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Tsing Shan Foothills Study Area
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Tung Chung Foothills Site
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Study Areas

Landslide Back Scarp
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Pa Mei Study Area
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Study Areas

Ching Cheung Road Study Area
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Numerous Previous Landslides

Erosion Gully

1972

1982

July / August 1997

Study Areas

Time of Landslide –
3pm on 17 July 1997

Time of Landslide –
11.15am on 3 Aug 1997

Time of Landslide –
9am on 7 July 1997

4-days

Extract from Landslide Study Report for August 1997 Failure

Study Areas
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Complex Hydrogeological Conditions

Study Areas

Slope Instrumentation

• Surface Movements

• Sub-surface Movements

• Groundwater

• Soil Suction / Moisture Contents

• Other Environmental Factors (Rainfall etc.)

Slope Instrumentation
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Surface Monitoring

• Crackmeters across specific features (tension cracks  etc.)

• Remotes GPS survey stations (real time surveying) 

Tension Crack Crackmeter

GPS StationElectrical linear 
displacement transducer

Anchor pin in deforming 
ground

Discontinuity or 
Tension Crack

Reference pin in 
stable ground

Ball 
Joint

Extension Rod and Sliding Bar

Not yet installed

Crackmeter Readings

General trend confirms that some movement of the di stressed area at Pa Mei is occurring
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Surface Monitoring

Slope Instrumentation

• Translation Rotation Settlement (TRS) Sensors

• Monitor movement of a string of sensors along the s lope profile

Tension 
Crack

Monitoring Results

A

B

C

D

E
F

G

H

X
Y

Y
X

Tilt

Settlement

X Axis

Y Axis
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Sub-surface Monitoring

• In-place Inclinometers

• Time Domain Reflectometry

• Optical Fibres

Measurement 
Interval

Angle 

of Tilt

Deviation

Slope Instrumentation

TDR

Inclinometer Readings

-10 -5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

Deflection (mm)

D
ep

th
 (

m
)

4

8

12

16

20

24

0

4

8

12

16

20

24

0

LEGEND

Initial      03 Sep 2002

10 Sep 2002

04 Oct 2002

07 Oct 2002

04 Nov 2002

06 Dec 2002

04 Mar 2003

03 Apr 2003

06 May 2003

02 Jun 2003

03 Jul 2003

05 Aug 2003

09 Sep 2003

02 Oct 2003

Chart Showing Cumulative Ground Movement at Tsing Shan

5m depth

Recorded Rate of Movement = 2.7x10 -6 mm/sec

Slope Instrumentation
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In-Place Inclinometer Readings

Sensor 1

Sensor 2

Sensor 3

Sensor 4

Sensor 5

Bottom 
Wheel

3m

1m

1m

1m

3m

Sensor 1

Sensor 2

Sensor 5

Sensor 4

Sensor 3

• Maximum deformation occurring between 5m to 6m dept h 

0mm

Groundwater Monitoring

• Multi-level Automatic Monitoring Devices

Slope Instrumentation

Shallow Piezometer

Deeper Piezometer

Perched 

GWT

Main    

GWT

Coll

CDV

Bedrock
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Soil Suction / Moisture Content

• Jet Fill Tensiometers

• TDR Sensors

• Thermal Conductivity Matric
Suction Sensors

Jetfill 
Tensiometer

Transducer 

Slope Instrumentation

Soil Water Characteristic Curve

TDR Moisture Content Probes Jet Fill Tensiometer

TDR Water Content Probes Jetfill Tensiometers

Slope Instrumentation
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WTDR Monitoring Results

1m

2m

3mSensor C

Sensor B

Sensor A
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BV
ol

um
et

ric
 W

at
er

 C
on

te
nt

 (
%
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Rainfall

Rainfall

Sensor C

Sensor B

Sensor A

Environmental Monitoring

• Rain Gauges (rainfall)

• Evaporimeters (evaporation)

• V-Notch Weirs (surface run-off)

Slope Instrumentation

Tipping Bucket Raingauge

Evaporimeter

V-Notch Weir

Transducer
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Monitoring Results

Stream Flow Rainfall

Evaporation

Data Management

• Remote Data Acquisition

• Wireless Local Area Transmission System within 
each site

• Wide Area Transmission System between the sites 
and Database Server

• Internet access to the database server for easy 
review of monitoring data

Data Management
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Data Transmission

• RF ‘line-of-sight’ transmission to site-
specific main data loggers

Data Management

• GPRS / GSM transmission from Main 
Datalogger to Database Server

Self Organising Network

RF Transmitter

Main Datalogger with GPRS 
Transmitter / Solar Power etc.

Instrument & Datalogger

RF Transmitter

Data Management

• Dedicated Database Server

• Internet Accessible

• Alarm Functions

Data Management

Alarm Level

SMS / E mail Warning Messages
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User Friendly Interface

• GIS Platform allows display of various layers
• Topography

• Orthophoto

• Landslide Features / Scarps

• Instruments

• Automatic Report 
Generation

to be continued
once it starts raining again…


