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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 last page of this report. 
 
 
 
 
 
 
 R.K.S. Chan 

Head, Geotechnical Engineering Office 
 May 2005 
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FOREWORD 
 
 

This report presents the findings of a detailed study of a landslide incident (GEO 
Incident No. 2002/09/0092), which occurred on slope No. 7SE-C/CR323 behind houses 
Nos. 11 to 16 Ngau Pei Sha New Village, Sha Tin at about 4:30 a.m. on 15 September 2002, 
when a Landslip Warning and a Red Rainstorm Warning were hoisted.  The landslide 
involved a failure volume of about 50 m³ and the landslide debris piled up against houses 
Nos. 14 and 15 as high as the first storey of the 3-storey high houses.  Houses Nos. 11 to 16 
were temporarily evacuated but no casualties were reported as a result of the landslide. 

 
The key objectives of the detailed study were to document the facts about the landslide, 

present relevant background information and establish the probable causes of the incident.  
Recommendations for follow-up actions are reported separately. 

 
The report was prepared as part of the 2001/2002 Landslide Investigation Consultancy 

for landslides reported within Kowloon and the New Territories between April 2001 and the 
end of 2002, for the Geotechnical Engineering Office, Civil Engineering Department, under 
Agreement No. CE 72/2000.  This is one of a series of reports produced during the 
consultancy by Maunsell Geotechnical Services Limited. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Dr. L.J. Endicott 
Project Director 
Maunsell Geotechnical Services Limited 
 
Agreement No. CE 72/2000 
Landslide Investigation Consultancy for 
Landslides Reported within Kowloon and 
the New Territories between April 2001 
and the End of 2002 
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1.   INTRODUCTION 
 
At about 4:30 a.m. on 15 September 2002 when a Landslip Warning and a Red 

Rainstorm Warning were hoisted, a landslide (GEO Incident No. 2002/09/0092) occurred on 
slope No. 7SE-C/CR323 behind houses Nos. 11 to 16 Ngau Pei Sha New Village, Sha Tin 
(Figure 1 and Plates 1 and 2).  The landslide involved a failure volume of about 50 m³ and 
the landslide debris piled up against the backs of the 3-storey high village houses Nos. 14 and 
15 as high as the first storey level (Plate 1).  Houses Nos. 11 to 16 were temporarily 
evacuated but no casualties were reported as a result of the landslide. 

 
Following the landslide, Maunsell Geotechnical Services Limited (MGSL), the 

2001/2002 Landslide Investigation Consultants for Kowloon and the New Territories, carried 
out a detailed study of the landslide for the Geotechnical Engineering Office (GEO), Civil 
Engineering Department (CED), under Agreement No. CE 72/2000. 

 
The key objectives of the study were to document the facts about the landslide, present 

relevant background information and establish the probable causes of the failure.  
Recommendations for follow-up actions are presented separately. 

 
This report presents the findings of the detailed study, which comprised the following 

key tasks: 
 

(a) a review of relevant documentary records relating to the 
development history of the site and the sequence of events 
leading to the incident, 

 
(b) topographical survey, geological mapping, and detailed 

inspections and measurements at the landslide site, 
 
(c) interviewing witnesses, 
 
(d) aerial photograph interpretation (API), 
 
(e) analysis of rainfall data, 
 
(f) engineering analysis of the failure, and 
 
(g) diagnosis of the probable causes of the incident. 

 
 

2.   THE SITE 

2.1   Site Description
 
The present topography of the site based on 1:1,000 survey sheet No. 7SE-12C and a 

detailed topographical survey carried out in October 2002 under the supervision of MGSL as 
part of this landslide study is shown in Figure 2. 

 
The landslide occurred on slope No. 7SE-C/CR323, about 1.2 m behind three-storey 

high New Territories Exempted Houses (NTEH) Nos. 11 to 16 Ngau Pei Sha New Village 
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(see Figures 2 and 3 and Plates 1 and 2).  Slope No. 7SE-C/CR323 (SIFT Class C1, 
see Section 2.6.2) is situated at the toe of a spur, between two ephemeral drainage lines on a 
north facing natural hillside (Figure 4).  It is about 40 m long and comprises a chunamed cut 
slope and a concrete toe retaining wall (Plate 3).  At the failed section (i.e. behind houses 
Nos. 14 and 15, Ngau Pei Sha New Village), the concrete toe retaining wall was some 
2 m high and 80° steep with an irregular pattern of 35 mm diameter weepholes whilst the cut 
portion above was about 4.5 m high and 70° steep.  A 250 mm wide by 150 mm deep 
surface drainage channel runs along the crest of the portion of the cut slope behind houses 
Nos. 15 and 16 Ngau Pei Sha New Village (Plate 3).  The surface drainage channel is 
connected to a 100 mm diameter PVC pipe, which discharges into a 500 mm U-channel 
running along a valley to the east of slope No. 7SE-C/CR323 (Figure 2). 

 
A 0.5 m to 2 m wide chunam covered strip of sloping ground, which is inclined at 

about 30° to the horizontal and overgrown with vegetation, is situated immediately above the 
failed portion of slope No. 7SE-C/CR323 (Plate 3).  A vertical concrete retaining wall, up to 
2.8 m high, with 2 rows of 40 mm diameter weepholes spaced about 0.6 m vertically and 
1.1 m horizontally (referred to as ‘Retaining Wall A’ in this report), is located at the crest of 
the strip of sloping area behind the failed portion of slope No. 7SE-C/CR323.  This 2.8 m 
high retaining wall has not been registered as part of slope No. 7SE-C/CR323. 

 
A vertical concrete retaining wall No. 7SE-C/R79 (SIFT Class B1, see Section 2.6.2), 

which is approximately 30 m long and up to 4 m high, is located at about 4 m beyond the 
crest of slope No. 7SE-C/CR323 behind houses Nos. 11 to 13 Ngau Pei Sha New Village 
(Figure 2 and Plate 3).  The wall, which has 80 mm diameter weepholes at about 1 m centres 
vertically and horizontally, has no surface drainage channels along its crest and toe. 

 
An upper grassed platform (referred to as ‘Platform A’ in this report, see Plate 4 and 

Appendix A) and a lower paved platform are located above Retaining Wall A and retaining 
wall No. 7SE-C/R79 respectively (Figure 2).  The two platforms are separated by a 1.6 m 
high planter wall and connected by steps (Plate 5).  Some trees are also present on the 
grassed platform, which has a dry pond on the south side (Plate 4).  A 2.8 m high, 60° steep 
cut slope with a chunam cover and 2 rows of 35 mm diameter weepholes spaced at about 1 m 
centres (referred to as ‘Cut Slope B’ in this report) is located along the south side of the 
Platform A (Plate 6).  The cut slope has a 300 mm wide by 120 mm deep surface drainage 
channel running along its crest (Plate 7). 

 
Two three-storey high semi-detached NTEH, Nos. 17 and 18 Ngau Pei Sha New 

Village, are situated on the paved platform about 4.5 m from the crest of retaining wall 
No. 7SE-C/R79 (Plate 5).  The paved platform on the east side of the village houses is 
drained by a 120 mm U-channel and a 220 mm U-channel running in opposite directions on 
either side of the platform (Figure 2 and Plate 5).  The 220 mm U-channel is connected to a 
200 mm U-channel running along the south side of the village houses, which discharges into a 
380 mm half-round surface drainage channel to the west of the paved platform (Figure 2).  
The 120 mm U-channel discharges through an outlet into a 100 mm diameter downpipe 
(Plate 8) mounted on retaining wall No. 7SE-C/R79.  The downpipe is in turn connected to a 
horizontal 100 mm diameter PVC pipe and discharges into the 250 mm by 150 mm deep 
U-channel along the crest of slope No. 7SE-C/CR323 just above the September 2002 
landslide site (Plate 9).  A stormwater drain manhole cover (Plate 5) and three septic tank 
covers (Plate 10), confirmed by MGSL field inspections, are present on the paved platform 
(Figure 2).  No information on the underground drainage system is available. 
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Slope No. 7SE-C/C324 (SIFT Class C1, see Section 2.6.2), which is about 30 m long, 
up to 12 m high and inclined at between 58° and 62°, is situated some 5 m to the south of 
houses Nos. 17 and 18 Ngau Pei Sha New Village (Plate 10).  The slope, which faces north 
and west, shares a boundary with Cut Slope B and is shotcrete-covered with 65 mm diameter 
weepholes spaced vertically and horizontally at about 1.2 m centres.  A 200 mm wide by 
250 mm deep surface drainage channel runs along the crest of the north-facing portion of 
slope No. 7SE-C/C324.  The west end of the crest surface drainage channel discharges into 
the drainage line to the west of houses Nos. 17 and 18 Ngau Pei Sha New Village (Figure 2), 
whilst the east section of the crest surface drainage channel discharges directly onto the 
natural hillside above Cut Slope B (Figure 2). 

 
The natural hillside above slope No. 7SE-C/C324 and Cut Slope B are both inclined at 

an angle of approximately 30° and the hillside is covered with dense vegetation and shrubs. 
 
 

2.2   UWater-carrying Services and UtilitiesU 

 
According to information provided by the utilities undertakers as well as slope 

maintenance records and field observations, water-carrying services are present within and in 
the vicinity of the study area (Figure 5). 

 
Based on WSD’s record drawing No. W67880/7-SE-12C, an “Unrecorded Main” was 

present on slope No. 7SE-C/CR323 although no further detailed information was given.  As 
confirmed by the Engineer Inspection (EI) record (see Section 2.7) and MGSL field 
observations, exposed water pipes with diameters of 50 mm, 20 mm and 65 mm run along the 
crest, across the surface and along the toe of slope No. 7SE-C/CR323 respectively.  A 
225 mm diameter foul sewer runs along the toe of slope No. 7SE-C/CR323. 

 
 

2.3   UMaintenance Responsibility 
 
According to the Slope Maintenance Responsibility Information System (SMRIS) of 

the Lands Department (Lands D), Lands D is responsible for the maintenance of slopes 
Nos. 7SE-C/CR323 and 7SE-C/C324 and retaining wall No. 7SE-C/R79. 

 
 

2.4   USite HistoryU 

 
The site development history has been established from an interpretation of aerial 

photographs taken between 1954 and 2001 and a review of documentary records in the GEO 
and Lands D (see Figure 6).  Details of the Aerial Photographic Interpretation (API) carried 
out as part of this study are presented in Appendix A. 

 
The earliest aerial photographs available (taken in 1954) show that the September 2002 

landslide site was located on the lower flanks of a natural coastal hillside covered with thin 
vegetation.  At this time the hillside bordered the Shing Mun River estuary and human 
development comprised isolated villages and cultivation terraces located on the alluvial flats 
that formed a narrow fringe to the hillside. 

 
According to API, the platforms and the associated slopes and retaining walls, 
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including slope No. 7SE-C/CR323, for the development of Ngau Pei Sha New Village were 
formed between 1973 and 1974 (Plate 11) (i.e. before the enactment of Buildings Ordinance 
(Application to the New Territories) Ordinance, Cap. 121, on 16 October 1987 which requires 
submission of site formation plans for works associated with NTEH to the Buildings and 
Lands Department (renamed Buildings Department in mid-1993)).  The 3-storey high village 
houses Nos. 11 to 16 were built between 1974 and 1977.  The type of surface cover on slope 
No. 7SE-C/CR323 after its formation in 1974 could not be established from aerial 
photographs.  

 
Slope No. 7SE-C/C324 and part of the present-day area of the paved platform 

(i.e. excluding the area referred to as ‘Platform B’, see Figure 6) above slope 
No. 7SE-C/CR323 was constructed between 1975 and 1976.  Houses Nos. 17 and 18 Ngau 
Pei Sha New Village were built on the platform between 1976 and 1977.  From examination 
of the 1976 aerial photographs it appears that a thin veneer of fill, which was probably derived 
from the construction of the platform for house No. 18, was placed on the lower part of the 
natural hillside immediately above slope No. 7SE-C/CR323 (Figure 6). 

 
According to District Lands Office/Sha Tin (DLO/ST), no drainage plan and site 

formation details are available in their file records for Ngau Pei Sha New Village 
development and the formation of slopes Nos. 7SE-C/CR323 and 7SE-C/C324. 

 
Between 1984 and 1985, the natural hillside corresponding to the present-day locations 

of Platform A and Platform B (Figure 6) had been levelled and connected to the platform 
formed between 1975 and 1976.  In connection with the formation of these platforms, the 
north end of slope No. 7SE-C/C324 was trimmed to form a 4 m high north-facing cut slope, 
and also Retaining Wall A and Cut Slope B were formed on the north and south sides of the 
extended platforms respectively.  According to DLO/ST, “no plans or any records, including 
slope stability checking, relating to the construction of the extended platform and the 
associated cut slope adjacent to slope No. 7SE-C/C324 can be traced from the office records”. 

 
Possible fill material near the crest of slope No. 7SE-C/CR323 is visible from the 

aerial photograph taken in 1985.  The present-day paved Platform B was surfaced between 
1985 and 1986, and slope No. 7SE-C/CR323 was re-surfaced with chunam between 1992 
and 1993. 

 
 

2.5   Past Instability 
 
According to the GEO landslide database, there were no records of previous instability 

on slope No. 7SE-C/CR323.  Landslides in the vicinity of the September 2002 landslide are 
shown in Figure 7. 

 
On the 1963 aerial photographs, old landslide scars (Figure 7) are visible on the natural 

hillside at elevations of between about 88 mPD and 106 mPD (i.e. well above slope 
No. 7SE-C/CR323 with the crest level at about 41 mPD).  From API, the scars were 
observed to have re-vegetated some time before 1964.  Adjacent to slope No. 7SE-C/C324 a 
patch of bare soil, which may indicate possible surface erosion, was identified on the 1995 
aerial photographs. 
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2.6   Past Assessments 

2.6.1   1977/78 Slopes Catalogue
 
Slopes Nos. 7SE-C/CR323, 7SE-C/C324 and retaining wall No. 7SE-C/R79 were not 

registered in the 1977/78 Slopes Catalogue. 
 
 

2.6.2   Systematic Inspection of Features in the Territory
 
In 1992, the GEO commenced a project entitled “Systematic Inspection of Features in 

the Territory” (SIFT).  This assignment aimed to search systematically for slope features not 
included in the 1977/78 Slopes Catalogue and to update information on previously registered 
features, by studying aerial photographs together with limited site inspections. 

 
The SIFT Study of the slopes in the vicinity of the September 2002 landslide site was 

carried out in June 1996.  Slopes Nos. 7SE-C/CR323 and 7SE-C/C324 were designated 
SIFT Class “C1” and retaining wall No. 7SE-C/R79 was designated SIFT Class “B1”, i.e. 
slopes that had “been formed or substantially modified before 30.6.78”.  The layout plan 
shown in the SIFT report did not include the east end (Portion ‘X’ as shown on Figure 2) of 
the present-day slope No. 7SE-C/CR323 (Figure 2).  Following the September 2002 
landslide, MGSL noted that the layout of slope No. 7SE-C/C324 on the SIFT report does not 
indicate the changes at the north end of the slope to reflect the removal of material and the 
formation of Retaining Wall A and Cut Slope B, which took place some time between 1984 
and 1985. 

 
 

2.6.3   Systematic Identification and Registration of Slopes in the Territory
 
In July 1994, the GEO initiated a project entitled “Systematic Identification and 

Registration of Slopes in the Territory” (SIRST), to update the 1977/78 Slopes Catalogue.  
SIRST inspections of slopes Nos. 7SE-C/CR323 and 7SE-C/C324 and retaining wall 
No. 7SE-C/R79 were carried out by the SIRST consultant, MGSL, in February 1997. 

 
Slope No. 7SE-C/CR323 (Plate 12) was recorded as a “1.5 m high” (as opposed to 

4.5 m) slope inclined at “35°” (as opposed to 70°) with a 1.9 m high concrete toe retaining 
wall, both without any weepholes.  The SIRST inspection did not identify any signs of 
seepage or distress on the slope.  The maintenance condition of the surface cover on the 
slope face and the area beyond the crest was described as ‘fair’ in the SIRST report.  The 
extent of slope No. 7SE-C/CR323 indicated in the SIRST field record sheet is similar to that 
shown in the SIFT report (i.e. excluding Portion ‘X’ at the east end).  The New Priority 
Classification System (NPCS) score for the chosen cross section of the feature was calculated 
to be 62.46.  This corresponds to a Combined New Priority Classification System (CNPCS) 
score of 2.4 for the feature. 

 
Slope No. 7SE-C/C324 was recorded as a slope up to 4.5 m high and inclined at 50° to 

the horizontal.  The SIRST inspection did not observe any surface drainage channels or signs 
of seepage or distress on the slope.  As with the SIFT report, the layout of slope 
No. 7SE-C/C324 shown in the SIRST report does not reflect the modification to the north end 
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of the slope carried out between 1984 and 1985.  The NPCS score calculated for the feature 
is 9.07 and the corresponding CNPCS score is 1.72. 

 
Retaining wall No. 7SE-C/R79 was recorded as a concrete wall up to 4.6 m high with 

80 mm weepholes at about 1.5 m spacing.  The SIRST inspection did not observe any 
surface drainage channels or signs of seepage on the slope but some minimal signs of distress 
were observed.  The NPCS score calculated for the feature is 128.52 and the corresponding 
CNPCS score is 4.88. 

 
 

2.7   Slope Maintenance Inspections and GEO Inspection 

2.7.1   Slope No. 7SE-C/CR323
 
On 10 August 1999, an EI of slope No. 7SE-C/CR323 (Plate 13) was carried out for 

Lands D by Halcrow Asia Partnership Limited (HAP).  On the Slope/Retaining Wall Record 
completed in conjunction with the EI, the slope height and angle were recorded as “2 m” and 
“50°” respectively (as opposed to 4.5 m high and 70° steep which were measured as part of 
this landslide study) and the height of the retaining wall was indicated as 2 m.  There was no 
specific requirement in the consultancy agreement for the EI consultant to update the NPCS 
score of features inspected.  No revision of the NPCS score for the feature was proposed by 
HAP.  Weepholes on the slope were recorded as being 35 mm in diameter and spaced at 
0.8 m centres.  “Fresh or salt watermains” of diameters 50 mm, 20 mm and 65 mm located at 
the crest, on the slope and at the toe respectively were also recorded.  The EI report recorded 
“fair” condition of the surface cover and “…small portion of broken chunam was noted on 
surface cover…”  The EI report recorded partial blockage and moderate cracking of the 
U-channels, as well as partly blocked weepholes on the slope and the wall portions of the 
feature.  The overall state of maintenance of the subject slope was described as “Fair”.  
Routine maintenance works (RMW) including repair of the rigid slope surface cover and 
cracked surface drainage channels, clearing of blocked weepholes and surface drainage 
channels and clearance of unplanned vegetation on the slope were recommended.  However, 
no records could be located by MGSL to show whether the recommended RMW were carried 
out or not. 

 
On 28 March 2001, a Routine Maintenance Inspection (RMI) of slope 

No. 7SE-C/CR323 (Plate 14) was carried out by Lands D.  RMW including repairing the 
rigid slope surface cover and cracked surface drainage channels, clearing blocked weepholes 
and surface drainage channels, clearing unplanned vegetation from the rigid slope cover, 
together with repairing cracked and spalled concrete and replacing missing or deteriorated 
joint filler and sealants on structural facings were recommended.  According to Lands D’s 
maintenance record, the recommended RMW were completed by Lands D’s contractor Lap 
Kai Engineering Company Limited (LKECL) on 19 April 2001. 

 
In response to a complaint made by a resident of house No. 16 Ngau Pei Sha New 

Village to District Office/Sha Tin on 14 June 2001 regarding her concern about the condition 
of the slope surface cover and surface drainage channels, a site inspection was conducted by 
the Mainland East Division of GEO on 29 June 2001.  During the site inspection, GEO noted 
that the “crest channel was blocked by dense vegetation and severely cracked”, “chunam 
surfacing locally peeled off and cracked” and that “chunam surfacing of the adjoining 
unregistered feature entirely peeled off” (Plate 3).  GEO also identified the presence of an 
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“adjoining unregistered feature” (i.e. Portion ‘X’).  On 18 July 2001, GEO recommended 
that Lands D should carry out follow-up investigation and any necessary slope maintenance 
works to the slope.  On 15 August 2001, Lands D requested GEO to amend the boundary of 
slope No. 7SE-C/CR323 to include the adjoining unregistered feature (i.e. Portion ‘X’).  At 
the time of the September 2002 landslide, Portion ‘X’ had been included as part of slope 
No. 7SE-C/CR323. 

 
On 13 August 2001, an RMI on slope No. 7SE-C/CR323 (Plate 15) was carried out by 

Lands D.  RMW, including repairing the rigid slope surface cover and cracked surface 
drainage channels, clearing blocked weepholes and surface drainage channels, removing 
unplanned vegetation from the rigid slope cover and regrading and repairing eroded areas on 
the rigid surface cover, were recommended.  According to Lands D’s maintenance record, 
the recommended RMW were completed by LKECL on 17 August 2001. 

 
 

2.7.2   Slope No. 7SE-C/C324
 
On 1 June 1999, an EI for slope No. 7SE-C/C324 was carried out for Lands D by HAP.  

On the ‘Record of Slope or Retaining Wall’ completed in conjunction with the EI, the slope 
height and angle were recorded as “10 m” and “70°” respectively.  The modification of the 
slope layout carried out between 1984 and 1985 was shown on a sketch with the EI report.  
The EI report recorded the “poor” condition of the chunam cover as well as blockage and 
moderate cracking of the U-channels.  The overall state of maintenance of the subject slope 
was described as “Poor”.  Preventive maintenance works (PMW) including improving 
surface protection with the application of shotcrete, improving slope stability by local 
trimming or removal of loose material, and increasing the factor of safety to between 1.3 and 
1.5 by installing soil nails were recommended.  RMW including repairing cracks on surface 
drainage channels and toe retaining wall, and clearing blocked surface drainage channels were 
recommended.  On 13 September 1999, an RMI of slope No. 7SE-C/C324 was carried out 
by Lands D.  Maintenance works similar to the RMW and PMW recommended in the above 
EI report were recommended.  According to Lands D’s records, the recommended PMW 
(which included the installation of 52 soil nails) and RMW were completed by LKECL on 
28 January 2000. 

 
 

2.7.3   Retaining Wall No. 7SE-C/R79
 
On 22 November 2000, an EI for slope No. 7SE-C/R79 was carried out for Lands D by 

Fugro Maunsell Joint Venture.  During the inspection, 2 mm wide cracks on the retaining 
wall, signs of erosion at the toe area and signs of seepages at the east portion of the retaining 
wall were observed.  The overall state of maintenance of the subject feature was described as 
“Fair”.  PMW including providing surface drainage channels and downpipe to improve 
surface drainage were recommended.  RMW for repairing the cracks on retaining wall and 
erosion area were recommended.  However, no records could be located by MGSL to show 
whether the recommended PMW and RMW were carried out subsequently or not.  On 
8 May 2001, an RMI of slope No. 7SE-C/R79 was carried out by Lands D.  RMW including 
unblocking of weepholes and repairing cracks on the retaining wall were recommended and 
subsequently completed on 28 May 2001. 
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2.8   Geology

2.8.1   Hong Kong Geological Survey 
 
According to the Hong Kong Geological Survey (HKGS) 1:20,000 Solid and 

Superficial Geology Map Sheet 7 - Sha Tin (GCO, 1986), the site is underlain by 
medium-grained granite of Mesozoic age (Figure 8).  Debris flow deposits and alluvium 
have been identified approximately 100 m below the site and 200 m west and east of the site 
respectively. 

 
Northwest trending and north trending faults are shown to the east and south of the site 

with several northwest trending photogeological lineaments to the south although no faults or 
photogeological lineaments are shown to intersect the site. 

 
The HKGS Pre-Quaternary Geology of Hong Kong Map (Scale 1:100,000) indicates 

that the landslide site is underlain by porphyritic fine to medium-grained granite of the 
Cheung Chau Suite.  Alluvium on valley floors and colluvium on valley sides are shown on 
the foothills to the north of the site.  Two sub-parallel northeast-southwest trending 
strike-slip faults are cut by a northwest-southeast trending strike-slip fault about 500 m to the 
northeast of the site. 

 
 

2.8.2   Geological Area Studies Programme 
 
Based on the Engineering Geology Map of Geological Area Studies Programme 

Report II (GCO, 1987), the area of slope No. 7SE-C/CR323 and the natural hillside above are 
underlain by in-situ weathered granite.  A thin “tongue” of fill is shown in the drainage line 
to the west, which is probably associated with cultivation terracing. 

 
 

3.   THE 15 SEPTEMBER 2002 LANDSLIDE INCIDENT 
 
According to GEO Incident Report No. 2002/09/0092, the landslide occurred at about 

4:30 a.m. on 15 September 2002 during a heavy rainfall when the Landslip Warning and the 
Red Rainstorm Warning were hoisted.  In response to a report from the Fire Services 
Department, the landslide site was inspected by the GEO at 5:30 a.m. on 15 September 2002.  
The GEO recommended the temporary evacuation of houses Nos. 11 to 16 Ngau Pei Sha New 
Village which involved about 15 residents.  No casualties were reported as a result of the 
failure. 

 
Most of the landslide debris piled up against the backs of houses Nos. 14 and 15 Ngau 

Pei Sha New Village up to the first storey level and some ran down the alleyway between 
houses Nos.15 and 16.  The debris damaged a few downpipes behind houses Nos. 14 and 15 
(Plate 1) and the back steel door of house No. 15 (Plates 1 and 16). 

 
 

4.   FIELD OBSERVATIONS FOLLOWING THE SEPTEMBER 2002 LANDSLIDE 

4.1   General 
 
Following the landslide incident, MGSL inspected the site on 15 September 2002 and 
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on several subsequent occasions. 
 
The landslide occurred on the portion of slope No. 7SE-C/CR323 directly behind 

houses Nos. 14 and 15 Ngau Pei Sha New Village, which comprised a 2 m high toe concrete 
retaining wall, a 4.5 m high 70° cut portion and a 1 m high 30° slope above (Plates 17 to 19).  
The failure scar was about 4 m long by 13 m wide with a maximum depth of about 2 m and 
the volume of the failure was about 50 m³.  The landslide debris, comprising fill, residual 
soil, completely decomposed granite (CDG) and large pieces of concrete derived from the 
collapse of the toe retaining wall (Plate 20), piled up against the backs of houses Nos. 14 and 
15 Ngau Pei Sha New Village as high as the first storey of the 3-storey high houses (i.e. about 
3 m high, see Plate 1). 

 
On 15 September 2002, MGSL observed that the landslide debris was loose.  It 

comprised yellow to yellowish brown mottled red and white, silty fine to coarse sand, 
fragments of chunam slope surface cover and sections of the collapsed retaining wall.  It is 
noteworthy that the landslide debris was relatively dry with no signs of seepage from the back 
scrap. 

 
At the main section of the landslide scar, the 2 m high concrete retaining wall at the toe 

of slope No. 7SE-C/CR323 was found to have failed with a break about 1 m above the toe, 
with the upper failure portion being pushed by the landslide debris up against the back of 
houses Nos. 14 and 15 and the lower failure portion toppling onto the ground surface 
(Plates 18 and 19).  The failed retaining wall was found to have a thickness of 150 mm with 
a slenderness ratio of about 13.  Steel reinforcement comprising bundles of bars (two bars 
with diameters of 10 mm and 6 mm in each bundle) arranged in a rectangular grid of 330 mm 
horizontal by 240 mm vertical.  A vertical construction joint was observed at the failed 
portion of the retaining wall at the end of the alleyway between houses Nos. 14 and 15 
(Plate 19) and another vertical construction joint was observed behind house No. 14.  A 
horizontal construction joint, about 1.3 m above the toe of the concrete retaining wall, was 
observed on a section of the retaining wall behind houses Nos. 13 and 14.  However, the 
extent of this horizontal construction joint is not known as the landslide debris buried the 
failed portion of the retaining wall and it was subsequently broken into pieces for removal 
during the debris clearance operation. 

 
 

4.2   Landslide Scar 

4.2.1   Mapping of Landslide Scar 
 
Detailed mapping of the landslide scar was carried out by MGSL between 

16 September 2002 and 28 October 2002, during the course of the removal of landslide debris 
as a part of urgent repair works.  The mapping was undertaken to examine in detail the 
nature and extent of the detached materials and those forming the surface of rupture.  The 
geology of the landslide scar is shown in Figure 9 and a geological cross-section through the 
landslide scar is shown in Figure 3.  The materials exposed within the landslide scar 
generally comprised fill, residual soil and completely decomposed granite (CDG).  No 
seepage or signs of seepage were observed at the landslide scar which was essentially dry 
when inspection was carried out by MGSL within 9 hours of the landslide incident. 
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Fill (about 0.8 m thick), which comprised loose to medium dense, brown, clayey silty 
sand with occasional rock and concrete fragments, was exposed adjacent to the upper part of 
the main scarp. 

 
Residual soil (about 1.2 m to 2 m thick) was found in the upper middle portion of the 

main scarp and formed approximately 15% of the surface of rupture.  The material consisted 
of very weak to weak, reddish brown clayey silty sand with occasional fine to coarse gravel. 

 
CDG formed the largest proportion of the surface of rupture (approximately 75%) and 

consisted of very weak to weak, yellowish and reddish brown, completely decomposed 
medium-grained granite, occasionally coarse-grained, and with occasional pockets of highly 
decomposed granite (HDG).  Within the lower 2 m portion of the landslide scar, there were 
extremely weak, yellowish brown, dappled white and pink areas of kaolin-rich CDG, which 
was noticeably weaker than the surrounding CDG (Plate 21).  The CDG contained extensive 
slickensided kaolin-infilled relict joints (see Section 4.2.2).  The basal surface of rupture, 
which was inclined at about 45° to 50° to the horizontal, was observed to daylight 
approximately 1 m above the toe of the slope (Plate 22).  Furthermore, it was noted that the 
basal surface of rupture comprised several relict joints, which were not co-planar, some of 
which were coated with kaolin and exposed on part of the rupture surface.  Overall, the 
failure was essentially structure-controlled. 

 
 

4.2.2   Relict Joints 
 
Field mapping by MGSL during the course of the removal of the debris of the 

September 2002 landslide revealed extensive relict joints within the exposed CDG in the 
lower and mid portions of the surface of rupture.  About 40% of the exposed relict joints 
were medium to widely spaced and about 60% were widely spaced.  About 70% of the relict 
joints were slickensided and undulating.  The discontinuities generally had tight to very 
narrow (2 mm to 6 mm) apertures and were manganese oxide coated or kaolin (<5 mm) 
infilled.  The exposed slickensides were generally aligned approximately south-north (i.e. in 
the direction of downslope movement). 

 
At the west flank of the lower part of the landslide scar, a persistent slickensided and 

undulating, kaolin-infilled relict joint was observed to be dipping out of the slope at 
about 25°/330° (Plate 23).  The soft kaolin infilling was up to 10 mm thick with occasional 
minor opening, where the infilling was discontinuous (Plate 24). 

 
The east flank of the landslide scar was defined by a very persistent, slickensided and 

undulating kaolin-infilled relict joint, dipping at between 74°/122° and 85°/113° (Plate 25).  
This joint set provided a potential side release surface and was also found at the mid to lower 
portions of the slope. 

 
Relict joints with slickensided and manganese oxide coating and orientated to provide 

a potential back-release surface (dip and dip direction being 80°/350°), were observed in the 
lower portion of the landslide scar (Plate 26).  Apart from providing a potential release 
surface, this joint set also provided a pathway for surface infiltration to reach the toe of the 
slope. 
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4.3   Hydrology
 
Natural drainage lines, which are inclined at approximately 26°, are present on either 

sides of the spur above slope No. 7SE-C/CR323.  The drainage line to the east is generally 
ephemeral but within the study area, the drainage line to the west is branched and perennial. 

 
During site inspection, MGSL noted the presence of a network of surface erosion 

‘channels’ (see Section 4.4), which indicates that surface runoff appears to be concentrated 
over the natural hillside immediately above Cut Slope B. 

 
 

4.4   Area above the Landslide Site 
 
The 250 mm wide by 150 mm deep surface drainage channel along the crest of slope 

No. 7SE-C/CR323 was found to be partly blocked with vegetation (Plate 9).  It was also 
noted that the chunamed sloping ground (at about 30°) beyond the crest of slope 
No. 7SE-C/CR323 was covered with dense vegetation at the time of the September 2002 
landslide (Figure 3 and Plate 12). 

 
During MGSL’s inspections in October 2002 after vegetation clearance, the chunam 

surface at the crest of slope No. 7SE-C/CR323 was noted to have cracks, which had been 
patched up with cement plaster.  Persistent cracks about 15 mm in width were observed on 
the face and signs of undermining along the toe of Retaining Wall A (Plate 8). 

 
The area above the chunamed sloping ground, which was shown as sloping 

ground/hillside on the latest 1:1,000 survey sheet No. 7SE-12C was found to have been 
levelled to form Platform A (Plate 4) with Retaining Wall A (Plate 8) along the north side and 
Cut Slope B (Plate 6) on the south side. 

 
The surface drainage channels along the crests of slope No. 7SE-C/C324 (Plate 27) 

and Cut Slope B (Plate 7) behind the grassed platform were both found to be partly blocked 
with vegetation.  A network of very shallow surface erosion ‘channels’, each about 300 mm 
wide by 150 mm deep, was observed on the natural hillside above Cut Slope B (Figure 2 and 
Plate 28). 
 
 
5.   ANALYSIS OF RAINFALL RECORDS 

 
The nearest GEO automatic raingauges (Nos. N43 and N02) to the landslide site are 

located on the roof of Kapok House, Kwong Yuen Estate, Siu Lek Yuen and at Shun Wo 
House, Wo Che Estate, approximately 0.7 km to the northeast and 1.8 km to the northwest of 
the landslide site respectively (Figure 1).  The rainfall data used in the analysis are based on 
GEO automatic raingauge No. N43, which has been in operation since November 1999, and 
for earlier years data from GEO automatic raingauge No. N02, which became operational in 
February 1980, were used.  The incident occurred at about 4:30 a.m. on 15 September 2002 
when the Landslip Warning and Red Rainstorm Warning were hoisted. 

 
The daily rainfall recorded by raingauge No. N43 over the preceding month and 

three days following the incident, together with the hourly rainfall data for the period between 
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13 and 15 September 2002, are presented in Figure 10.  The peak hourly rainfall of 
approximately 62 mm was recorded about 30 minutes before the landslide. 

 
Table 1 presents the estimated return periods for the maximum rolling rainfall for 

various durations based on historical rainfall data at the Hong Kong Observatory 
(Lam & Leung, 1994).  The results show that the 4-hour and 12-hour maximum rolling 
rainfall of 128 mm and 184 mm respectively were the most severe for this rainstorm, with 
corresponding return periods of about 3 years.  The return periods were also assessed based 
on the statistical parameters derived by Evans & Yu (2001) for rainfall data recorded by 
raingauge No. N02 between 1984 and 1997.  It is noted that in this case, there are no 
significant differences between the estimated return period based on the historical rainfall data 
at the Hong Kong Observatory and that from the local raingauge No. N02. 

 
A comparison of the patterns of selected past major rainstorms recorded at raingauge 

No. N02 (between 1980 and 1999) and N43 (between 1999 and 2001) is presented in 
Figure 11.  The rolling rainfall indicates that the rainstorm on 15 September 2002 was not as 
severe as the previous rainstorms. 

 
 

6.   THEORETICAL SLOPE STABILITY ANALYSES
 
Theoretical slope stability analyses using the rigorous solution of Morgenstern & Price 

(1965) were carried out to assist in the diagnosis of the probable causes of the landslide.  The 
analyses examined the likely operative range of shear strength parameters along the surface of 
rupture for different groundwater conditions at the time of failure.  The cross-section through 
the landslide included in the stability analyses was based on Section A-A presented in 
Figure 3. 

 
The pre-failure slope profile was interpreted from topographical survey plans, 

photographic records and post-failure field observations.  The geometry of the surface of 
rupture and ground profile is based on site measurements and observations by MGSL and 
post-failure topographical survey. 

 
The stability analyses were carried out using a range of shear strength parameters 

which cover the typical range of values of shear strength parameters given for CDG and 
residual soil in Table 8 of Geoguide 1 (GEO, 1993).  Given the steep slope geometry and the 
fact that the landslide debris was observed not to be particularly wet by MGSL, suction 
probably existed in maintaining stability prior to the 15 September 2002 landslide.  Various 
soil suctions on the rupture surface were assumed for the purpose of the stability analyses. 

 
The presence of the toe concrete retaining wall would have provided some additional 

resistance to the sliding soil mass.  Having reviewed the arrangement of the reinforcement, 
the slenderness ratio of the wall and the mode of failure of the retaining wall, an equivalent 
stabilisation force of about 10 kN per metre run (provided by the base friction of the retaining 
wall), acting on the sliding soil mass, was included in the stability analyses to model the 
influence of the wall. 

 
The results of the analyses are presented in Figure 12.  Based on reduced soil strength 

parameters to allow for the presence of manganese oxide coated and kaolin-infilled relict 
joints, the results indicate that a reduction of soil suction to approximately 10 kPa would be 
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sufficient to initiate the slope failure.  It should be noted that the above analyses were 
preliminary assessment of the likely conditions at the time of failure.  Because of the 
considerable uncertainty associated with the contribution of the weak adversely-orientated 
joints, the old and thin reinforced concrete retaining wall, the above can only be taken as 
indicative.  Other scenarios such as water ingress into the adversely orientated joints and 
wetting up of the weak infill could also have been possible. 

 
 

7.   UDIAGNOSIS OF THE PROBABLE CAUSES OF THE LANDSLIDE 
 
The 15 September 2002 landslide on slope No. 7SE-C/CR323 occurred following a 

period of moderate rainfall.  The failure was probably triggered by the ingress of surface 
runoff through the cracked slope surface cover and probably occurred as a result of a transient 
reduction in negative pore pressures along sets of slickensided joints with kaolin or 
manganese oxide infill.  Since there have been no records of leakage from water-carrying 
services in the vicinity of the landslide and no signs of water leakage were reported by the 
residents or observed by MGSL after the landslide incident, it is unlikely that leakage of 
water-carrying services provided a source of water ingress to the failure. 

 
Prior to 1972, the area in the vicinity of the September 2002 landslide was a coastal 

natural hillside bordering the estuary of the Shing Mun River, at the foot of a narrow rounded 
spur (Figure 11), which may have been subjected to stress relief (on a geological timescale) as 
a result of river erosion or tidal action brought about by changes in sea level.  The presence 
of extensive slickensided, undulating, kaolin or manganese oxide coated relict joints within 
the CDG close to the rupture surface together with some minor opening of these relict joints 
provides evidence of past movement and deterioration of the lower hillside. 

 
The formation of cut slope No. 7SE-C/CR323 in 1976 to a height of up to about 6.5 m 

at an angle of approximately 70°, probably induced further stress relief by the removal of toe 
weight, despite the construction of a thin (about 150 mm) reinforced concrete ‘skin’ wall at 
the lower 2 m of the toe of the cut slope.  The steep profile of the cut slope, which was 
protected by hard cover, suggests that soil suction probably played a key role in maintaining 
overall slope stability although progressive deterioration of the slope, caused by opening up 
and minor movement along relict joints, was probably taking place, which in turn led to a 
reduction of shear strength on these relict joint surfaces. 

 
The formation of the grassed platform directly above the east portion of slope 

No. 7SE-C/CR323 in 1986 would have altered the surface runoff characteristics of the hillside 
immediate above the landslide site.  This could have increased the amount of direct 
infiltration into the grassed platform and hence slope No. 7SE-C/CR323. 

 
The surface drainage channel along the crest of the east portion of slope 

No. 7SE-C/CR323, which collects surface runoff discharged from Platform B through a 
100 mm diameter PVC pipe, was found to be almost fully blocked with vegetation.  
Overspilling of surface water from the blocked drainage channel could have resulted in 
ingress of surface runoff into the east portion of slope No. 7SE-C/CR323 through the possibly 
damaged chunam surface cover on the slope and probably led to a reduction of the suction 
within the cut slope materials, thus contributing to the failure.  Subsurface water flow as a 
result of water ingress by direct infiltration through the grassed platform directly behind slope 
No. 7SE-C/CR323 could have been locally affected by the kaolin or manganese oxide infilled 
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relict joints within CDG and became channelled towards the ground immediately behind the 
cut face of slope No. 7SE-C/CR323.  However, the amount of surface water entering the 
slope from the above two sources of water ingress and their relative contribution to the 
September 2002 landslide cannot be quantified. 

 
Inspections of slope No. 7SE-C/CR323, which were carried out by the Lands D and 

the GEO in March 2001 and June 2001 respectively and on several occasions by MGSL 
following the September 2002 landslide, noted cracking and spalling of the chunam surface 
cover of the slope (see Section 2.7.1).  The recurrence of cracking of the hard surface cover 
suggests the possibility of local, probably intermittent, ground movement which may be 
related to past rainstorms and gradual deterioration of the slope condition (e.g. reduction of 
soil suction).  Whilst the feature does not have a history of past failure, the distress of the 
hard cover may have been a precursor to the development of failure. 

 
It is postulated that the progressive deterioration of the slope condition as a result of 

water ingress led to further movement/local opening up of the adverse slickensided relict 
joints.  Water ingress into the slope via the possibly cracked chunam surface cover and the 
grassed platform probably promoted the loss of soil suction on and in the vicinity of the 
rupture surface.  Theoretical stability analyses of the landslide indicate that the failure could 
be triggered by a reduction in soil suction to about 10 kPa.   

 
The September 2002 landslide on slope No. 7SE-C/CR323 was caused by a 

combination of factors including the geological setting, presence of adverse geological 
discontinuities infilled with weak materials, the over-steepened slope profile and water 
ingress into the ground.  There are no records of instability of the slope since its formation in 
1974.  The stability of slope No. 7SE-C/CR323 was probably maintained by the presence of 
suction of the slope-forming materials in the past as the slope was protected by hard surface 
cover.  The ingress of water through the grassed platform behind the slope crest and through 
the possibly cracked and spalled portions of the chunam surface cover would have promoted 
deterioration of the slope condition and eventually the loss of suction of the ground.  The 
relative contribution of these factors is however uncertain. 

 
 

8.   DISCUSSION
 
The stability of the chunam covered slope No. 7SE-C/CR323 formed in the early 

1970’s was probably previously maintained by soil suction within the slope-forming materials 
(with adversely orientated kaolin or manganese oxide coated relict joints).  Direct infiltration 
through the grassed platform above the slope and through the possibly cracked slope cover 
during periods of heavy rainfall could have led to loss of soil suction and the possible local 
build-up of positive groundwater pressure.  This in turn could have resulted in intermittent 
movements along the adversely orientated relict joints.  Since the formation of the grassed 
platform (i.e. Platform A) and Cut Slope B in the upslope area in 1986 which could have 
affected the surface water infiltration characteristics immediately above slope 
No. 7SE-C/CR323, there have been no other obvious environmental changes in the vicinity in 
recent years. 

 
The recurrence of extensive cracking of the hard surface cover observed during GEO’s 

inspection in June 2001, which was carried out shortly after the completion of 
maintenance/repair works to the hard cover in April 2001 by the Maintenance Department, 
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suggests probable progressive deterioration of the slope condition.  The cracking and the 
distress of the crest drainage channel may have been a precursor to the impending failure. 

 
The extent and nature of the adverse geological features (see Section 4.2.2) were only 

apparent after the September 2002 landslide.  Such adverse features could not be identified 
directly in the previous inspections because the slope was covered with a hard surface and 
there was no exposure nearby.  The presence of significant adverse geological features 
within the slope rendered it especially vulnerable to water ingress through the poorly 
maintained slope cover. 

 
Slope No. 7SE-C/CR323 was formed between 1973 and 1974 with no geotechnical 

input.  Although the toe concrete retaining wall with nominal reinforcement would have 
provided some resistance against overall slope instability, given the high slenderness ratio and 
the presence of both horizontal and vertical construction joints, its contribution to the overall 
stability of the feature may not have been very significant, but this could be subject to some 
uncertainty. 

 
The apparent discrepancy between the SIRST records and the post-landslide 

topographic survey of the unfailed slope portion close to the landslide (see Sections 2.1 and 
2.6) is a result of different cross sections being considered.  The CNPCS score for the failed 
sections calculated by MGSL based on the post-landslide topographic survey is 14.3 whereas 
the section considered in the SIRST record corresponded to an apparent CNPCS score of 2.4.  
There are two reasons for the discrepancy in the calculated CNPCS scores for the same slope 
feature.  First, a different cross section has been considered by the SIRST consultant.  
Second, in the section considered in the slope registration exercise, the lower 2 m high toe 
wall and the 1.5 m high cut portion above were included as slope No. 7SE-C/CR323.  The 
4 m high concrete retaining wall immediately above the crest of the 1.5 m high cut portion 
was assigned a different registration number.  The calculation of the CNPCS score for this 
chosen cross section will depend on how the effect of this upper retaining wall with a 
different registration number is considered as far as slope No. 7SE-C/CR323 is concerned.  
For a CNPCS score of 2.4 calculated for this section, the effect of the upper wall was not 
considered at all and hence the corresponding risk for this cross section was under-estimated. 

 
 

9.   CONCLUSIONS 
 
The September 2002 landslide (GEO Incident No. 2002/09/0092) behind houses 

Nos. 14 and 15 Ngau Pei Sha Village involved the failure (volume of about 50 m³) of an old 
cut slope with the slip surface daylighting at about the mid height of the toe concrete retaining 
wall.  The failure was found to be controlled largely by three sets of adversely-orientated 
relict joints (some with weak infill) and was essentially structure-controlled.  The landslide 
occurred during moderate rainfall with a maximum return period of about 3 years. 

 
The landslide debris piled up against the backs of houses Nos. 14 and 15 as high as the 

first storey of the 3-storey high houses.  As a result of the landslide, houses Nos. 11 to 16 
were temporarily evacuated and a total of 15 residents was affected. 

  
The failure was probably triggered by the ingress of surface water resulting in a 

reduction in shear strength through loss of soil suction.  The potential water pathways 
include the grassed platform immediately above the slope crest and possibly cracked hard 
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surface.  The sudden collapse of the toe retaining wall indicates that it probably failed in a 
brittle manner given the high slenderness ratio (about 13) of the wall. 

 
The presence of adversely orientated, kaolin-infilled slickensided relict joints on the 

landslide scar was observed by MGSL during removal of the landslide debris.  Deterioration 
of the then recently repaired surface cover in the form of further cracking and evidence of 
ground movement in 2001 led to concern by a nearby resident who lodged a complaint.  The 
recurrence of slope distress suggests progressive deterioration of the slope condition and may 
have been precursor sign to the impending failure. 

 
No signs of major distress, such as significant cracking or settlement of the paved 

platform immediately above slope No. 7SE-C/CR323 which might be a precursor of further 
large-scale incipient instability, were noted. 
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Table 1 - Maximum Rolling Rainfall at GEO Raingauge No. N43 for Selected Durations 
 Preceding the Landslide on 15 September 2002 and the Estimated Return Periods 
 

Duration 
Maximum 

Rolling 
Rainfall (mm) 

End of Period 
Estimated 

Return Period 
(Years) 

(See Note 2) 

5 Minutes 10.0 03:10 hours on 15 September 2002 < 2 

15 Minutes 23.0 21:25 hours on 14 September 2002 < 2 

1 Hour 65.5 04:05 hours on 15 September 2002 < 2 

2 Hours 98.0 04:30 hours on 15 September 2002 2 

4 Hours 127.5 04:30 hours on 15 September 2002 3 

12 Hours 184.0 04:30 hours on 15 September 2002 3 

24 Hours 221.0 04:30 hours on 15 September 2002 2 

48 Hours 234.0 04:30 hours on 15 September 2002 < 2 

4 Days 297.5 04:30 hours on 15 September 2002 < 2 

7 Days 344.0 04:30 hours on 15 September 2002 < 2 

15 Days 345.0 04:30 hours on 15 September 2002 < 2 

31 Days 470.0 04:30 hours on 15 September 2002 < 2 

 Notes: (1) The maximum rolling rainfall was calculated using 5-minute rainfall data. 
  (2) Return periods were derived from Table 3 of Lam & Leung (1994) and  

using data of GEO raingauge No. N02 from Evans & Yu (2000).  The 
return periods obtained by the two methods do not show a significant 
difference. 

  (3) The use of 5-minute data for return periods of rainfall durations between 
2 hours and 31 days results in better data resolution, but may slightly 
over-estimate the return periods using data by Lam & Leung (1994), which 
are based on hourly rainfall for these durations. 

  (4) According to an eyewitness, the landslide occurred at about 4:30 a.m. on 
15 September 2002. 

  (5) The nearest GEO raingauge to the landslide site is raingauge No. N43 
situated on the roof of Kapok House, Kwong Yuen Estate, Siu Lek Yuen, 
Sha Tin about 0.7 km to the northeast of the site. 
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Figure 1 - Site Location Plan
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Figure 2 - Site Observations
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Figure 3 - Section A-A through the Landslide Scar
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Figure 4 - Geomorphology 
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Figure 5 - Water-carrying Services Plan 
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Figure 6 - Site Development History 
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Figure 7 - Past Instability
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Figure 9 - Geological Mapping of the Landslide Scar
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(b) Hourly Rainfall Recorded at GEO Raingauge No. N43 between 13 September 2002 

 and 15 September 2002 

 
Figure 10 - Daily and Hourly Rainfall Recorded at GEO Raingauge No. N43 
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  (2) GEO raingauge No. N43 became operational in November 1999.  The rainstorm 
data for 2000 and 2001 are from GEO raingauge No. N43.  Previous rainstorm 
data (i.e. prior to 2000) are from GEO raingauge No. N02 which has been in 
operation since February 1980. 

 
Figure 11 - Maximum Rolling Rainfall for Previous Major Rainstorms 

 at GEO Raingauges Nos. N02 and N43 
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Figure 12 - Summary of Sensitivity Analyses 
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Figure 13 - Locations and Directions of Photographs Taken 
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Plate 1 - View of Landslide Debris Piled up against House No. 15 
 Ngau Pei Sha New Village 
 (Photograph taken on 15 September 2002) 

 Note: See Figure 13 for location and direction of photograph. 
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Plate 2 - General View of Ngau Pei Sha New Village and the Landslide Site 

 (Photograph taken on 1 November 2002) 

 Note: See Figure 13 for location and direction of photograph. 
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Plate 3 - View of Slope No. 7SE-C/CR323 
 (Photograph taken by GEO on 29 June 2001) 

 Note: See Figure 13 for location and direction of photograph. 
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Dry pond 

 
 

Plate 4 - View of the Grassed Platform above the September 2002 Landslide Site 
 (Photograph taken on 22 October 2002) 
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Plate 5 - View of the Paved Platform adjacent to House No. 18 
 Ngau Pei Sha New Village 
 (Photograph taken on 22 October 2002) 

 Note: See Figure 13 for locations and directions of photographs. 
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Plate 6 - View of Cut Slope B to the South of the Grassed Platform 
 (Photograph taken on 22 October 2002) 

 
 

 

 
 

Plate 7 - View of Partly Blocked Surface Drainage Channel along the 
 Crest of Cut Slope B to the South of the Grassed Platform 
 (Photograph taken on 22 October 2002) 

 Note: See Figure 13 for locations and directions of photographs. 
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Plate 8 - View of Retaining Wall A above the September 2002 Landslide Site 
 (Photograph taken on 22 October 2002) 

 Note: See Figure 13 for location and direction of photograph. 
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Plate 9 - View of the Crest of Slope No. 7SE-C/CR323 
 (Photograph taken on 22 October 2002) 

 Note: See Figure 13 for location and direction of photograph. 
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Plate 10 - View of Slope No. 7SE-C/C324 
 (Photograph taken on 22 October 2002) 

 Note: See Figure 13 for location and direction of photograph. 
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 Site formation works at Houses 
Nos. 11 - 16 Ngau Pei Sha New Village 

 
 

Plate 11 - Part Print of Aerial Photograph No. 9811 Showing the 
 September 2002 Landslide Site adjacent to the Shing Mun 
 River Estuary Prior to Reclamation 
 (Photograph taken by Lands Department on 21 November 1974) 

 Note: See Figure 13 for location and direction of photograph. 



 

 
 

Plate 12 - View of Slope No. 7SE-C/CR323 in February 1997 
 (Photograph taken on 27 February 1997 extracted from SIRST Report) 

 Note: See Figure 13 for location and direction of photograph. 
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Plate 13 - View of Slope No. 7SE-C/CR323 in August 1999 
 (Photograph taken on 10 August 1999 extracted from Lands D’s EI Report) 

 Note: See Figure 13 for location and direction of photograph. 
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Plate 14 - View of Slope No. 7SE-C/CR323 in March 2001 
 (Photograph taken on 28 March 2001 extracted from Lands D’s RMI Report) 

 Note: See Figure 13 for location and direction of photograph. 
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Plate 15 - View of Slope No. 7SE-C/CR323 in August 2001 
 (Photograph taken on 13 August 2001 
 extracted from Lands D’s RMI Report) 

 Note: See Figure 13 for location and direction of photograph. 
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240 mm 
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Plate 16 - Steel Door of House No. 15 Ngau Pei Sha New Village 
 Damaged by the Landslide 
 (Photograph taken on 29 October 2002) 

 Note: See Figure 13 for location and direction of photograph. 
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Overgrown vegetation on 
sloping ground above 
Slope No. 7SE-C/CR323 

 
 

Plate 17 - General View of the September 2002 Landslide Site 
 (Photograph taken by GEO on 16 September 2002) 

 Notes: (1) The crest U-channel was completely covered by vegetation. 
  (2) See Figure 13 for location and direction of photograph. 
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Plate 18 - View of the September 2002 Landslide from the Alley 
 between Houses Nos. 15 and 16 Ngau Pei Sha New Village 
 (Photograph taken 15 September 2002) 

 Note: See Figure 13 for location and direction of photograph. 
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House No. 15 House No. 14 

 
 

Plate 19 - View of the September 2002 Landslide from the Alley 
 between Houses Nos. 14 and 15 Ngau Pei Sha New Village 
 (Photograph taken on 15 September 2002) 

 Note: See Figure 13 for location and direction of photograph. 
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House 
No. 14 

 
 

Plate 20 - View of a Large Piece of Concrete Derived from the 
 Collapse of the Toe Retaining Wall Rested against the 
 Back of House No. 14 Ngau Pei Sha New Village 
 (Photograph taken by GEO on 15 September 2002) 

 Note: See Figure 13 for location and direction of photograph. 
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Plate 21 - View of the Lower Portion of the Landslide Scar Showing Relict 
 Joint Sets and Areas of Kaolin-rich Completely Decomposed Granite 
 (Photograph taken on 23 October 2002) 

 Note: See Figure 13 for location and direction of photograph. 
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Remaining portion of failed 
concrete retaining wall Surface of rupture

 
 

Plate 22 - View of Basal Surface of Rupture 
 Approximately 1 m above Toe of Slope 
 (Photograph taken on 23 October 2002) 

 Note: See Figure 13 for location and direction of photograph. 
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Relict joint 

 
 

Plate 23 - View of Persistent Kaolin-infilled Relict Joint 
 (Photograph taken on 23 October 2002) 
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Sub-parallel 
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Plate 24 - View of Persistent Kaolin-infilled Relict Joint with 
 Sub-parallel Relict Joint Below 
 (Photograph taken on 23 October 2002) 

 Note: See Figure 13 for locations and directions of photographs. 
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Plate 25 - Sub-vertical, Slickensided Side-release Relict Joint Surface 
 (Photograph taken on 23 October 2002) 

 
 

 
 

Plate 26 - Sub-vertical Manganese Oxide and Kaolin-coated, 
 Slickensided Back-release Relict Joint Surface 
 (Photograph taken on 23 October 2002) 

 Note: See Figure 13 for locations and directions of photographs. 
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Plate 27 - View of the Blocked 220 mm Wide by 250 mm Deep Surface 
 Drainage Channel at the Crest of Slope No. 7SE-C/C324 
 (Photograph taken on 22 October 2002) 

 
 

 

Surface erosion channel 

 
 

Plate 28 - View of Surface Erosion Observed on the Natural Hillside 
 above the Grassed Platform 
 (Photograph taken on 22 October 2002) 

 Note: See Figure 13 for locations and directions of photographs. 
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A.1   DETAILED OBSERVATIONS
 
This appendix sets out the detailed observations made from an interpretation of aerial 

photographs taken between 1954 and 2001.  A list of the aerial photographs studied is 
presented in Table A1 and a location plan (Figure A1) is also attached. 

 
 
YEAR OBSERVATIONS 
 
1954 The study area is located on a natural hillside adjacent to the shoreline of the Shing 

Mun River Estuary, near the base of a narrow (approximately 60 m wide) rounded 
spur and is covered with thin vegetation. 

 
 Cultivated terraces are visible to the north of the study area together with isolated 

structures probably squatter units at the present-day location of Ngau Pei Sha Village. 
 
1963 Ribbons of bouldery colluvium were present along the drainage lines on either side 

of the spur where the study area is located.  Much of the colluvium was probably 
derived from a large rock outcrop at the heads of the drainage lines. 

 
 Extensive cultivated terraces are visible below the natural hillside of the study area, 

approximately at the present-day location of Ngau Pei Sha Village.  The terraces 
extended partly up the drainage line to the west of the study area spur.  Minor 
footpaths can be seen to traverse the hillside. 

 
 The natural hillside is generally covered with thin vegetation comprising grass, 

bushes and small trees. 
 
 Three relict landslide scars above the west drainage line can be seen (Figure A2). 
 
1964 The cultivated terraces on the west of the natural hillside spur appear to have been 

extended. 
 
1972 Ngau Pei Sha Street had been constructed to its present-day alignment. 
 
1973 Some of the terraces which truncated the drainage line to the west of the present-day 

locations of houses Nos. 17 and 18 appears to have been abandoned. 
 
 The natural hillside was generally covered with dense vegetation. 
 
1974 The platforms and the associated slopes and retaining walls for Ngau Pei Sha New 

Village had just been formed and the residential low-rise houses Nos. 5 and 16 in 
Ngau Pei Sha New Village had been constructed. 

 
 Slope No. 7SE-C/CR323 had been formed and the natural hillside above it remained 

unchanged. 
 
1975 The formation of the upper platform at the present-day location of houses Nos. 17 

and 18 in Ngau Pei Sha New Village was in progress and houses Nos. 7 to 14 had 
been constructed. 
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1976 The platform for houses Nos. 17 and 18 in Ngau Pei Sha New Village and its 
associated slopes had been formed. 

 
 Some fill material probably derived from construction of the platform for house 

No. 18 was placed on the lower part of the natural hillside immediately above slope 
No. 7SE-C/CR323. 

 
1977 Houses Nos. 6, 15, 17 and 18 in Ngau Pei Sha New Village had been constructed and 

formation works for the platform of houses Nos. 19 to 22 were in progress.  Main 
reclamation in Sha Tin New Town was in progress. 

 
1979 A small area of disturbed terrain with bare surface is visible to the west of house 

No. 21 as well as a footpath to house No. 18 in Ngau Pei Sha New Village. 
 
 Some of the cultivated terraces had been abandoned and several low-rise structures 

had been constructed at the present-day location of Ngau Pei Sha Village. 
 
 Site formation and reclamation works were in progress for Sha Tin New Town. 
 
1980 Main reclamation in Sha Tin New Town was substantially completed.  No other 

observable changes. 
 
1981 No observable changes. 
 
1982 No observable changes. 
 
1983 No observable changes. 
 
1984 No observable changes. 
 
1985 The natural hillside to the northeast of house No. 18 in Ngau Pei Sha New Village 

has been levelled to form Platform A which was connected to Platform B, which 
appears to have been formed by trimming the north end of slope No. 7SE-C/C324.  
A new chunamed cut slope, Cut Slope B, adjacent to slope No. 7SE-C/C324 had also 
been formed to the south of Platforms A and B.  Another extended platform, 
Platform C, was also visible to the southwest of house No. 17 in Ngau Pei Sha New 
Village. 

 
 Possible fill material is visible near the crest of slope No. 7SE-C/CR323. 
 
1986 Platforms B and C had been paved and Platform A remained bare. 
 
 Vegetation is visible on slope No. 7SE-C/CR323 and the sloping ground 

immediately above. 
 
1987 No observable changes. 
 
1988 No observable changes. 
 
1989 No observable changes. 
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1990 The cultivated terraces (at the present-day location of Ngau Pei Sha Village) had 
been completely abandoned and were completely overgrown with vegetation. 

 
1991 Many more residential houses had been constructed on the previously cultivated 

terraces. 
 
1992 No observable changes. 
 
1993 Hard surface cover (possibly chunam) on slope No. 7SE-C/CR323 was observed for 

the first time. 
 
1994 No observable changes. 
 
1995 A patch of bare soil adjacent to slope No. 7SE-C/C324 is visible. 
 
1996 No observable changes. 
 
1997 No observable changes. 
 
1998 No observable changes. 
 
1999 No observable changes. 
 
2000 No observable changes. 
 
2001 No observable changes. 
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Table A1 - List of Aerial Photographs 
 

Date Taken Altitude (ft) Photograph Number 

18 November 1954 
29 November 1963 
13 December 1964 

3 October 1972 
20 December 1973 
21 November 1974 

2 December 1975 
30 January 1976 

12 December 1977 
5 December 1979 

21 November 1980 
18 May 1981 

4 January 1982 
29 November 1983 

7 January 1984 
3 October 1985 

28 April 1986 
18 August 1987 

4 November 1988 
29 November 1989 

21 March 1990 
19 September 1991 

15 April 1992 
30 May 1993 
26 May 1994 

5 September 1995 
24 October 1996 
29 January 1997 
31 October 1998 

3 September 1999 
16 February 2000 

13 September 2001 

29200 
3900 

12500 
13000 
12500 
12500 
3000 
2600 
4000 
6000 
4000 
4000 
4000 
4000 
3000 
4000 
4000 
2000 
4000 

10000 
4000 
4000 
4000 
4000 
3500 
2500 
4000 

20000 
4000 
5500 
4000 
4000 

Y02734-35 
Y09053-54 
Y12974-75 

2269-70 
7960-61 
9811-12 

11528-29 
13449-50 
20084-85 
28597-98 
33122-23 
37627-28 
40748-49 
51169-70 
52547-48 

A02437-38 
A04878-79 
A10004-05 
A15429-30 
A19696-97 
A21062-63 
A27150-51 
A31895-96 
A34705-06 
A38606-07 

CN10774-75 
CN14909-10 
CN16568-69 
CN21203-04 
A49923-24 

CN25992-93 
CW32771-72 

 Note: All aerial photographs are in black and white except for those prefixed with 
  CN or CW. 
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Figure A1 - Aerial Photograph Interpretation 
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Figure A2 - Geomorphology 
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A selected list of major GEO publications is given in the next 
page.  An up-to-date full list of GEO publications can be found at 
the CEDD Website http://www.cedd.gov.hk on the Internet under 
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GEOTECHNICAL MANUALS 
Geotechnical Manual for Slopes, 2nd Edition (1984), 300 p. (English Version), (Reprinted, 2000). 

斜坡岩土工程手冊(1998)，308頁(1984年英文版的中文譯本)。 

Highway Slope Manual (2000), 114 p. 
 
 
GEOGUIDES 
Geoguide 1 Guide to Retaining Wall Design, 2nd Edition (1993), 258 p. (Reprinted, 2000). 

Geoguide 2 Guide to Site Investigation (1987), 359 p. (Reprinted, 2000). 

Geoguide 3 Guide to Rock and Soil Descriptions (1988), 186 p. (Reprinted, 2000). 

Geoguide 4 Guide to Cavern Engineering (1992), 148 p. (Reprinted, 1998). 

Geoguide 5 Guide to Slope Maintenance, 3rd Edition (2003), 132 p. (English Version). 

岩土指南第五冊 斜坡維修指南，第三版(2003)，120頁(中文版)。 

Geoguide 6 Guide to Reinforced Fill Structure and Slope Design (2002), 236 p. 
 
 
GEOSPECS 
Geospec 1 Model Specification for Prestressed Ground Anchors, 2nd Edition (1989), 164 p. (Reprinted,

1997). 

Geospec 2 Model Specification for Reinforced Fill Structures (1989), 135 p. (Reprinted, 1997). 

Geospec 3 Model Specification for Soil Testing (2001), 340 p. 
 
 
GEO PUBLICATIONS 
GCO Publication 
No. 1/90 

Review of Design Methods for Excavations (1990), 187 p. (Reprinted, 2002). 

GEO Publication 
No. 1/93 

Review of Granular and Geotextile Filters (1993), 141 p. 

GEO Publication 
No. 1/96 

Pile Design and Construction (1996), 348 p. (Reprinted, 2003). 

GEO Publication 
No. 1/2000 

Technical Guidelines on Landscape Treatment and Bio-engineering for Man-made Slopes and 
Retaining Walls (2000), 146 p. 

 
 
GEOLOGICAL PUBLICATIONS 
The Quaternary Geology of Hong Kong, by J.A. Fyfe, R. Shaw, S.D.G. Campbell, K.W. Lai & P.A. Kirk (2000),
210 p. plus 6 maps. 

The Pre-Quaternary Geology of Hong Kong, by R.J. Sewell, S.D.G. Campbell, C.J.N. Fletcher, K.W. Lai & P.A.
Kirk (2000), 181 p. plus 4 maps. 
 
 
TECHNICAL GUIDANCE NOTES 
TGN 1 Technical Guidance Documents 
 


	GEO REPORT No. 163
	PREFACE
	FOREWORD
	CONTENTS
	1. INTRODUCTION
	2. THE SITE
	2.1 Site Description
	2.2 UWater-carrying Services and Utilities
	2.3 UMaintenance Responsibility
	2.4 USite History
	2.5 Past Instability
	2.6 Past Assessments
	2.6.1 1977/78 Slopes Catalogue
	2.6.2 Systematic Inspection of Features in the Territory
	2.6.3 Systematic Identification and Registration of Slopes in the Territory

	2.7 Slope Maintenance Inspections and GEO Inspection
	2.7.1 Slope No. 7SE-C/CR323
	2.7.2 Slope No. 7SE-C/C324
	2.7.3 Retaining Wall No. 7SE-C/R79

	2.8 Geology
	2.8.1 Hong Kong Geological Survey
	2.8.2 Geological Area Studies Programme


	3. THE 15 SEPTEMBER 2002 LANDSLIDE INCIDENT
	4. FIELD OBSERVATIONS FOLLOWING THE SEPTEMBER 2002 LANDSLIDE
	4.1 General
	4.2 Landslide Scar
	4.2.1 Mapping of Landslide Scar
	4.2.2 Relict Joints

	4.3 Hydrology
	4.4 Area above the Landslide Site

	5. ANALYSIS OF RAINFALL RECORDS
	6. THEORETICAL SLOPE STABILITY ANALYSES
	7. UDIAGNOSIS OF THE PROBABLE CAUSES OF THE LANDSLIDE
	8. DISCUSSION
	9. CONCLUSIONS
	10. REFERENCES
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF PLATES
	APPENDIX A
	GEO PUBLICATIONS AND ORDERING INFORMATION

	Button3: 


