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PREFACE 

In keeping with our policy of releasing information 
which may be of general interest to the geotechnical 
profession and the public, we make available selected internal 
reports in a series of publications termed the GEO Report 
series. The GEO Reports can be downloaded from the 
website of the Civil Engineering and Development Department 
(http://www.cedd.gov.hk) on the Internet. Printed copies are 
also available for some GEO Reports. For printed copies, a 
charge is made to cover the cost of printing. 

The Geotechnical Engineering Office also produces 
documents specifically for publication. These include 
guidance documents and results of comprehensive reviews. 
These publications and the printed GEO Reports may be 
obtained from the Government’s Information Services 
Department. Information on how to purchase these documents 
is given on the second last page of this report. 

R.K.S. Chan
 
Head, Geotechnical Engineering Office 


May 2008 


http://www.cedd.gov.hk
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FOREWORD 

This report presents the findings of a review of a 
landslide (Incident No. 2005/8/0302) that occurred on 
20 August 2005 on the natural hillside above Tai Hang Road, 
Happy Valley. The failure involved a shallow landslide with 
an estimated volume of about 5 m3 and a 2 m diameter boulder 
that blocked Tai Hang Road. No casualties were reported as a 
result of the incident. 

The key objectives of the review were to document the 
facts about the incident, the site history and pertinent 
observations. The scope of the review does not include any 
ground investigation or detailed diagnosis of the causes of the 
incident. Recommendations for follow-up actions are reported 
separately. 

The report was prepared as part of the 2004/2005 
Landslide Investigation Consultancy (LIC) for Hong Kong 
Island and Outlying Islands, for the Geotechnical Engineering 
Office (GEO) of the Civil Engineering and Development 
Department (CEDD), under Agreement No. CE 29/2003 (GE). 
This is one of a series of reports produced during the 
consultancy by Fugro Scott Wilson Joint Venture (FSW). 

Y C Koo 

 Project Director 


Fugro Scott Wilson Joint Venture 


Agreement No. CE 29/2003 (GE) 

Study of Landslides Occurring in 

Hong Kong Island and Outlying 


Islands in 2004 and 2005 
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1. INTRODUCTION 

On the morning of 20 August 2005, a landslide and boulder fall incident 
(Incident No. 2005/8/0302) occurred on the hillside above Tai Hang Road, about 90 m to the 
south of the intersection with Broadwood Road, and below No. 17 Cooper Road, Happy 
Valley (Figure 1). The incident, involving a failure volume of about 5 m3 and the 
detachment of a 2 m diameter boulder, resulted in both lanes of Tai Hang Road being closed 
to traffic. No casualties were reported as a result of the incident.  The boulder fall caused 
damage to the maintenance access stairs and handrail associated with cut slope 
No. 11SE-C/C60 above Tai Hang Road, the pedestrian handrail on the western side of Tai 
Hang Road, and a temporary ground investigation drilling platform in place at the time 
adjacent to the Tai Hang Road footpath. 

Following the incident, Fugro Scott Wilson Joint Venture (FSW), the 2004 and 2005 
Landslide Investigation Consultants, carried out a review of the landslide and boulder fall 
incident for the Geotechnical Engineering Office (GEO) of the Civil Engineering and 
Development Department (CEDD), under Agreement No. CE 29/2003 (GE). 

This review report documents the facts about the incident, the site history and pertinent 
observations made by FSW.  The scope of the review does not include any ground 
investigation or detailed diagnosis of the causes of the incident. 

2. SITE DESCRIPTION 

2.1 Site Description 

The general landform in the vicinity of the 20 August 2005 incident comprises a 
southwest-facing hillside, which lies between the crest of the soil/rock cut slope 
No. 11SE-C/C60, situated above Tai Hang Road, Happy Valley (elevation 122 mPD), and 
residential properties situated along Cooper Road at an elevation of 162 mPD (Figure 1 and 
Plate 1). Slope No. 11SE-C/C60 is approximately 100 m long, with a typical height of 
around 12 m and an inclination of about 65º. The slope has a surface cover of shotcrete with 
weepholes spaced at 2 m centres. A 225 mm wide crest channel and maintenance stairway 
with handrails extend along the slope crest. Slope upgrading works were completed under 
the LPM Programme in late 2001. 

The hillside, which is located between the crest of slope No. 11SE-C/C60 and the 
Cooper Road properties (Figure 2), has a typical slope angle between 45º and 50º and is 
heavily vegetated, with numerous sizeable boulders exposed on the slope surface. There are 
no drainage provisions within the portion of hillside extending above cut slope 
No. 11SE-C/C60, except for a minor ephemeral drainage line below No. 19 Cooper Road 
which is coincident with the northern extent of the above cut slope. 

Tai Hang Road comprises a single-lane dual carriageway about 7 m wide, with a 2 m 
wide pedestrian pavement and handrail on the western (northbound) side. Three culverts 
(TH18 to TH20 on Figure 2) collect runoff from the surface drainage system of slope No. 
11SE-C/C60 and conduct it through cross-road culverts beneath Tai Hang Road to discharge 
into the downslope surface drainage system. The ground below Tai Hang Road generally 
falls away to the west at a typical angle of between 35º and 40º towards the residential 
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properties situated above Blue Pool Road.  Cut slope No. 11SE-C/C863 is situated 
immediately below Tai Hang Road (Figure 2). 

2.2 Water-carrying Services 

According to the Slope Information System (SIS), there are no water-carrying services 
within the subject hillside.  Three freshwater mains (of about 100 mm, 150 mm and 375 mm 
in diameter respectively) and one 225 mm diameter foul water sewer are present beneath Tai 
Hang Road. Services beneath Cooper Road comprise three freshwater mains (of about 
25 mm, 50 mm and 75 mm diameter respectively), three stormwater drains (225 mm, 300 mm 
and 450 mm diameter respectively), and one 150 mm diameter sewer. The locations of the 
above services are indicated in Figure 2. 

3. MAINTENANCE RESPONSIBILITY 

According to the Slope Maintenance Responsibility Information System of the Lands 
Department, the subject portion of hillside is unallocated Government Land. 

4. SITE DEVELOPMENT AND PREVIOUS INSTABILITIES 

4.1 Site Development 

The site development history has been established from a review of file records in the 
GEO, which include a Stage 3 Study Report under GEO’s Landslip Preventive Measures 
(LPM) Programme incorporating an aerial photograph interpretation (API) for slope No. 
11SE-C/C60 prepared by GEO’s consultants, Ove Arup & Partners (OAP), in 2000 (OAP, 
2000). A review of aerial photographs has been carried out as part of the present study to 
verify the information from the previous API and to seek to locate the positions of boulders 
within the study area. Salient information relevant to the history of the site is presented in 
Figure 3. 

Tai Hang Road was constructed at some time prior to the 1949 aerial photographs. 
The residential developments along Cooper Road situated above the subject hillside are 
visible in the 1963 aerial photographs.  Individual boulders/boulder clusters and a number of 
linear, probably anthropogenic, features (e.g. footpaths associated with surface drainage) on 
the subject hillside above slope No. 11SE-C/C60 were also identified in the 1963 aerial 
photographs. 

Slope No. 11SE-C/C60 appears to have been formed during the original construction 
of Tai Hang Road prior to 1949. The road alignment remained unchanged before late 1990’s. 
Minor repair works following a landslide incident (see Section 4.2) were carried out at about 
60 m from the northern end of the slope in 1988.  Resurfacing of the central portion of the 
slope face, possibly with sprayed concrete, over a distance of about 70 m was carried out in 
1993. Slope upgrading works including soil nailing, installation of raking drains, upgrading 
of surface drainage system and sprayed concreting were carried out under the LPM 
Programme in 2001 (see Section 5.1). Since that time, no obvious changes to the subject cut 
slope are evident. 
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The aerial photographs indicate that the residential property at No. 17 Cooper Road 
located above the probable source area of the 2005 landslide was re-developed between 1992 
and 1993. The crest of the subject hillside appeared to have been affected by the 
re-development in the 1993 aerial photographs, with a 1 m to 2 m strip adjacent to the 
building platform having been de-vegetated. This de-vegetated strip appeared to be right 
above the source area of the 20 August 2005 landslide, and subsequently re-vegetated in the 
following years. Further de-vegetation of this area was also observed in the 1996 aerial 
photographs over a wider area than that affected in 1992/1993, which covered the 20 August 
2005 landslide source area (Figure 3). This area again progressively re-vegetated over the 
succeeding years. There was no obvious evidence of the subject hillside being affected by 
hillfire in the aerial photographs. 

Based on aerial photography, there have been no other obvious changes to the subject 
hillside between slope No. 11SE-C/C60 and the Cooper Road properties, apart from a general 
increase in the vegetation cover with time. 

4.2 Previous Instabilities 

According to the GEO’s landslide database, five previous landslide incidents 
(Incidents Nos. HK 87/6/2, HK 87/10/1, HK 92/5/55, HK 92/6/29 and HK 95/7/12 
respectively) have been recorded on slope No. 11SE-C/C60 or the hillside above (four on 
slope No. 11SE-C/C60 and one on the hillside above). The details of these landslides are 
summarised in Table 1 and the respective locations are shown in Figure 3. As can be seen 
from Table 1, the majority of these were minor incidents and involved boulder falls. 
Infiltration has generally been reported as the possible cause of these incidents. Incident No. 
HK 87/10/1 on 19 October 1987 involved a boulder fall that originated from the hillside some 
25 m on plan below the 20 August 2005 incident, resulting in slight damage to a car. 

Two landslides were identified from the 1949 aerial photographs, comprising a 
possible channelised debris flow situated on the hillside above the northern end of slope No. 
11SE-C/C60, and a shallow landslide near the crest of the slope No. 11SE-C/C60 at the 
southern extent. The approximate locations of the landslide scars are presented in Figure 3. 
A possible relict landslide scar with a boulder exposed at the southern margin situated about 
7 m on plan below the main scarp of the 20 August 2005 landslide scar was identified from 
the 1963 aerial photographs. 

No relevant landslide data in the vicinity of the 20 August 2005 failure are shown in 
the GEO’s Natural Terrain Landslide Inventory (NTLI), Enhanced Natural Terrain Landslide 
Inventory (ENTLI) or the Large Landslide Database. 

5. PREVIOUS ASSESSMENTS AND SLOPE UPGRADING WORKS 

5.1 GASP Report 

Terrain classification data relating to the study area were compiled as part of the 
Geotechnical Control Office’s (GCO, renamed GEO in 1991) Geotechnical Area Studies 
Programme (GASP). The data are shown on a 1:20,000 scale map, which is intended for 
regional appraisal and strategic planning purposes.  The Geotechnical Land Use Map 
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(GLUM) designated the subject catchment as generally GLUM Class IV (i.e. with extreme 
geotechnical limitations, probably unsuitable for development, very high engineering costs for 
development and very intense site investigation required). However, it should be noted that 
the above terrain classification maps are not intended for the assessment of local areas, such 
as the subject hillside, because of the limited resolution of the maps. 

5.2 Slope No. 11SE-C/C60 

In January 1978, slope No. 11SE-C/C60 was inspected by Binnie & Partners (B&P) 
under the “Phase 1 Re-appraisal of Cut & Natural Slopes & Retaining Walls Study”, and was 
subsequently registered in the 1977/78 Catalogue of Slopes. The field sheet for this feature 
recorded no signs of seepage or distress, and recommended the provision of drains along the 
slope crest. 

In July 1995, under GEO’s “Systematic Inspection of Features in the Territory” (SIFT) 
project, slope No. 11SE-C/C60 was categorised as a Class ‘C1’ feature, i.e. slopes that “have 
been formed or substantially modified before 30.6.78 or to have been illegally formed after 
30.6.78”. 

Slope No. 11SE-C/C60 was included in the LPM Programme in 1998. 

In December 1999, slope No. 11SE-C/C60 was inspected under the “Systematic 
Identification and Registration of Slopes in the Territory” (SIRST) project initiated by the 
GEO. The SIRST field sheet notes that the chunam surface was in a fair condition and that 
no signs of seepage, potentially leaky services or distress were observed. The slope was 
recorded as having “Minor” inferred and confirmed past instability. The consequence-to-life 
category of the subject slope was rated as ‘2’. 

A Stage 3 Study was completed for slope No. 11SE-C/C60 by OAP under Agreement 
No. CE 27/98 in September 2000. The subsequent slope upgrading works were carried out 
by Aquality Engineering Co. Limited under Contract No. GE/99/19 between March and 
November 2001.   

Site-specific ground investigation completed as part of the Stage 3 Study, as well as 
previous ground investigations at the site, confirmed that slope No. 11SE-C/C60 consisted of 
about 2 m of colluvium overlying completely to highly decomposed granite, with bedrock 
exposed in the cut slope face at Tai Hang Road, and up to 20 m below ground surface at the 
western extent of the Cooper Road properties (see Section 5.3). Corestones were frequently 
recorded within the saprolite layer on drillhole logs. A thin layer of fill, up to 2.5 m in 
thickness was identified along the western extent of the building platforms associated with the 
residential properties on Cooper Road. 

A boulder survey and stability assessment was carried out for boulders within the 
feature boundary of slope No. 11SE-C/C60 under the Stage 3 Study. The survey recorded 
two boulders within the registered cut slope boundary, which were situated in the central and 
southern portions of the feature respectively. The stability assessment concluded that these 
boulders were stable. Some boulder stabilisation works have also been identified in the field 
on the hillside above slope No. 11SE-C/C60 by FSW (see Section 6.2.2). However, no 
relevant records on the design and procurement of these works could be located from the file 
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search. According to OAP, these works were not carried out as part of the LPM upgrading 
works under the above Consultancy Agreement. 

The slope upgrading measures proposed in the Stage 3 Study report for slope No. 
11SE-C/C60 comprised six rows of soil nails between 7 m and 12 m in length installed at 2 m 
by 2 m horizontal and vertical centres on a staggered grid in the soil portion of the slope 
extending to the crest drainage channel and maintenance access stairs. The 400 mm by 
400 mm soil nail heads were to be tied into the existing sprayed concrete. Prescriptive 
pattern doweling comprising 6 m long 32 mm diameter high yield bars at 2 m spacings was to 
be installed in the rock exposure in the central portion of the feature.  In addition, 
prescriptive raking drains and an upgraded surface drainage system were recommended.  
The existing sprayed concrete surface was to be reinstated and corehole planters provided to 
improve the aesthetics of the slope. 

As-built drawings relating to the upgrading works for slope No. 11SE-C/C60 indicate 
general agreement with the design as indicated in the Stage 3 Study report, except that soil 
nails were installed throughout the slope, replacing the originally proposed rock dowels. 
Additionally, sprayed concrete was applied locally to the hillside above the crest channel in 
the central portion of the slope, and as infill beneath three boulders in the same area (Figure 3). 

5.3 Boulder Fall Hazards Study 

In 1999, Maunsell Geotechnical Services Ltd (MGS) completed a preliminary study 
for the GEO under Stage 1 of the Phase III Study of the “Hong Kong Special Administrative 
Region wide (HKSAR-wide) Quantitative Risk Assessment (QRA) of Boulder Fall Hazards” 
(MGS, 1999). The work completed under Stage 1 included the development of a QRA 
methodology for boulder fall hazards, a detailed field and API study of an area of natural 
terrain above Yee King Road on Hong Kong Island to assess the feasibility of undertaking an 
HKSAR-wide QRA, and the mapping of boulder fields throughout the HKSAR using API 
techniques to compile a boulder field inventory (generally without site inspections). 

The boulder field inventory was prepared by Water Resources Consulting Services as 
sub-consultants to MGS. The inventory is presented in the final report (Emery, 1998) and 
contains 12,017 referenced polygons encompassing individual boulder fields.  Each polygon 
was classified in relation to four standard attributes, which comprised: 

(a) percentage of the polygon area covered by boulders, 

(b) boulder type, 

(c) boulder size, and 

(d) boulder shape. 

The inventory indicates that the subject portion of the hillside lies within polygon No. 
377 (Figure 4) that encompasses the entire hillside between Cooper Road in the east and Blue 
Pool Road in the west. Polygon No. 377 was interpreted to have 20% to 50% of the surface 
area occupied by boulders, the nature of which was interpreted as “corestones or tor” that are 
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angular in shape. The size distribution was interpreted as 20% being 1 m to 2 m, 50% being 
2 m to 5 m and the remaining 30% of the boulders being greater than 5 m. 

Following completion of the Stage 1 Study, MGS completed a global risk assessment 
of boulder falls under the Stage 2 of the Phase III Study, which involved, inter alia, the 
application of the QRA methodology developed under Stage 1 on an HKSAR-wide basis, 
with calibration against data available for the whole of the HKSAR. 

The above global QRA study, which included a cost-benefit exercise for boulder fall 
mitigation measures, endorsed current Government’s policy of assessing priority to upgrading 
substandard old man-made slopes over mitigating boulder fall risk and the prevailing policy 
of dealing with boulder fall risk posed to existing developments on a react-to-known-hazard 
basis. 

5.4 No. 17 Cooper Road 

Buildings Department (BD) records (BD File No. BLD(B) 6/3093/91) for No. 17 
Cooper Road indicate that the site underwent re-development between 1992 and 1994. The 
re-development included the re-construction of the southwestern boundary wall overlooking 
the natural hillside extending to Tai Hang Road and the construction of a swimming pool on 
the platform between the southwestern boundary and the residence. 

According to stability analyses submitted by Joseph Chow & Partners Ltd in the BD 
records, the new boundary wall was to be founded on piles socketed into bedrock. No works 
were to extend onto the natural hillside below the platform. The notification of certifying 
completion of the works was acknowledged by the BD on 29 March 1994. No as-built 
record drawings for the redevelopment works were contained in the BD files. 

6. THE 20 AUGUST 2005 INCIDENT AND POST-FAILURE OBSERVATIONS 

6.1 Description of the 20 August 2005 Incident 

The 20 August 2005 landslide (Incident No. 2005/8/0302) comprised a landslide and a 
boulder fall that occurred on the hillside between the crest of slope No. 11SE-C/C60 above 
Tai Hang Road and the residential property at No. 17 Cooper Road, Happy Valley. The 
timing of the failure is estimated to be around 6:55 a.m. on 20 August 2005, based on the time 
of reporting to the Highways Department (HyD). 

The source area of the landslide (Plate 2) was located on the hillside immediately 
below No. 17 Cooper Road. The exact location of the boulder on the hillside prior to the 
time of failure is not known.  A cross-section through the relevant portion of the hillside is 
presented in Figure 5. 

The landslide incident involved a shallow (<1 m deep) bowl-shaped source area 
approximately 5 m long by 5 m wide located about 2 m on plan downslope of the western 
boundary of No. 17 Cooper Road. Debris from the landslide, comprising soil and vegetation 
with an estimated volume of about 5 m³, travelled downslope and developed a linear debris 
trail about 3 m to 4 m wide below the source area. The debris travelled past the surface 
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drainage channel and maintenance stairs of slope No. 11SE-C/C60, partially depositing at this 
location (Plate 3), before traversing the slope face to deposit on the southbound lane of Tai 
Hang Road (Plates 4 and 5). The travel distance of the landslide debris was about 35 m on 
plan. The travel angle of the landslide debris (Wong & Ho, 1996) was about 43º. 

The boulder involved in the incident was around 2 m in diameter. The original 
location of the detached boulder on the hillside is not known; however, the trajectory of the 
boulder fall travelling downslope was broadly coincident with that of the landslide debris trail. 
The boulder, together with landslide debris, impacted upon and demolished a 4 m long section 
of tubular steel handrail at the crest of slope No. 11SE-C/C60 and damaged a bus stop sign at 
the slope toe (Plate 6). The boulder further travelled across the Tai Hang Road carriageway 
to the western pavement and impacted upon the permanent handrail, damaging two panels, 
before coming to rest on a temporary drilling platform associated with ongoing ground 
investigation works for slope No. 11SE-C/C863 below Tai Hang Road (Plate 7), causing 
damage to the steel decking panels (Plate 8). 

There were no obvious impact marks on the Tai Hang Road pavement between the 
damaged bus stop sign and the damaged panels of permanent handrail along the western edge 
of the footpath. The above observations suggest that the boulder might have been airborne 
for some or all of its trajectory across Tai Hang Road, or that the boulder might have hit the 
westbound lane of Tai Hang Road where landslide debris cushioned the impact, which was 
then removed by HyD prior to FSW’s inspection. 

6.2 Post-failure Observations by FSW 

6.2.1 20 August 2005 Inspection

 FSW first inspected the landslide site at around 12:00 p.m. on 20 August 2005, during 
which time the general area was experiencing heavy rainfall. At the time of the inspection, 
the debris mound on the southbound lane of Tai Hang Road had been contained by sandbags 
placed by the contractor of HyD (Plate 4) and clean-up operations were underway. Both 
lanes of Tai Hang Road remained closed to traffic at that time. 

The landslide debris comprised mostly completely decomposed granite, consisting of a 
light orangish brown medium to coarse-grained silty sand, and vegetation comprising small 
trees and undergrowth from the hillside above. Transportation of the finer fractions of the 
debris to the south along Tai Hang Road had occurred over a distance of about 60 m as a 
result of surface water flow along the carriageway (Plate 9). 

The shallow geometry of the landslide debris trail indicated that relatively little 
entrainment of additional material had occurred below the source area, which was mostly 
limited to surface vegetation and topsoil, a portion of which was deposited at the crest of 
slope No. 11SE-C/C60. 

The 2 m diameter boulder that rested on the temporary drilling platform was inspected 
in detail. Based on the extent of surface staining on the boulder, it is estimated that the 
boulder was partly embedded in the ground, with around 75% of its volume being exposed 
above ground surface prior to detachment. There were no obvious impact marks on Tai 
Hang Road. 
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An inspection of the landslide source area was made from the residential property at 
No. 17 Cooper Road that overlooks the area (Plate 2). Based on this relatively limited view, 
the surface of rupture appeared to be generally smooth, with no obvious signs of seepage 
and/or soil pipes.  The vegetation surrounding the landslide scar was observed to comprise 
different species compared to those generally prevalent on the hillside and included ground 
creepers and banana trees (Figure 3 and Plate 10). The local geomorphology in the vicinity 
of the landslide source area comprised essentially open hillside inclined at around 50°. 

There were no obvious signs of surface runoff from No. 17 Cooper Road onto the 
hillside above the source area. A stormwater discharge point for collecting runoff from the 
garden of No. 17 Cooper Road was found to comprise a 30 mm diameter drainage outlet 
situated at the southwestern corner of the property that was discharging water directly onto 
the hillside about 15 m to the south of the landslide scar (Plate 11).   

A similar inspection at the adjacent property, No. 15 Cooper Road, identified a 
200 mm wide surface drainage channel discharging collected runoff from the property 
(Figure 2). According to the domestic staff present at the residence, the channel eventually 
discharges into the natural drainage line situated at the southern end of slope No. 11SE-C/C60. 
At the time of the inspection, the channel could not be traced over its entire length due to the 
dense vegetation cover. However, the drain, which is located within unallocated government 
land, was observed to be completely blocked by leaf litter at the property boundary and the 
majority of the collected runoff was overflowing onto the hillside below. 

Inspection of the hillside along the crest of slope No. 11SE-C/C60 identified numerous 
large boulders protruding from the ground surface (Plate 12), some exceeding 5 m in 
dimension.  

6.2.2 Other Observations 

FSW re-inspected the site on 3 April 2006 and 11 May 2006 to further confirm the 
landslide source area dimensions, identify the source location of the boulder as well as the 
possible relict landslide scar identified in the 1963 aerial photographs (see Section 4.2), and to 
conduct a ground-truthing exercise in relation to boulders identified from available aerial 
photographs. At the time of the inspections, the landslide scar, together with the debris trail 
had been covered by shotcrete with weepholes (Plate 13). The majority of landslide debris 
from the incident had been cleared, with only traces present as levees along the trail under the 
new shotcrete cover. No obvious signs of seepage or distress were observed in the recently 
applied shotcrete face during either inspection. 

Traverses of the hillside in the vicinity of the debris trail did not identify any obvious 
signs of the possible relict scar observed in the 1963 aerial photographs; however, the exposed 
boulder visible in the photographs at the southern margin of the possible relict scar was 
located (Plate 14). 

The assessment of the individual boulder locations was mostly confined to those in 
close proximity to the maintenance access stairway extending along the crest of slope No. 
11SE-C/C60, owing to the steep inclination of the hillside and dense vegetation.  The 
locations of the identified boulders are shown in Figure 6. Stabilisation measures were 
identified at a number of individual boulders.  These included concrete column support 
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(Plate 15), minor dentition (Plate 16) and partial shotcrete cover (Plate 17). The condition of 
other selected boulders on the subject hillside is illustrated in Plate 18. 

7. RAINFALL RECORDS 

Rainfall data were obtained from GEO automatic raingauge No. H08, which is the 
nearest raingauge to the landslide site and located at the Eastern Treatment Works, Stubbs 
Road, approximately 1 km southwest of the landslide (Figure 1). The raingauge records and 
transmits rainfall data at 5-minute intervals to the Hong Kong Observatory and the GEO. 

For the purpose of rainfall analysis, the timing of the landslide was assumed to be at 
6:55 a.m. on 20 August 2005. The daily rainfall recorded by raingauge No. H08 over the 
month preceding the landslide, together with the hourly rainfall readings for the period 
between 7:00 a.m. on 19 August 2005 and 11:00 p.m. on 20 August 2005, are presented in 
Figure 7. The maximum rolling 24-hour rainfall before the landslide was 302 mm. 

Table 2 presents the estimated return periods for the maximum rolling rainfall for 
various durations recorded by raingauge No. H08 with reference to historical rainfall data at 
the Hong Kong Observatory in Tsim Sha Tsui (Lam & Leung, 1994), where rainfall records 
began in 1884. The results show that the 31-day rolling rainfall of 1036.5 mm before the 
landslide was the most severe, with a corresponding return period of about 17 years. The 
results also show that the 7-day rolling rainfall of 602 mm had a corresponding return period 
of about 12 years. For rainfall durations of less than 2 hours, the corresponding return 
periods were less than 2 years. 

The return periods were also assessed based on the statistical parameters derived by 
Evans & Yu (2001) for rainfall data recorded by local raingauge No. H08 between 1984 and 
1997 (Table 3). The return period of the 7-day rainfall was about 8 years, which was the 
most severe. It is noted that the estimated return periods of the August 2005 rainstorm based 
on rainfall data at the local raingauge are less than those estimated using the historical rainfall 
data at the Hong Kong Observatory in Tsim Sha Tsui. 

The maximum rolling rainfall for the rainstorm on 20 August 2005 has been compared 
with the past major rainstorms between 1994 and 2005 recorded by raingauge No. H08, which 
came into operation in the mid-1980’s (Figure 8). The maximum rolling rainfall for the 
rainstorm on August 2005 is generally less severe than the previous significant rainstorms, 
except for the 7-day duration which exceeds the previous rainstorms. 

8. DISCUSSION 

The close correlation between the rainstorm and the timing of the landslide/boulder fall 
suggests that the failure was probably rain-induced.  There is no evidence to suggest that 
water ingress into the subject hillside occurred as a result of leakage from the swimming pool 
at No. 17 Cooper Road or overflow from the swimming pool at time of heavy rainfall. 

The failure occurred on a hillside ‘pocket’ within the Development Line, which 
broadly defines the boundaries between natural terrain and developed areas in GEO’s Natural 
Terrain Landslide Inventory (King, 1999). The hillside ‘pocket’ has a history of instability, 
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including a recorded boulder fall in 1987. The location of the fairly sizeable boulder (about 
2 m across) prior to detachment is uncertain, as it came down together with the debris of a 
small landslide on the hillside. 

The boulders on the subject hillside pocket were included into a boulder field 
inventory, which was compiled in 2001 using aerial photographs but without detailed field 
mapping. A survey of the boulders exposed within the cut face was carried out as part of the 
stability assessment of the toe cut slope under the previous LPM study. No assessment or 
stabilization works were undertaken as part of the LPM study for the boulders within the 
hillside pocket above cut slope No. 11SE-C/C60. No boulder fence had been installed at the 
crest of the cut slope as part of the LPM upgrading works in 2001, as a prescriptive provision 
against possible boulder falls from the hillside above.  Based on site inspections, some 
stabilization works had previously been carried out for several boulders on the hillside close 
to the crest of the subject cut slope but no works were implemented to the boulders further up 
the hillside. Thus, the detached boulder has not been mapped and assessed in detail prior to 
the failure in August 2005. 

The source area of the landslide is at a fairly short distance below the uphill 
developments.  The crest portion of the subject hillside pocket was disturbed through 
de-vegetation in 1993 during redevelopment of the private property at the top. The extent of 
the disturbed zone in 1993 came very close to the source area of the August 2005 landslide. 
More extensive de-vegetation took place at the same area in 1996, which covered the source 
area of the August 2005 landslide. It is noteworthy that the locality of the landslide source 
area comprises different vegetation species to those of the other area of the subject hillside. 
It is not certain whether such different vegetation species had contributed to affect the surface 
infiltration characteristics in the local area of the landslide source area. 

A possible relict landslide feature was identified from aerial photographs on the 
hillside some 7 m on plan below the source area of the 2005 landslide.  Given the 
uncertainties involved, it is not possible to postulate whether this played a contributory role in 
the August 2005 landslide. 

The August 2005 landslide occurred during moderate rainfall, which was generally not 
as severe as the past significant rainstorms in the area. Given that there were no obvious 
adverse changes in the environmental setting of the site, progressive deterioration of the slope 
condition may have been a contributory factor to the landslide and boulder fall. There was 
also evidence of direct discharge of surface water from a 30 mm diameter discharge pipe of 
the uphill private development onto the subject hillside pocket and overflow from a blocked 
surface channel located within unallocated government land. However, the disposition of 
the above was such that they did not play a role in contributing to cause the August 2005 
failure. 

The scale of the August 2005 landslide was very minor. However, the detachment of 
a sizeable boulder, which travelled across the busy road below, posed a notable hazard to the 
road users. In the event, it was fortuitous that the incident occurred before the rush hour, as 
otherwise the consequences could have been more serious. It was also fortunate that part of 
the energy of the boulder fall was dissipated through impact with the handrail on cut slope No. 
11SE-C/C60 and that the boulder was arrested by the GI scaffolding platform across the road. 
Otherwise, the boulder was liable to continue to travel downhill below Tai Hang Road and 
might possibly affect the developments below. 
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Table 1 - Summary of Previous GEO Landslide Incidents 

Incident No. Date of Failure Approximate Location of 
Landslide Source Area 

Approximate Debris 
Volume (m3) Debris Description Possible Causes of 

Failure Consequence 

HK87/6/2 5 June 1987 
Crest of slope 

No. 11SE-C/C60 
52 m from northern end 

5 (soil), plus 
2.7 m × 1.4 m × 0.7 m 

boulder 

Soil debris with a 
boulder Infiltration One lane of Tai 

Hang Road closed 

HK87/10/1 19 October 1987 
Terrain above slope No. 

11SE-C/C60 
4 m from northern end 

1 Boulders Infiltration and 
erosion 

Car slightly 
damaged 

HK92/5/55 8 May 1992 
Mid-portion of slope 

No. 11SE-C/C60 
94 m from northern end 

4 Boulders with soil 
debris Infiltration Both lanes of Tai 

Hang Road closed 

HK92/6/29 13 June 1992 
Upper portion of slope 

No. 11SE-C/C60 
13 m from northern end 

30 (boulders/corestones) 
and 2 (soil debris) 

Boulders/corestones 
with soil debris 

Surface runoff and 
infiltration 

Both lanes of Tai 
Hang Road closed 

HK95/7/12 28 July 1995 
Upper portion of slope 

No. 11SE-C/C60 
49 m from northern end 

1.5 Soil/rock matrix Other Both lanes of Tai 
Hang Road closed 
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Table 2 - Maximum Rolling Rainfall at GEO Raingauge No. H08 for Selected Durations 
Preceding the Landslide Incident of 20 August 2005 and the Estimated Return 
Periods Based on Lam & Leung (1994) 

Duration Maximum Rolling 
Rainfall (mm) End of Period Estimated Return 

Period (Years) 

5 Minutes 8.5 08:40 on 19 August 2005 < 2 

15 Minutes 20.0 08:45 on 19 August 2005 < 2 

1 Hour 33.5 20:20 on 19 August 2005 < 2 

2 Hours 65.5 21:40 on 19 August 2005 < 2 

4 Hours 117.5 22:20 on 19 August 2005 2 

12 Hours 228.5 05:50 on 20 August 2005 4 

24 Hours 302.0 06:50 on 20 August 2005 5 

2 Days 376.0 06:50 on 20 August 2005 6 

4 Days 457.0 06:50 on 20 August 2005 6 

7 Days 602.0 06:50 on 20 August 2005 12 

15 Days 717.5 06:50 on 20 August 2005 9 

31 Days 1036.5 06:50 on 20 August 2005 17 

Notes: (1) Return periods were derived from Table 3 of Lam & Leung (1994). 
(2) Maximum rolling rainfall was calculated from 5-minute data. 
(3) The use of 5-minute data for durations between 4 hours and 31 days results 

in better data resolution, but may slightly over-estimate the return periods 
using Lam & Leung (1994)’s data, which are based on hourly rainfall for 
these durations. 
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Table 3 - Maximum Rolling Rainfall at GEO Raingauge No. H08 for Selected Durations 
Preceding the Landslide Incident of 20 August 2005 and the Estimated Return 
Periods Based on Evans & Yu (2001) 

Duration Maximum Rolling 
Rainfall (mm) End of Period Estimated Return 

Period (Years) 

5 Minutes 8.5 08:40 on 19 August 2005 < 2 

15 Minutes 20.0 08:45 on 19 August 2005 < 2 

1 Hour 33.5 20:20 on 19 August 2005 < 2 

2 Hours 65.5 21:40 on 19 August 2005 < 2 

4 Hours 117.5 22:20 on 19 August 2005 2 

12 Hours 228.5 05:50 on 20 August 2005 4 

24 Hours 302.0 06:50 on 20 August 2005 4 

2 Days 376.0 06:50 on 20 August 2005 4 

4 Days 457.0 06:50 on 20 August 2005 4 

7 Days 602.0 06:50 on 20 August 2005 8 

15 Days 717.5 06:50 on 20 August 2005 4 

31 Days 1036.5 06:50 on 20 August 2005 5 

Notes: (1) Return periods were based on Evans & Yu (2001). 
(2) Maximum rolling rainfall was calculated from 5-minute data for durations 

up to 48 hours, and from hourly rainfall data for longer rainfall durations. 
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Figure 1 - Site Location Plan 
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Figure 2 - Site Plan 
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Figure 3 - Site History Plan 
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Figure 4 - Boulder Field Polygon No. 377 (Emery, 1998) 
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Figure 5 - Cross-section A-A through Landslide Scar and Debris Trail of the 
20 August 2005 Landslide 
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Figure 6 - Boulder Location Plan 
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Figure 7 - Rainfall Recorded at GEO Raingauge No. H08 Preceding the 
20 August 2005 Landslide Incident 
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Figure 8 - Maximum Rolling Rainfall Preceding the 20 August 2005 Landslide and 
Selected Previous Major Rainstorms Recorded at GEO Raingauge No. H08 
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Plate 1 - General View of the Hillside above Tai Hang Road from the North 

Note: See Figure 6 for the location and direction of photograph. 



 
 

 

 

Plate 2 - General View of the Landslide Source Area from No. 17 Cooper Road 
(Photograph taken on 20 August 2005) 

Note: See Figure 2 for the location and direction of photograph. 
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Plate 3 - Landslide Debris Deposited at the Crest of Slope No. 11SE-C/C60 
(Photograph taken on 20 August 2005) 

Note: See Figure 2 for the location and direction of photograph. 
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Plate 4 - Landslide Debris Deposited on Tai Hang Road (Photograph taken on 
20 August 2005) 

Note: See Figure 2 for the location and direction of photograph. 
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Plate 5 - Landslide Debris Deposited on Tai Hang Road (Photograph taken on 
20 August 2005) 

Note: See Figure 2 for the location and direction of photograph. 
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Plate 6 - Damaged Bus Stop Signpost on Eastern Side of Tai Hang Road below 
Debris Trail (Photograph taken on 20 August 2005) 

Note: See Figure 2 for the location and direction of photograph. 
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Plate 7 - Close View of Boulder at Rest on Drilling Platform Adjacent to 
Tai Hang Road (Photograph taken on 20 August 2005) 

Note: See Figure 2 for the location and direction of photograph. 
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Plate 8 - View of Boulder at Rest on Drilling Platform Showing Damaged Steel 
Decking Panels (Photograph taken on 20 August 2005) 

Note: See Figure 2 for the location and direction of photograph. 
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Plate 9 - View South along Tai Hang Road Showing Transportation of Fines in 
Landslide Debris by Surface Runoff (Photograph taken on 20 August 2005) 

Note: See Figure 2 for the location and direction of photograph. 
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Plate 10 - View of Vegetation on Hillside below No. 17 Cooper Road at Location of 
Landslide Source Area (Photograph taken on 20 August 2005) 

Note: See Figure 2 for the location and direction of photograph. 
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Plate 11 - Stormwater Discharge at Southwestern Corner of No. 17 Cooper Road 
(Photograph taken on 20 August 2005) 

Note: See Figure 2 for the location and direction of photograph. 
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Plate 12 - Typical Example of Large Boulders Exposed on Hillside above 
Slope No. 11SE-C/C60 (Photograph taken on 11 May 2006) 

Note: See Figure 6 for the location and direction of photograph. 
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Plate 13 - General View of Northern End of Slope No. 11SE-C/C60 
Showing Shotcreted Landslide Debris Trail (Photograph 
taken on 3 April 2006) 

Note: See Figure 2 for the location and direction of photograph. 
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Plate 14 - Exposed Boulder Identified in 1963 Aerial Photographs as Situated at 
Southern Margin of Possible Relict Landslide Scar (Photograph taken 
on 3 April 2006) 

Note: See Figure 6 for the location and direction of photograph. 

- 46 -



-  47  - 

 
 

Plate 15 - Boulder Supported by Concrete Column (Photograph taken on 11 May 2006) 

 Note: See Figure 6 for the location and direction of photograph. 
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Plate 16 - Minor Dentition to Boulder (Photograph taken on 11 May 2006) 

 Note: See Figure 6 for the location and direction of photograph. 
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Plate 17 - Partial Shotcrete Cover on Boulder at Southern End of Slope 
 No. 11SE-C/C60 (Photograph taken on 11 May 2006) 

 Note: See Figure 6 for the location and direction of photograph. 
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Plate 18 - Boulders Exposed on Hillside above Slope No. 11SE-C/C60 
 (Photograph taken on 11 May 2006) 

 Note: See Figure 6 for the location and direction of photograph. 
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