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Slope Stability Analysis at Catchment Scale Using

Spatially-distributed Wetness Index
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Abstract : This study presents an application of infinite slope stability method with consideration of root cohesion
and spatially-distributed wetness index on the Woomyeon mountain landslide area due to torrential rain of July
27, 2011. Spatially-distributed model parameters were extracted based on digital elevation map, soil map, forest
map, and then converted in to 10 m x 10 m spatial resolution data. The infinity flow direction algorithm was
used to calculate the specific catchment area, which plays important role to estimate the spatially-distributed
wetness index. Average daily rainfall of two automatic weather stations (Seocho and Namhyeon) were selected
as rainfall input data on the slope stability assessment model under steady-state condition. Slope stability level
was classified into four categories based on the factor of safety: unstable, quasi-stable, moderately-stable, stable.
The simulation results showed that the slope stability was very sensitive to variation of slope steepness and most
unstable areas within the study site were dominantly located in cutting-area surroundings along with the
residential area and the mountaintop.

Key Words : Infinite slope stability method, Infinity flow direction, Spatially distributed wetness index, Woomyeon

mountain landslide
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t/mH= Zaslo] Azl sy 71EAE

Fo] 1

RS ARSI A (21)8 uARE AlokE (e 100, A SEBFOIETES 2 17y/m’ 0.2 BA gk

E 550, HE 35%)0] gt 2 AE ol Hojsa

et 7. RE|Hao| LY
B2(0.1<0) + A E(0.55x1) + HE(0.35 < 1.7) 59| AAFEE A7l 8919l ¥
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0] /n]_ol:ﬁ/q HzrgL . 405t/m 1,}]_,_1:1]-;‘5__]-71—0

X 33} o] BEsigin) O9 102 HE EAER
311 —'*n";’] (@) ZIFIRIF, (b) Uik Z# (c) £ Az
£0,1,1.7  #& Uehfn], Suixele] A9 g g =4
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E 3 BE EAY 32|, MY, R0 2RE

E 3R 290 AE ) HE®) A% (vm) YEaEEZ )
FRALE 80 10 10 0.270 30
ApFE 70 15 15 0.405 28
FE 40 40 20 0.740 25
R3S 15 70 15 0.955 27
Aok 30 30 40 0.980 20
| AR FE 10 55 35 1,145 22
RN ALE 100 0 0 0.000 30
FAZXAE 100 0 0 0.000 30
AAFE 70 15 15 0.405 27

—

(c) BEENE Ro| FME(kg/m)

T3 10, SBIA Riclo] BEENS EHEIIEY, LSO U HA

/g 5L el sl 71 grol At 2 AtellAls Wu = A3l & 4o} o] A =S AR
et al (1979)0] AR AYE He)) B dEE 7] At ERF Fee s 9fel] AHAA|aHLeaf Area
Hpo 2 slol, Al Ao Al Bel= 24719] AL 7] Index, LADQ} H12]o] Zz7Fe] Hlgof T3t A
FOR2 U] ARERYIER] 9 SER Al g, 2010)00|A A 133} 229] G| Weks a1
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H 4 £38 %2[9 QYL MEF
2 oy 2y e CEPN SRl | S
PRTCEPREREE)
1 | Psuedotsuga Douglas Fir u| U AR, 4449, 19~61 40
Ay, Ad4U3E
Salix Willows HEUR 9~36 25
Populus Populus EZEYUYE zxaky 5~38 215
Alnus Alders R 4~74 39
FITE, gdeEn
Acer Sacharinum Siver Maps SELUE g0, A E%i 15~30 2.5
PRELE:

b Tsuga Heterophylla | Western Hemlock | &4UHF 7|t a2 27 27
Vaccinum Huckleberry 47 16 16
Hordeum Vulgare Barley 2a AZZ| 15~31 23

Grass, Forb Z Ew| 2~20 11

Aleurites Candlenut FEoIYE S| A], u]PEZ| 6 6

Acacia Acacia o}7}A o} 11 11
H 5 UMY I3 walo BF MAY ERH(/m)

Species/age 1~10 11~20 21~30 31~40 41~50 51~
Douglas Fir 0.017 0.034 0.036 0.058 0.108 0.060
Willows 0.027 0.081 0.084 0.140 0.159 0.157
Populus 0.026 0.077 0.080 0.134 0.152 0.150
Alders 0.047 0.140 0.145 0.243 0.276 0.271
Silver Maps 0.027 0.081 0.084 0.140 0.159 0.157
Western Hemlock 0.032 0.097 0.100 0.168 0.191 0.183
Huckleberry 0.019 0.058 0.060 0.100 0.113 0.111
Barley 0.028 0.083 0.086 0.144 0.163 0.160
Grass, Forb 0.013 0.040 0.041 0,069 0.078 0.077
Candlenut 0.007 0.022 0.022 0.037 0.042 0.042
Acacia 0.013 0.040 0.041 0.069 0.078 0.077

Slof QPE, BT QIYES A (2T olgte] & Agalan
Helsion), 1 Znh & 59} 2k TR 112 SR Ajoje] oA e Tefet 2
Yot BRERA $219] ool Siver maps A
G =067.(4,/4) 22) 4997 29w AL R ERE ol As 2T

% 9o

PN, T YolHEue] TARKE Beutel HE o HolAl AR SRS, AFeH, AQeHA
V), AL ool AEY WAa), 4L QS ReAEergal 7ol 28ste] kf ey
%}9494 ﬁ%“ﬂﬁ | 2 @’5101 Q= ] o] A H A (m’) Zy Azl tigt e 74]’5}5}333‘11 Athdfyd et

al (2006)0] AQFet AFHRPHE W2
(Fs<1), quasi stable(1< Fs <1.25),
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sttt 19 1289} Zo] LA 2|0l A unstable x|

2 AR} ARR] AR FFAog W o] 9)

o, o= 1Y 5() 8] FAAA Y] FAEEER} vl

FARRS Eels # Ack. unstable 2] 9] A2 2|5

e A8e A9t ¥ JJEHZI e *l‘%}"ﬂ =7
=]

B olgalel Atk fote) wanet of )
S

BHEL ol HFBAE AT B A

O 1, LA X|So| Ha|MA 22 (kg/m) Bgsks ARR] = 71z WhH, FAAF 9 AR
of sk Ae] = FRAYA AAE 28T A
< F5<15), stable(Fs >1.5)3 7o) 4523} 3199t} of 7} o wot F7] giEeld, 4] ®)of Fgshe uizHs
714, stableo] SHBH= A Q] AL mo] tiAFR| o] of oJgt obA-go) wighe KA 53] Borga er al (2002)
S5 AL A Rke TG Aol ofjat FAR o © THI Hheh o] AP APUEe] FFE
ol Fx] 9 PPk o) Akx] Qs ZalE|o] 9] UA= 7P 8% AF ARl 2 AtellA]
3, AP O Fa BAle wobg o) Alzker  FH AR Ao} ARIPIE A frelef AR
o]7] wfizol & ALe] AFAF} oAl stable#] 2] EXoll sl AJuiEs ER1T 4= ek
e waskR]| ookl % 132 HAE A9 B (unstable) Ao 9
DEMS- 0|83+ APHAA} AkHFA 0| wlet HIA4AR} 0](quasi stable, moderately stable) x| &jof|A]2] ZALo|
BRRNR] AALE o] gso] AFHAA| wh giargo 2 Ee) FEE 9 2 AR Sgshe 4
U oFHE-S AAlStL, olAke] HANHS | wE ¢HAE 22| (9 YERIL Tk unstable 2] Gofl A 2] AL
o] va- B4 ATE 17 120 BAEFL, I 60l Ha of W2 ke EA=0] AL AR7L 40~60° R ol

G
L& ;5’ . Leggnd
Fs<
[l F<Fs<125
125<Fs<15
“IFs>15

Fs<1

L E<Fs<125
1.25<Fs<15
Fs>15

(b) & iIEHXI BALE 013 AHHATE
33 12, REM X|He| AHHQPHsHA! Zut

H 6, APIZAS] W0 T2 PHAX|0| TR OIS U HEOI

Mkl Fs<1 1< Fs <125 1.25<Fs<15 Sum
HAHA AF (unstable) (quasi stable) (moderately stable) (knt')
g3 4 (k) 0577 A (k) 1.057 3 (kn) 1.098 2,732

B A FA H A (la’) 0.482 B () 1,106 3 (kn) 1.455 3,043
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BAH)

(a) BALOl E 2PHE A AXPH4 Hlw(unstable X|%)

oF

D

70

8

2 EFS)

CHIFN

40

BME(C)

50

CHIBN
OEIHWNYA

547 sa26

LEEx-Rg
wE2HUNFA

150
B o1 10 10 04105 e 12 71 4 g

2 70

ZAH)

Z4Xt7H4> H|m(quasi stable X|<)

OBTAILAZA

13303

[EEET
nERAAAA

577 ass

10 10 73 102 255 239 232 3% 99 135 65 58 20 20 10
o

50

M)

60 7 EY %

(c) B0l mME ME ! AR Hlw(moderately stable X|%)

12113, AMHOE S

S Holn, 3|AEIHL £ AlyE
2| FAAN] A7t B H )R] HALe] 7-9-of Hv]E]
al= Ao Fj47) o Wee oF &=

woaa

WrEo At 39
S o A, o

SUR AP ES HERAL QLo
L a

= RO 7ol AR chort v

¥k A ALl A

, ©]

¢

SEE dAoll e s
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siolol, B Ak A7 A H%ol
vl 3040 70el sk A4 471 ) Eeg o
4= itk S moderately stableX| & oj| 4] 9] ZAALo]| whE
QFHE-0] WSS A E g L] AxprL BAPE 307
Fro]] A E O] Q= S Ho|H, quasi stableR|
I} PR = FA A AARe] 9Tt A7 AR
Z3-Ee 30"t 2Rk AR AT B B
Ak
o] A= RE, $HL X 99] APHERFY 0] 4
7F- 40°~60°, quasi stableX]| ¥ 2] AL
0°~40°, moderately stableX| 22| 73-9- 30°2 ZA}
b ekt ergelel 7igi e, vl 1 7
AP} FeaE BPAElel ke Tl o 4
etk

544 o] A8/l Qlo] mFo] 7}?(]—‘:—
Argo] EXAF elgzkoxtz el u] Aam R o] A
askA] FRiths A, A8 S8A1, & B9l 71X
Evgeacis gnks ol Eﬁ}‘:}~ S 7HAaL
, ol AFAeR & = 9 ofof wE APHS

HEE WA 7= 29lo] Ht U]”ﬂ'ﬂxli, Montgomery
and Dietrich (1994) Y Ray et a/.(2005)2 0|9} 22 A
Aprele) Baebdals ERe] A A aig)
Aol Bt 71 2ARRE Bgo] 5B, At
A+ B PR e e B2l Sse o)
Sojrkn A=t vt Sk

ChAl hA, 2 1304 Lkehd let o] Ak
W FE AeIME gl B S % 9o,
A o2 A E Al v Ak Eol
Uehd 4 ot ol SJeiARs] Bay, mEel B
a4, R Ae] Bk Fold Z]elatel, o
gt AAeL, wet geiH o s A
Helld 2is =&5517] flsiAle =0 7Nk fax

APARHY A Kol HQadh Ao Wk,

N

ol X2

T o

_ O_L, O_\..

lo 1 o o

3:2

_EL

SRl

.

=] o)
By

|

o
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AEROIA AFTH FUEPE, AN AT
PAPES B3 GIs7IES] APEQPSIALS 91t o]
2H%0] A 9

Hlo|AE 53l oH, Exy S84
31 v HeHA 9] AP ArcGISS] TauDEM extension

o] FeFsEr1E Aokt E3h, AFHA AR
2 F7A} BAH A FARE EstaL, -] ¢E
AR AR 279} F719] 47| B,
286mm/day S 283190t 2 AF2EE TEH F8
A= vheat 2
1 W APHZARS] Btk ZF AT Yare
Zofl whl HFHARE 13.08°, FF2 A HAR=

13.02°% g7 Ahct Bt tiA] BAPE B 2
A AR SFAITE unstable 2] 9] -9~ H+t 2| Th
A 24 SR A WA e
o, HE9] unstableX| &L 7
A A7) 5] A
oz st Hhd, Moz Y(quasi stable,
moderately stable)2] 7-¢- Z|F78AF R} B2
A ZALe] 797t R Ae] QA vehten, o
£ AN PR unsablex)e] olole] A
Aelo] Mo BEHo} 988 AzHom
stelstaict.
e 2+ SgolHel AATLe] T o
7—11}7HT4 2} Abvi
APAZAL 40°~60°, quasi stableX]|99] 75
30°~40°, moderately stableX| 2] 79- 30°0f| 4] %]
Z2 02 ML) o] 7koo] ol .ojo] =
A B40] W] oJ ZolepHrks 9 1§
of AFaHH B4 AA) o8 7lelst Aol
Borga et al.(2002)0] Ag3t viel 2ol AA &
SHAH Aol B el 7 A, A
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s et
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e btk AR SfHSl 4 Nk
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