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Prediction of Travel Distance of Failed Slope Mass
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In assessment, prediction and prevention of the risk of slope failures including landslides it
is very important to predict the travel distance of failed slope mass, because of disaster
prevention. This paper reviews theoretical and empirical approaches for calculation of the
run-out distance of a slide mass, especially for cut slope failures. The main factors
affecting the travel distance are evaluated as well, based on the field data.
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AtE AREY EdY oFAY 43¢ A% ol2d, 3¥H Pase nBagen, Iz
AAAR Sl BAT ARED ANE Edz BHEA oAU WAL Fo 240
dstel mASHA

2AIB2E2] &R

AR EEe dQE Varnes 5(1995)d waw F 13 o] AAAA 812l AFgHU 89,
B4 8 9 AEF T /MR BHFSFATY Terzaghi(1950)& WA 23 939
8o EFIAG & WAL gJo2E A, w5 A9 L ARFEZHY w8 Fo) o3
A7 Ee ZA, 94 gRIeReE AAZY v N T o3 AdgFe F F& 5
At AAZE & 7HA 8ol 3 AR EFo] HASFAE ¥on oty Wz Q9o B
geo ol
E 1 AR F AT )

(Dweak materials, @sensitive materials, @weathered materials, @sheared
Geological materials, ®adversely oriented mass discontinuity(bedding, schistocity, etc.),
1 ®adversely oriented structural discontinuity(fault, unconformity, contact, etc.),
causes (Dcontrast in permeability, ®contrast in stiffness(stiff, dense material over
plastic materials)
®tectonic or volcanic uplift, @glacial rebound, @fluvial erosion of slope toe,
5 Morphological; @wave erosion of slope toe, Gglacial erosion of slope toe, ®erosion of lateral
causes margins, @subterranean erosion(solution, piping), ®deposition loading slope or
its crest, @vegetation removal(by forest fire, drought)
Physical intensive rainfall, @rapid snow melt, @prolonged exceptional precipitation,
3 @rapid drawdown( of floods and tides), ®earthquake, ®volcanic eruption,
causes Dthawing, ®freez-and-thaw weathering, @shrink-and-swell weathering
Dexcavation of slope or its toe, @loading of slope or its crest, @drawdown
Human . . o .. o . .

4 (of reservoirs), @deforestation, ®irrigation, ®mining, @artificial vibration,

causes ®water leakage from utilities

A, EHA95)E AR FY EFTES AYsded, 50 B VFogN £534
<59 AN 54, ::%«] A 54, oldq¥Y 2 #AdARA & AAFAY. VamesE
A $5¥AE ZA dsi(fal), A=(topple), BF(slide), %A A (lateral spread), %

(flow) 2 2 2g¥oz 2Hagen, ¥ 28 AULEY ¥7 o8 vehd Rold
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FECEE
259 B Fo4 &
° il oE 5
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% Sw | Juus 29gs | 4ds JRes Z9 ARuE
EYSTET S[ubere] Zwazy | orae] EuAd o Zuan
s Sar oo x c47 & 59 9=
a 2~3 B30 2gd A
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AR D B9 olF A HrPPYHoRE (DEYEFHA 9 siAd day (2)432] 1 90
ot A A W (DAEH Wy, DHAIH Py Fol Aok AHA, AH Py
Sassa(1988), Fang & Zhang(1988) ¥ Aydan 5(1991) 59 23l AAlgnl glor], o]z
Sassa®] AvujRd(sled model)o]l 7HHF Wy oA dA83oz d AMESL Aot EA, -
A A Wy Alwe] &), deE] Fol o3 BaEsw EA, AR 2% $R-wg i
A T vuFy gogdtA WgE = e FHeol Aoy FARde g A game] Mg
olu} Rdly Fo AT AES 4A oW A £ U= ARE Ar] P o) ut
AR AEA HS Wong & Ho(1996)o &sle] AAlE uF glew, A4 dolyls B %
AEMS AAlsle] | MA dhyolut XA A el o3 A& Aol FFgko i o84
5 oA Ax FAHoln £L& AAE AL F Aot ol A AFTFE oA Q4N
eobdtr] fsiM= ARG = Ae vHelHE 7 ¢ wWel 4% vt Ao dx, HE
A Wy e ol Al P X FAL EAMS=H F-85RAIRE ol¥ vl Fubs) A
%2 4AAoltt. B AFoAMe dAdAH whHQl Sassa®] Avirdyl AEA wWHl Wong &
Hoel Wdl g ol He H/PEHL F4Ho& 7lesaa g

3.1 Sassa®] Arj=dd o3 =Y

o] W& B mass®] ZAEEFH oA HEHH A FAOZA OFEA §-F
F duAe BT npde] ot &A"HTE JHg S FAEAL oFAYE AT 5
olFEA Y #F& Y (point mass)e] *Fo.2 A FHAL JgF U K9 ARl 4
7l vhEe gge e AFe & TAIY. 19 13 Zol Fol £ 9 AAd U= F
4 A9l ENrt &F3t AMHAAE AR x UF olEdlY Co XA A S RO
9 R4 (LR Z¥E

m%=mg(sinz’—f,- cost) (0

o 7] A, m EXe] A
dv/dt "E7 9] 7t&%,
g FHIEE,
1 APR T,
fr B9} AMA Atole] T A9 vl AAIS(FIIREA S

f, & E71el @A 4(Hsh, 1975), Haol@Al 4 (Scheidegger, 1973)2F 318, A3 CH 2 ]88}
Al FAIZRE 4(2)9 Fo] Fogdh

R [

fr=

= tan = tan¢, (2)

A3 Q2FE FHEN oA FUvtEAIF e ¢ £ Ud FH, oo =
243 7] op&A2}(Sassa, 1988) £ o]FzHtravel angle)(Cruden & Varnes, 1996)0])el &} 4
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4 one ola BRBET. 19 2= SAMAAS@RR A% EE o5 £
$A% AT Ued AoN BFEAY §40] F4F SANMIAFE Holde & &
31t}

AN

}\\\Centroid

Energy Loss, X tan ¢,

P Kinematic Energy, v2l29

h
X C
29 1. Sassa®l Hvjzd
T —— T T T T 360
KEY
i S e e 2
P W Flow slide in coal mine waste
—_ 6 e~ N O Flow stide in k»u::« ?ra)nlto
= 76 Approximate value H P
K4 [ % N :::::."o“ -: More mobile v:lpim and Cmoldlllnran 4
g 1.2k .\ sturzstroms  (reported by Hsu,1975) 50 ©®©
- - - o
+ N ‘5\\ entative envelope 3
for chalk flows N ~
E \\ Teransing Envelope for Alpine w
%‘, 0.8 A 90\ r‘xnﬂi::” - ‘bergsturzen(Abele.'IS?S) —1 40 =
a8 \ o\ \4 ~ ~ rendline for more Z
¥ D, N obile sturzstroms
\ N\ - -30
— v\ \ AN g
d 0.4 o\ Qe v 420 &
g LN ZEE -1 S E
\\ \\'D's 138 ‘D‘s' _____ 10
[Kaolinized granite | =~ —— ke
0.0 T \ 1 sturzstroms 1 (Hsu,1975) 1 1 0
103 104 105 108 107 108 109
DEBRIS VOLUME (m3)

ag 2 33 99 243 SrntaA 5] @A
3.2 7A84 4y

Wong & Ho:x 19939} Hong Kongoll A @A =2wWe] 2507 AFAAIHAA dAS A
B3 F 4209 Adol disld B3 &9 olFA= (L)} AHAIHY Fol(H)9 4, BAE
7o AAF} By np@Zae] @A, AW SR AZHY FAAALY FF F& ZAHEY
dgon, Bagde ol ALY JFS uAE FLAEAN (DEH WAUFGESA A4 A}
HEF, =& AES J43 HAFEEA g% FAGE F), QFHE A9 7€), (3%
gy g FFAA 2 WENEF] AF F& EAC

Wong & Hod] e Ao "wed AxNL, H, 8)7t W% 23t &8 41 A
23 AUEeE T3 A4 JzAaEA 448 Aoz AdHY wdd EF9 oS
E 2 FAARY B To wE JdFo] nHA FU3 ZAARY Ut REIA FF B
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(D7 22 ¥gstd 239 ol5AF x o distd Hestd AB)E d& + vk

dt
x=g-h- dv 3

A@R)oRRE ENS o|F&HLES o|EANS IW B oEAHE AN F Utk E A
Weol A4S o]EAE x =100 m AFHE] %ol 4 =36 mEA FANEE g =98 m/sec’ A
o) EAZY df = 3528/ dv 7} v} ¥, Cruden & Varnes(1996)0] A|gte Al (AbAbEl)e] &
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Velocity Description Velocity Typical
Class (mm/sec) Veiocity
{l 4
7 Extremely
Rapid
5x103 S m/sec
6 Very Rapid
5x107 3 m/min
S Rapid
sx10°1 1.8 m/hr
4 Moderate
5x10-3 13 m/month
3 Slow
5x10°5 1.6 m/year
2 Very Slow
5x10°7 16 mm/year
1 Extremely
Slow
1 v

a8 4 AMEEF 9 £ 53 (Varnes, 199)

10000.0

1000.0

Velocity (mvsec)

14" 5. Cruden & Vames® £ 539 W2 Exne o% A8 A7F

APRS B clEAIDE 7056 sec@A] o 2417k0) 288 oz Ao Hrl LE L z-L
Sm/sectl £E57F 7 BeelE olF ANl B3} 076 secrt 280l wel o]z U ol
TRl AUME A NFAL Nl YUe Ao Alrdy.

B #8457t v =18 m/hrol gl H$ Rapid2A] 553 5ol AFEH, of A n

¥H, Wong & Ho9 olE7a-Alwzo) BAEEE 188 49 H=36m, L=55mizA
L=152 H2A4 128 69 g AZ vehjol A vwa 2 98 Aow e,
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ee Note (1)

L (m)

a3 6. HEFY olFAY-AtHEo] HA(Wong & Ho, 1996)

2 QTN E AFAA AXD AHEH ENe oA A2 A% ol2d, FYA Py
s¢ naPor, 22 AHAY FoA BAD AUEH AHNE Bl 2HEYe o5
Pol MAE Fo azo) U] nAHYOH, 1 AFARE sosd w2

(DA E Z3E AETIHA FAHEAY olFAYE dFste AL A JdAGe dat
ZA 2 Id T ANLAE At off FARSH.

@EHEAY olFA FrbElE AN PH, FNANAHA wE, FYA P
AgHQ wgo] o, A2 Sassasl UYRWE o4 HAH WA Wong & H
o @3 doled 2A% ARH el FasA A4d & vk 2y dujzds A
Zuy) slaze o4 olnst BEwstd ¥ Tstelor ¥ Aoz ArAY.
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