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Agenda

• Geology and Climate of Singapore

• Landslide Triggering Mechanism

• Measurement and Instrumentation

• Prevention

Disclaimer : This presentation has been prepared for information sharing of case studies
made by universities and organizations in Singapore. The author does not own the
contents in this presentation, nor involve in any studies, experiments, or visualization.



Geology and Climate

• Tropical rainforest climate

“… Almost 50% of 

Singapore is covered 
by greenery …” 
(NParks, 2012)



Geology and Climate

Soils property

• Tropical residual soils with clay and slit composition

Pitts

(Pitts, 1985)
Profiles of residual soil of the sedimentary Jurong
formation (Rahardjo et al., 2012)

My Home
NTU



Geology and Climate

Rainfall Total annual rainfall: 2328.7mm

Number of raining days: 178 days/year

Average number of rain days per month (days) (1982-2016)Monthly rainfall for Singapore (mm) (1982-2016)

Source :Meteorological Service Singapore (MSS), National Environment Agency (NEA)



Geology and Climate

Rainfall

Source :Meteorological Service Singapore (MSS), National Environment Agency (NEA)

Annual average rainfall distribution (1982-2016) Hourly variation of rainfall for each month (1982-2016)



Geology and Climate

Temperature

• Constantly high temperatures average monthly temperatures

Source :Meteorological Service Singapore (MSS), National Environment Agency (NEA)



Geology and Climate

Variation of air and soil temperatures for a residual soil slope from the 
Bukit Timah Granite at Yishun (after Rahardjo et al., 2013) 



Landslide in Singapore

Slope failure at Bukit Batok (Granite formation) 
(Rahardjo et al., 2012) 

Nature and form of a few slope failures (out of 20 slope 
failures) on 26 February 1995 in Nanyang Technological 

University Campus (sedimentary Jurong formation), (Rahardjo
et al., 2012) 



Landslide in Singapore (Toll, 2001)



Landslide Triggering Mechanism

Triggers from human activities

• Removal of vegetation

• Spills from water or sewage pipes

• Incorrect cuts

• Uncompact landfill

• Waste deposits

• Building



Landslide Triggering Mechanism

Mechanisms of rainfall-induced slope failure, (Rahardjo et al., 2012)

Rainfall-induced slope failure within residual soil, 
(Rahardjo et al., 2005)



Landslide Triggering Mechanism

• Effect of Heavy Rain

Distribution of NTU landslides by slope angle 
(Toll, 2001) Slope height against slope angle for landslides in Singapore

(Toll, 2001)



Landslide Triggering Mechanism

• Effect of antecedent rainfall

Distribution of rainfall 
and slope failures (after 
NEA, 2006), (Rahardjo
et al., 2007)

December 2006 January 2007



Landslide Triggering Mechanism

• Effect of antecedent rainfall

Five-day antecedent rainfall for landslides in Singapore (Toll, 2001)



Landslide Triggering Mechanism

• Effect of antecedent rainfall

Relationship between cumulative antecedent 
rainfall and the occurrence of landslides
(Rahardjo et al., 2001)



Landslide Triggering Mechanism

• Infiltration

Relationship between infiltration and rainfall amount (Rahardjo et al., 2013)



Measurement and Instrumentation

Soil moisture sensor
Tensiometer



Measurement and Instrumentation

Evaporation pan, (Rahardjo et al., 2001)
Setup of shrinkage test under accelerated evaporation 

using a lamp, (Krisdani et al., 2008)



Measurement and Instrumentation

• Odeometer

Modified base plate and oedometer apparatus. 
a Schematic drawing of the modified base plate. 
b Modified oedometer apparatus (Wijaya and Leong, 2016)  

HCT which is used in this study. a Schematic drawing of 
HCT. b Picture of HCT (Wijaya and Leong, 2016)  



Measurement and Instrumentation

Field installation of a flume with water depth probe 

for runoff measurement at NTU-CSE 

slope, (Tsaparas et al., 2003)

Field plot for studying rainfall, runoff and infiltration 

processes at NTU-CSE slope, (Tsaparas et al., 2003)



Measurement and Instrumentation

Schematic diagram of instrumentation
for online monitoring system
(Rahardjo et al., 2014).



Measurement and Instrumentation

Typical layout of slope instrumentation,

(Rahardjo et al., 2004)



Measurement and Instrumentation

Slope parameters and instrumentation details (a) soil profile, properties, and
flux boundary conditions used in seepage analyses with the incorporation of
unsaturated soil mechanics equations; (b) tensiometer location and depth for
direct measurement of matric suction to compare with results from
parametric study (After Rahardjo et al., 2007)



Conceptual idea of SHARES 
(Slope Hazard Analysis & 

Repository System)

Capturing of data from past slope failures.

Displaying captured past slope failure on a map.



Prevention

• Slope failures may damage and destroy residential, commercial 
properties and agricultural land.

• The cost of repairing slopes is more expensive than preventive 
measures of the slope.



Prevention

• Construction of capillary barrier system for stabilising a residual soil 
slope in Singapore

Concept capillary barrier (Rahardjo et al., 2012) 



Factor of safety variations for slope 
with and without vegetative cover 
(after Rahardjo et al., 2014c).

Factor of safety variations for slope 
with and without capillary barrier 
system (after Rahardjo et al., 2013b)



Prevention

(a) Placement of top soil on top of 
the fine-grained layer of the 
capillary barrier system

(b) Drainage provision (c) Grass planting on slope surface after 
placement of the top soil on top of the 
capillary barrier (boxes on the slope 
surface are tensiometers



Prevention

(a) Slope with vertical and horizontal drain (b) Slope with horizontal drain

Fig (a) & (b) A well maintained slopes  (source : Ministry of National Development)



Prevention

Reduction of Flood prone area 
(data.gov.sg)

Improvement of drainage island-wide



Prevention
A laboratory setup of a physical model of capillary barrier
system for studying the effectiveness of a capillary barrier for
slope stabilisation.

RS : residual soil layer (fine-grained soil)
GS: gravellier sand layer (coarse-grained soil)
RF: rainfall simulator
EV1: lamp to enhance drying process
EV2: fan to enhance drying process

WB: weighing balance to measure runoff, lateral diversion, and
breakthrough amount

TDR: Array of time domain reflectometry wave guide and
tensiometer probe assembly for soil water content and pore-
water pressure measurements

DAS: data acquisition system
(After Tami et al., 2004b)



Prevention

• Building Regulation

Overview of 3-stages slope management system (BCA regulation)



Prevention

• Building Regulation

BCA work procedure to serve S24A and S25



Regulation from Building and Construction Authority (BCA), 
Ministry of national development



Prevention

• Public and private sectors collaboration

Accessible geospatial data to public and private sectors (SG-SPACE/2012/3)



Prevention

Singapore Land Authority 2014



Prevention

Singapore Land Authority 2014



Conclusion

• Rain is the primary factor of slope failure in Singapore

• Measurement from multi-sensors integration is suggested

• Prevention is preferable

• Open data to attached the crowd 

• If you are interested in-depth details of the works, please checkout 
the research from Prof Harianto Rahardjo, Prof. Leong Eng Choon, and 
their team in School of Civil and Environmental Engineering, NTU


