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Unsaturated seepage flow taught by Prof. Lumb in 1982

(HN Wong’s notes)
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“the prime cause of the failures 
[1950 to 1973] is direct infiltration
of rain water into the surficial 
zones of the slopes …”

“Prevention of slips implies 
protection against excessive 
infiltration”
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Lumb (1975)



Bridging the Gap between

Theoretical and Actual

Slope Performance

(1) Is there a gap ?
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“Un-engineered” slope

1977

“Engineered” slope

?Failure

5



Leading edge of Hong Kong Slope Safety
Ching Cheung Road landslide

after upgrading works

Po Lam Road landslide
after completion of slope works

Doing well, but

not good enough
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Cumulative Rolling Average Annual Failure 
Rate of Registered Man-made Slopes

Engineered slopes (0.12% → 0.06%)

Un-engineered slopes (0.61% → 0.38%)

1997 2020
Annual Failure Rate = 0.06%  (326 landslides in 24 years)
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Annual Failure Rate (Permanent Structures in Hong Kong)

Unengineered Engineered

Man-made 
slope

~1/200

Type

~1/2000

Retaining
Wall ~1/500 Negligible

Building Negligiblenot known

~ 6% of the slopes would fail at least once
in notional 120-year design life

#

#



(2) Where come the gap ?

Bridging the Gap between

Theoretical and Actual

Slope Performance
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1994 Kwun Lung Lau Landslide

Systematic
landslide investigation

as part of the
Landslip Preventive Measure 

(LPM) Programme

All landslides

(1) Examination
(~300 nos/yr)

~ 10%

(2) Landslide 
study/review

~ 1%

(3) Forensic 
investigation

Systematic Landslide Investigation (1997 onwards)
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Morgenstern  (1995 & 2000)

Parameter

Model

Human

Failure mechanism
differs from
the model

analyzed in design
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Wash-out failures

Concentrated
surface water flow

in urban
environment 
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(i) Topographic

(1989 Princess Margaret 
Road; 100 m3)

Low point of 
crest platform Discharge

e.g. concentrated discharge at low point

11NW-D/C479
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Surface 
water flow

Surface 
water flow

11NE-D/F284

Surface 
water flow

(1998 Au Tau Road ; 170 m3)

(i) Topographic e.g. road bend
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Roads flow like river

in heavy rain

Typhoon Lionrock Oct 2021
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(ii) Blockage e.g. surface drainage channel

Surface 
water flow

Blockage by debris and
unplanned vegetation

Channel
blocked
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Lack of slope maintenance

Uncontrolled 
vegetation 

growth
Cracked/broken

slope surface 
cover

Blocked 
drainage 
channel

Blocked 
weep hole

Soil 
erosion
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Damage at
Tong Fuk Village

Tong Fuk Village

1993 Tong Fuk 
debris flood

Source

18



(ii) Blockage

Washout 
failure at fill 
embankment

e.g. catchwater blocked by 
landslide debris

Cut slope 
failure

Catchwater
blocked
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Surface 
water flow



(ii) Blockage e.g. road blocked by landslide debris

Blockage by 
landslide 

debris

Cut slope 
failure

Washout failure

Surface 
water 
flow
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Fill slope + eroded to weathered rock



(iii) Deficient drainage alignment and detailing

(Raymond Cheung 8.10.2021)(HN Wong 8.10.2021)
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“… landslides in Hong Kong are heavily dependent 
on the magnitude of the short duration rainfall 
intensity, with a threshold value of about 70 mm/hour”

Brand et al
(1984)

Soil infiltration rate

< 5 x 10-6 m/s

= 18 mm/hr << 70 mm/hr

Thickness of wetted zone

< 0.5 m in 2 hrs

~Washout (erosional)

~Washout
(increased

infiltration)

“Genuine” landslides
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Landslide Volume (m3)
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Worst Credible Limit
(Washout & Liquefaction)

Washout  

Liquefaction  

Wong & Ho (1996 & 2000)
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Nov 2021 Peak Road

Triggered by burst of water main, mobile but

NOT washout failure
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?

?

?

Weathered
volcanics

Recompacted fill

Loose fill (liquefied?)

Slip surface

Caissons

Leaky water main

Schematic Cross-section



Morgenstern  (1995 & 2000)

Parameter

Model

Human

(1) Washout failure

(2)
Local weakness
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Relict joint
(adversely oriented)

local plane 
of weakness 

Groundwater seepage

local perched 
water table 

Weathered profile in saprolite
(from Geoguide 3)

Local weakness: Relict Discontinuities
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1997 University Station  (20 m3)
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Colluvium

Weathered
granodiorite

1993 Cheung Shan Estate  (50 m3, 1 fatality)
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30

Loose,
permeable
(colluvium)

Dense, less permeable

(saprolite)

Perched
water table

Rain
infiltration

Perched Water Table (near slope crest)

Significant

reduction of ’n
due to high Ru 

Upslope
recharge
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1

1.2

1.4

1.6

1.8

2

2.2

2.4

0.2 0.4 0.6 0.8 1

d / h
(rise in perched water level)

Original FOS (if d = 0)

Failure due to 
formation of

Perched water table
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1 -2 m
colluvium

CDV

Erosion pipe hole
(water flow) 1993 Lantau landslides



Parameter

Model

Human

(1) Washout failure

(2) Local weakness

(3)
Major latent defect

“concealed;
could not be discovered by 
reasonable and customary
observation or inspection”
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1997 Hong Tsuen Road  (250 m3)

Sai 
Kung 
Fire 

Station

Sai Kung Outdoor 
Recreation Centre

Landslide

Government slope
formed in 1981

(16 yrs before 1997 landslide)
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CDV
(soft sandy silt 
to sandy clay)

CDV
(stiff sandy silt 
to sandy clay)

CDV
(dense silty sand)

M/SDV

1997 Landslide
(slope gradient = 28 )

Original ground profile
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1 in 10 yrs GWL

1 in 1000 yrs GWL

S3

CDV2

CDV1
S2

S1

FOS 1 in 10 Yrs 1 in 1000 Yrs

S1 2.17 2.03

S2 2.04 1.72

S3 1.83 1.63

Design parameters for CDV1:

c’ = 0 ; ’ = 37 ;  = 18 kN/m3

1997 
landslide (S97)

S97
1.61 1.61

Design Cross-section
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Clay-rich CDV
(with low permeability bands)

~5mCore 
stone slab

Seepage 
observed

after 
landslide

Subsurface flow 
concentration
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1999 Shek Kip Mei   (6000 m3)

Tension crack
(Displaced area)
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1 m displacement
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Landslide

Failure controlled by

Kaolin-rich discontinuities

2 mm thick kaolin layer

CDG
(c’= 8 kPa; ’ = 38)

CDG

Slickensided
(c’= 0 kPa; ’ = 16 - 20)
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Percentage Drop from FOS of Original Design

1995 Fei Tsui Road
(Saprolite: c’=10 kPa; ’=35)

1995 Shum Wan Road
(Saprolite: c’=5 kPa; ’=38)

1998 Sai Sha Road
(Sap[rolite: c’=6.5 kPa; ’=33)

1999 Shek Kip Mei
(Saprolite: c’=8 kPa; ’=38)

Best-fit (Kaolin: 20)

Lower B (Kaolin:16)

Best-fit (Kaolin: 19)

Lower B (Kaolin:10)

Best-fit (Kaolin: 21)

Best-fit (Kaolin: 29)

Lower B (Kaolin: 22)

Due to 
kaolin-rich 
structures

1995 Fei Tsui Road

1995 Shum Wan Road

1998 Sai Sha Road

1999 Shek Kip Mei
Best-fit
Lower B

Best-fit

Best-fit

Best-fit

Lower B

Lower B

Due to 
kaolin-rich 
structures 

and 
elevated 

water level

1.6 2.01.4Safety margin from original FOS = 
41
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Lamb vs  Lion
Roman 
Soldier



Three ‘Phases’ of Detachment

1997 Ching Cheung Road   (5000 m3)

43

17 July 1997

3 Aug1997

7 July 1997

11NW-A/C55



Local detachment 500 m3 (7.7.1997)

Further detachment 700 m3 (17.7.1997)

Tension crack (29.7.1997)

Tension crack

2000 m3 detachment

on 3.8.1997
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Delay Failure (w.r.t. heavy rain)

First failure

(500 m3)

on 7.7.1997
Second failure

(700 m3)

on 17.7.1997
Third failure

(2000 m3)

on 3.8.1997

5-day delay
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Ching Cheung Road after Cutting Back (1992)

11NW-A/C56

11NW-A/C55

Ching Cheung Road before Cutting Back (1990)

11NW-A/C56

11NW-A/C55

Landslip 

preventive 

works

(cutting back)

by GEO

in 1991-92
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(3) What have we done ?

Bridging the Gap between

Theoretical and Actual

Slope Performance
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(1) Washout 
failure

(2) Local 
weakness

(3) Major latent 
defect

(Smaller scale)

(Larger scale)

(Mixed, usually 
smaller scale)

Prescriptive measures
(+ attend to surface water)

Robust 
design

Emergency 
response

Slope
maintenance

Enhanced Slope Engineering & Management
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Prescriptive Measures

pre-determined, experienced-based and suitably conservative 
modules of works prescribed to improve stability or reduce risk, 

without detailed ground investigation and design analysis
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Prescriptive Measures

Improved drainage detailing

Type 1: surface drainage & protection

Type 2: 
subsurface 
drainage

Type 3: 
support, e.g. 

soil nails

Baffle

Parapet
&

enlarged 
channel

Upstand
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Very sensitive to uncertainties Less sensitive to uncertainties

Robust Design Scheme (e.g. soil nailing)

Cut back
DeepDeep

Possible
clay seam

Soil nails

Possible
clay seam
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Cut back

Possible
clay seam

FOS
1.3

1.4

1.1

But:

may reduce FOS

of failure
controlled by

latent defect or
local weakness 

Effect of Cutting Back on FOS

Design intent:
cut back to increase FOS

Shallow

52

1.2



1997 Lai Cho Road  (35 m3)

11NW-A/C7

weathered 
granite

1 m thick colluvium overlying weathered granite

Slope upgraded 1988
by cutting back 

53



Robust scheme: soil nailing

Improved reliability:

• Less sensitive to adverse 
ground conditions 

Improved ductility:

• Slope deformed for 
days/weeks before full 
detachment

• Less vulnerable to local 
failure (large integral 
mass)
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FOS
1.4

Risk
of failure Improved

ductility

Probability
of failure Improved 

reliability

Unsupported

cut slope

Soil-nailed

cut slope

Robust 
Design
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Slope Maintenance (since late 1990s)

➢ Routine inspections and 
maintenance

➢ Engineer Inspections

➢ Checks of buried water-carrying 
services

➢ Monitoring of special measures

… to avoid deterioration and upkeep function
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10NE-B/C262

Aug 1999 landslide

Aug 1999 Tsing Yi Road

(detached 300 m3 + displaced >5000 m3)

10NE-B/C254

Tsing Yi Road

Pre-existing 
tension crack

U-channel & steps
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Engineer Inspection & Emergency Response

(reduce consequence, hence risk)

Signs of distress 
observed in 

Engineer 
Inspection

in Feb 1999

11NE-B/C262

11NE-B/C254
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Photo taken in Feb 1999



Improvement (1997 to 2020)

Note: 10-yr rolling average adopted to 
“even out” rainfall effects

Reduced
by ~1/2

Reduced
by ~2/3 
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1997 & 1998 (42 cases) 1997 to 2020 (326 cases) 

Major ( 50 m3)

Minor
(<50 m3)

Minor
(<50 m3)

12%26%

(1) Washout failure

(2) Local weakness

(3) Major defect

(Smaller scale)

(Larger scale)

(Mixed)

To avoid
as far as possible

To minimize, yet 
difficult to eliminateSmaller 

scale

Larger 
scale

+ holistic
risk management
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Apparently improved

Degree of 

improvement 

from the 

figures -

Optimistic



(4) What next ?

Bridging the Gap between

Theoretical and Actual

Slope Performance
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Consequence

10% of 
referenced 
landslide #

100% of 
referenced 
landslide #

x

x

Risk

Sum

Facility Group, FG (Example) Consequence (PLL) #

1 (densely used building; road with very heavy traffic) 3

2 (lightly used building; road with heavy traffic) 1

3 (densely used open space; road with moderate traffic) 0.1

4 (lightly used open space; road with low traffic) 0.01

5 (remote area; road with very low traffic) 0.001

Overall Risk Assessment

# Potential loss of life (PLL) by 50 m3 direct hit (Wong & Ho, 1995)

Annual Probability

0.04%

x88%

x12%

Minor failure
(< 50 m3)
= 0.035% 

Major failure
( 50 m3)
= 0.005%

Engineered 
slope
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Risk / 500 m long Consultation Zone (PLL per year)

1 Slope/Zone 2 Slopes/Zone 4 Slopes/Zone 8 Slopes/Zone

2.6 x 10-4 5.1 x 10-4 1.0 x 10-3 2.0 x 10-3

8.5 x 10-5 1.7 x 10-4 3.4 x 10-4 6.8 x 10-4

8.5 x 10-6 1.7 x 10-5 3.4 x 10-5 6.8 x 10-5

8.5 x 10-7 1.7 x 10-6 3.4 x 10-6 6.8 x 10-6

8.5 x 10-8 1.7 x 10-7 3.4 x 10-7 6.8 x 10-7

Unacceptable
As Low As Reasonably Practicable

(ALARP) 

Broadly Acceptable

Risk of Engineered Slope Failure, PLL / yr

(PLL = Potential Loss of Life)

64

Note:  For landslides in HK,
F at N  1 is ≈ ½ PLL /yr

FG Risk

/Slope

1 2.55 x 10-4

2 8.5 x 10-5

3 8.5 x 10-6

4 8.5 x 10-7

5 8.5 x 10-8
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FG1 (8 slopes)
FG1 (4 slopes)

FG1 (1 slope)

FG3
FG3 (8 slopes)

FG3 (1 slope)
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FG2 (1 slope)
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Note: Frequency in the late 1990s was ~5 times higher
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FG2 (8 slopes)



Way Forward

1.  Continue with enhanced practices

➢ Robust design  >>  “over precise” calculation

➢ Holistic risk management  >>  “zero” failure

“In the soil engineering world
it is all too easy to spend time

on calculating what can be calculated
rather than on what should be calculated, to giving 
an over precise answer to the wrong question …”

(Lumb, 1980)

➢ Professional skill  >>  “standard” procedures
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Chai Wan
(Oct 2016)

2.  Enhance drainage

➢ Launch slope 
drainage 
enhancement 
projects

➢ Improve drainage 
design & detailing

➢ Provide redundancy 
(give up self-
cleansing velocity)
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Ho Man Tin
(Oct 2021)



3.  Attend to slopes with severe consequence

➢ Identify these slopes 
(“Super” Category 1
– PLL >> 3)

➢ Call for risk 
assessment (apart 
from FOS) 

➢ Require robust design, 
or risk management 
measures (e.g. warning 
system)
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4.  Communicate risk with stakeholders

Engineered Slope
Overall Annual Failure Rate

Not robust
Not 

maintained
> 1.2 x 10-3

Maintained ~ 8 x 10-4

Average Maintained ~ 4 x 10-4

Robust Maintained  4 x 10-5

➢ Know where we are 

➢ Explain & engage
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