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Granitic Outcrops above
Landslide Head

Extent of Recorded /
Mapped Deformation

Flank Pressure Ridges

Landslide Area of active erosion

from landslide toe due to
stream channel
Stream bank

instability resulting
from erosion

Block Model of Landslide
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Tung Chung Foothills Site
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Landslide Back Scarp

Tension Cracks
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Pa Mei Study Area
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Landslide No. 10
Rocky Failure Date: 1973
Upper Slope Estimated Volume: >200m 2
Length of Run-out Trail: 190m Landslide No. 7 (right)
Failure Date: 1999
Estimated Volume: 30m 2
Length of Run-out Trail: 20m

Surface Boulder

Possible Tension Crack
observed in 1963 aerial
photograph

Transportational
Mid- Slope

Landslide No. 8 (left)
Failure Date: 1987
Estimated Volume: 6m *
Length of Run-out Trail: 10m

Colluvial Mid-Slope
(Transportation & Deposition)

R Landslide Scar

Colluvial Foot Slope
__— (Primarily Deposition)

Area of possible Tension
Cracks observed by GEO
in 2001

Landslide No. 9
Failure Date: 1999
Estimated Volume: 100m 2
Length of Run-out Trail: 105m

Landslide No. 3

Failure Date: 1999
Estimated Volume: 25m
Length of Run-out Trail: 45m
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MW2000/03/004

Failure Date: 2000

~_ Alluvial Estimated Volume: 10m 3
Toe Slope Length of Run-out Trail: 10m

Landslide No. 1

Failure Date: 1984
Estimated Volume: 29m 3
Length of Run-out Trail: 40m

Landslide No. 5

Failure Date: 1999
Estimated Volume: 30m 3
Length of Run-out Trail: 15m

Previous Landslide Locations
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Ching Cheung Road Study Area
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Numerous Previous Landslides

/ Erosion Gully

Study Areas

582 mm of rain recorded
between 1 July and 4 July

T O hin recorded 219 mm of rain recorded between 278.5mm of rain recorded between
o :18:
between § July and 7 July 15 July and 17 July 3:00p.m. 1 August and 3 August 11:15a.m.
I ]
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Time of Landslide —

80 9am on 7 July 1997 —
70 - S Time of Landslide —

3pm on 17 July 1997

Time of Landslide —
11.15am on 3 Aug 1997
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1997

Extract from Landslide Study Report for August 1997 Failure
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Complex Hydrogeological Conditions

Precipitation

2)  Groundwater Flow through fissures / soil pipes
©) Groundwater Flow through dominant fissures / well developed soil pipes
4 Storage of Perched Water in Sink / Tank
s Discharge of Perched Water through Springs
Path of General Circulation

7. Hydrauiic Resistance

B

Typical Tank Model fo Represent Delayed Flow of Groundwater towards the Toe of a Hillside
Okunshi and Okimura (1987)

Study Areas

Slope Instrumentation

» Surface Movements

* Sub-surface Movements

» Groundwater

* Soil Suction / Moisture Contents

» Other Environmental Factors (Rainfall etc.)

Slope Instrumentation




Surface Monitoring
» Crackmeters across specific features (tension cracks etc.)

* Remotes GPS survey stations (real time surveying)

Electrical linear

Bal  Extension Rod and Siiding Bar displacement transduucer
Joint

GPS Station

tinuity or

Tension Crack

Tension Crack Crackmeter

\

Not yet installed

ARUP

Crackmeter Readings

lGeneraI trend confirms that some movement of the di ~ stressed area at Pa Mei is occurring

25

Movement (mm)
Rainfall (mm)

- h

[ —+— Crackmeter

D[

! —— Rainfall
-

0

10152007 0:00 10/15/2007 0:00 10/25/2007 0:00 114412007 0:00 1171412007 0:00 11/24/2007 0:00 12042007 0:00
Time / Date
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Surface Monitoring

 Translation Rotation Settlement (TRS) Sensors

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

Tension
Crack

Slope Instrumentation

Monitoring Results
Settlement E—

}4— Tilt —»‘
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Sub-surface Monitoring

GEOTECHNICAL TOR CABLE - AS INSTALLED

* In-place Inclinometers
» Time Domain Reflectometry

* Optical Fibres

BEFORE SHEAR AFTER SHEAR

Slope Instrumentation

Inclinometer Readings

Chart Showing Cumulative Ground Movement at Tsing Shan

Deflection (mm)
3
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Initia 03 Sep 2002
10 Sep 2002
04 0ct 2002
07 Oct 2002
04 Nov 2002
06 Dec 2002
04 Mar 2003
03 Apr 2003
06 May 2003
" 022un2003
03 Jul 2003
05 Aug 2003
09 Sep 2003
02 0ct 2003

Recorded Rate of Movement = 2.7x10 ¢ mm/sec

Slope Instrumentation
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In-Place Inclinometer Readings

In-Place Inclinometer TSF-IPI6 Omm

Sensor 2
ensor 1

~= Sensor 4

Movement (mm)
O

Sensor 5

10452007 000 10/2620070:00 10252007 0:00 10302007 000 142007000 11007000  1K1&42007000 1U132007000 1242007 000  11/28/2007 0:00

Date / Time

‘ TSF-Pi6_AD Medan TSF-Pi6 Al Medan TSF-PiG_A2Medan —— TSF-PI6_A3Msdan —— TSF-PI§_Ad Medien TSF-Pi6_AS Medien ‘

* Maximum deformation occurring between 5m to 6m dept

Groundwater Monitoring

* Multi-level Automatic Monitoring Devices

Slope Instrumentation
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Tensiometer
Transducer

GROUND LEVEL

WELL COMPACTED

— BENTONITE-CEMENT GROUT
T— IN-SMU SOIL BACKFILL
f— JETFILL TENSIOMETER SENSOR
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Jetfill Tensiometers

Jet Fill Tensiometer

GROUND LEVEL
TDR MULTIPLEXER, CABLE
TESTER & DATA LOGGER
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Suction Sensors

il Suct
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 Jet Fill Tensiometers
* TDR Sensors
e Thermal Conductivity Matric
BENTONITE CEMENT
GROUT BACKFILL
CO-AXIAL CABLE
TDR Water Content Probes

So

Slope Instrumentation
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200mm LONG TDR
WAVEGUIDES PUSHED
INTO IN-SITU MATERIAL
AT THE DRILLHOLE BASE
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WTDR Monitoring Results
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Environmental Monitoring

* Rain Gauges (rainfall)
* Evaporimeters (evaporation)

* V-Notch Weirs (surface run-off)

V-Notch Weir

Transducer

Slope Instrumentation

Tipping Bucket Raingauge

ARUP
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Monitoring Results

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

RF Transmitter

i
* GPRS / GSM transmission from Main

Datalogger to Database Server
Data Management ARUP

Data Management

» Dedicated Database Server
¢ Internet Accessible

» Alarm Functions

ARUP|

SMS / E mail Warning Messages

Data Management
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User Friendly Interface

* GIS Platform allows display of various layers
« Topography
* Orthophoto
 Landslide Features / Scarps

¢ Instruments

ARUP

* Automatic Report
Generation

to be continued
once it starts raining again...
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