.8 
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11.6   Conclusion 

 

From the above data, we can found that the range of velocity is between 1.42 and 5.24.  

Thus, the sewerage system with continuous, smooth, durable and abrasion resistant pipes 

is able to achieve self-cleaning and avoid the occurrence of hydraulic jump.  This helps 

to minimize sewer chokage and potential damage to the sewerage system. 

 

For the location of the sewers, all the sewers are buried at least 2 meters under ground 

level along the internal road network.  This helps to achieve the load from the ground 

to prevent sedimentation.  On the other hand, all wastes is conveyed to the Government 

Manhole.  And the lowest point of the sewerage system is located in the Government 

Manhole, so there is no need to install pumping station in the site.  The layout plan of 

the sewerage system is shown in Map 3. 

 

Finally, the necessity and extent of an Environmental Review and Environmental Impact 

Assessment for projects should be determined in accordance with the standard 

Government procedures.  Consideration should be given to the impact on air, noise and 

water pollution and appropriate mitigation measures should be devised accordingly. 
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Chapter 12. 

 

Conclusion 

 

 

Shek Mun has a beautiful landscape with a perfect racecourse and river view and a well 

designed transport system beside the site.  Therefore, it is suitable for designing a low 

density and deluxe residential district.  According to Hong Kong Planning Standard 

Guideline, the plot ratio of the site is designed to be 0.4, and the population density is 

around 1 000.  The gross site area is 25.6 hectare and the net area is 9.7 hectare, while 

there are 5 platforms in the site for development. 

 

The factor of safety for some critical slope stability is above 1.4; in other words, the site 

is in a safety condition that without any threat of slope failure.  Additionally, all the 

artificial slopes in the site are vegetated with shrub in order to make the site green and 

minimize the disturbance on surrounding Green Belt area.  Moreover, an environment 

impact assignment is carried out to minimize the adverse effects to the surrounding 

environment by the project and suggest some measures to mitigate the impacts.   
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A Separate Underground Drainage system with sufficient capacity is designed in a bid to 

provide a safety and comfortable environment for residents.  Also, a U-channel system 

is designed to prevent unforeseen stormwater from entering the site. 

 

To sum up, all the performance of this project follows the Hong Kong concerned 

Regulations.  This ensures a safe and comfortable condition is provided to the residents 

in the site.
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