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An Evaluation Model of Hazard Potential for Rainfall In-
duced Sediment-Related Slope Disaster

Der-Guey Lin  Yung-Hsin Lin Cheng-Yi Wu Fan-Chieh Yu'

ABSTRACT To make an immediate evaluation for the hazard potential of sediment-related
slope disaster (or slope-type debris flow) caused by torrential rainfalls, this study aimed to establish a
feasible procedure including the currently available numerical tools and analytical techniques using
historical cases. In which, the numerical models included: (1) Rainfall-Seepage-Factor Safety Model
or R-S-F Model and (2) Rainfall-Flow-Deposition Model or R-F-D Model. The R-S-F Model is used
to calculate the collapse scale of a failure slope characterized by different slope angles, slope lengths,
colluvium thicknesses, geological materials, and rainfall intensities. Subsequently, the collapse scale
from the R-S-F Model was further converted into the quantity of sediment required for the R-F-D
Model to simulate the influence zone of the flowing sediment. Finally, integrating the calculated re-
sults of parametric study using the R-S-F Model and R-F-D Model, a series of simplified application
charts could be generated. Accompanying simple field investigations, the application charts can be
implemented at the potential area to evaluate the hazard potential of sediment-related slope disaster.
They can be used as a reference for disaster prevention, warning systems, and evacuation aspects
during torrential rainfall in typhoon season.

Key Words : Sediment-related disaster of slope, slope-type debris flow, numerical model, R-S-F

model, R-F-D model, factor safety of hazard potential.
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Table 1 Optimized input values of numerical parameters for rainfall induced seepage analyses of Lu-Shan
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Table 2 Optimized input values of numerical parameters for rainfall induced displacement and slope

stability analyses of Lu-Shan landslide
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Fig.12 The coordinate system and stress tensors

of the discretized column element of de-

bris flows (ci=normal stress tensor,

ni=shear stress tensor)
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e o EBEE - FOREAERFM
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fEFRLy

'~

_ ptand
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ZAHAE (Sdso) 5 hi= EIFRIGIUA - U=
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BXxXu
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® [EfRIES) (Yield Stress)
B (1998) 45H TRVIAS 2 [RRTE
TR RETRRIE Z ek - BRI E 2 3
Mg - [EE > LIRS~ T RS
A BRI IR B 1% 0D I B) TR R ED

B3 BT EL TS T AT O AT
& (after Chen et al., 2001)

Fig.13 Topography of the Tung-Men debris flow
and the deposition zone out of the gully
outlet
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HFERIE TR 0D 2 R BhEE A AT » Jan
(1997) fRABEUE - ARG R AT RIE T -
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TEFRERIES) o R E
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Table 3 Input parameters for numerical simula-
tion of Tung-Men debris flow

e LN
R A A o (kg/m) 2,650
TIONEEEA $(deg) 33°
TRPHERRRREE RIS dsy(m) 0.005
TR RIES ] 7, (N/m’) 2,000~5,000
TR AR V. (n?) 5.6x10*
THRERE Cy 0.770
TR AR Coax 0.947
x-JiaLZ AfE B A ke 0.5
W SN EHIZS h; (m) 5.668
AR 7. (sec) 988
TEREARE Or(=V/ 1) (cms) 56.68

Takahashi, 1991)
Fig.14 Maximum deposition length L. and depo-

sition thickness Z, of alluvial fan
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TERIRZVEE » p=iE/KRZHEE - I
Hh > B RHERAISE Z, TRl ER A AT D
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Cp =/ BmILEY < iR E
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FERIASCATEE bR RN T £
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R BRI Ciahiel Rt E A T ER e
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FERIETIFR IS Z R R AR R L J
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(12a) sHEFTREER DU B SE A E T
Eb#e > 41% 4 FoR o dEREGTA > #P A
SAERERIEST 72,000 Pa > FI{GHEREEZ B
{EfSEERCR - [FiF > Takahashi (1991) 3Gt
RERAFNELLBARAZR > 2R
REH AR AT R E
B IRIE I A BT EEL -
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Fig.15 Comparison of calculated final deposition
profile with measurement (Tsao, 1993) of

the Tung-Men debris flow (yield stress of
debris flow t,=2000 Pa)
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Table 4 Comparisons of numerical calculations,

analytical calculations, and observations

of maximum deposition length L. and

deposition thickness Z, of the Tung-Men

debris flow

Ty BERR i B EHNE
(Pa) Lc Zo Lc;an,al Zo;anal Lc Za
(Ax=25m) (m) (m) (m) (m)  (m) (m)

2,000 3375 638 173.4 9.6 300.0 6.0

Lo.wa=Takahashi (1991) * Azt (11a)
3,000 2625 101 Za,:i:wahashi(lom),/g;ﬁ (12a)
=R FRRIES]
4,000 137.5 133 L=tERE AR
Z =R HERES
A=HIRZE SRS R
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5,000 750 156

N BERBELIRAE L HE
R fE b s R0
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@R H(m)  EYHIFREEY S 0 CD (m) © ARfE)E
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ML B B E y (N/m) ~ BIR/K T4 Koy
BT ¢ (N/m) ~ Fe NEES g (°)  ERERI IR
ARSI AR E M A F() #ET 1.0 I AHJE
Z FRSRAAE M (AR RS AR SR EETSE
7% o 5 R ARERFIE S BT 7E ATERH  BE
(numerical variables) ZEH - 5540 > HREZESC (2001)
WFoEiEH - B S [ A R 2 R -
T4% & DA T FEPRBURE 5 T - R IEA SRR R [ 2
THRER S = A s TUERTIRS - L0 17 s » 2K
MR EIRERRsEE T > 7 B3 m AR A A E
ARERAAE -

18 B RIS RET - H 2FEfER S R (mm)
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FoPEUI TR 2/ NS R AT - INIE > ASCRy
ORSFHEMSFERIRA 3% 2 FERARE - A5 thos AR
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AN R FRTEEEE CD e GIREA 5
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TERfEhg BB s -

3. TRk R 2 BB R R+ 1RED

P A+ B R EEE RS (< 300 m) ~ HERERE
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FetE (Lewkoicz, 1998) « 5341 » &Ratiahsil + RV
AR BRI B3l > BEEERITR 2747 100~300 m 7 #i[F
(FEFEE > 2005) - KL - 4008 19 Frr o ARSCEHE
B FRURENE R ERE (6=10°~12°~14° K 16°) K
=REFARERB AT (DU (TR > FTIE 5y s © M
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Table 5 The range value of numerical variables
used for parametric study on the failure
scale of slope

ST SEEH HHEE
B ERRE A B | 28.81° 3499° 4036°  45°
4, (°) (%) (55%) (10%) (85%) (100 %)
WA AR IR | 50, 1005 150
L;(m)
FEEERE CD (m) 01L, > 02L,» 03L,
FRfEMERARSRE | o
y(kN/m3) ]
FATEE IR K {8 4
B e, (/) 0.018 (5x10™cmy/s)
AL R S
ittt 0.0 (IRHIALEHED
%E@Mﬁ?@@ﬁa 26° 30 3650 42°
P )
=T BRIGTATRIFESE | 50 > 100 » 200 » 300 » 400 » 500
H 25 & R (mm) 600 » 700 » 800 > 900 » 1000

Lee, 2002)
Fig.16a Typical slope-type debris flow

‘2 16b 2009/8/7~2009/8/8 £ i+ Bl Hi AL S X
FE=S3 S AR =S Sk b H

Fig.16b Slope-type debris flow event at Nan-Tou

County during Morakot Typhoon (2009/

8/7~2009/8/8)
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Fig.17 Triangular rainfall pattern with single
peak
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Table 6 The range value of numerical variables
used for the parametric study of R-S-F

model and the simulation of flow motion

g Ao FERERLL rROREAL SHPRERL
AT (gravel) (course sand)  (silty sand)
AL (m) 0.1 0.01 0.001
BERIEERFS (°) 30° 26° 22°

TRENETES: () 10°~ 12° ~ 14° K¢ 16°

NS L, 50 ~ 100 ~ 150 m
MRS 6, (%) 3°
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Fig.18 The relationship between daily cumulative

rainfall and failure scale under different
topographic conditions of slope
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Fig.19 Illustration of the hazard potential of
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slope failure and debris flow during tor-
rential rainfall
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Fig.20 Run-out distance and deposition thickness of sediment caused by different failure scale of slope
under various colluvium materials and gradients of channel bed in transportation zone (L.=50 m)
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