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Foreword

In 2005, the Education Bureau (EDB) announced that a three-year New Senior Secondary (NSS)
curriculum would be implemented at Secondary 4 in September 2009. Geography is one of the

elective subjects under the NSS curriculum.

The NSS curriculum has been developed on the basis of the recommendations made by an EDB
document in 2005 and a Senior Secondary Curriculum Guide of 2007. Within the curriculum,
geography is seen as a key educational discipline that provides students with a spatial

understanding of the Earth on which we live and work.

At the request of the EDB, the Geotechnical Engineering Office (GEO) of the Civil Engineering
and Development Department have prepared support teaching materials for the NSS Geography
curriculum under the topics of Natural Hazards and Earth Science. The materials written on rocks,

minerals and ores in Hong Kong are also suitable for part of the Chemistry curriculum.

The “Teaching Support Materials Kit" consists of 14 booklets, 4 posters, 3 CDs and other
supplementary information sheets. This teaching kit contains pertinent and up-to-date information
on slope safety, landslides, geology and geomorphology in Hong Kong, written at a level that is

suitable for the NSS Geography curriculum.

Hong Kong Geological Survey of GEO have compiled the teaching materials that describe the
geology and geomorphology of Hong Kong. The Slope Safety Division of GEO have prepared
the teaching materials on Hong Kong slope safety and landslides. Colleagues in the Slope Safety
Division are also responsible for the overall planning and coordination of this project. Their

contributions are gratefully acknowledged.

| am confident that, for years to come, secondary school geography teachers will find the kit
invaluable for preparing their classroom teaching materials. The contents will also be of interest

to the more general readers who may wish to learn more about these topics.

Wi...

Raymond K S Chan

Head, Geotechnical Engineering Office

Civil Engineering and Development Department
December 2008
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Figure 1. Number of fatalities due to landslides.
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Figure 2. Types of slope.

Landslides are one of the most common natural hazards in Hong Kong. They are very destructive
and usually result in extensive damage. Over the past century of Hong Kong’s history, landslides
have occurred regularly. Slope safety has become a problem that will continue to be faced by
many generations to come. The scale of the landslide problem is indicated by the fact that
landslides have been responsible for the death of more than 470 people since 1948 (Figure 1).
The landslide problem is essentially the product of post-war urban growth, for most of these
deaths resulted from the collapse of man-made slopes (Figure 2). The majority of landslides are
caused by rainfall. While some past rainstorms have caused many landslides, others have caused

relatively few.
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Figure 3. The front cover of the book “When Hillsides Collapse - A century
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Figure 4. 1972 landslide in Sau Mau Ping.
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Figure 5. 1972 landslide in Po Shan Road.

A Brief History of
Landslides

The Geotechnical Engineering Office (GEO) of the
Civil Engineering and Development Department
published a book in 2005 with Hong Kong
landslides as the theme. The title of the book is
“When Hillsides Collapse — A century of landslides
in Hong Kong"” (Figure 3). There are over 200
photographs in this book, illustrating the period
from 1889 to 1999. Readers may refer to this book

for more historical information.

Between the period 1949 and 1977 (i.e. before
the establishment of the GEO), fatal landslides
occurred nearly each year. Notably, in 1957,
1959, 1964, 1966 and 1968 where an average of
30 people died in each of these years due to

landslides (Figure 1).

Two disastrous rainstorms occurred in 1972
and 1976 and a central slope policing body, the
Geotechnical Engineering Office, was created in
1977. The two most destructive landslides in the
recent history of Hong Kong took place on 18 June
1972. Shortly after 1 pm, a major landslide occurred
in the Sau Mau Ping Resettlement Estate. The
failure (Figure 4) involved the collapse of the
side-slope of a 40m high road embankment
constructed on sloping ground. The resulting
flowslide destroyed many huts in a licensed
temporary housing area, killing 71 people and
injuring 60 others. Hours later, another major
landslide occurred, in a private residential district
on a steep hillside at Po Shan road in the Mid-
levels area of Hong Kong Island. 67 people were
killed and 20 injured when an occupied 12-storey
private apartment building was demolished under
the impact of an extremely rapid flowslide. The
landslip (Figure 5) was initiated on the hillside
above by the collapse of a steep cutting in a
works site for a private building (see Appendix

A for more details).
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Figure 6. 1976 landslide in Sau Mau Ping.
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Four years later, another destructive landslide
occurred in the Sau Mau Ping again, on the
morning of 25 August 1976, following heavy
rainfall associated with a severe tropical storm
(Figure 6). At least 4 landslides took place in the
estate resulting from the collapse of the side-
slopes of highway embankments formed of
earth fill. Three of these turned into flowslides.
The debris moved downwards as “a large sheet”
until arrested by the building, the ground floor
rooms of which were inundated by fluid mud,
trapping many occupants; 18 people were killed

and 24 seriously injured.

Immediately after the landslide, the Governor
established an Independent Review Panel on Fill
Slopes (Figure 7), comprised largely of overseas
geotechnical experts, which recommended the
creation of a central policing body to regulate
the whole process of investigation, design,

construction, monitoring and maintenance of

slopes in Hong Kong.

B7. 1976 FFRTILBEB U AT MRS - HPEER P REEM -
Figure 7. Investigation report on the 1976 Sau Mau Ping landslides by an
independent review panel. One of the recommendations was the creation of a
central policy body to oversee slope problems in HK.

Since the establishment of the GEO in 1977, an
effective slope safety system was devised to reduce
the landslide risk and to address public attitudes
to risk (see another booklet on “Hong Kong Slope
Safety” for details).

Table 1 summarizes some notable landslides in
Hong Kong during the past 20 years.

RTAY | FRER05E n
No. of Affected flit b

EEAB | ZHERNE "

Ft Wi IERsR R iSRS

No. of Affected

Year | Location of Landslide Remarks

Remarks

Year | Location of Landslide | Fataities | Facilities Fatalities | Facilities
1990 B (E8) il BREBAREAHR R ILEAES o 1997 NER (B17) 1 BEER
Tsing Shan (Figure 8) - Hillside The biggest landslides occurring on natural terrain. Kau Wa Keng (Figure 17) Squatter areas
mipw = —BPER—BIRRAES - 2215008 ERARA - BHF (818)
1992 Ba ui?\flénffs(? )ure 9) 2 Buﬁi?; S A child and a government engineer were killed. More 1997 Ten Thousand Buddhas’ 1 Sn;Jz;Fhut
9 9 9 than 1500 residents were evacuated. Monastery (Figure 18)
1993 S (H10) i B3 1997 Ching Ghoumy foad i EHERAM=2F -
Cheung Shan Estate (Figure 10) Bus stop ?Figure 1%) - Road Closure of a major highway for more than three weeks.

- K (1) WE | 1 ARERBCRRALRABES - won | spa it (B20) 1 BEEE | +SAZE RALRRERER -

Lantau Island (Figure 11) 7 Hillside More than 860 natural terrain landslides in November. (Figu%e 20) U Squatter areas | 13 injuries. Debris flow from natural terrain.
1994 w2 (812 5 A 1999 Shflfm}()i%fel\ﬁllézsl;te B KRBA007FREA7T00A o

Kwun Lung Lau (Figure 12) Pedestrian (Fi;ure 21) - Buildings Permanent evacuation of about 300 families and some 700 residents.

KAWL (B22)
EWAH (E13) 5 o GREE
iS4 Castle Peak Road (Figure 13) ! Road 2005 Fu Yun_g Shan Tsuen L Squatter areas
(Figure 22)

1995 HRE (E14) 1 5 2008 MBS (E23) 5 PE

Fei Tsui Road (Figure 14) Road Cafeteria Beach (Figure 23) Small hut
199 it 2 il B - HRI2 KL (B

Shum Wan Road (Fi 15 Shipyard EZHE - 435 E24 . s VN <
R ANRoAIFOHE o) yar P over tonta ooy, B9 BHRIE £5RHBEIRABHRRRALLEES, -
A (816 - BEMBEATIET » B EHFABARS - 2008 especially in Lantau Island — Blgkgnrﬂﬁéi?:sds > 600 landslides in June and most of them were natural terrain landslides.
1995 | ren Mun Hthz(a;' (Fig);ure 16) 1 I%ad Boulder fall from a construction site. Also caused a (Figure 24)
major traffic deadlock.

®1.BBBE0F-LERREE NLREESEY -
Table 1. Notable landslides in Hong Kong in the past 20 years.




8. 1990F & ILILiRMEE (RK1) 1. 19935 RIELIL3RMEE (RK1)
Figure 8. Landslide at Tsing Shan, 1990 (see Table 1). Figure 11. Landslide in Lantau Island, 1993 (see Table 1).

9. 1992F 28| RIEE (B &) BE12. 1994 F BERILRIESE (B&R1)
Figure 9. Landslide at Baguio Villas, 1992 (see Table 1). Figure 12. Landslide at Kwun Lung Lau, 1994 (see Table 1).

[E10. 1993F ILTILRIEE (R &1) [E13. 1994F B ILABILRIEE (RK1) °
Figure 10. Landslide at Cheung Shan Estate, 1993 (see Table 1). Figure 13. Landslide at Castle Peak Road, 1994 (see Table 1).




El14. 1995F HEEILRIEE (RE1) B17. 1997 F NELILRIEE (RE1)
Figure 14. Landslide at Fei Tsui Road, 1995 (see Table 1). Figure 17. Landslide at Kau Wa Keng, 1997 (see Table 1).

[B15. 1995F REEILRIDE (RK1) B18. 1997 F BHFILRIEE (RE1)
Figure 15. Landslide at Shum Wan Road, 1995 (see Table 1). Figure 18. Landslide at Ten Thousand Buddhas’ Monastery, 1997 (see Table 1).

[E16. 1995F B AR ILIAIEE (RK1) © [E19. 19075 2R ILRIEE (B&1) °
Figure 16. Landslide at Tuen Mun Highway, 1995 (see Table 1). Figure 19. Landslide at Ching Cheung Road, 1997 (see Table 1).




[120. 1999F RAFM ILIEMDE (RK1) [E23. 2008 MBS ILIRIEE (RK1) ©
Figure 20. Landslide at Sham Tseng San Tsuen, 1999 (see Table 1). Figure 23. Landslide at Cafeteria Beach, 2008 (see Table 1).

B21. 1999F AMEBILIRIER (RK1) ©
Figure 21. Landslide at Shek Kip Mei Estate, 1999 (see Table 1).

[E122. 2005F KB LN ILRIEE (RK1) © [El24. 2008F Bt @ » #5RIR AL ILIRAEE (RE1) ©
Figure 22. Landslide at Fu Yung Shan Tsuen, 2005 (see Table 1). Figure 24. Landslide over the whole territory, especially in Lantau Island (see Table 1).
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Figure 26. Facilities affected by landslides (1985-2005).
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Figure 25. Common facilities affected by landslides.
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Figure 27. Distribution of landslide fatalities (1985-2007).

A total of 22 people were killed by landslides in
last 23 years (1985-2008). Excluding one fatality
related to active construction site and one related
to an engineer carrying out emergency duty , a total
of 20 members of public were killed during heavy
rain. The affected facilities included (Figure 25):

* squatter areas
* on footpaths, bus shelters, etc.
* associated with driving along steep slope; and

¢ inside buildings

In fact, the facilities affected by landslides (not
necessarily those fatal landslides) from 1985-2005
were similar (Figure 26).

80% of total fatalities in the last 23 years occurred
in the above facilities (Figure 27). 94% of these

fatalities occurred when Landslip Warning (Figure
28) was still in force. If the public had taken
government’s messages on precautionary measures
during heavy rain seriously (Figure 29), 80% of the
landslide fatalities in last 23 years might have been

avoided.

128, \WRAEB LIRS -

Figure 28. Landslip warning signal.

ITHIRENEBDRETRE  REENTFEREREERMELIBEES
W% - EHALT I IRENSRE  BEERNAEERHES -

The GEO maintains a network of automatic raingauges for the
operation of the Landslip Warning System. Landslip Warning is issued
by the Hong Kong Observatory (HKO) in consultation with the

Geotechnical Engineering Office.

WiEHRERERMEATREVOREEZIRE

How to Protect Yourself when the Landslip Warning is in Force

[B20. MRARFRLRMDRE S & R ERRO AR -

MEREFELNENNEG  BEBERPAREMY
You should cancel non-essential appointments, stay at home or
remain in a safe shelter

BRATERERLURMENSERRKIST
RBEMM AR

Motorists should avoid driving in hilly areas or on sections
of road with standard traffic warning sign 487

TAEBRREANEBERRIAZELIB/T
Pedestrians should avoid walking or standing close to
steep slope or retaining wall

SREERBEREBZABRENMNRXBE -
P BNIE R 2 0 [ 5 b 36

When squatter residents believe that their home is endangered
by an unstable slope, they should make immediate
arrangements to move to a safe shelter

Figure 29. Precautionary measures to be taken by the public during heavy rain or landslip warning is in force.
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Figure 30. Type of landslides reported to GEO in 2007.
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Figure 31. Common failure mechanism of landslides (non-soil slopes).
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Figure 32. Common failure mechanism of landslides (soil slopes).

FHERER

Causes of Landslides

The majority of the landslides in Hong Kong
are shallow (<3m deep) and of a small scale. On
average, about 90% of the failures are less than
50m? in volume and about 50% are less than 10m?
in volume. About 3% of the landslides are greater
than 500m? in volume.

The common types of slope hazards in Hong
Kong are summarized in Table 2 with respect to
the different slope types, nature of slope-forming
material and mechanisms of fast-moving failures.
Figure 2 explains the different types of slope and
Figures 31 and 32 illustrate the failure mechanisms.
In Hong Kong, most of the failures occur on old
cut slopes. However old fill slopes and retaining

AR

Failure Mechanism

walls are also involved. Recently, number of natural
terrain landslides shows an increasing trend, e.g.
over 400 landslides occurred in western part of the

Lantau Island as a consequence of the June 7, 2008

rainstorm (Figure 33). Type of landslides reported
to GEO in 2007 is shown in Figure 30.

[33. 20085637 HHREMNEHEAMILFAHBBI0RAALREIZES
BR)

Figure 33. Over 400 natural terrain failures occurred in western part of the
Lantau Island as a consequence of the June 7, 2008 rainstorm (yellow lines).

M=

Slope Type

EHig (1)
Fill slope (note 1)

Description

BE BEYARBENEIEEBEHMABN  Detachment of part of the soil mass by way of sliding along a

Sliding i+ B E AL E AR E G o shearing surface or within a relatively thin shear zone, which
may be straight or curvilinear.

i’k AR TEEANEEE TR IEARE Sudden collapse of the metastable soil structure within a

Liquefaction EAGEESHANERISES DRET loose soil mass in the slope when it is subjected to a high

DRERSRAHE  SHENRERE
BERS  BREREANLEEE - B2
(B8] FBNERER -

degree of saturation under sustained shear stresses, resulting
in a significant reduction in soil shear strength and leading
to a flowslide type failure. This is a special case of “sliding”
failure.

AR e+ ERMEAGT A RRIERT 25 Detachment of part of the soil mass induced by the scouring
" Washout action of running surface water.
HI 4% 9
Soil cut slope
BE BEYERERENEERBEMoBEN  Detachment of part of the soil mass by way of sliding along a
Sliding WHLE . HE LT BIFETERY /R shearing surface or within a relatively narrow shear zone. For
HIBRISHER o saprolitic soil, the failure mechanisms operating in rock cut
slopes are also possible.
BIRE BE eV ER I TANREEEM BN Detachment of part of the rock mass by way of sliding along
Rock cut slope Sliding BpEle, £ALENENERE - a planar or near-planar discontinuity in the rock mass in

combination with a release surface.

5 HE/GTEEEBRNARESEER  Detachment of blocks of rock by way of rotation about
Toppling DEEAE o the base of rock blocks delineated by sub-vertical and
sub-horizontal discontinuities.
AR HRBT R BEMABMN AR - Detachment of wedges of rock by way of sliding along the
Wedge Failure intersection of sets of discontinuities.
ke RAFEI BN NELRE o Detachment of small individual rock fragments from the
Ravelling slope face.

i (1) ERFHRIEEE RIS  BRISURENH DRERAR - AENETEEER -

Note (1) : This commonly comprises soil fill derived from decomposed granites, decomposed volcanics, residual soil or colluvium. Rock fill is not considered here.

®2. BRMLTEBRES -

Table 2. Common failure mechanism of landslides.
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Figure 34. Some common natural causes of landslides.

EEFFNEEHHR TRENA UL EHIE
Inherent adverse geological weaknesses and
unfavourable hydrogeological regime

TRNEENE  NSESEREHEFENKLE - BRILHER - XL
EERNTEES -

Broadly speaking, there are two main causes of
landslides: Acts of Nature and Acts of Mankind.
Figure 34 shows some common natural causes
of landslides in a simplified way while Figure 35

eprains some common human causes.

-
ARBEZE Acts of Mankind)

More technically, the common generic contributory

factors in landslides in Hong Kong are shown in

Table 3.

€. BOKRIRES BT

MKEBEENRIREZA
Poorly maintained slope cover
(therefore enhanced infiltration)

Tigis TAE

Improper excavation

A

Overflow of surface water *
(due to blocked drainage channels)

b FEERHES |3 )

IEEREMENGEET AABABIR
Additional weight due e (e
to illegal dumping
]

infiltration)

. ....

Q
v N ST ; /4
BiRaY: KIRE
F; ? i?)\ﬁm =~ Lezgag buried
/ Uncoverd Excavation Waterpipes

PEERHEIKIRS BB A RHE (therefore allowing i

_Broken drainage channels - watgringress) . =

(therefore water ingress) /

, EEKiL
Perched water table
fRi2ER

Low permeability 'layer

;1 N/ N1V

Main groundwater table

B35, BHLRERHN - LERRAREE

Figure 35. Some common human causes of landslides.

—BRAE

Generic Factors

Adverse geological materials, e.g. intensively kaolinised granites and volcanics, weathered dykes, sedimentary layers within

volcanic formations, etc.

AR

Relative Degree of Occurrence

AEE Not common

FHNBERENGETH - BT  BAREARLRBDODE - 54
BENSYESES  ERALARAERRENR SR EEEEY
T

Adverse geological discontinuities, e.g. adversely - orientated, extensive and persistent, clay or silt infilled discontinuities,
pre-existing shear surfaces or zones, well-developed discontinuities that are slickensided or heavily coated with minerals or

kaolinite.

FEE Not common

KXHERGEANR EBRKALNER » fIORCARRARANSELH
HEEES -

Hydrogeological setting favourable to development of perched water level, e.g. a surface layer of loose colluvium or fill

overlying weathered rock.

E3® Common

KX EREARNEEEB TR UMNER -

Hydrogeological setting favourable to development of a high base groundwater table.

FELE Not common

B REILNTE

Inadequate design and construction practice

BEREMNORE - AIMET D IRER VA - RRRR T HERRRFTH
BRTEROAZRE -

Oversteep slopes, e.g. overstep pre-GEO man-made slopes constructed without rigorous geotechnical investigation and

design.

FELIE Very common

EERAELHRKE -

Embankments comprising loose fill.

FELE Very common

MEREHKRETR - BOERFES - AIMREHKERTARERE -
REBAKRZBERY -

Inadequate slope surface drainage provisions and poor detailing, e.g. inadequately designed surface drainage channels that

are vulnerable to overspill during heavy rain.

FEELIE Very common

MRERERERETR  MERTES - FIUHARETR  SBREFEK
REANNENE T A REMELKE

Inadequate slope surface protection provisions and poor detailing, e.g. wetting of the slope and build-up of water pressures

behind impermeable slope surface covers due to inadequate drainage.

L& Common

Inadequate maintenance of water carrying services

TRIHH T WHBES SIEKETHREBASE A AR BN AEESE Topographical setting susceptible to concentrated discharge or ingress of surface water, e.g. slopes situated below a low point % Common
Adverse topography REKTTRSE R EREEE 2 TR o of a crest platform or below a road bend from which surface water may overflow.

PEBBRR FHREBTE » FINRE « WHER - KANFKBREKAZHES - Inadequate slope maintenance, e.g. de-vegetation, cracked surface cover, blocked surface drainage channels and FELE Very common
Inadequate slope maintenance weepholes, etc.

BARBEBTE NEXE BEENEBKZARKENSE o Leakage from poorly-sited, defective water carrying services and reservoirs. Z® Common

SETANREEZRRTE

Adverse combination of circumstances

Knock-on effects.

FEE Not common

& REMBIRSARRGIH -

Note: Many failures are due to a combination of factors.

&3 BBILRMBEH—RAE o

Table 3. Generic factors contribute to the landslides in Hong Kong.




BN A AL Measures to Prevent

[ B Y3t e BB RARE ERLEIERNABEE or Reduce the Risk
Natural causes of landslides Human causes of landslides -
of Landslides
[HEAER2 | —ZERBFERT =X 1B Measures 1B Measures
SR BB L RAE B EE o BEMNRSSES SHEETE | o BERRESARRHEE Itis mentioned in the booklet on “Hong Kong Slope
Heavy rainfall Robust slope design ok Set and improve slope safety standards Safety” that three major strategies are employed
» L RIEEREIEMEEE o BEMNHKRR Inadequate /| o %ﬁﬂ*&ﬁﬁﬁ | by the Government to combat landslide problems
Adequate drainage system improper design Audit slope design i Hong K
: . TS TER in Hong Kong:
> BREFEMRARELADRER | K oreorstuter ﬁﬁﬁ%ﬁnﬁi construction works
D> Stop the increasing trend of the landslide risk;
> AR LR AR R 8 AR R ILRER B TREHE | o 21HE RZEE | o EEREESHRGGEE b Reduce landslide risk by improving slope
B o Adverse Research and development (EEl36) Set and improve slope maintenance standards N y Improving - siop
geology . BB lackof | o EEMEE — BRBFRIAANREENEE conditions; and
Town planning maintenance Regular monitoring - responsibility of private slope
| =] N ) . . . .
RAERARBRBH ERFENE © B36 37 o RlppEEr (Figure 36) owners and relevant government departments P Reduce landslide risk by reducing landslide
BRISETRERRERLEIEEREN TR Technical guides on design o HIARRETZEEHRE consequence.
Safety screening of private slopes
Bl - o BHABUBREH Table 4 shows some key measures in more concrete
Public education and information terms. Examples of engineering works to prevent or

4. BH AL TEERIIELR o mitigate the landslides problems are shown in
Table 4. Measures to prevent or reduce the risk of landslides. Figures 36- 38
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Routine Maintenance Inspections should at least be

. q um«mﬁmmm:
carried out once per year. Any required 1 B e
maintenance works should be completed before apesocs gmnﬁmmm

* Construct surface channels to

the onset of the wet season in April. discharge storm water
< 2 @ BRRRRRINARRBE
Repair of cracked or damaged
drainage channels or pavement
I i . :«%iiﬂiﬂiﬂiﬂmﬂl == )
Repair or replacement of
cracked or domaged sope &
h!ﬁ -
IR R AZRLAR) CRRRET (W) XM
wletdrunupes * Install soil nails (steel bars) to
support soil slopes
'@) ilhilmiﬁkﬁ*m
muldwvsgmbn omwg
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| 6 @ o
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pressure
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* Construct concrete
buttresses to support
unstable boulders

REMRRED-EER
e E3(Z:):]

« Provide surface profection -

gross or shofcrefe with

landscape freatment

CRMBMMLANGET
g

* Construct boulder fence to
catch isolated boulders

LB ST NS
CEEDRMEERORN
WA

* Construct check dams to
confine debris flow

ML THKEERR
* Profect buried water-carrying
services against leakage

RETRBEREAT
* Compact the fill materials
when forming embankment

BRELIHER
EXGH

« Construct skin walls

fo strengthen old

masonry walls

SRy aERLARLATE

siope fuifure. ik ]

* Construct concrete butiress to
support unstable rock blocks

S RESHLENR(CRR —

.- cHRERNGRE CRETEERWEE

* Protect slope surface with * Construct retaining walls o
masonry facing support steep slopes
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Figure 36. Regular slope maintenance can effectively reduce landslide risk. Figure 37. Common engineering works to prevent or mitigate landslides.




\WRIERESR R G

TRREEBANGEEEHELE
EREEHRAS  UREATIZSHHEN
WRIERER « MBNLREEASHERE
S RMERENEERERBERER

AXBHERERNES MR HIIRE
HUREREEREERNIN B
WREREREERS KT - LRERSE
BREFBEHLEERER -

WRADEE R 5 ERE N KRR K A R
WiRER Bk o B W ILRER BRI E
BESMAzENESEERE - UELR
PEAFRECERREEILRERES o

—BRAZNENEURERSRURIEE
ANEBEERHILREEER - 78 B
ERBELLREEERNER - ERIH
WREBEESHNBEIREFAEREE -+ 5
IRRSFYERN=ZENARILEER
mE URBEEBANABETHI=R
WREBER - X2 LEBEEBR
MR BEASERARKENSEH - 1Lk
188 LEHRARENLRMEE I8
WET « BMBAREREE o ILRIES
EREERBEARIZR TR LBRNILIREE
ol BANBBHENES  (ABKRE®
ENELEEMTE  BRAZRNEENERR
EEMTRIEZERNLER -

REZHIHUHILRBERESR  DHER
AXARRRET HIBERAEHRERE o
EEM4NMENERERHERS RILR
B8 EERHLBEBER - #HLE
ERERNENRERZ SN ENER
$E  FRENBERZZERNNNEAE -
Rtz GHRENEERNSEFRER
B FE—-HZE(E39)

EERE  BmRERELE
HERKRAEEE R
Measures to receive or divert
concentrated flow of surface
water, if required

BHRBRIKRL \
Improved surface drainage
system

DB L

FEILERERS M&emm%ﬂw
Impermeable surface . materlai
protection system 5o ’
o ,/
IS
g

2 —RxBE
Trimming, nominal

7~ -". o -
A T BEEKMEL -

support, etc .- D Less
L N . permeable
\L g r v - material
/] , ./:‘/' Co ’
s E?A%&%E 22 Tk
REzE = NSubson drainage

Improved surface
protection system
TEARREA RNHKRE

Drainage behind |mpsrmeabre o
surface

JEST
Soil nail |~ -

kR

Toe drain

BI38. B LI ERH — LR ATIRA %
Figure 38. Common engineering works to prevent landslides.
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Landslip Warning
System

The GEO and the Hong Kong Observatory (HKO)
jointly operate the Landslip Warning System to alert
the public to the landslide danger during periods
of heavy rainfall. Most landslides in Hong Kong are
caused by heavy rainfall. By using a combination
of real-time rainfall data and rainfall forecasts from
the HKO, and based on GEO's study on the landslip/
rainfall relationship, the Government is able to
identify instance when landslide danger is high and
to issue the Landslip Warning through the media.

The purpose of the Landslip Warning is to alert
the public to reduce their exposure to possible
danger from landslides. The issuing of the Landslip
Warning also triggers an emergency system within
government departments, that mobilizes staff and
other resources to deal with landslide incidents.

The Landslip Warning is issued when it is predicted
that numerous landslides will occur. Isolated
landslides may occur from time to time when
the Landslip Warning is not in force. Each year,
on average, approximately three to four hundred
landslides are reported to the GEO and the
Landslip Warning is issued about three times. Most
landslides are small, but occasionally large ones

LU e 18 iR 2B 3R &R &
Landslip Warning System

occur. Landslides, particularly when large, can cause
casualties, damage property and block roads. The
Landslip Warning draws the public’s attention to
the landslide danger. It is different from the Amber,
Red and Black Rainstorm Warnings that are issued
by the HKO to alert the public to the occurrence of

heavy rain.

Decisions as to whether to issue or cancel the
Landslip Warning are made jointly by the Director
of the HKO and the Head of the GEO. The Landslip
Warning will be issued if the 24-hour rainfall is
expected to be heavy enough to cause numerous
landslides. The criterion for the issue of the Landslip
Warning is related to the size of the area receiving
heavy rainfall, the rainfall intensity and the number
of slopes in the affected area. The latest weather
information available including short-term rainfall

forecast is also considered (Figure 39).

Neither weather forecasting nor landslide prediction
can be regarded as exact sciences. There will
inevitably be occasions when the Landslip Warning
is raised and not many landslides occur. Equally, if
heavy rain develops suddenly and unexpectedly,
landslides can occur before the Landslip Warning
is issued. The criteria for the issue and cancellation
of the Landslip Warning are reviewed regularly to
take account of the gradual improvement in slope

safety.

7

MEEZBHWIRMKR

LANDSLIP WARNING CRITERIA MET Fanigh, e crerextelperienthenyy

B39, IWREREHRAL -
Figure 39. Landslip Warning System.
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and television to alert the p ublic to the high risk
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GRID based Calculation
Rainfall Intensity = No. of Landslides

SollCut Slopes

Extent

= Location
Number of d
in each cell.

slopes

PR

Frequency (%)

quency (4

T HIREME

GEO Raingauges
o FXAWEI

HKO Raingauges

cBEE

The landslide potential in Hong Kong is a function
of four factors:

¢ XWEFENEE

* Intensity of rainfall

* XY ERERNFRBE
o YENNRNTETRENAZE

WAMGERISENSE

1989 - Lion Rpck Lower Vilage | 1995 - Fei Tdul Rd +

* Size of the area affected by rainfall
¢ The number of slopes in the rainfall area

¢ Whether the slopes affected can remain stable
under such rainfall

Landslide potential index _

o BARBENAR R ELROLRERREEER

¢ REEYEZRER 2

How to estimate the no. of landslides
¢ Correlatelandslide frequency with rainfallintensity

o BHEHEEREN

for different types of slopes and retaining walls

* Include areal effect

[B40. BRBIRIEH -
Figure 40. Landslide Potential Index.
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* Include location effect

Geotechnical Engineering Office

When the Landslip Warning is issued, local
radio and television stations are notified and are
requested to broadcast the Warning to the public
at regular intervals, together with advice on the
precautions that should be taken. The Hong
Kong Slope Safety Website (http:/hkss.cedd.gov.
hk) also publishes the warning message and the
number of landslide incidents reported to the GEO
at regular intervals. When the Landslip Warning
is in force, the public should keep away from
slopes and watch out for signs of landslide danger

(Figure 29). The Home Affairs Department opens

temporary shelters for the public including anyone
whose dwelling is endangered by unstable slopes
or boulders. Pedestrians should avoid walking or
standing close to steep slopes (Figure 29), especially
where landslip warning signs are erected. When
the landsliding situation is becoming serious,
members of the public are advised to cancel non-
essential appointments and to stay at home or in
a safe shelter (Figure 29). Motorists are advised to
avoid driving in hilly areas or on roads with landslip

warning signs (Figure 29).

Landslide Potential
Index

The severity of a rainstorm is traditionally described
by its return period, i.e. the average time until the
next occurrence of a rainstorm of equal magnitude.
The longer the return period, the more intense
the rainstorm is. However, the return period is not
an ideal measure of rainstorm severity for many

reasons.

A more direct measure of the severity of a
rainstorm in terms of specific consequences is
the number of landslides it could cause. Using
historical rainfall and landslides records, a statistical
relationship between rainfall intensity and landslide
frequency has been obtained. When the rainfall
intensity of a rainstorm and the number of man-
made slopes covered by the rainstorm are known,
the number of landslides that could be triggered by

the rainstorm can be estimated (Figure 40).




REBM T11RE1984F LRSI B AW %‘E The GEO has developed an index, called the The LPI of a rainstorm that results in the issue of
ETWLRIEESH - EFfENNEER Landslide Potential Index (LPI) that is based on the the Landslip Warning would be uploaded onto

MY EESRNESEY 4185 5 SENEET RS PHEREYE . AR probable number of landslides that could be caused the Hong Kong Slope Safety Website (http://hkss.
Z& Y HY /R Z] ° = N NEEBX KR R ]

. ” by a given rainstorm. The well-known rainstorm of cedd.gov.hk) within a week of cancellation of the
= N N A 7]y (=] N wm} , N N k A5 ) ) ) ) ) ) )
H1984F 295 BB ILREBERA B2 ENRATERE - WRERHER July 1994 that led to the landslide at Kwun Lung Warning. The information will be kept in a running
EWABREH Hreex2 ek - EREMRZ2  B6E Lau with five deaths and three serious injuries is set list for that year.
TERDAE o ANBFREETAZBHYE at an LPI of 10. A rainstorm with an LPI of 5 could
SEHRY I REEBERNER  UH PHESEEE  LEETRREEE . B be half as severe as the Kwun Lung Lau rainstorm
. in causing landslides. A rainstorm with an LPI value .
BREHEELRERERILL—EEH  REH- o , Conclusions
greater than 10 is possible. The LPI of a rainstorm
WJ:%E“'JJ?‘%ﬁii}i?z%,%I%(http:/hkss.cedd. . o
! o is not a predictive index. It helps to analyse the No matter how strenuous the efforts of the
gov.hk) c ERER - MEAUKEZE severity of a rainstorm after the event.

Government to improve slope safety are, given

BEERNBHRESH - the natural constraints we face in Hong Kong in

Table 5 gives the LPI value and information on — o
terms of climatic and geographical circumstances,

consequences of those rainstorms occurring since

LR R 2 REES | BEEH FrEsmiER 1984 which led to landslides causing fatalities.

it is obvious that landslide risks cannot be totally

removed. For this reason, the Government conducts

Landslide Location LPI Date Landslide Consequence

The LPI of rainstorms that resulted in the issue of . . . - .
public education and community activities to remind

BREIRESR 10 1994578238 | SARERIARE the Landslip Warning since 1984 are presented in .

Kwun Lung Lau, Kennedy Town 23 July 1994 5 fatalities and 3 injuries _ . _ people of the need to stay vigilant and be prepared
Figure 41. The LPI values of rainstorms in recent ‘ Al landslide h

o TARE  13ASE  \HRERESRSHREST , or potential landslide hazards.

RIHH g 1999F8ABE | o years are all relatively small.

Sham Tseng San Tsuen 23 August 1999 °

1 fatality, 13 injuries, a squatter dwelling was demolished
and several other dwellings were severely damaged

DEERS 6 199757828 | IARE - IABBRIFEERERE SIBABBLRILEIRR Fatallandsiides
Ten Thousand Buddhas’ Monastery, 2 July 1997 1 fatality, 1 injury and a building known as "Kun Yam (1) 1989%F H T\ T4 (219945 BR MBS (7) 19974 RERLH
Shatin Din" was damaged 1989 Lion Rock Lower Village 1994 Kwun Lung Lau 1997 Kau Wa Keng Upper Village
DR " . (2) 1992 BHAZRERBRME  (5)1994F &1L AKI4KE 19974 PEERS
BRAREE 6 1995485 13H gAfaEtEaﬁ'eSS}S\%fi'eSSFEzﬂfh@ Bi:jaj ?nﬁj%fﬁffor ere FECER . 1994 142 Milestone Castle Peak 1997 Ten Thousand
Shum Wan Road, Aberdeen 13 August 1995 damagleld , 2 Injuries, 1Py y wi 1R?38a%1 Baguio Villas & Kennedy Road Buddhas' Monastery
R O — (6)1995%F EBFRLERLaszE () 1999F FHIH
s y o — 58 1993F B RILH 1995 Fei Tsui Road & Shum Wan 1999 Sham Tseng San Tsuen
LEBRE . 6 1995%8H 130 1)\£E$}§21}\§1§ a rainstorm 1993 Cheung Shan Estate Road
Fei Tsui Road, Chai Wan 13 August 1995 1 fatality and 1 injury :
14
WFLTH 6 1989%65H21H 2AEE ARG 2MEEHERZR B MOM
Lion Road Lower Village 21 May 1989 BEW KA
2 fatalities, 3 injuries, 2 squatter huts were damaged 12
and another 16 huts were permanently evacuated
@
10
BILAR 1408 3 1994F8H7H TABERITAZSE
Milestone 14 "> Castle Peak Road 7 August 1994 1 fatality and 17 injuries ¢ ©O)
Bigiey 8
BHMERE 3 1992665880 | 2A®4E Landslide
Baguio Villas, Pokfulam 8 May 1992 2 fatalities PT;Z::aI 6 ® ®
HEBRMENE- Bk 3 19925880 | 1A®E ? ?
Kennedy Road below Wah Yan 8 May 1992 1 fatality 4
College, Wan Chai @ ©®
® ® o * o o
@
NEEEH 2 19978648 | 1ARE  SABBRIBEERGE 2 G
Kau Wa Keng Upper Village 4 June 1997 1 fatality, 5 injuries and 1 squatter hut was damaged P S 6 6 O o 4 * 0 o GO KO S S &
O
HEE R 1 1993568168 | 1AE4LRSASE 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004
Cheung Shan Estate, Kwai Chung 16 June 1993 1 fatality and 5 injuries 46 Year
®5. H1984F ES I BB HLEEERNRRHBRESR - B41. 1984 F ES S| BILRIBEERNRN ©

Table 5. The LPI of rainstorms that resulted in the issue of the Landslip Warning since 1984. Figure 41. Chart showing rainstorms since 1984 that resulted in the issue of landslip warning.
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Appendix A -
1972 Po Shan Road
Landslide

We have produced a 3D animation CD on the
Po Shan Road Landslide as a supplementary
background teaching materials to this booklet.
The full script of this 4 minutes 3D animation is

reproduced below.

m Po Shan Road Landslide

Hong Kong is one of the most densely populated
areas in the world. With land a scarce commaodity,
construction work has to proceed in hilly locations

which under normal circumstances would be left

undeveloped.

In June 1972, two major landslides at Sau Mau Ping
in Kowloon and Po Shan Road on Hong Kong Island
killed a total of 138 people. The Po Shan Road
landslide was the most devastating, in terms of loss
of life and damage to property. The site of the Po
Shan Road Landslide is in the western Mid-levels
area of Hong Kong Island. The terrain here is steep

and prone to landslides during heavy rainfall.

Prior to the 1972 disaster, there had been a history
of minor landslides, cracks and aborted construction
works in the vicinity of the fateful landslide. The
rainfall in June 1972 was almost twice the average
and the fifth highest on record at that time. Heavy
rainfall persisted throughout the day and there was
alarge landslide behind Hamilton Court - a building

under construction nearby on Po Shan Road.
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In the morning a number of small landslides were
observed on Po Shan Road which resulted in the
garden of number 21 settling some 2 metres.
Further down the slope, a building site on Conduit
Road experienced a large landslide on a cut slope
and water was seen emerging from the ground
above Skyline Mansion. After a heavy rainstorm at
midday, conditions worsened. The garden terrace
dropped another 3 metres. The water flowing
from the ground above Skyline Mansion increased
considerably and the condition at the building site

on Conduit Road deteriorated.

The sheet piling installed some 4 months prior to
the failure distorted and buckled under the weight
of the debris from the earlier landslide. By the end
of the day a section of Po Shan Road had settled
over 4 metres and a number of local residents had

been evacuated as a precaution.

On the morning of the fateful day, conditions
were bad, but no one could have imagined what
was to follow. Throughout the day the conditions
degenerated. The sheet piling continued to distort
and at 5:10pm a large landslide to the east of the
building site above Skyline mansions crossed the
road and partially buried the four-storey building at
number 11 Kotewall Road. There were no injuries
at this time and the residents were evacuated to

safety.

The major landslide occurred about 8:55pm -

lasting no longer than 10 seconds.

The landslide started from the hill above Po Shan
Road. Debris crossed the road and engulfed the
garage at number 21. This then slipped down the
hillside and toppled over. The landslide gathered
momentum and swept away the property at
number 11 Kotewall Road before continuing on
to Kotewall Court. The force of the debris and
landslide brought down the 12-storey tower block
with the collapsing building hitting the upper
part of the newly refurbished block at Greenview
Gardens. The scale and speed of the catastrophe

shocked everyone.

In all, 67 people lost their lives and 2 residential
buildings and a number of other structures were
obliterated. The forensic investigation concluded
that three factors combined to cause the landslide;
the nature of the material forming the hillside, the
exceptionally intense and sustained rainfall and the
inadequately supported deep cutting in the private
building site.

The two disasters of 18 June and further serious
fatal landslides in 1976 brought about radical
changes to geotechnical engineering in Hong Kong
and in 1977. The Government created what is

today the Geotechnical Engineering Office.

The Geotechnical Engineering Office continues
to serve the people of Hong Kong to ensure that
disasters like the Po Shan Road landslide will not

occur again.
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Figure B-3. Site plan.

Appendix B -
1995 Shum Wan Road
Landslide

At about 4 am on 13 August 1995, a landslide
took place at the hillside above Shum Wan Road,
Aberdeen (see Figure B-1 for location). It caused
the collapse of a 30m long section of Nam Long
Shan Road that included a passing bay supported
by a fill embankment (Figure B-2). The landslide
debris crossed Shum Wan Road and damaged three
shipyards and a factory near the seafront (Figure
B-3). The landslide resulted in two fatalities, and

five other people were injured.

Readers may refer to the comprehensive
investigation report issued by the Geotechnical
Engineering Office in April 1996 (Figure B-4). The
Report is presented in two volumes. Volume 1
contains the independent findings of Sir John Knill
and the lessons to be learnt from it. Volume 2,
prepared by the GEO, presents the detailed findings
of the landslide investigation. The Appendix gives
a summary of the Shum Wan Road landslide as

revealed in the above investigation report.
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Figure B-4. Report on the 1995 Shum Wan road landslide.
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Figure B-5. Joints within the partially weathered tuff filled with white
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The Landslide Site

» General setting

The landslide occurred at a hillside between
Shum Wan Road and Nam Long Shan Road
(Figures B-3). Prior to the landslide, the
hillside was densely vegetated and had an
overall gradient of about 27°. There were 3
concrete retaining walls in the vicinity of the
landslide area below the Nam Long Shan Road.
Two of the walls were about 2m in height and
the third wall was about 1.2m high. Nam Long
Shan Road was about 5m wide at the location
of the landslide, and there was a passing bay
on the downhill side of the road. The passing
bay was supported by a fill embankment about
10m high from toe to crest. The passing bay
embankment partly concealed one of the 2m
high retaining walls. There was a 4m high cut
slope on the uphill side of the road. (see Figure 2
of the text on the meaning of cut slope, retaining
wall etc).

» History of construction

Nam Long Shan Road was formed before 1945
(as evident from 1945 aerial photographs).
The two 2m high concrete retaining walls
below Nam Long Shan Road had been
constructed by that time. The passing bay was
constructed between 1976 and 1977 on a
new fill embankment. The 1.2m high concrete
retaining wall was likely to have been
constructed in the 1970's as part of the squatter
development. Signs of illegal dumping from

Nam Long Shan Road are apparent since 1977.

[» Surface water and Groundwater

Surface water from the hillside above Nam
long Shan Road is collected by natural stream
courses and man-made channels and discharges
into catchpits leading to cross-road drain pipes
buried under the road.

The base groundwater level is generally
below the landslide surface. However, seepage
observed on site after the landslides suggested
the presence of a transient perched water
condition (see Figure 34 of the main text on
the meaning perched water table). See also the
discussion in section 5 of Appendix B on the

diagnosis of the causes of the landslide.

» Geology and slope forming materials

The geology at the landslide area comprised
a thin mantle of colluvium overlying partially
weathered volcanic rock (tuff). The colluvium
was formed about 35,000 to 48,000 years ago.
Weathering within the rock mass was more
pervasive within the area of very closely spaced

sub-vertical joints than elsewhere.

Joints within the partially weathered tuff were
commonly infilled with white clay up to about
15mm thick (Figure B-5). An extensive clay seam
formed part of the base of the concave landslide
scar (Figures B-6). It comprised a soft yellowish
brown clay layer (100mm to 350mm thick) with
highly decomposed tuff fragments, underlain
in palaces by a thin soft white clay. Subsequent
X-ray diffraction showed that both clays contain
kaolinite and probably halloysite.




SR

MELHIREEBWERAERILE
188 (EB-8)ith 5 o ILEIEERIER
BARBEBERNEB-9 o H4BEERILRE
BEEZAEENLE HERNBRREE
EEHKNABTSE o

WRIER A ER

WREBRFIEXNFEBER - 8BEATOK
FEEERMILETHNAS0K - MEREE
HERRANRIOK o WRMIEEH L3R

TR _MPARY - ARIBATEE  HRE
EN12K o \REBE M T 3= FHE B
AR AT E (BB-7)M22 3K o ILRIEE
BT #26,000Z FRIEL AR U A
BEBERRBR0FRBEENLRMEE

HEBEMNSENZAEEEN(ERER
MEFRENLE) » URILEERREAHN
MEMABWELERR  BTHES
REBIH IBREERLCAENERA
F%) ATAEB-10R &L mBHNEERN
YN

FIRILE R HE R
Nam Long Shan Long and
FERKLE) passing bay
Height of perched water level (varies)
80
VLY op b
Ground profile before landslide
70
Bk Perched water
e L RIEEE ;
Z 60 W L WL IREE
Eﬁ% Landslide surface Aﬁong clay-infilled joint
e .S

5 50 - -
w . e

40 - ‘77 & £ BAlong clay seam

URBHEICRTER K
Withisr‘1 partially weathered tuff 0 10 20 K m
IS I
30 Eb Al Scale

EB-6. RIFARBEM AN NB R BARUIEE - LPREE -

Figure B-6. Representative cross-section of the landslide for slope stability analyses - upper spoon-shaped slip.
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Rainfall Records

Two GEO automatic raingauges are located close
to the landslide (Figure B-8). The rainfall pattern
and intensity at the landslide area are illustrated
in Figure B-9. There was heavy rain during the
hours before the landslide at 4am. The return
period of the rainfall intensities of this rainstorm is

about 75 years.

Description of the Landslide

The landslide resulted in a 70m high scar, with a
width varying from about 50m just below Nam
Long Shan Road to about 90m above Shum Wan
Road. The upper part of the landslide surface was

concave in shape and was up to about 12min depth

below the pre-failure ground surface. The lower
part of the landslide surface was planar and was 2
to 3m below the pre-failure ground surface (Figure
B-7). The landslide released about 26,000m* of
soil and rock and was the largest landslide in Hong

Kong at that time over the past twenty years.

From the interview of eye-witnessess and review
of lots of relevant and available information,
including Police records and the Ocean Park
records, plus the situation and details of landslide
debris (e.g. retaining wall fragments, fallen trucks,
the slab of debris of relatively intact weathered
rock mass on the reclaimed land etc), the likely
mode and sequence of failure can be constructed

as shown in Figure B-10.
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