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n GeologicC‘éracteristics of Taiwan

Landslides occurred in Typhoon Morakot
damaged area

Large Landslide

n Detection of Large Landslide

B Actions to the Large Landslide Hazard

B Conclusion
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Talwan is a flat land, we
wouldn’t have so many
slopeland disasters.

Unfortunately...
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2 < Yy ¥ 4@ Landslide dam , Taimali
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SLT: Southern Longitudisal Trough
NLT: North Lusen Troagh
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locating in Taiwan
(1999 Chelungpu Fault)

Over 75% of
highlands
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2500 T Horizontal Velocity (mm v/

»8 Geochemical sampling stations
»13 Borehole strain-gauge stations
‘| ®Measurement once per year :
7 ; »850 points for GPS to measure

4 >4l Lines, about 1, 000km long for
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Landslides occurred in
Typhoon Morakot damaged area
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Ratio of landslide
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§ 2009.09 % 2010.10 Chishan river valley(S—N) aporr? o 1°

"

In
Shiaolin
Landslide

(From Prof Masahiro CHIGIRA)

.%’f-‘r X R -*’ Elevation changes before and
: Vs .-i‘ % °| after the large landslide, from
5mx5m DTM data

aab: T‘- o e~ Catastrophic landslide

I 1: 1 A\ ‘ 7

”-aé& "’ ﬁ& ol i "'R induced by Typhoon Morakot,
? S 5l Shiaolin, Taiwan(Tsou, Feng,

Ch:shaﬁ

~and Chigira, 2011,
Geomorphology, 127, 166-178)
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469 Sites were identified

Heteee

SRR T AIE TR
10456

1088 T.5T5FF L
1075

(LB SR LR 23 ]
13330

fE
&

" National Land Conservation of

Geologically Sensitive Zones*
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56 Sites located nearby
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Large Landslide
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Large-scale Landslide

Deep-seated Landslide

S
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mountain slope deformation

rock slope deformation

catastrophic rockslide-avalanche

catastrophic landslide

J

large-scale rock avalanche

Volume >_(10m) e
= 100mx100mx10m —

Large landslide(USGS):The criteria used
for inclusion in the list are (1) at least 100

deaths and/or (2)

and/or (3) notable effects on the natural

massrock creep

major monetary losses,

environment. (http://landslides.usgs.gov/learning/majorls.phﬁ

Deep-seated Gravitational
Slope Deformation (DSGSD)
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ndslides

Types Criteria Activity

TypeA: EWith many sliding features can be identified
Occurredinrecent | wThe sliding area is still bared Low
years
Type B: E\WVith many sliding features can be identified
Occurred in the EThe sliding area mainly has coverd with vegetation Low
past years
Type C: MFailure of Circular type : with features of main or
Y;/r:tgswda;nlz/eatures minor scarp ~ cracks at the crown or along the flank -
and has potential | €rosion gully ~ displaced material accumulated in the
to occur in the near | toe High
future MFailure of Planar type or Wedge type : with features

of main scarp ~ minor scarp ~ cracks along the flank -

displaced material accumulated in the toe
Type D: . H\Vith adverse geological conditions, such as faults,
}N”m“t any sliding f ¢35 dip-slopes and conjugate discontinuity .
eatures, but with T X =t Medium
adverse geological | MSignificant erosion conditions are at the toe of slope
conditions BEvaluated as a high susceptible landslide area
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EWith many sliding features can be B
identified
BThe sliding area is still bared
QY 500 250 0 500 Meters
N
A ) Env & Eng Division 23
% =5 N .' == < a3 "ﬁz % T s e e <
m\With many sliding features can be =
identified "
BThe sliding area mainly has coverd with
vegetation

0 500 Meters
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MFailure of Circular type : with features of main or
minor scarp ~ cracks at the crown or along the flank ~
erosion gully ~ displaced material accumulated in the toe
MFailure of Planar type or Wedge type : with features
of main scarp ~ minor scarp - cracks along the flank -
Displaced material accumulated in the toe

crack along
the flank

Shal low

LS
Shal low

A Env & Eng Division 25

Redelineation the
whole areas of
potential large
landslide

by grid 1m x1m
LiDAR DEM data

Delineation the
areas by aerial photo
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(cracks along the crownor theflank of slope in red)
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m\Vith adverse geological conditions, such as faults, %
folds, dip-slopes and conjugate discontinuity '

ESignificant erosion conditions are at the toe of slope

EEvaluated as a high susceptible landslide area

Dip-Slope |/

high Susceptiblefl/
landslide area 3

Landslide Susceptibility Map 7 Env & Eng ivision 28




~ Crown cracks Crown
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pphc feaures of
the Large Landslide

Surface of rupture|
v Ridge with a gentle slope Transverse ridges S
v Scarp - reverse slope - Radial cracks &
. . Surface of separation
fissures and tension - .
(Modified from Suzuki,2000 )
cracks

AR
(Crown eracks)

v'Double ridge

v’ Linear depression

v Slide-body

v The bulge at the toe

v Gully sidewall and gully
headwall failures

v Bedrock creep

v Older landslides (odified from WP/WLI,1993)
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1. Inertial Navigation System
2. laser rangefinder
3. GPS

Laser
e 1 ((A)ILIDAR point clouds:
(a) Raw point clouds: all strips before/after

adjustment

(b) Classified point clouds: blocks of map unit--
four classes outlier, water, ground, and others

(B) Digital Terrain Models(DTM):

v One meter grid of DEM (Digital elevation
model) and DSM (Digital Surface Model)

v" For subsequent geohazard interpretations.
] ®Point density:
v'For areas elevation<800m, 2 point/m?
elevation>800m, 1.5 points/m?
] I [ ] ] ® Synchronous colour aerial photographs:
v Medium format colour aerial photographs

v : : : :
@ Virtunl deforestation Exterior orientation parameters by direct

@ Ground surface texture geo_mferencmg_
@ Landforms v Orthophotos with a GSD of 0.5m.
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@ multiple echoes
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(aerial photo) (40mDTM)
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The advantages of L|DAR technlques

.High-resolution, high-accuracy, digital elevation data

2.Weather/Light independence

3.Independently geo-referenced intensity and elevation
data

4.Ranges to trees and to the ground beneath in a single
pass: Simultaneous first- and last-pulse capability

5.Rapid coverage and data output: 1,000 square
kilometers in less than 12 hours, with DEM data
available within 24 hours

6.Range measurements mdependent 0 ta

composition
kGCP(Ground Control Point)ind ence
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(DEM or DSN

Orthophoto
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Tools:
* Sunlight shading map(from DEM) e« Aerial photo

 Geological m
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Typhoon Morakot
damaged area
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Actions to the
Large Landslide Hazard
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If
we have
”Good eyesight”
and
“Good hearing”,
It will be easy for
us to react the
large Landslide

disasters. : ﬂk
Unfortunately... A
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Policy for preparations of the large landslide hazard(NCDR, Dr.Chen)
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7»Issues to

* Delineation theypotential large landslide area and
preliminary surveying in Taiwan(either > or < 10ha)

 Assessment the Impact Areas(Landslide, Debris Flow,
Landslide Lake, etc.)

» Assessment the Activity of the large landslide

* Field & In-situ Surveying(Geomorphology - Geology -
Hydrology - Geophysics ~ Boring ~ Soil & Rock Testing)

« The mechanism of movement from slow creeping to
fast sliding

« Evaluation the dangerous class for each

» Define the rainfall threshold value for large landslide of
different sites

 Database Construction

» Establishing the four stages of disaster preparations(or
management) : mitigation, preparedness, response and
recovery
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S LiDAR Scanning Schedule
2010 ~ 2012

Map unit:

1/5000 mapsheet

Totally

= US$ 32 Millions

1 Billion NT. {

- (Two Phases of LiDAR Project in Taiwan)
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(y/ww)

(R <1000,
J1>100) l
Complex

disasters l

dslide
ow

Accumulate rainfall R ( mm/event)

~

Rainfall Threshold Value
for Debris Flow Warning

than 250 large landslides

>600mn(in 48hr), more
events occurred in Japan

New Issue
New Challenge
Many Topics to research
Many Works to do

Type B
(R = 1000,
| = 100)

Large land Type C
Lands1idefd (R>1000,
I < 100)
(Shleh, 201 1) [ EW Threshold for large landslide ]
mm 1,000mm | Should be at least 600~1,000mm
(without earthquake involved)
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Simulation the coverae of Indslide route of
Chulin large landslide(in Kaohsiung City)
Using PFC (Particle Flow Code) 3D model

50s

l 60
40

I 20
0 m/sec

Particle moving speed
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(Sky Lanterh)f~

The fence of Shihfen Elementary School Env & Eng Division 52






