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Abstract
On August 2009, Typhoon Morakot with torrential rainfall brought a catastrophic

landslide which buried about 5 hundred people and village in Hsiaolin village, Jiasian
Township, Kaohsiung County. Therefore, many studies investigated and estimated the
landslide mechanism of Hsiaolin village. However, there were few research evidences to
support a causal relationship between kinetic process and the hazard zonation. This research
aims at the estimation of catastrophic landslide kinetic process and deposit in Hsiaolin village.
Based on geomorphologic analysis and field investigation, the source area (Xiandu Mountain)
of slide locates at a stream head was covered by very thick colluvium of different ages. Then,
the source area is too height above the village and deposition area, which caused high
dynamic energy and enlarged the impact of the landslide. Numerical modelling of Hsiaolin
village is carried out using a 3D discrete element program, PFC3D (Itasca, 1999). The
landslide from debris slide converted to debris avalanche during the kinetic process. When the
friction coefficient of each particle is equal 0.05, the predicated maximum velocity is about
80m/sec and the debris could reach to the other side of the Chishan River. Consequently was
resulted the dammed lake and buried most of Hsiaolin village.
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Introduction- Topography of Shiaolin landslide
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Topography analysis
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Numerical modeling of Shiaolin landslide

Landslide Volume (m?) 2.3e8
Number of wall elements 13,456
Number of particles 27,000
Particle density (kg/cm?) 2,600
Range of particle radius (m) 4~6
Normal stiffness (KN/m) 2e8
Shear stiffness (KIN/m) 2e8
Friction coefficient of slip 0.05~0.2
surface for each particle
Friction coefficient 0.6
of wall
Normal stiffness of parallel 2e8
bonds (KN/m?)
Shear stiffness of parallel 2e8
bonds (KN/m?)
Normal strength of parallel 2e6
bonds (KN/m?)
Shear strength of parallel 2e6
bonds (KN/m?)
Critical damping ratio 0.4
(Normal direction)
Critical damping ratio 0.2

(Shear direction)
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Conclusion

a. The source area and the top of higher terrace was covered by
colluvium of different ages form 1936~2009.

b. When Shiaolin landslide reached 590 Height from the source
area, the steep terrain and the gravity controlled the landslide
motion.

c. When 590 Height collapsed for Shiaolin catastrophic landslide
and caused the hummocky terrain transformed the smooth
terrain, which provide the debris avalanche overflow the higher

terrace and buried Shiaolin village.
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Simulation parameters
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Material properties:

Simulation Parameters:

How to set the parameters?

Density: 2500kg/m3

Friction angle: 37°

Particle Size: 0.0005~0.001m
5555 Particles

Contact Bonds:
Normal Strength (N)
Shear Strength (N)

Parallel Bonds:
Parallel Bond Stiffness (N/m?)
Parallel Bond Strength (N/m?)
Normal Strength (N/m?)
Shear Strength (N/m?)

PFC 3D Model

23

PFC (2002 ) and Potyondy (2004)

Particle Size: 0.0005~0.001m

R=(0.0005+0.001)/2=0.00075
kn=4*R*Ec=4.16%107~1.12*10%N/m
Kn/ks=1

Contacts Bond:
kn=4*R* g ¢=2.5%10-5.0%10°N
Kn/ks=1

Parallel Bond:

L=0.0005+0.001=0.0015m
kn=Ec¢/L=20.8%10%/0.0015=1.4*10"3N/m?>

Kn/ks=1

0 ¢”’=T/A+M*R/I—L B% % * 0.1 0 ¢ =12.5MPa
T¢’=V/IA—LBEKEHE?* 0c/2=06.25MPa

Really Test: (Shi et al., 1994)
Peck Strength=125Mpa
Strain=0.6%

E=20.8GPa

PFC3D Test:

Peck Strength=1554Mpa
Strain=12.4%
E=12.5GPa

P kst P PFC3DR 3R %
Step=2.2*105

Particle Stiffness:
Normal Stiffness=1*103~2*103N/m
Shear Stiffness=1*108~2*105N/m

Contact Bond:
Normal Contact Bond=2.2%103~3.2%10°N
Shear Contact Bond=2.2%103~3.2%103N

Parallel Bond:

Normal Stiffness=1.4*10"3N/m3
Shear Stiffness=1.4*10"3N/m3
Normal Strength=1.25*10"N/m?
Shear Strength=6.25*10N/m?

Really Test: (Shi et al., 1994)
Peck Strength=125Mpa
Strain=0.6%

E=20.8GPa

PFC3D Test:

Peck Strength=122Mpa
Strain=0.62%
E=19.7GPa
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Particle Stiffness:
Normal Stiffness=1*103~2*103N/m
Shear Stiffness=1*103~2*103N/m

Normal Contact Bond=2.2%¥103~3.2%10°N
Shear Contact Bond=2.2%103~3.2*10°N

Parallel Bond:

Normal Stiffness=1.4*10"3N/m?
Shear Stiffness=1.4*10"3N/m?
Normal Strength=1.25*10"N/m?
Shear Strength=6.25*10°N/m?

Really Test: (Shi et al., 1994)
Peck Strength=125Mpa
Strain=0.6%

E=20.8GPa

PFC3D Test

Peck Strength=122Mpa
Strain=0.62%
E=19.7GPa

Test Simulation:
Particle Size: 0.0005~0.001m

Particle Stiffness:
kn=10*R*Ec ; kn/ks=1

Contacts Bond:

- kn=0.04*R* g ¢ ;Kn/ks=1

Parallel Bond:

kn=Ec/L ;kn/ks=1

0 ¢’=T/A+M*R/I—BEX # * 0.10¢
T¢’=V/IA—B&XFHE* 050¢

. |

Case Study Simulation:
Particle Size: 0. 5~1.0m

Particle Stiffness:
kn=10*R*Ec=1*10"~2*101N/m
Kn/ks=1

Contact Bond:

kn=0.04*R* g ¢=2.5%10°~5*10°N
Kn/ks=1

Parallel Bond:

L=0. 5+1=1.5m
kn=Ec¢/L=1.4*101"N/m3

Kn/ks=1

0 ¢’=T/A+M*R/I—iE3k # * 12.5MPa
7 ¢”’=V/A—IEX # * 6.25MPa
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# 3.7 RIbMAR &% — % & (8 Giani, 1992)
EGERAH HBESMREL WhEEad SatamEeL

Bedrock 0.50 0.21 0.95 0.02
Bedrock covered by large 0.35 032 0585 0.05
blocks
Debris formed by uniform 0.30
distributed elements 0.36 0.70 0.11
Soil covered vegetation 0.25 0.40 0.55 0.20
1 —— K, = 5<10*N/m, at= 1210
--@-- K, = 5:10°N/m, At = 1:10s
_ — &= K, = 5x10°N/m, At = 121075
=08
G r, = 12.5mm
;E P, = 2650 ka/m®
§ o8 EaIIQ
§ im
£ o4 T
&
0.z
notension off
° 0 041 2 0.3 0.4 05 0.6 0.7 0.8
Critical Damping Ratio [-]




Simulation tests
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Landslide wide (km)
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Influence of friction coefficient
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Influence of contact stiffness

Contact stiffness=2e6 kN/m

Contact stiffness=2e8 kN/m
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Contact stiffness=2¢e7 KN/m

Contact stiffness=2e¢9 kN/m
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Total Kinetic Energy (J)
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Introduction- Geologic map (Lee et al., 2010)
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Field investigate










Experiment
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Geomorphologic analysis
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