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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
My Home -~ n

NTU

%]

c

>

(]

)
—Z

BV < Sungei Seletar
Ama K Fault AL, Sl TR N,

Sungei Serangoon (.:hangi Point

Tanjong Gedong Fault

ol Mu(ai
Murai Fault sohist ) K el -1 B e,
A B . ..' ¢ , Z. el x . ——
"»{l:ia yang Fault '1:.:9.51'!('? Tlmah % :
& %
-'ib
f::)%(: \ 4 ﬁ:nag:i Tan tock Seng Inlier | L
5/ I, " Kers ssirmangarie Profiles of residual soil of the sedimentary Jurong
1 epys Road Fau ormation . . .
(PlttS; 198 ) Henderson Road Fault ol Tanjong Belayar% :Odt:oiléuwum fg:j::;tk Norite formatlon (Rahardjo et al., 2012)



Geology and Climate

Rainfall

Total annual rainfall: 2328.7mm
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Source :Meteorological Service Singapore (MSS), National Environment Agency (NEA)



Geology and Climate

Rainfall

Rainfall (mm)
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Geology and Climate

Temperature
* Constantly high temperatures average monthly temperatures
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Geology and Climate
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Landslide in Singapore

\

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)

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



Landslide in Singapore

(Toll, 2001)

Landslide Date Height Angle Comments Ground conditions References
Tanjong Gul Pre 25 m 3 A benched cut slope. The slide took place in the upper part of the slope  Volanic agglomerate, and shale and residual soils. The rodks |
1972 and affected about 60 m of the slope length. A vertical backsarp of about  were dipping steeply in the same direction as the cut
2 m was formed and bulging took place at the toe
Hillview Estate 1982, 22m 13-5%  The first major mass movement started in December 982 due to Residual soils derived from Gombak Morite and colluvium |
1943, fracture of a water pipe, possibly caused by earlier minor movements. with some recent deposits (Kallang formation) being found
| 984 Further major movements occurred in March 1983 and March 1984 at the toe Failure probably ocaurred very close to the
during heavy rainfall. The landslide involved about 50 000 m® of material  contact between the residual soil and the underlying
weathered norite
Depot Road 1978, 40m 29 A slope on the northern ridge of Mount Faber. A shallow slip occurred  The crest of the slope was fill material. The failure oocurred |
| 984 mid-slope in December 1978, The slope was originally benched. A major  in the bench and resulted in disaggregation of the fill
slide (in the form of a flow) cccurred in March 1984 after a period of material which then developed into a debris flow'”
heavy rainfall
Fort Canning 1984 40 m 347 Oceurred in Fort Canning Park during heavy rain in March 1984, The Residual soils (Grade V) formed from the sedimentary
failure surface was shallow, about 3 m below the ground surface, but Jurong formation
about 1500 m* of the slope started to move. Ground anchors were used
to stabilise the dope
Gillman Heights 1985 |7 m 340 A aut slope for the Ayer Rajah Expresway at Gillman Heights showed signs Medium dense to dense residual soils (Grade IV and V) I
of instability in December 1985, The slope was stabilissd using soil rails derived from the sedimentary rocks of the Jurong formation
Admiralty Road 1987 A read cutting. The slope had been recently cut and graded during road Fill material of weathered granite overlying deeply &
widening. The initial failure occurred during a nire day wet period with a weathered in-situ granite
total rainfall of 413 mm. The slcpe failed in five places, two of which involved
the whole length of the slope. The slope was regraded but failed repeatedly,
each time after a period of heavy rainfall
Lorong Terigu 24 m e This s part of the cut slopes formed during the construction of the Bukit  Loose to medium dense dayey silt near the surface, becoming 9
Timah Diversion Canal. Since construction in the early 19705 a number of  very dense below 25 m. Standard Penetration Test (SPT) values
slips have ocourred along the canal length with Lorong Teripu being the  varied from less than |0 near the surface to over 50 below
largest. The slip surface was found to be 5 to 6 m below ground surface at 25 m. A weaker zone was observed at around 5 m depth
its deepest point
Central business [7Bm 53 A number of slope failures occurred during the construction of a Weathered sandstones and shales of the Jurong formation 10
district substantial excavation site in the central business district in Singapore. (Rimau facies) Degree of weathering changed from highly to
This was the highest slope to fail slightly weathered within the top 10 m. The strata dipped
steeply back into the slopes. The shale had softened during
heavy rainfall
Bukit Batok [ 1989 40m 2 A aut slope at the Bukit Batok sports complex that falled after heavy rain. A The ground conditions comprised highly weathered rock of ||

Bukit Gombak

backscar of 4 to 6 m was formed by the slide and about 100 m of slope was
affected The slide was 56 m from toe to crest and the maximum depth to

the Gombak Morite formation. The residual soil of highly
decomposed granite consisted of clayey silt with boulders




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
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Landslide Triggering Mechanism

e Effect of Heavy Rain
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Landslide Triggering Mechanism

e Effect of antecedent rainfall
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Landslide Triggering Mechanism

e Effect of antecedent rainfall
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Landslide Triggering Mechanism

e Effect of antecedent rainfall
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Landslide Triggering Mechanism
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Measurement and Instrumentation

S Push button for =

. / '\ jet fill action

]\L H Water reservoir

f"?"-i Bentonite seal
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= Heavy walled __
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Measurement and Instrumentation

Setup of shrinkage test under accelerated evaporation
using a lamp, (Krisdani et al., 2008)



Measurement and Instrumentation

e Odeometer

Migh ok entry dnd

Tenvometer shrowd

Pressure tramsducer

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

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



Measurement and Instrumentation

Rainfall

~ Simulation Al
= Runoff
boundary

=~ AT

Field plot for studying rainfall, runoff and infiltration Field installation of a flume with water depth probe
processes at NTU-CSE slope, (Tsaparas et al., 2003) for runoff measurement at NTU-CSE

slope, (Tsaparas et al., 2003)



Measurement and Instrumentation

Sensors from

tensiometers,
piezometers, rain gauge

« Visualisation

« Access raw data
« Access
proccessed

=

Alert
system

Sending data  Data store and Data Schematic diagram of instrumentation
using GPRS Pfof?ess \lhllith processing by for online monitoring system
Data logger Ny i s (Rahardjo et al., 2014).

with battery



Measurement and Instrumentation

olar panel

Weather
_Data logger ayEa

Tensiometer

\ND O ‘ Soil moisture
e sensor
\ g B Temperature
\ TR sensor
\ ; '\
\’

Runoff
N
% boundary
N g\

Notes:
P = piezometer
A, B, C, D = tensiomete
and soil moisture sensor
at different depth

Typical layout of slope instrumentation,
(Rahardjo et al., 2004)



Measurement and Instrumentation

Elevation, RL (rm)
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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)
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Establish Factors and Spatial Modelling
develop Map of Factors (AHP)

y
Capturing of data from past slope failures.

Impact Analysis

Slope Susceptibility Map

Conceptual idea of SHARES
(Slope Hazard Analysis &
Repository System)

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

e Construction of capillary barrier system for stabilising a residual soil
slope N Slngapore Crest of sloping surface

1 Precipitation
i J ‘ ‘ Evaporation Evaporation and
: % transpiration

Flne-gralned soil - Hl SN Runoff
@ Inﬂltrat:on_,__' ,

Lateral diversioh /1

Coarse-grained soil

s S

' 'Breékmrqiqgh

Lateral diversion length

\

Concept capillary barrier (Rahardjo et al., 2012)



Factor of safety variations for slope
with and without vegetative cover

(after Rahardjo et al., 2014c).
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Prevention

"ﬂm
le!.ln

(a) Placement of top soil on top of (b) Drainage provision (c) Grass planting on slope surface after
the fine-grained layer of the placement of the top soil on top of the
capillary barrier system 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

L T T T
2010 201 2002 2013 2014 2015

Improvement of drainage island-wide ki

SOURACE DATAGOV.SG

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



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

(i;:m\ )—b{ F]::;:wk ’_; Inspect Structures
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* Building Regulation Ves Ay imminei—— __
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Tell-Tale Signs and Rectification

managameant corporations should:

Inspact, assess and recommend
reciification measures.

The list of PE can be found at the

www.peb.gov.sq

= Engage 2 Professional Engineer (PE} in
GSiwil" Structural’ Geotechnical discioling to

Professional Enginears Board website

If there are tell-tale signs (Figure 3}, owners and

Safe Slope and

Surface drains to
« channel surface run-off
water away from slope

« Turfing lo protect the
slope surface from soil
erosion

Stone Pitching }

To prevent inflow of
‘water and protect

+ Rectify the delects as recommended by tha PE Slope Protection m 9o Shoterete 2008 BiIHinc oo 998
a
Cracked or Stﬂ..lﬁtl.lras ° " o "~ Weepholes to drain
erasion damaged slopa nmun: m&n&m B — ut water 5o as not
surface o4 along (Regular Inspection 5 w0 Er:r?;ﬁf" the soil
protection Sunken e, T
and Maintenance : . .
Choked up by ground/water ) Figure 1. Various Types of Slope Surface Protection
debris t ponding
! Surface drain to channel .
away surface run-off water
Stones wrapped
Cracked or with geotextile to
B s dlatin Maintain level ground to prevent drain and filter
water ponding behind earth ground water
retaining wall _Water table level

Up-heaving of ground
near fa the loe of slope

Figure 3: Cross Section Showing Various Tell-Tale Signs
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During raining days, rising water
behind earth retaining wall would be
drained out through weepholes to

exerting onta the wall

_Subsaoil pipe to
drain away water

Weephole to drain out
and lower water level

i 1 wall

Figure 2. Typical Cross Section of AC Earth Retaining Wall

Regulation from Building and Construction Authority (BCA),

Ministry of national development



Prevention

* Public and private sectors collaboration

Sharing by Agencies Access by Agencies

* Planning
* Analysis
* Operations
~ Wyt * Decision
Geodata Geolools Making
*Public Service
Delivery

Access by Public

Metadata
1SO 19115

Other Agency
Sources

GeoSpatial Cloud-based
Architecture

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



Prevention

Slope Hazard Analysis T )
& Repository (SHARES) | GeoCommunity

National Sensbr Map

Inter-Agency Collaboration
&

GeoAnalytics

BT ™
- RO i —

_ Climate Change
Urban Planning Community

Singapore Land Authority 2014



Prevention

= " = Climate Change
Slope Stablhty Module ' : Information System —
(SSM) in GeoSpace CLICIS

(SLA) . = (NEA/SLA)

Envi.ronmer)tal GIS for X  . 3D Urban Modelling for [
Sharing Environmental g=Tiases oSS Bsensor Network EM Wave
Site Assessment (ESA) Propagation (IDA)

Information ( JTC)

Building Geospatial =Es = Open Source Remote
Database P Monitors
(BCA) (BCA Academy)

Geospatial
Visualisation and
Analysis of Library

Data (NLB)

Big Data Processing
Capability Extension
for GeoSpace (SLA)

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



