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More than 3,000 landslides were occurred by torrential rains in Gangneung area due to the typhoon Rusa in
2002. In order to analyze the landslide origin and its geometric characteristics, 1,365 landslide data were collected
from the field survey of Sacheon, Jumunjin, and Yeongok areas in which the intensive landslides took place. The
average landslide size in the study area was composed of 10m width, 30m length, and 21°-35° slope angle, and the
plane view of landslides A-type (i.e. wide shape of lower part) that contains approximately 50.5% of the landslides
commonly occurred. In particular the area of Sacheon heavily damaged by mountain fires had more occurrence of
landslides than other areas. The landslides of uniform tendency of slope direction were examined resulted from the
contribution of topographic characteristics due to the weathering and wind direction during heavy rainfalls. In order
to analyze the direction of joint, 249 orientation data were collected from the study area. The window method was
employed to determine the characteristics of joint density in 51 locations of the study area. The results showed that
many landslides occurred in the areas of joint density with the range of 0.05~0.1.

Key words : landslide, geometric characteristics, plane view type, mountain fire, joint density.
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Fig. 1. Map of the study area (a) satellite image around Gangneung area (b) map of Sacheon area, (c) map of Jumunjin-

Yeongok area (Black dots are location of landslides).

Table 1. Rainfall records measured at Gangwon province.

Location  Gangneung Daegwanryung Donghae Jumunjin  Jinbu  Sogumgang Okgye Sacheonl Sacheon2”
Total 898 760 336 498 167 435 304 959 892
24hr 870.5 712.5 319.5 483 154.5 420 303 9445 877

Max. of hour 98 60.5 57 585 20.5 41 90 107 88

*: measured by Shim et al., 2002
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Fig. 2. Contour diagram of rainfall at Gangwon province.
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Fig. 3. Cumulative curves of the rainfall data at the study area.
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Fig. 4. Landslides occurred at Sacheon area (a) landslides at mountain fire area, (b) general type of landslide.
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Fig. 5. Distribution of landslide geometry at Sacheon area (a) width of tandslide, (b) length of landslide, (c) slope angle at
triggering point, (d) elevation at triggering point.
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Fig. 6. Rose diagram of slope direction at Sacheon area (a) direction of landslide, (b) direction of the whole mountain slope.
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(a)

Fig. 7. Landslides occurred at Jumunjin-Yeongok area (a) landslides at felling area, (b) general type of landslide.

(Fig. 1c). o Q= Ago] AAR HEGol|A] 2}
B 2=} o A4 YeE 9LoH(Fig. 7a), LAY
g ALY B ARIA e BAE ARALE ) FA
S AAPHS] ARl Hold G50 dAEl] A
THE vl EFE wske §30] dREel(Fig. Tb).

FEAAFA el B BRSOl 21~30m
7} ZAL 302%2 7FY B ¥EE 29FEH 30m
olslE mF FoPd 49.9%= dute] AMAbelzE £3he
o Zoj7t 50m o)k A 86.5%, 60m ol3h=
92.6%= APIH AH9] AlFHTl= T T 71 AEC]
331 Uch(Fig. 8a). A7 228 AR e] APR7
Al 200 olst= A9 glow, 31°~35°9) ALt
Q1% 7P @& =S el gtk AFEAApt
26°~35°2] 9= AA Q) 74.1%9] HILE HAFT ¢
O} 36°0)2 20.3%0 EFslchFig, 8b). ©] xQe]
APAAANE ARI® AGEG FHI NIEe] ko] T
§ 2 ZARME BAEch A A Ze 2
o] W3 mFS BFs] st Aleirt AlEe Atk
5] EZ(Fig. 8c)# AHE7F ks sl F(Fig 8d)
o7 FR3 AT el sluRe] Zo
10m °J37F 22t 752%, 61.5%2 7FF B2 ¥e=s
Rol2y glow, A Hrks dvhie] o] tik ¢
W A%e HART Qo

FEAG-ATH A Golla] BT AAJENY] HWighe]
TEE 2ol 30m, £ 10m, WA XY ApEAARE
35° Aol gt o) Ax FEE ARAG F)
HlTzro 2= thA vlgdlRw Ajzke s v)wah o)
AR o] LRALEIZE AR AR Dol thaA ¥ X
A R 22 o F3) =0

o] Aol A MR ARIAG T FARSA 4
AlER7E et ApEdee] dAE B S vERT 9l

()]

o} AbARER] whE AL A Wiss FEig X
& RAFA gl 2R E7E 2AISE Al ) ke
vjagoes TeRE EEFOAM $F% Wk sk
uro)zk 210~100°9] WEko 2= A 34.7%2] ARAJE]
7b AEIATY, FolA A sl slgske W
A7 141°~220°¢] WHEko 2= A9 10.4%S] AALE
who] A3l (Fig. 9a), 557832 AfHeA AN
7b 3, gANgERe) Aol RAIETE TP e A
S & 5 o o] AuaEm $ho] ARR s mlRkrt
AR 2007 o= 24E g 10074z BE 5
Act. olEidt PP ARG WHe 2T 207t
DA gl Wer) &3 A ggela Hies)
2 e FUsita & 4 Qir) wepr o] Qe
M e AAApEEE B8] B3dth(Fig 5.13b). ©]
A ARapEake] X 0917F 161°0~180° 23K
@ AP0l 6.8%2 7P & BIEE, 281°~300° Wk
o) APO] 33%2 7Pg R HIEE Uehls thk 7]
Bo] UEJUARE, ] Rjole] A7|& o] X AAH ]
thall X oF 3% sgshke Aelth Fig 5139 F |
A2 i s R 22 e o ) e o S | )
W] Wgdo] 7R Wlrt 1 B4 ukake] Apdo) ¥l
T @2 Aog BAHT Sivh wEi] Aedt ARA
A7} o] Ao MAAANER] BE= 2olr} gled) v
3, AP SIS AR fARG Helg Jeh)
3L Stk o] AY JA] ARG T sdeto] #
Fahe AGolojA] ARG} FUs ofH g9lel] 2%
FHFLE oledt W vElE ZoE waEn

oL

T
AAkele] Peg BEYAFL Fol F o)t 71 A
o Qukgolr}. Tei} ZE jele] Aol olzlsh



Length of landsiide

35.0%
10.0%
25.0%
3
2 ono%f
@
3
g
& 1souf
10.0%
s.0%} g
e N W1 ,
% / . .
e 60 70 80 90 100 110 120 130 140 150
Length (m)
(a)
Width of top

Frequency

5 10 5 2 5 3
Width{m)

(c)

Freguency

Frequency

45%
0%+
35%|

5%+
2%}
19%
10%

5%

Slope Angle

09 WL

40.0%
35.0%
30.0%
25.0%
20.0%
15.0%
10.0%

5.0%

0,09 e

Slope Angie(Degree)

(b)

Width of toe

25 30 3
width{m)

(d)

40

Fig. 8. Distribution of landslide geometry at Jumunjin-Yeongok area (a) length of landslide, (b) slope angle at triggering
point, (¢} width of landslide at head part, (d) width of landslide at toe part.
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Fig. 9. Rose diagram of slope direction at Jumunjin-Yeongok area (a) direction of landslide, (b) direction of whole mountain

slope.

= 7] "] AAEre g ek Z2AE A
Alstaart. AAte o] Byl thajMeE B 28
N7 ed T (200300 = Aol Wiet Zo v|E
o183l ke wiAYE (EH), 24 (), AR @) 2
HEY /R 7R 3l 1R &8 Aty 4

o, AR 22 WAjHle) Fog de) aYLS Hye

017

W (L/W=1)ell HAHE ol Fo| ulseh

A Zke] 2 (A), Zo) tig Zo] uizt

0.8~
1.5~

1.59] gl HAEE vl (EBH), 282
sold e Gl HAHY G @R )os BE



AN Atee] slstet S4dat deisAdel #jk 4 445

g & 9o AW WP BSE ¢ b gtk 23 AjEe] olst Fo wAE Aol 4
Aol T8 Hejol L, Hael A9 BHE AY  oJA4E Zo] WA Z} s Pl o,
oM, BERe FEd B3N £ 3 T ol Aol met de] A% ot Akl
Aol ZAR AWAele) Zolst Bg olgale} ¥ Fe AAMOE dom o13E WA BT ek

r}I.
T
ol
-

d

zg APackFig 10) ST AAEE B AWl FURYS FRe shve) S olgaNE
o] Zuch Zols} 71 $alwk ol WA BE  BRaES dlrh 2 =R 4-siel %2 olg

o mopom Uehiy ok, AjHel o7k 25m skl AENY) HREHAS Theel Al IR el Bk
olal e AR 7R Felols UY A4 BT A BohFig 1) 3 AAZ Ak Re) Zo] Fx

80
) 7@7 >
80 /
&

40

Width of fandslide (m)

(a) ) (c)

Fig. 11. Types of landslide in plane view (a) A-type(opening downward), (b) H-type (identical width), (c) V-type (closing
downward).



446

2 e 248 Zo] FA HolAe ‘A FH(A-
type)old, T WA AFe} s Zo] 4B ‘H
el (H-type)o ™, miASto 2= 4] Zo] Y sk
2 ZFE Fo] FolRle V’ FE|(V-type)olth. Abalel
o} FHBPNE olgA TEY F = A2 d2) §
goll mz} thE 54 Jepl7] ol ‘A" Hel
At AEAQoA BT A S 50.55%2] vl
2 7P &3 Felolm o] B2 JAIES Hojrt A
FRE v o 744 AFEHA AEEEE Bol 34
ATt ‘H BEje -t Rl 17.58%C] H|
£2 ¥ gon o 5L ‘A FE9 vsE
THAY. F 7R g 25 AFo] & b 29
GEA RO DYSEA ARPEY] Z|ARAA RE -
4R AG7EA] FFEED Q). olef) wkslA v Hele
31.87%2] Hl-EE B¥3ty Jud, I ERL F2 3
Bt 2 Ado|7L} AP o7 At QE3 A
HollA #AZ= T glon, AL Zlol(depthyt A&
& 7 7 BHoie A JeRdaL gl wela] ARl
o Ao] AlFe] vieA] ARF7| Hok= AME F7F
X Fo] vhe 97t tiFEoln R A A
B Sohio X A EAe] o542 2at #EAFHA o
9% St} o] Fe= WEYs viss|s 31X
, BB Hedo] ¥e BN s, siia

EZo] YA gatEle Feloly] wliEdl ‘V'EH9}
U2 FeE AdEn. Zze] ol gk Al
o 7AEL e Zole] AeE thAzke] AjolE i
B2 Jedl@EE 2), AME AR 29.7°~31.8°9] W
AE HoAFEd VvV eyt 2dshiet & BAE
el glown, drtEle] ZHele 36.5~66.3 cme] W
AolA A Felr) 7P Ae Rog =AY wet

> g e

3

ot fir

(a)

Fig. 12. Contour diagram and rose diagram of joints (a) all jonits, (b) joints of low angle, (c) joints of high angle.

Z83 .

35

Table 2. Types of landslide in plane view at Jumunjin-
Yeongok area.

Plane view Landslide Mean depth Mean slope angle

type (%) (cm) (deg.)
V-type 31.87 36.5 318
H-type 17.58 46.1 29.7
A-type 50.55 66.3 315
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Table 3. The status of landslide at mountain fire area.

Area  Number of Number of landslide
(km?  Landslide per unit area(l km?)

Whole area 26.6 525 19.7
Damaged area  13.9 495 35.6
Not-damaged 1, , 30 2.36
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Fig. 16. Distribution map of slope direction and locations of landslides (red: slope of SW direction, green: slope of NE
direction, color depth: gradient of slope, black line: landslides).
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