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Characteristics of Rainfall, Geology and Failure Geometry of the Landslide
Areas on Natural Terrains, Korea
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Large landslides occurred since 1990 on natural terrain, Korea were reviewed with the existing data to charac-
terize them in terms of the condition of rainfall, geology and geometry. Ten landslide areas over the nationwide are
selected for this study. Among them, five areas consist of granite basement, four areas of granite and metamorphic
rocks and the remaining an area of gabbro. The basement lithology on which landslides most dominantly occurred
is granite, on which 58% of landslides among the total 3,435 are taken place, the next dominant one is metamor-
phic rocks where 24% of landslides are occurred, and the remaining 18% are on the areas of volcanic and sedi-
mentary rocks which are partly distributed in some areas. The landslide occurrences may depend on the rainfall
intensities rather than durations. We applied the theories of Caine's threshold and Olivier's final response coeffi-
cient to the Korean cases. The rainfall conditions at the landslide areas were all satisfied enough with the landslide
triggering conditions suggested by Caine and Olivier. The triggering mechanism and type of landslides may largely
depend on the weathering and geomorphic characteristics of basement lithology. The granite areas are character-
ized by being relatively shallow but consistent weathering profiles and almost no outerop, and therefore, shallow
translational slides are dominant. Whereas metamorphic areas are characterized by consisting of steep slope, weath-

ered outcrops on ridges and partly on flanks and irregular weathering profiles, and relatively large debris flows are
dominant.
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Table 1. Precipitation records associated with landslides occurrence of the landslide areas, Korea.

. First day Second day Precipitation for
Event Location
Event day Precipitation (mm) Event day Precipitation (mm) 2days(mm)
Y&A Jul. 20, 1991 172 Jul. 21, 1991 229 401
Y&C Jul. 26, 1996 224 Jul. 27, 1996 268 492
Jan Aug. 5, 1998 97 Aug. 6, 1998 405 502
San Aug.11, 1998 111 Aug.12, 1998 248 359
Gan Aug.31, 2002 870 Sep. 1, 2002 14 884
Jum Aug.31, 2002 N/A Sep. 1, 2002 N/A N/A
Sok Aug.31, 2002 295 Sep. 1, 2002 120 315
Sok Sep.12, 2003 118 Sep.12, 2003 89 207
Mac Aug.31, 2002 285 Sep. 1, 2002 286
Geo Sep.12, 2003 158 Sep.13, 2003 3 161
M&J Jul. 1. 2005 126 Jul. 2. 2005 96 222

Y&A: Yongin-Ansung; Y&C: Yeonchon-Chulwon; Jan: Janghung; San: Sangju; Gan: Gangleung; Jum: Jumunjin; Sok: Sokcho;

Mac: Machon; Geo: Geochang; M&J: Muju-Jangsoo
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Fig. 3. Diagram shows numbers of landslide distributed
in three different rock masses; granite, gneiss and others.

Table 2. Coefficient of final response of the landslides in the study areas after 2 days event precipitation,

PRE (mm) CPR (mm) Cc Ce Ccf
Y&A 401 1321 1.02 0.31 1.33
Y&C 492 1373 1.06 0.38 1.44
Jan 502 2349 1.81 0.39 2.20
San 359 2087 1.61 0.28 1.89
Gan 884 2068 1.59 0.68 2.27
Sok 315 1558 1.20 0,24 1.44
Mac 286 1449 1.12 0.23 1.35
Geo 161 1957 1.51 0.12 1.63
M&! 222 1431 1.10 0.17 1.27

MAP: mean annual precipitation, 1300 mm/y
PRE: precipitation record of event precipitation for 2 days
CPR: cumulative precipitation record for the event year



338 QY -

23

s739 Al Arlekge] DR

el FIRIEE 27 o), o) Aske] g A

o)M= HaPols ZElo)E translational slide)7} -k
Aoz siMsiict

4Ed §Y

3Aet  sPdde] BE¥Els AY9e A7l 1079 5
BR19M, AR A, T, AT, TEL, &2, A, -
A 5 T AYeltt. o] F 4T, AT, FEI, &,
A NG ozt FxEo] 3, 804, o
FHAY 2 245 5 v (9L st} mAdgel
EA ExHo] Sink

AAEIZE SR 3R EER|e] TP B AR
Hlwa 22 FIeE JeET =57t A e

[e]

Seths Heold. olze
A7 ARSI 3o AbAte] AR A Al
oz g@e] Husle] T4 K] wEE
54 (retrogressive) AHAMENZ} €3] g, g3eol

T AN Wi BIAFE B 5
AefA 7Rk AN, ol TEA ALnId %
Az sjAEn}. T3 g 051 m Ul9le] Biles
Hol3 Slud ol shdde] F3Mduivt 18 £EE
1ol3l BH50) W] vieksie] Alee] szt 7]
whel Ae] gk FSlEZol| ATk WAENSS vt
o, ole} e FHEH O Qsjal B BIAL A
A

£ W3 geols FHE He 357 gtk
AT B9 ABE0) 4T, T,

p

257 e Aol Qo

", o5 Aol S7} ool miet PEHo

ol
>
N

|
=
X

o4

[o
PE
o
)
=
Ld

X
-
)
k)
off
)

zle)E Hol7|x gt olgfgh A=
PSR Hate vid Frlsle o] AUt
B FoEct Anr A B oBEE sleR
w37t et BEARE 44 HEkEs B4 )
wEhA] A5t FAdare] sdet REAME s
EXAoh= g AFEIEE o5 SR track)t T A 2
@3 29 BENF AR BREoz aAE

WAL Y A9 ] XY, 82l
YEAY, 1] A-AYe] R Ao 3=
S50 Heglo] RIS thishe dAolr). AgelA

AR DA A e EemHnlel, sabERlel, W
FAREeRh 5 Tkl WE dsR AEnt

<]

15 HriES sidskol

a3 EXF(debris flow)2 57 A2 Yok
A o] HArltfie SeRAvngh ¢
spEvitoly o5 3slRE] olsle] thiE 2
Pt o] A ge] =Fdd FHE £5 AdE
A9} SAlshy AE w2 dEe] Bal ¥t
J=7t A3k w7t FRAcR pjFEo] BEAR 4K}
HAEE A7t Bt
Akt - rpR| ol Bore)l 7S T A3
A7 Aol WA EEsi=d, s 600mE 7%
o8 ARl AZREep | Hnlglo], siF-72lele 9714

i

5k el weleh Aol Ajeyrt
R W ol ) WHSIEE Al
0] ofe] Folx] PFLE. Wi AL F
Bojat AA7EE $ASA gort WA 2

Apel sl AEE] A8 WMo v 2
}.

xde HTgEAo 7 sk Z3M4Er) ¢

e wgdic). Ao F3E] AxE 10m ol
o7 e Arxge] FaPdwel viste] 453 A

5]l 3 KN
o B

weso] Yk TPk FP} BARE
A%HoE ¥l A Fapel 2 BHEE @
ek e Aw B Fo shioln. e F3% ¥
4o WY Isje] o] o) Akl AAERE
sYelel T FEE Bo|T AT TSl Qe
T ek R o] A2 Mjio] 7o) AlfgRe)
O1E (racky’h vhS WA wekslo) glck wekd &
4 o] oI5t AAlele oEFRE ut 7S
T A} S WS ENRE Fek 230l

£golck,

LA 75t

A Selde B9 AAN el e
Wow A e WRT S, Ao



Feut A AR

e W S S 3l S5 BB sl

gosieg s HhHo] Mz tj=r), =

BRI 9 A1 YOI AT oA

FA5Y 59 Ak ysg :

M L 5 vk sk v
i}, mebx AAAPRIN = jr»l?i ol

E2) At BadelM BE)s, 58 ARE Ol%’d
V2]

a

S8 PROT W BYIAS) By WARIES o)
b Hekaead 9, 2000; 2909 <1, 2008, A

7N AAkee] 718 AR A A AE
SHE A WA Amol], e oS % S

x)
ZlE e A% 7R Aus €88 F drh

o Ef

AFAAFAS] abalelE BAIA1E (source area)ell A o]
Fehtype)= BANAGD 7ol AP SR o] F3HA
F3 YHEol vhEke] B ERso) FedlEle 490t
oz geE e fal EXF(debris flow)E
Hushe 497} gt BARE AlEEe] YAt
2 ¢HEE0] FA 50% oV FRIBA HEdhe AL
HE et wer] BEXFE geolues gl B
g sh|de] YAHA o A9t gon EEs
%‘@“501 et (Vanes, 1978; Ikeya, 1989).

A AR el sEiel=s) BT B3R oR
vehds 747t dii-goloir] SRR A
a7l oAETEIES 9], 2000). F, AAMEje] AAbd
(source arealPiM e g2tol= 37} t’“ﬁ’é}ﬂ% a5 3

Exlo] Apd ”]‘T""z’: o1FBR= ol FFRoA AFEgo
FIHE dAEle), 27)¢] %3}01503] ol B EA )

r

et
=y

Others,
131, 5.0%

Debris flow,
1109, 42.2%

Shallow slide,
1386, 52.8%

Data nurmbers: 2628

(a) Worldwide

Shallow slide &

Fe] 7F-, AE 9 ARE TR 339

olEF RN F7HE FREdEe] FHAA EMFE
42317 "tHJohnson and Rodine, 1984). EAF+=

AFs} o)l EE 2 3k 34 (depositional toe) &
3045 EXsjopt 3HHCosta, 1984). ATA| o= 7
OIFERE 2he MY B £ BHRE Rl
Hom, WiE o|FE5E7] uly- Fe ASde sl
=B BRaAet, dabde] A EEd AR A
Ao} 74e7h wor v 7oA Agee Tl £
gk A7t $Alsk

Ak 900] WZH1917~2005) A AAZ o WAy sk

AFAAPA AR 2626708 BA)E Hlol oJ3E 53920
1,388 Halols £Elo)=(shallow translational slide)z,
299 sisle 1,10970s EA R (debris flow)E
FHEBITHPausto et al, 2008, Fig. 4a) ¥FA &=09) 7
v 107 A9 343590 2 & P g HlEs
Hejols éa}nl_& AR 459%2) 1,575700)9, ok
08 F& ¥ine Fols FElolust EMFUL
SR Zdele] *WEHOM olgo} A 423%R] 14574E
A4 BARE 4.2%9) 143709 Eslt}hFig. 4b).
Aol F Aol EAFARI Aol HolF £jol=

o Bxulg- fahuetel A Al aeh xiEe) o)

Seot, 4TS A3 Sl 1A A 42%
2 Rele=d BFeh) A MA ABdAE 42295
s 1o} & Aolg Btk

ole)gt Aoldo) oltly WiEHEAE HEEAE
thou, ol $579) Aol Al 41 £
Uil F9 AEEE Balols Lol
%7} 1 Aol A Bl 0 A A1) %
EAR7L ARSRe Hlg} A9l e ghe wolT ok,

Debris flow,
Unclassified,
265, 7.7%

Shallow slide,
1575,45.9%

debris flow,
1452, 42.3%

Data numbers: 3435

(b) Korea

Fig. 4. (a) Diagram showing proportion of landslide types on natural terrains based on the global database of 2,626
worldwide landslide events, (b) Diagram showing proportion of landslide types in Korea. Data numbers are 3,435,



340

olsh 2 AMle SRl HalolE Seol= B
EXFZ BRT Aeieh A AA Aol 253
EAR7H 22 79 AR} R} sk 4zke 2
) ol Felol=R Axsll EARE WRE
olFstE AENE AlAl A FAME BEARE £
72 ez wag

AR = AL A U npoA s EAF AR}
S5 39 Aol 45k AL A A
2 (source are)ol] #Eo] sty Fshd HAnpy =

d

=

Sol £8] $ESE, oF W} sholslo] BARE
AT W v A e AR v

Fhalal QI3 Awrt 4A wdsk B-Aze] mlad) o
sfe] AR, 2 o] Ae we AFon
H-E A Eo] s 444~624 m FEolA LAEe
ApZel7h 71 A1Re et e 2 AN BA
79 WS AT 5)

g X)3e] eyt By pEAE st skt

M

AL $A, 9%, T SE A
S7b @3 3= weshEy BEAREE He How,
o1} 3e Aol FYolE SelETt 4T 7hex
ol st EMRI BEITHF. 5). 22t 107) A
F A%e 2] 087 Al 57} Aol Fg 904 b
B @ymeE a1 Aeel ke Aukg o)
= ofgrk

72

AAtEe] TR AR SR e) 7‘:]_0], 2 A
& AAH) o] & e Zole} T.& =F o] Lo
st AxE Sy Hate] dofjolAgt 240] s1E
sl22 Ik (rupture surface) HA|o} tiet B A T=
5] ojHY. 58 7\?"4’\}“;101]/‘13— ] EHe] AL
Holt 2AFE YYE olSERE ut A S

100 Data numbers
o
b-] 90
% 20 Y&A 660
£ 70 Y&C:916
5E 60 B 7 Jan: 36
&7 50 i o 3§ San: 102
g 40 Gan: 525
ET Jum: 840
3 o Sok: 86
g 10 Mac: 15
e 0 Geo: 7
M&J: 248

Y8A YBC Jan San Gan JumSok Mic Geo MY
Location

®debris flow
®shallow siide

Bshallow siide &debris flow

® uncl assi fied

Fig. 5. Histogram showing proportion of landslide types
in each study area.

299 -

o|EHER SRS F8e| sk S ol
weh QrAlele] BARE FHNE SAR S
KA ZAA dkebiE Thes o 57EE e W
4 HD F2E AP 6, Geue) BHT

& T G 2% e et el R

o Bt RS ATY e HAE} ol5ERS 39
25 49 Bast Yok
Q7o) 7 AWpele B, vh, ARl Bsta ik

(Fig. 6). 9] AL thi Atele] Fed EXFE ¢
A Aot BEXNF A4l A A ARde] A7)
ool w3 g AlEIEEo] o153 BE (rack)’} FH-3]
4, 93 Ao dHS oy s B4% e ¥
=57t EAshe A9e 2 ERIHU A5 vh e 99|
2% wEshs X|oolth FLe e sadet X gel
Hsl] =& 28-S FAIEHT AEe] dol7} HlwA =2
3 SR e F) =Bl dEel BEYFRTE
g AGolt), npde APRe] FR7F I3 tiE &
o] 2| HellE AL Slo] olE BHF
o Wz ENFI) AGE Ao sAEvt. mhle
o] 200m °o)Fe] AALEN7T 60%015 100m ©13H] &
TRE 0% AN T oo}, ATE BEXFL] ol §
o AT o® ZA Wt AAlEje] Hlgo] ET.
olo| Wkl 37 Wo} Rasi AFo) 78AE A
e XFe] MRS Zol7t mig- At oif-Ee] 50m
O]O],,] /\ﬂ_uo] z%o] 7&;&0];} %o o]-/a 71-‘3 THE
7, 2 58 T WA v fARRE BERES Holi
Aol M= Qo] 30m o]ste] 2AEEe] 40-
55% ,] Byu§-2 Holy, 50m o8k AR 75-85%
g A FIL Yo v Aot ol Ay F 8<-
L ALEH BF 3de A9l Aol Bt &
ol oke)l AL sttt Hulolo] Z=EA ]
7‘4_i 34 97 fARE RS A8 o]
B A7 dEE i) e sPdedel Exakd

HE2ESo

P =

01 ]___

s
M

100
20
80
70
60
50 f
40
30
»
10

>200m
¥ 100-200m
2 80- 100m
#50-80m
% 30-50m
# <30m

Frequency rate of
landstide length (%)

o B 8 W & 8 -3
Y8 Y&L Jan San Gan Jum Sok Mc Geo MY
Location

Fig. 6. Histogram showing proportion of landslide length
in each study area.



S} A AEele) 73,

Frequency rate of landsiide width
)

100 ;’ﬁ, - 1 kB g 7 :W

801 » - B

707 ] - ®520m

60 P i | R ¥ 16-20m

507 ! ®11-15m

a6 ) - % 6-10m

30/} ‘ : TR S
W N i N o

2]

107 . . .

Y8A V&L Jan San Gen Jum Sok  Mc  Geo
Location

Fig. 7. Histogram showing proportion of landslide width
in each study area.

Hlza] 7 AApRE Bolt ) ol ofnlE o]
of LAYZE EXMF g Fol2} Azsio.
BI0050) 218l Al Aol Al e)
AT e ETE AR F-e Fobdrka Hasky, 7
Aok AtAtel Exte) fAlof viet ARA S fsiAc) o)
3 A FE AR o)FEROM Jehe @48 oF
g AoR, aqpr gjolue] ol A8l oYt
T2y A7AG ] ARt AlRd A 9] Bminke
Wz ARd A s Fg. 7) AAlee] Ee
ABA 274 A Au)EA) %t Ao® welch vy
Ao} &ifolm Al EL 6.15m Alo)d] HFHT
AT}, T EXESE %%@ A2 vloME Z 15m
ool B Uleg ARBI YT, B3] Ui A}
HhEE a7 vl go) t% & = M L B 31

3P AtApele) Fi akfele] Fejel] oja 29w ).

wAARl] BA
Ape) AR AbdsiElel FbE Fad g 84
shlolth. hinpme vaee] HAjzte] B84 Ha)
7] 4ok ZE shiklais ge) Aefaele 7
APt S AR WEA] A} o) wERE
Wt} S2uiet Aerbel WK ARl A
71igk Ae] |7 AA1% (regolithye] o] 1
AstER shibmie] stz d7higske Holg Belt,
Al ZAL 40 oldb FAMAE AbHe] WitolE
Aol el byt e se gl 497t Edla,
ghito] E¥3k= ZAfeolle A Fsieute] ofd A$E
A L) A7 BAYSEA] etk B9k o]e) 71
AR myA Ezo] x&Hoz Aldkglo] MRS
AN el 289 B3 (regolithyS FA45A E3t
(4% 4, 2000).
A F o) AdE A

] Aee] 2k}

PR =1 N1 I o e 341

1007 - o
@ - -
& 907
“ 80"
| . . 240
£ 7 .. " 3640
Eg 60 . ®31.35
© % 50 L
- 26-30
€3 400 ®21.25
F< 300 ®16-20
5 2 ] B " a5
g 10 N 1

YBA Y8C lan San Cen Jum

tocation

Fig. 8. Histogram showing slope angle versus landslide
frequency in each study area.

Bl A9 25 AL 40 mRkellA BAERIAL 26-35%
Alolell ZEElo] lrhFig. §). 19d el ™
AP ZAAL 200 miwto] B} A o] H|sle] G e R
B HES A 53] AH-HEL A 152 HRe]
50% oAV, 1620= AARIMY WEIE 21%E A
Aale] o] AAoa A 91671 F 34 A7t 20=
ugke] vhe AN Ho|3 qlrh

A= 1@4 AL ZAARE o9} 2ol fuiet Zhe
=39 3%01]*% H1 28 Agz Helh 4
oA Al el daE e

273
0
7‘3-?*9%, A2 L Ei /‘}EH%"‘ °]&§$ 5

slelsgict, Webd A7) 7l A|ee) At AAte
AR|RT} gReA HelEic

AFT B ATAGE Tl A7} 36w o)

AEEn o] AY
A F o 0)E WFEO) E},ﬂ]g}o} BMRZ W
AR Zgolet. web 35} o] s o]k Abat
HEe Aol nwd FAtEE PAad

vk szlel BAde] WA ZARRS v|5A T
A BESR=], ] 21-355% Alolol] HE ¥k 9l
th st Eshs A 7S, R é—i A5 S
Ioﬂo]]/v] uugzs} 1 5607H ] }‘V‘]’EH ‘:H } 73 A}
Zhe] B¥AbE BRFg 9), 81790 SR 1.274719)
ARFER7E 21352 W S12] AL ApEelA mxgo} 1=y



342

35

Distribution percentage of landslide (%)

<16 16-20 21-25 26-30 31-35 35-40

Slope angle (°)

>40

Fig. 9. Histogram showing distribution rate of failure angle
of slopes in granite areas.

slope at triggered position
{frequency rate : %}

Topographic condition of the

Yaa

Y&C Jan San Gan

Location

® flat to slightly concave  ®valley ® others

Fig. 10. Figure showing proportion of initially failed position
of landslides in the study areas.

257 Aapdo] diito]|il =EAR AlFelM =3
(gullyy} EA571 B E7% Fh(Fg. 10). HEHAA
WsRE Y] 2719EE FEvt BEolEolE B
HFolE sPol=2 AlZiEh FeeN Laske 4t
AT Aol FEke(crown) F2olle 7 gl st
| A o= FAle] doll A £o02 Ft a)r)
E 7Fs g AAkshe Sl &, A=
1=7F ek BAE F ALl B Zol] F714<1
54'3'47} dofihe 29 FEAII (retrogressive failure)7}
AEE Aoz MEn 39 A9 Dol 3
Wros wes] s QAT Fshlert A4

ﬂ-‘u: ol
ol

%’

=AM

URERE) s} vl 05m WIlR S 9l §4
o] ek,
EARTL A% Heke A%l Wit 27504

BN Hlgo] Ao Tk AES Hugk RH oz
AZe] vlgo] HebART SAjsich Ea Hrlslol
e okA3) 7ho] Byxsh= 201 ¢k, x{.Z‘_;_]" FZ

199 -

A% A Aol 9IAR

ol el Ak WA EC]

FHE FUS vITAZ) BF B HE ol A4l
A Ape] ol - Za 3k Seltel ARz Al
7k el wlaAZel shrjel] olsf Y] el
HlSABE Twere] Fagolne sluke Bt
AR FITAE W ]
a3f}. A
ot Fael A w9
31, Wb b Fept i

EHlE
218 Ao Ao} QL
& W57t A9 ddslA| F3d=st
| gl g A Ao| Wk uehr ot
klsls “—‘?‘—" SR FIETN vE AT Y
F2 R g9t o) 22
w20 5}70}%} XA g Fols =t
o] =(shallow translational slide) FENS] o= ARAFEIZ}
“}Ol HpAigiT), 9hE Hegks BxAldles 5t o
7397t E3le}. gMellE A =57t AL AR ERe®
‘Ff'l?— FeheFEo0] EEE P48 . FMEE
¢ Bap2lshs &) F=to] Asle] dol7t 71 4A
| t’a‘f"z*}—«i AN TR TRFSHA| Atk
7L FEHoR Aare] B3y A BEY
0}*— 797t &3] k. sEAH] Al ]
of vt A9 dEiEE YA g EMF
Slolmo} BAF B e 5 bRt Fe ‘/}E]r
ok AP viwa 7Eeg AlEe e 9l
B35l 5~10= H% Tﬂ 7HRE Al JEEI S
o] =R 2143 7reAlse 714A 7"—?~T+ZJ;E-1—E1
gs3ict. 2Eu ¥ el 647%4*— thas 2}
o7} 9l = o] AR ] ﬂ@fﬁ& FHREE A
Folole $eit. 2Rl 9 A

il

EFe
o

B io
ng 2
o Jd r1

M m!)ﬂ

1‘&1

-3

oﬁ‘.

ol
o

F

Z
FEYS

EE R .

Salie A 2 w& A9 7)2E A
ARels. el Az ,
AL, 2 FEE 497 7&4 G, w2 ol A%
Al Az 247 B2k 450 e BAE
o= aHr}. 057 A
Sxzol}, ol



Selfel A ARl

AN TR 24x)7HE9Q) § 89mme) ¥l7} U, o)& Eot
% 207mme] FeFL 718 Yk F, $elvet Al

oMz 147F 158 mm, 297F 207 mme] 739-2E 7|23
Aol HA HF7h$ol 23t Abatel @A o},

A= Al 1970 <F 100 mm, 297+ <F
160mme] 7ol oJsiA] ARz} ubyslr) Alztaigict
= Ho| njFo] TFJUrEH Allelx] Kol 7158 4t
A7 AL 1) Bk ko 2 Azt et 73
Sl ©J3k et *WEH«] RS ®) Feks]
a7l Asire AZbd ke AAE9d Ak wag
AlZel tigk AFA e AR Aesi

e B AR w) FRHo 2 Wl A9t
°‘E} 53] Axbae] RIS BEXFRE 9B Aeske

F7F Edlth. B BA9) X9} o5 R O
ﬂ-l— st B2 x| (depositional toe) 5 37F4] 847 @
setedof ahuf, WAlR| 9] W B Folx R ol
WAL Zhe BFol F3el 50% olslololok SHtHCosta,
1984, Tkeya, 1989). 18102 31 WAIR|ZEE EWQ

SF7EA ] AUE 2AP) Qlole BEARY oRE
@al7] ofEn,
At 904 A7 A AAQ ArTE 2626709} B2

3BINE olgsle] Alele] Peje Hast ) ojapd,

Bols sjol=e) Ranlge Saluelel A AlAolA
TR Amet vigssit. aeY BARY A9 Sepy
ollMs AA AbAtEle) 42%E A= Eshy
2 AA AR E 422%F AR Qo] & xjo|E
ol glr}. fEuele EElol= 9 AR B
T AL oF 42%8 AXsk A A 2w 2 §
Afel Bxnlest Aol 2ok &, A AAAEAN B

72 BRE Welst 22 RO MAE el
Foj A= EME T & ol=g HE3 A 7} o=
BRe) ol Nz Aolr] 98-S Aenl, Easlel

et 477} o Bagh Aol weA A aﬂau
AEE BRE e ke A4 olsEe 3
Sl HHAE W) PESI 7 R ﬂlﬁi 7)
SRelst X3, QB T Aalo} & Zolch,

=2

4 B
199041 ©]% -Eulale] AHAAFHA] whAlsE Tt

AR A9l 8RlobY, AR-AY, AT, A BE,

wRL AR, $EAS B 10) Aeje] 71
A8E A i) YR, 92, AAEA

FER, &=,

b

[
7,

343

HEsg. ol 3 sl 52,
Aol 4ol 1}

h= 3:]'701'?:]' FIEA oA,
247N WAk x] 01] A, 157Hh wiEellA, 22|
WA 604l AR-Ed B REAom B
ke shhigk 2 =H % SollA A ssict
AR o] 2e7ke] ZASERE 207 mmollA] 884 mm7A]
thsich. AT AlEE B 197 AR 4
150mm °o]4Y o F= 297 7-9-gko] 4 200 mm
oldd wf AbateRzE IS ¢ Qlrt. 0]71E Caine®] A
A&t 7% (threshold)e! 19 100mmet 220 160 mmel W
glo] oA Ee Aotk T AR|Ye] eFAL
Oliviere] 2PAFEREEAIo] 288 o= BE AA

o] ARIEE WAL 2BE ez AL 7T Y=
Aoz RIS wehy 93 Alelsh vl W) §-
gtel AR ] FOEAL AR AL &
23} glck

ajele] Fejsh wb s7hIZS Skl o
42 Aol 2ol 519, Y Ak 7} A B
FIUTIE A REAHT Yo 2571 Sl =7}

At} v ek Aote Fahlert e )
o] 7)o] At 17} 415} Ame] el S
7 drk Yot Fshetrl B30 W B, £
Fake vlaa 2 el AR} Ak, sheiel
o WARIA Akl BAgeel Hlsle] S10% A

5 G olRE T 9|9 i=Foh AP s A

=] 2l

FHAeR #HEFo| Hiolg FEho| ZE (shallow
translational slide) ¥-F%= 2AMEIZE A9 459%$1
1,575 015, ol sEeto] me} B R (debris flow)2]
B3k A7) 42.3%20 145270208 wiele] BEARE
HREE AR 42%31 143709 E3sic)

371 Az A AR e samellx 88% o) e
"]’/\}Eﬂﬂ o] Hols SEtol= e sl 9l
22 4”]6}‘:} =, FElvet ARl e A vt
o 3 3o} o o] dAHo dS AALsT

AP A}

o] At TEAEALATY 1EAREY )

“HAAA 9 FAgR Y] As|drle A Al

o dgos FYPUFHIT



344 FA
an=s
A%, Y, AL, 282, 2000, 230 5 A}

vl AFe By FAEE nexel theixd

28K, 10(2), 163-174.
AT, 94, 283, 1099, Ad, 2006, A 22710

mE 7Rp-e ARAjele] BEAEA,
16(2), 201-214.

ANE, 3, &7, $94, 2008, FEAY S
AhAEd 37}, A=A TP R EBA | 16(4), 33-39.

7187, 1991, A RARNEAF], A7 A, 89
AZ59-1991¢ 7421, 73-109.

A9, olrkw, AR, A2, 1998, X EAo] me
ZRALEe) 3 2 FHok Ad AL IS e,
qA - FE31R], 8(2), 115-130.

A, AP, 144, 7194, 283 o)Az, 1A,
24, 2000, AAHE o2 B WX)7)E A, =]
Ax A4, 315.

A9, Ag<2, 87 A7, o1FL, G4, 2004, A
AR dis 2 Rl AT, SRR, 315.

Rl Stk

3

ALY, AL, o1k, A4S, 283, 94, 94,
A8 2006, AALEL 1R E APAIAE T oE)A

7% M, SR ER AT, 360.

W ZSAS 2R, 1991, Aehd s,

A, ALY, w9, 2008, FHZNL] AALE] wA)
SRS =71 A, e=relslks]x], 97(3), 326-331.

w2, 2006, FEIVE AubAsiel WA=, 20063
AAFE A2A G SR, 41-49.

vhe-, A, of $5F, 1993, 19919 82l 9pdxe Ab
APl Q. Sk A EES)#], 9(4), 103-116.

A, A7, 2003, 2002F ZFER A wblE A
AHENS] BAdo] #el A7, =AWk =ER
19(4), 107-119.

F52, o E, A8E, 2008, APANE) WA oS
Topographic Position Index®] 2.4 93 3l
AEA=sl7|&E3]%], 112), 1-9.

AR, A9, olFe, AASG, 283 294 2005,

5}

y

915
3

T8I, Ao 5
Adz7ol WE AEEE o] FEA
FE3|A], 15(2), 185-199.

AL, 283, $9N, AT, olEe, o, AT,
2008, At R el 2 HAusiAgrls
Wk, SR AR A4, 566.

AF2, 2001, S0l 2) 792} Abajege]
3157 2918173kl ], 4(1), 24-31.

TR, AR, 2, 95, Avlgol, 1990, 452
RIEE SR} AP EREe] o), e T,
6(2), 159-167.

Brand, E. W, 1985, Predicting the performance of the
residual soil slopes, Proc., 11th ICSMFE, San Fran-
cisco, 2541-2573.

Brunsden, D., 1985, Landslide types, mechanism, rec-
ognition, identification. In Landslides in the South
Wales Coalfield, Proceedings Symposium, 1-3 April,
1985. The Poly. of Wales, 19-28.

Caine, N., 1980, The rainfall intensity-duration control
of shallow landslides and debris flows, Geografiska
Annaler, 624, 23-27.

Cannon, S. H. and Gartner J. E., 2005, Wildfire-related

E H
=984,

dehris flow from a hazard prospective, Springer, Ber-
lin, 363-385.

Costa, J. E., 1984, Physical geomorphology of debris
flows. In developments and Applications of Geo-
morphology (Eds J. E. Costa and P. J. Fleisher).
Springer-Verlag, 268-317

Crosta, G. B., and Frattini P, 2001, Rainfall thresholds
for triggering soil slips and debris flow, Proceedings
of the 2nd EGS Plinius Conference on Mediterra-
nean Storms, Italy, 463-487.

Fausto, G., Silvia P, Mauro R., and Colin P S., 2008, The
rainfall intensity-duration control of shallow landslides
and debris flows: an update. Landslides 5(1), 3-17.

Ikeya, H., 1989, Debris flow and its countermeasures in
Japan, Bull. of the IAEG, 40, 15-33.

Innes, J. L., 1983, Debris flows, Prog. Physical Geog-
raphy, 7, 469-501.

Johnson, A. M., and Rodine, J. R., 1984, Debris flows, In
Slope Instability (Eds D. Brunsden and D. Prior),
257-361.

Olivier, M., Bell, E G., and Jemy, C. A., 1994, The effect
of rainfall on slope failure, with examples from the
Greater Durban area, Proceedings 7th intern. Cong.
TAEG, 3, 1629-1636.

Siddle, R. C., Pierce, A. J., and O'Loughin, C. O., 1985,
Hillslope stability and landuse, Am. Geophys. Un.
Water Resource Monograph, 11, 1-140.

Varnes, D. ]., 1978, Slope movement types and process,
National Academy of Science, Washington, D C.,
Special report, 2, 11-33.

Yagi, N., and Yatabe, R., 1987, Prediction model of slope
failure in sandy soil due to rainfall, Proc., 8th Asian
Regional Conf., Soil Mechanics and Foundation Engi-
neering, 1, 217-220.

20093 82 21 DI, 2009 99 179 ARSI

2—’,‘

F=A DA AT A A2
350-350 thaFAN fd7 Aol 92
Tel: 042-868-3345

Fax: 042-868-3414

E-mail: kwy@kigam.re kr

N
o

rH=

SHALANDT AFDAFRY
350-350 thAFAA FET- A=
Tel: 042-868-3052

Fax: 042-868-3414

E-mail: bgchae@kigam.re.kr

[\e3



