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Like many Hong Kong people, | cannot forget the tragedies of the Po
Shan Road and Sau Mau Ping landslides that took many lives, some
thirty years ago. The disasters had aroused major concern in the
community. Undeterred, Hong Kong has continued to develop into
one of the most vibrant and fast growing economies in the world.
One of the key success factors, | believe, is the efforts put in by the
Geotechnical Engineering Office (GEO) of the Civil Engineering and
Development Department (CEDD) in improving slope safety, as a
pre-requisite to land development for building and infrastructure

construction.

Slopes are found everywhere amidst Hong Kong's urban
developments. It is essential that they are properly maintained and
landscaped to enhance the city outlook. In this respect, the GEO has
made significant progress in spearheading the upgrading and
maintenance of government slopes and promoting public awareness
in slope safety and maintenance. On this commemorative occasion, |
would like to thank the staff of GEO in CEDD for their dedicated efforts
and professional excellence and wishing them every success in their

continued contribution to the safety and prosperity of Hong Kong.

‘{1_ ﬂu-;;llllﬁam

MREF H 32+
Mrs Carrie Lam

ERBREE
Secretary for Development




ERBHIMER(IE)EE

MESSAGE FROM THE PERMANENT SECRETARY

FOR DEVELOPMENT (WORKS)

I\/IrC K Mak

BRBEEMER (IF)
Permanent Secretary for Development (Works)

IHTIRBRRIESER=1TF ERELZE2HTENIIE
B - HEFZUBEROBE -

BELZMD  BRMESERLE  KEXEHIREAEE -
Pt L o L+ N TRRERIART - RENETIREIAERA
R AERE - AMFELREREHROEE - BT A
ERIESN - BREBEEBRRURIEERNER  IF
MRt EER MEXEEEN  BERARNATERMERLS
AL E{RAE - ERERALRE RIS R - & &g o

o

NELZ2EEBBENERREE R KR TRZR
BAREI NI RERKEEEDZBREAE - ZHILEES

KE - BRABRE - m

On the occasion of its 30th Anniversary, | would like to offer my
congratulations to the Geotechnical Engineering Office (GEO) for its

achievements in slope safety.

Hong Kong is hilly. In the post-war years, land for the fast
development was formed by cutting into hillsides and filling up valleys.
Before the establishment of the GEO, many slopes were constructed
with relatively primitive engineering knowledge, resulting in major
landside hazards to the community. Apart from man-made slopes,
Hong Kong is also faced with the hazard arising from natural terrain
landslides. As reclamation is now the less favoured option for land
formation, further urban development would inevitably extend into the
natural hillside. This will increase the landslide risk from the natural

terrain.

Slope safety has been, and will remain to be, an important element in
Hong Kong's development. | am confident that the GEO will continue
to play the leading role in combating landslide disasters to ensure

public safety. £
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The year 2007 marks the 30th Anniversary of the Geotechnical
Engineering Office (GEO) of the Civil Engineering and Development
Department (CEDD). This Office was set up in 1977, following the
landslide disasters at Po Shan Road and Sau Mau Ping in the 1970s,
to serve as a centralized geotechnical control body to regulate hillside
developments and the design, construction and maintenance of
slopes. Since then, the GEO has developed a comprehensive Slope
Safety System which has won high regard from engineering

practitioners and natural hazard managers around the world.

Throughout the thirty years of slope safety work, the achievement of
the GEO has been astounding and is well appreciated by the
community. Today, we find our slopes not only safer, but also
greener. | am very proud of the success of the GEO, especially in its
striving for geotechnical engineering excellence for the last three
decades. Looking forward, | believe the GEO will continue to build
on the existing Slope Safety System to meet the ever-increasing
aspiration of the Hong Kong people. Finally, | would like to take this
opportunity to express my gratitude to all the staff in GEO of CEDD

for their contribution in providing Hong Kong with a better living

environment. - .
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If we look back 30 years, to 1977 when the first geotechnical
control organisation was set up in the government, and when Hong
Kong was faced with the threat of repeated fatal landslide disasters,
we can easily see how much safer Hong Kong is in terms of slope

safety and how much greener our slopes are today.

| have been with the Geotechnical Engineering Office (GEO)
(formerly known as the Geotechnical Control Office) for almost 30
years. One of my first jobs with the government was to supervise
upgrading works of three major fill slopes. Slope safety was of such
a grave concern to the community at that time that even the then
Governor came to visit the slope sites regularly. | found slope safety
work very challenging and meaningful and joined the Geotechnical
Control Office shortly after that. Over the past 30 years, | have
witnessed GEO's growth and achievements. The successful
reduction in landslide risk is reflected in the substantial drop in the
landslide fatality rate. Apart from the government's effort to

enhance slope safety in Hong Kong, | would consider part of the

contribution to this success came from the public, mainly in the form
of community participation in maintenance of private slopes and
undertaking self-precautionary measures during periods of heavy

rain.

| would lke to thank my colleagues, in particular Messrs
Y S Au-Yeung and David Kwok and Miss Jenny Yeung, for the
preparation of this memorial brochure. It gives an account of the
background and details of the Hong Kong Slope Safety System, the
engineering excellence behind it and the achievements made. The
brochure is dedicated to all the staff of the GEO, past and present,
for their hard work over the years in achieving our mission of meeting

Hong Kong's needs for the highest standards of slope safety.
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Hong Kong has a hilly terrain with a substantial portion of urban

development located near hillsides. Coupled with torrential summer

rainfall, landslide becomes a long-term problem that we have to face.
Year 2007 marks the 30th anniversary of the setting up of the

Geotechnical Engineering Office (formerly called Geotechnical Control N \\ /J:: 2
Office) of the Civil Engineering and Development Department to tackle ﬁ ﬁ \ —

the Hong Kong slope safety problems following a number of

disastrous landslides in the 1970s. Since 1977, we have set up a | | | E ER OI: LAN D: ;|_| D E | |AZAR D: ;
comprehensive Slope Safety System to reduce landslide risk to as low

as practically achievable.

This booklet presents the Hong Kong Slope Safety System and the
achievements it has made in the past 30 years. It is hoped that it can
also raise public awareness of slope safety so that people would
sustain their vigilance in combating landslide risks.
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A massive landslide occurred at Chater Hall, Conduit Road
in the wake of the 12 June 1966 rainstorm
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1972F BRI =4
The 1972 landslide incidient in Sau Mau Ping

THE ERA OF LANDSLIDE HAZARDS

LR K EE RS2 M+ ) TAR BRI SL
The History of Landslide Disasters and the
Setting Up of the Geotechnical Control
Office

ERGERNLRIEBES - #1947F 556040 - L RIERER KT

T AEBLHBATOAN - ER AR D E R AEE T - ELH LRELTER
BRERFTIERK o

PMO72F MR — BB LR EAEMRERENH#H -6 5180 + NEFKIF—
B SA0KHIBEIRIA IR A - ERT7IATET » BUNEE  BEE LRETE
BY—E12BENEETAERT @ K67 AT -

TREEERIER -

A A ZRAEBRZLRERY
ZH K RIREER
The Social Welfare Department
distributing steamed rice to
landslide victims

» 1972F BHE LRIER B
The 1972 Po Shan Road landslide

Hong Kong has a history of tragic landslides. In the past 60 years since 1947, more
than 470 people have died in landslides, mostly as a result of failures associated with
man-made cut slopes, fill slopes and retaining walls.

Two major disasters took place on the same day in 1972. On 18 June 1972, a 40m
high road embankment in the Sau Mau Ping Estate in Kowloon collapsed, killing 71
people. This was followed a few hours later by the collapse of the hillside at Po Shan
Road in the Mid-Levels area of Hong Kong Island, triggering a landslide that
demolished a 12-storey residential building and killed 67 people.

Policemen trying to comfort a woman who lost
her son in the landslide disaster
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The Governor, Sir Murray MacLehose visiting
Sau Mau Ping Estate to inspect the slope failure
and the rescue operation

THTREERE
BREZERSEE
Head of GEO

Mr Raymond K S Chan

197648 A25 B BT ILRIBER RS )

Report on the Slope Failures at Sau Mau
Ping, 25 August 1976
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Four years later in 1976, another severe rainstorm hit Hong Kong and brought down three fill
slopes in the Sau Mau Ping Estate. The resulting landslides killed 18 people. In response, the
then Governor Sir Murray MaclLehose appointed an independent review panel of international
experts to study the problem.

Block 9 were
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Dr AW Malone Dr E W Brand

19845+ N TRRESABEBERERRRERLE - kA EFL REERGEL
The senior members of the Geotechnical Control Office in 1984 showing the current Head of Geotechnical
Engineering Office Mr Raymond K S Chan, previous office Heads Dr E W Brand and Dr A W Malone
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The independent review panel recommended the establishment of a control organization to regulate
hillside developments and oversee the design, construction and maintenance of Hong Kong’s slopes.
This led to the formation of a government geotechnical control body, the Geotechnical Control Office
{GCO), in 1977. Once established, the GCO’s main function was to exercise geotechnical control over
private and public works so as to ensure that all new slopes were constructed to high safety
standards. The GCO adopted a holistic approach to reducing the risk of landslides, and gradually
developed a comprehensive slope safety system.

In 1991, the GCO retitled itself as the Geotechnical Engineering Office (GEO), a name which better
expressed the various engineering functions of the Office.

inundated by the
massive flow of mud

FBNERIEHER
BTIHILESEE

The lower floors of
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The Landslide Risk Reduction
Strategy
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As Hong Kong’s population has grown, more and more hillsides have
been used for urban development. As a result, more relatively steep
man-made slopes were built, and the risk of landslides increased
accordingly. Many of these slopes were constructed close to
buildings or infrastructure such as roads, and consequently the risks
to human life associated with these man-made slopes are high.
Before the establishment of the GCO in 1977, this risk was
aggravated by a lack of geotechnical guidelines or slope standards.

BIRES LB RMRA T EREE Key strategies for reducing landslide risk in HK

BEILREREERR
Overall landslide risk in HK
A
TN TEERIRE
TR R
Slope safety system set
up by GCO/GEO
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Minimize risk arising from
new developments
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Upgrade & maintain eyl
government slopes AR ER

o WEF AR 4S Reduce risk by improving
Promote private slope stability
slope maintenance

s BHRLWERE . . o
Clear squatters from hilly RERDILRERERK
terrain MBS - AREERR

° BB DRI FHIE T
Educate the public to
take precaution

Reduce risk by minimizing
landslide consequences
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Following its establishment, the GCO developed an overall landslide
risk reduction strategy. It is made up of three main goals, with
associated mechanisms for achieving them:

Minimize Risk Arising from New Developments
IHIRRAEEEMAEFENE  BRARKFERITHREREE  ANERELHBRNTE - TgE
BEELTIENEE - EHEEBUIEHIET 2R ILBIERAR - AXER T EROILRIEREE

The GEO checks all new slopes formed to ensure that they are designed to current safety standards, and geotechnical
considerations are now incorporated at the earliest stages of land use planning. In this way, risks associated with new

developments are kept small, and this has helped substantially slow down the overall trend of growth in landslide risk.

BE R AR DORE LR E
Reduce Risk by Improving the Stability of Existing Slopes

BRBRABETH —ERBENE - ARAHRER
M BRTRE - REHTEREORIETHE
ERZEETIE - ERMARBETE - BRAFERIDE
BRI EHMEERE  RETEREORIETTH

R

The government has developed an ongoing programme
that involves systematically selecting and studying all
government slopes, followed by maintenance and the
upgrading of any that prove substandard. When it comes to
privately-owned slopes, the government actively encourages
their owners to maintain them regularly and upgrade them,

if found necessary.

RERDIRIEREKNSEE - LARREE R
Reduce Risk by Minimizing the Possible Consequences of
Landslides
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The government clears away squatter structures built on dangerous slopes in order to
minimize any possible consequences of a landslide. It is also involved in educating the
public about appropriate precautions to take during heavy rain. It has established a
Landslip Warning System that alerts the public to any potential landslide danger. In
addition, the GEO operates a 24-hour emergency service, providing geotechnical
advice to various government departments on steps that should be taken after a
landslide incident. The primary objective of this service is to protect the public from
hazards associated with landslides.

LR IEEE R
Landslip Warning
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Minimize Risk Arising from New
Developments
THTIREMITTEFRUKNEF—EFZ01T  BF
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One of the main objectives behind the establishment of the GCO in
1977 was to minimize landslide risks by improving geotechnical

controls over all new development projects in Hong Kong. This has
been achieved by two main mechanisms, namely, checking all new
slopes & planning for land use.

BN ERARIE

Check New Private Slopes

THIREEREOE TEFENE S  YRAZERIEBEEN
ETTIRNNEE - EHEREEEHB A - TRAGLHE
REAMNEFEERSLRBEMRTEL - 5 E 2 E
Al - e sEEA] AR FEERE - UHERE - £h
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The GEO exercises geotechnical control over private development

4 T HITREERREEE
ERPATHREE SE#E
FEPRAEEERERR L
ARIREREERENSE
IR TA2
Head of Geotechnical
Engmeenng Office, Mr . - " "
aymond K S Chan presenting | b r 1 I (BD). The BD approves

L
the slope works at Sai Wan . —
Estate to the Chief Executive Mr design submissions made

Donald Tsang, Director of Chief

Executive’s Office Mr Norman X
Chan and Director of Civil agents before construction

Engineering and Development iz = starts, such as ground

' » 1 J :
N Mr John SV Chai

2R ERRIREZ S
SLOPE SAFETY FOR ALL

projects through the statutory authority of the Buildings Department

by developers or their

investigation plans, general
building plans, and site
formation plans, and the
GEO provides the BD
with geotechnical input
during the submission
and approval process.
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BERMR TR REEEMRSRHEIR
Site formation and construction of associated infrastructure
works for Penny's Bay development

BRI BUT R

Check New Government Slopes

THTIRETFREBFTBRG - EEAKXTIEEEN
ArTE- ITHT%I&IEH*BF'EHET R8I B
R EEHBRNERER -

For public works, the GEO exercises geotechnical control

according to government administrative regulations, providing
expert advice to project departments at every stage from
planning to detailed design.

RREKEKE — REBETEFEARRHER
Sunny Bay Fresh Water Service Reservoir — supplying
water to Hong Kong Disneyland Theme Park

K

EELSIAs YN
Tsing Yi North Coastal Road

i il =

DHEAE SRR E TR
Route 8 Tunnel Project at Tai Wai, Shatin

r%_ Ep)#‘:P—JEJE’JEJUJ/EE/m
The debris flow in Tsing Shan
observed in an aerial photograph

TR S
Plan for Land Use

TR B RBUE LR ER S — R E ﬁzﬁxﬁlmﬁﬁ
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ERERBEMRERRKN—IR -

ITNTIRE-—RARREZNMREASRHEELTIRETEN
BEXRR GEIHBRBENVS  BHSESELTRE
RE > WHTIWEBTEAEREARREER -

One of the most cost-effective methods for reducing landslide risks is
land use planning, in which the potential impact of natural hazards is
taken into account in planning new developments as part of a wider
risk management strategy.

The GEO provides the Planning Department and the Lands
Department with geotechnical input at the early stages of land
developments, identifying any geotechnical constraints and advising
on the suitability of land for specific purposes.

19905 B IR AR FF
The debris flow occured in Tsing Shan in 1990
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Reduce Risk by
Improving Slope
Stability

B BRI
Upgrade Government
Slopes

THIRERTYVIE - B EE N
MREAETARENER AER
W RE T RN E o /£39,000BU
RLrR - #95510,50008 ST 2 EY)
REBEK - +HTIREBE 19765
BEITIHEND EWEERTE - BEEREE
LB A RN A GERIE R 1 o
THIBRERASCRBRTHRAEHER
BRT—ENRABRAEMRNELDMES
WHRET T (R - e 7T BN K
BR EE R RER BRSNS -

FERERHFE

Slopes affecting schools

A TEZEYORIK
Slopes affecting buildings
A HEBROMNE

Slopes affecting hospitals

RBBE AN R FERTEERRIH

Slopes overlooking tunnel portals Slopes affecting main roads

In the early days of the GEO, the government was faced with the problem of numerous
old and substandard man-made slopes and retaining walls. About 10,500 of the 39,000
government slopes were close to building developments or major roads. Since 1976,
the GEO has begun to implement an ongoing Landslip Preventive Measures (LPM)
Programme with the objective of upgrading these old man-made government slopes

and retaining walls.

To ensure that it selected the ‘correct’ slopes for upgrading, the GEO developed a
risk-based priority classification system utilizing the results of Quantitative Risk
Assessment, and created a Slope Catalogue containing essential information for the
systematic selection of substandard slopes.

1994F ERREIZ | LURIER S
1994 Kwun Lung Lau failure

INER K SEEDT 1L RAERET 2
Accelerated and Extended Landslip Preventive
Measures Programmes

B1904FB#ABERBILEEREEHE  THIRERN
1995F R T REASFHOIRD L LRIERTE - PR
S HE29BB T - HEBM10FEER L ILRIB 2
(2000-2010)H - BT A 56 2 [E2,50008 T & 3R AE HBUF R
WRAE L AFTEEIEAKA - LA1999F3 AEHBET
. HAEBT  c HE2007F18 - At TEEME
BRFRIE B B#3,20008 °

RS
Soil nailing

5] Fa
" .::E't'-:."u."'-tru-h

BENEEELETRE

Fill slope recompaction

TiE TKBKBE T2

Po Shan Road groundwater drainage adit

A five-year accelerated LPM Programme was introduced in 1995 as
a result of the 1994 Kwun Lung Lau failure, involving total capital
expenditure of HK$2.9 billion. In the extended 10-year LPM
Programme (2000-2010), the government has committed to
upgrading 2,500 substandard government slopes and retaining
walls, with an estimated cost of around HK$9 billion at March 1999
prices. Up to January 2007, over 3,200 old government slopes had
been upgraded under the LPM programme.

REE LS

Retaining wall construction
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THIREREBEIRMPIEHET —& (RELAEEEIIFM)
GEO produced a Training Kit on Slope Maintenance for maintenance
departments

HEIE PR U RBR

Maintain all Government Slopes

NEREEEMENN TRREE 5 BETHSEE - BF
BEFEMLRES  REZEARBRZESHTEN - LRI
4o EEFE B 4957,00008 AERE - BTEBEENTIRE
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As with other types of engineering structures, man-made slopes need
regular maintenance, and lack of slope maintenance has been a
major contributory factor to many of Hong Kong’s landslides in the
past. There are about 57,000 man-made slopes registered in the
Catalogue of Slopes. The government systematically maintains all
its 39,000 government slopes through the slope maintenance
programmes of the relevant works departments, such as those of the
Highways Department and the Architectural Services Department.
The GEO provides these works departments with guidelines for the
slope maintenance programme, and conducts slope maintenance
audits to help them improve their slope maintenance works. The

government’s current annual expenditure on slope maintenance is
about HK$600 million.

TR ALARBR B HEE
Promote the Maintenance of Private Slopes

THTREEBH EWRERTE - ASLARRETRZE
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The GEO carries out safety screening for private slopes as part of the
LPM Programme. If any existing private slope is considered to be
dangerous or liable to become dangerous, the GEO recommends
the Building Authority to serve a Dangerous Hillside (DH) Order on the
private owners. They must then investigate the slope and propose
any remedial works. Up to January 2007, safety screening had been
carried out on about 4,000 private slopes.

To ensure continued stability of all man-made slopes, the private
owners have to take responsibility for the 18,000 registered private
slopes. In 1992 the GEO began a systematic public education
programme on slope safety to encourage private owners to take
responsibility for the safety of their slopes. A dedicated “Community
Advisory Unit” (CAU) has also been set up within the GEO, with the
task of helping private slope owners undertake their slope
maintenance responsibilities. The unit performs direct community
outreach advisory services, and provides slope owners with all the
relevant information they need.

SUEEIREE A EERIR S

Produce TV - Announcements of Public
Interest (APIs) to promote slope maintenance

V [t@ARARGE] RILAZEER
HBERENER

The "Community Advisory Unit" providing
slope maintenance advice to private owners

ENRURE (S5 SO 3R - SUESEE SRR -
RAESDEEE DA SIRFHERE
Produce guidebooks, posters and VCDs on
slope maintenance; deliver talks to the Hong
Kong Association of Property Management
Companies

14



BRILRERBRARNTR

Snapshots of the Diamond Hill squatter area, before and
after clearance
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Reduce Risk by Minimizing the
Conseqguences of Landslides

BHFILERRE

Clear Squatters from Hilly Terrain
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LEEERESZE - RILEERETHHETAIR  REER
EEHILRER R E I E 2B KR R o

Many squatter homes were built between the 1950s and the early 1980s
on steep hillsides, which are particularly vulnerable to landslides.
Numerous casualties arising from landslides in the squatter areas occurred
from the 1960's through to the 1980's. In 1982, more than 300 landslides
were reported to have occurred in squatter areas from two major
rainstorms, resulting in 23 fatalities.

Landslide risks to squatters are reduced by clearing squatter structures
and re-housing eligible squatters rather than by stabilizing slopes. An
ongoing “Non-Development Clearance” (NDC) programme has been in
place since 1984. By 2007, about 75,000 squatters have been re-housed.
The landslide risks to squatters have been significantly reduced as a result,
as is evident from landslide casualty statistics.

UDRIERE R — HE A REREE e
Landslip Warning - Educate The Public to
Take Precautions

BABNEERBLZE2TIELZETRARE N - BEFFHN
ERQ300R ILRIERIME - {1985 F IR LR EF
BN LA BRI RIBR LT E SR B AT IR E
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TEE RTEBARE - ZOE TR LR A U FEERER
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Despite the government’s strenuous effort in slope safety work, there
are still on average 300 reported landslides each year. A review of the
landslide statistics since 1985 has indicated that more than 90% of
the fatal landslides occurred when the Landslip Warning was in force.
The Landslip Warning is therefore a reliable means in giving
forewarnings of the potential landslide danger to the public. GEO has
developed a comprehensive proactive strategy to educate the public
to take the necessary precautions especially when the Landslip
Warning is in force. It involves partnership with the community in
promoting public awareness of slope safety through education, public
campaigns and information services.

HERR T2 RE
Roving exhibitions on slope safety

HERIBRE SR
Landslide History Exhibition

BYIRESESE - IR ARERE

Erect Landslip Warning signs for pedestrians and motorists

EEBMBERRANRERE

Major slope safety exhibitions at the Hong Kong Science Museum
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2005FF1F ILUBRE A B ERAWLEILRERFE
A landslide occured at the natural hillside above the Lion Rock

Tunnel Road in 2005 Department

j:jjI%fDEJ:E'/\/u\%Ey/ \/ML
GEO Emergency System
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There are around 300 reported landslides in Hong Kong each year.
Since early 1980s, the GEO has set up an emergency system
providing year-round 24-hour information to government
departments on what to do when landslide dangers develop. When
the GEO receives reports of a landslide, its geotechnical engineers
carry out site inspections and give advice to the responsible
mainterance departments on any necessary mitigation measures, or
urgent repair works.

2005F B AP HERILS|IKE
HILLREER

A landslide occurred at Sha Tin
Beacon Hill Catchwater in 2005

2005 A LRI =

A landslide took place at Sha Tin
Heights in 2005

BMENTRE

MR BREBETESEETR

Urgent repair works recommended by GEO were carried out by Highways

TN TEEMESES O IEEEFT

The GEO Emergency Control Centre in operation

T TREEESR
TISRR
Geotechnical
Engineers carrying out
emergency inspections
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Provide Guidelines and
Set Standards
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A technical officer of the Public Works Central Laboratory conducting a
Triaxial Soil Compression test

1982+t NI REX VB BMERAESHNAK - BA
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A pER B A B BRI % 2 MUk (http://hkss.cedd.gov.hk)

Before the 1970s there was very little in the way of input from
geotechnical engineers into the processes of slope design and
construction. The GEO has been putting tremendous effort on the
technical developments that lie behind the production of new
geotechnical guidance documents and technical reports. Perhaps
the most important milestone in collecting the state-of-the-art

BT
geotechnical knowledge about slopes and promoting good slope
engineering practices in Hong Kong came with the publication of the BEAN 22 TR BR IRAR 95 K il TE 4 3t B 2% B9 B AITAR 2 -

Geotechnical Manual for Slopes (1979 & 1984). By the end of 20086, Withk 7 CHibEIREmRM) REL Bt EEES| o
GEO had released more than 220 publications on many different

aspects of slope engineering.

Apart from providing reliable, efficient and effective testing services for
public works projects, the GEO’s Public Works Laboratories (PWL)
also publish technical standards for use in laboratory soil testing. Its
Geospec 3: Model Specification for Soil Testing has been adopted as
the local standard. The laboratories are also equipped with advanced
facilities for carrying out specialized soil and rock tests, such as Stress
Path Triaxial tests on soil samples and Cherchar tests on rock cores.
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TR REBRPTAETTROJE L R 4R Bl A ot B

An Oedometer Soil Test being carried out at the Public Works Central
Laboratory
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Another GEO’s most notable technical achievement has been the
development of an improved understanding of the characteristics of
weathered rock, which is an essential pre-requisite for successful
slope engineering. Many of the landslide problems that affect Hong
Kong are related to tropical patterns of weathering, which gradually
change rock into soil. From the outset, the GEO worked on
developing appropriate systems and standards for Hong Kong, and
its research led to the publication of the Guide to Rock and Soil

Descriptions in 1988.

In 1982, the Hong Kong Geological Survey was established within the
GEO. Since then, it has built up the single most comprehensive
archive of geological information in Hong Kong. By 1996, it had
published a total of six memoirs and fifteen 1:20,000 scale geological
maps. It also published an on-line map version of the geology of
Hong Kong in 2007, which is accessible via the Hong Kong Slope
Safety website (http://hkss.cedd.gov.hk).

The GEO also develops and publishes

technical standards for  ground
investigation. These include the Guide
to Site Investigation, and guidelines for

assessing soil corrosivity.
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IR EANE T TN
Advance Geotechnical
Knowledge for the Industry

]
Soil Nails
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“Soil nailing” is a technique used to improve the strength of a soil
mass by insertion of steel bars (soil nails) into predrilled grouted holes.
The GEO was one of the pioneers in the use of soil nailing in Hong
Kong. Since the 1990s, soil nailing has been widely used in Hong
Kong to stabilize soil cut slopes. This has proven to be not only more
cost-effective but also more robust than older methods, because it is
less sensitive to unforeseen weak geological materials and adverse
groundwater conditions. So far, no significant failures have ever
occurred on a slope that has been soil nailed. After carrying out
systematic research into soil nailing technology, the GEO has now
extended its use to retaining walls and fill slopes.

Bh 1% &b 48
Erosion control
mat

ViEEAEL

Soil nail
head

B EME
Vegetation
cover

2 bR kTS
Quantitative Risk Assessment (QRA)
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Since the mid 1990s, QRA has been formally applied to the process
of assessing and managing landslide risks. The GEO has played a
leading role in developing and applying quantified risk management,
both at the general strategic level of formulating overall slope safety
strategies, and at the specific functional level of managing landslide
risks posed by individual sites.

MIPECEN R Yl
Landslide Investigation

T HTREE1997F R T A RGHLRIERENAIET S -
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In 1997, the GEO introduced a systematic landslide investigation
programme. This programme has since played a key role in
advancing our state of knowledge about landslides, and in improving
slope engineering practices by providing a better understanding of
the causes and mechanisms of slope failures. Over the past 10 years,
the programme has examined some 2,800 landslide incidents and
carried out 180 landslide investigations and studies, with lessons
learnt being disseminated amongst the industry.

19955 IR B IR =14
Fei Tsui Road landslide in 1995

20055 R IgE L RS =14
Middle Gap Road landslide in 2005

1997 2R BIRIR =M
Ching Cheung Road landslide in 1997

i A B IEWSR e T B HFA
GV

A soil sample being collected
by a technical officer for testing
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Apply Advanced
Information Technology

RHIRE M ERS

Slope Information System
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Landslide prevention begins with information. The GEO’s work in
improving slope safety in Hong Kong is greatly enhanced by the use
of information technology to collect and disseminate slope
information. Containing information on 57,000 registered man-made
slopes, the Slope Information System (SIS) provides engineers as well
as the general public with updated slope information through the
slope safety website (http://hkss.cedd.gov.hk). In 2003, the System
was awarded the “Geospatial Achievement Award - Certificate of
Merit” by the Intergraph Corporation. In 20086, it also received an
award in the “Hong Kong ICT Awards 2006 : e-Government (Most
Environmental Conscious) Award” organized by the Hong Kong
Institution of Engineers and supported by the Office of the
Government Chief Information Officer.”
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BN R ERHE R B E IO
Real-time rainfall data is transmitted
to the control centre

B RE DT

Real-time rainfall distribution

THIRERRREER
FrhEd [HERREHRE]
Head of GEO Mr Raymond K S
Chan received the “Most Environ-
mental Conscious Award”
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The public can browse through and download slope information any time at home.

MNEFT RIRIEREREL
Raingauge and Landslip Warning System
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The GEO operates a raingauge system utilizing advanced data
logging and processing equipment and software. It comprises an
extensive network of 110 automatic raingauges providing real-time
rainfall data to the operation of the Landslip Warning System. The SIS
provides the distribution of slope features across the territory. Based
on the historical data, GEO has developed a landslide
frequency - rainfall correlation model. With the above information, the
estimated total number of potential landslides can be estimated for a
certain rainstorm. By combining this with the rainfall forecasts from
the Hong Kong Observatory, the government is able to make a
decision on issuing or canceling of the Landslip Warning.

19995 R RA M
The 1999 Sham Tseng San
Tsuen debris flow

WS ROBA A FAILE R
BERAR

A debris flow near the present
Tung Chung new town

About 60% of Hong Kong'’s total land area consists of relatively steep

natural terrain. Landslides occurring in natural terrain can be very
large and travel long distances, such as those occurring in Tsing
Shan in 1990 and Sham Tseng San Tsuen in 1999. The GEO has
carried out numerous research and development activities since the
early 1990s to help it prepare for the risks posed by natural terrain
landslides.

Over the years, the GEO has also made significant advances in
applying new digital and information technology in ways that have
expanded its ability to manage natural terrain landslides. Geographic
Information System is used in spatial analysis and 3-D engineering
modeling. Some of the new technologies adopted have included
digital photogrammetry, Interferometric Synthetic Aperture Radar
(INSAR), remote sensing using 3-D laser scanning and image
processing and air-borne Light Detection and Ranging (LIDAR).

RN LA R b B 32
Natural Terrain Landsllde Risk Management
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The GEO has also been honoured for its innovative use of Geographic
Information System (GIS) technology. In 2002, the GEO received the
“Special Achievement in GIS” from Environmental Systems Research
Institute (ESRI) with its developed Mobile Mapping Application
System.

F-ERERERRN RS

The current Slope Safety Technical
Review Board
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International Benchmarking
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Since its appointment in May 1995, the Slope Safety Technical
Review Board (SSTRB) has advised the Government on the technical
aspects of slope safety.

The GEO’s Slope Safety System is regularly reviewed and
benchmarked internationally through the SSTRB. In response to a
question at a press conference in May 1996 on the standards of
landslide mitigation in Hong Kong, the SSTRB stated that the GEO
and the wider geotechnical community had made leading-edge
contributions to the understanding of slope failure mechanisms, to the
quality and cost-effectiveness of slope construction, and to the
reduction of landslide risks.

f/ﬂ:/ ‘UEZ Et/ﬂiiﬁiﬁ
GREENING SLOPES FOR A BETTER
ENVIRONMENT
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GREENING SLOPES FOR A BETTER
ENVIRONMENT

FAC RIS FTE T
Enhance the
Appearance of Slopes
and Retaining Walls
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Preservation of wall trees

| - I ’ g L . Slopes and retaining walls can be seen everywhere in Hong Kong,
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and their appearance has a direct visual impact on our city and living
environment. Apart from keeping our man-made slopes and retaining
walls safe, the GEO has taken a leading role in making them look as
natural as possible, blending them with their surroundings and

AR minimizing their visual impact.
Vegetation cover on slopes
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In 1984, the use of vegetation for the protection of slope surfaces was
first introduced in the second edition of the Geotechnical Manual for
Slopes. GEO also published in 2000 the Technical Guidelines on
Landscape Treatment and Bio-engineering for Man-made Slopes
and Retaining Walls and won the Grand Award and the Silver Award
in the “Outstanding Green Project Awards 2000” jointly organized by
the Hong Kong Institute of Landscape Architects, the Leisure and
Cultural Services Department, and the Society of Horticulture.
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Over the years, the GEO has been a pioneer in research into
landscape treatments and bio-engineering measures for man-made
slopes and retaining walls in collaboration with local universities and
related organizations, such as the Kadoorie Farm and Botanic
Garden. Recommendations have been developed with a view to
establishing robust, cost-effective and eco-friendly vegetation cover
for man-made slopes in different conditions. Besides vegetation
cover, other commonly used measures include masonry block facing,
ribbed or other patterned finishes, and the provision of toe planters
and planter holes. In some cases, innovative measures such as
graphic designs or paintings are adopted to minimize the adverse
visual impact of their original shotcrete cover.

—IE I E T EMRA B E R S
A Highways Department's retaining wall with
artistically designed panels

AR B RRET R A YAl

Commonly used landscape treatment methods
and bio-engineering measures for slopes
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Promote Beautification of
Private Slopes
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Landscape treatment has now been applied on all government slopes

upgraded under the LPM Programme and maintained by
maintenance departments.

The government also encourages private owners to

enhance the appearance of their slopes through
public education and partnership with the
community. In 2002, the GEO published the
Layman’s Guide to Landscape Treatment of
Man-made Slopes and Retaining Walls, and also
distributed a Slope Landscaping Information Kit to
Owners’ Corporations, Mutual Aid Committees and

Property Management Companies.

To stimulate public interest, the GEO organized the
“Best Landscaped Slope Awards” scheme in 2003,
which was overwhelmingly received by slope
owners, with 55 entries involving 90 slopes and
retaining walls.

KRB BUTREE
Selected examples of completed government slopes with different
landscape treatment
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The “Best Landscaped Slope Awards” scheme was jointly
organized by the GEO with the Professional Green Building
Council, the Hong Kong Association of Property Management
Companies, and the Hong Kong Institute of Landscape
Architects. The Champion went to a slope at Lung Tak Court,
Stanley

[REMEER(C IR R

“The Best Landscaped Slope Awards” Prize Presentation Ceremony
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Quarry Rehabilitation
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The locations of quarries

B AiES
Lam Tei Quarry
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ZE RS
Turret Hill Quarry

Y AiES
Lamma Quarry BRAES
Shek O Quarry

The Mines Division of the GEO controls the operation of quarries in
Hong Kong. In 1989, the Metroplan Landscape Strategy for Urban
Fringe and Coastal Areas identified quarries as areas of degraded
landscape that required rehabilitation, and consequently the
government began to issue quarry rehabilitation contracts.

ZERBAES
Anderson Road Quarry

Quarry rehabilitation works typically involve major re-contouring,
erosion control, and extensive greening to beautify the final slope face
so that it blends with the surrounding natural environment. Special
measures are also adopted to enhance the ecology of the area, such
as the creation of lakes, ponds and nesting sites, which provide
habitats that encourage native plants and animals to re-colonize.

BEENE Y RS

Lamma Quarry after rehabilitation
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Major Reduction in Landslide
Fatality
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By January 2007, the GEO had upgraded over 3,200 old
government slopes, and carried out safety screening on some 4,000
private slopes. The success rate for slopes upgraded under the LPM
Programme has been higher than 99.8%. By first upgrading the
high priority slopes following a risk-based priority system, the GEO
had successfully reduced, by 2000, the level of landslide risk from
man-made slopes to less than 50% of the 1977 level. It is
anticipated that the landslide risk level will be further reduced to less
than 25% by the year 2010. The effectiveness of the Slope Safety
System is also demonstrated by a casualty rate which has fallen
sharply over the years.
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Head of GEO was interviewed by the Munhwa Broadcasting Corporation of
South Korea
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The Hong Kong Slope Safety System has won high international
regard within the geotechnical field. Many organizations, including
government bodies, universities and private companies from all
around the world, have visited the GEO to exchange knowledge and
experience in slope safety. Delegations have arrived from nearby
countries and regions such as Taiwan, Malaysia, Singapore, Korea,
Japan, and various provinces of the Mainland, as well as from further
afield, from countries such as Canada, the US, the UK, Norway,
Panama, and Brazil, to name a few.

Some overseas government officials have been sent to the GEO to
learn about Hong Kong’s strategies for landslide mitigation following
major landslide disasters that have occurred in their home countries.
The Munhwa Broadcasting Corporation of South Korea made a
special trip to Hong Kong after a large number of landslide failures in
South Korea caused by a typhoon that hit the country in July 2006.
They toured the GEO and interviewed the Head of the GEO,
subsequently producing a news feature story on slope safety.
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A delegation led by the Mayor of
North Vancouver visited GEO in
April 2006 following a fatal
landslide in Canada in 2005
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CONCLUSION
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In the past 30 years, there has been a continual reduction in landslide risk
as reflected by the substantial decrease in the loss of life and property
resulted from landslides. Due to the inherent problems with the natural
geographical and climatic settings of Hong Kong, landslide risk can never
be completely eliminated. Therefore, we must not be complacent. The
government will carry on with the slope safety work and private owners
should also look after their own slopes with necessary assistance from
the government. The government will also continue to educate the public
to be vigilant and take personal safety precautions during heavy
rainstorms.

With the concerted efforts from the government and private slope
owners, and the support and participation of the community, we will
create a safer and better living environment below the Lion Rock, for the
people of Hong Kong.
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