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An analysis on landslide types and susceptibilities associated with geomorphic characteristics has
been conducted with 916 landslide inventories in Yeonchon-Chulwon District, where two day’s heavy
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rainfall was concentrated on July, 1996. The precipitation during the 2 days, which is eguivalent to
0.372 of event coefficient, can cause large landslides based on Olivier's equation, Sliding materials are
dominantly composed of debris mixed with rock fragments and soil derived from colluvium and residual

soils.

66% of the landslides are belong to debris flow and 23% are due to sediments flow,

in

accordance with the classification of sliding materials. Most of landslides(> 90%) are small and shallow,
less than 100m in length and about 1m in depth, and classified as transitional type. Granite is more
susceptible as much as 4.7 times than metamorphic rocks and 2.7 times than volcanic rocks, probably
due to higher weathering grade of granite. The highest landslide frequency is concentrated on the areas
between 200 and 300m in height and on the siopes between 10-20° in dgree. More than 50% of
landslides occurred under these geomorphic conditions. Consequently, colluviums and residual soils
distributed on the gentle slopes are most susceptible to the landslides of the area.
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Fig. 1. Map showing the study area : the black
dots represent locations of landslide.
A:Galmal-myeon, Chulwon-gun,
B:Misan-myeon, Yeonchon-gun,
C:Kimhwa-eub, Chulwon-gun,
D:Seo-myeon, Chulwon-gun,
E:Keunnam-myeon, Chulwon-gun,
F:Chufwon-eub, Chulwon~-gun.
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Table 1. Landslides characteristics investigated in detail at 66 locations.

Location | Position.. | Geology rfjalgatggl V\(,;g§h Qgﬁgh Vegetation
A-1 Ridge Granite C&R TDF 70 5 Im Needle-leaf
2 Valley " ” n 40 7 2m n
3 " " " " 30 4 Im Broad-leaf
4 " " " Gully 110 35 im "
5 " " ” " 90 6-8 Im "
6 Flat Slope " C TDF 260 10-35 2m "
7 Valley " C&R " 80 30 <lm "
8 " " ” " 70 8 <lm "
9 " " " " 70 12 <lm "
10 " " " " 60 13 <lm "
11 Flat Slope Y " TSF 50 17 <lm Broad-leaf
12 ” " " semi-C SF 13 8 15m "
13 " " C&R TSF 40 15 1.3m "
14 Valley " " TDF 40 20 im "
15 " " ” " 30 13 Im "
16 Flat Slope " " semi-C SF 25 25 2m Grass
B-1 ” Gneiss R TSF 2 4 Im Broad-leaf
2 Ridge ” C semi-C DF 80 30 2m "
3 " " " TDF 34 7 1m "
4 Flat Slope " " semi-C DF 70 20 1.2m "
C-1 Valley Granite C TDF 50 16 2m "
2 Ridge " C&R " 50 22 Im "
3 " " " " 2 13 im "
4 " v " " 38 12 Im "
5 Flat Slope " " " 5 32 <lm "
6 " " " " 18 12 <lm "
7 " " R TSF 25 7 1m "
8 " ” R " 33 10 Im "
9 Ridge " R " 45 16 1m "
10 " " R " 80 18 1.5m ”
11 " " R " 30 8 Im "

118




AYEA wE Al §3 3 Ak - AV-FUARE QPR -
Table 1. Continued
Location Position Geology ﬁgg;’}igl Type L‘“??T%th V\(/:ﬁ;h Dgﬁ;h Vegetation
D-1 Valley Granite C&R TDF 35 14 Im Broad-leaf
2 " " ” ¥ 27 7 1Im “
3 " C Gully 130 8 1.2m "
4 Flat Slope ” C&R TDF 40 10 Im "
5 " ” " " 45 8 1m ”
6 Valley “ R TSF 40 8 1.2m ”
7 " " ” 7 80 8 lm "
8 ” ” ! Gully 120 6 <Im 7
9 Flat Slope ” " TSF 50 20 Im "
10 " “ " g 40 7 Ilm “
11 Valley " " Gully 35 4 <lm ”
12 " ” ” ! 15 3 " 7
13 g " 10 3 " “
14 ” ” " TDF 25 5 im 7
15 " ” 7 30 20 2m “
E-1 Ridge " C TDF 30 10 1.5m Needle-leaf
2 ” " " " 60 7 ” ”
3 Valley " R TSF 25 5 1m "
4 " " " " 20 5 Im "
5 Ridge ” C&R TDF 100 18 lm
6 ” “ " ” 80 8 “ "
7 “ ” " ” 45 5 " ”
8 " " ” " 150 17 ” "
F-1 Ridge " C&R TDF 60 13 2.5m Broad-leaf
2 " " " ’ 50 8 2.3m 7
3 Valley " " ” 20 6 1m "
4 ” " " ” 35 6 im “
5 " ” " ” 30 5 15m "
6 " " " " 28 5 1m ”
7 " ” ” ” 32 4 1m i
8 ” ” " 50 6 ” ”
9 ” " ” 40 5 ” ”
10 i " i % 3 " "
11 Flat Slope ” C&R TDF 40 18 1.5m "
12 Valley R Gully 15 4 <lm i

» Location-A @ Galmal-myeon, Chulwon-gun,
C : Kimhwa-eub, Chulwon-gun,

E : Keunnam-myeon, Chulwon-gun,
« Sliding material-C : colluvium, R : residual soil

* Type-T : transitional, F :flow, C:circular, D :debris,
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S © sediments

B : Misan-myeon, Yeonchon-gun,
D : Seo-myeon, Chulwon-gun,
F : Chulwon-eub, Chulwon-gun
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slope failure in natural slopes(after
Graig, 1983).
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Table 2. Landslides frequency according to their length.

Lengthim) 20 20~39 40-59 60-79 80-99 | 100-149] 150-199] =200
Frequency{number) 5 23 19 7 6 4 1 1
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Length(m)
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Fig. 3. Diagram showing relationship between ;
landslides length and width. Solid line 2. Metamorphic rocks | 207 178 086
is fitting trend of ridge data. Dashed 3. Granite 18 73 406
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valley.
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Fig. 4. Geological map of the study area ; black dots indicate locations of landslide.

Table 4. Precipitation of 1996 and mean monthly precipitation(MMP) at the same station.

(unit : mm)
onth : T
Station Jan. | Feb.Mar.| Apr. | MaviJune|duly |Aug. | Sep | Oct. |Nov.]Dac. | Tot.
Year
1996 21 2 59 49 62 227 745 78 8 57 59 8 | 1375
Chul-won
MMP 17 24 43 85 91 137 | 344 | 303] 165 46 49 20 | 1324
1996 15 1 66 57 27 274 1 650 58 8 67 54 2 | 1279
Kang-wha
MMP 18 20 37 86 20 142 | 314 | 330 162 43 50 20 | 1312
1996 18 5 70 4 23 236 | 546 T4 36 65 45 13 | 1185
Chun-chon
MMP 23 26 44 74 0 134 | 348 | 286 163 46 43 19 | 129
1996 16 1 78 62 29 250 ] 513 132 11 90 63 11 | 1256
Seoul
MMP 23 25 47 94 92 134 | 3691 294 169 49 53 22 | 1371
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Fig. 5. Precipitation contour map of rainfall
from July 26 to July 28, 1996.
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g7t doldt 1996 789 ZAFe 2358 dHT

QT e
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Toﬂ J@ At oz, AF A5 9% 2
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Cf = CctCe = 141

o] 714 Cf : coefficient of final landslide response
Ce(cyclic coefficient)=CPR/MAP=1.038
Ce(event coefficient)=PRE/MAP=0.372

CPR : cumulative precipitation record
1,375
1600
1400
1200
Ewoo 3
&
% 800 |
£ 600 |
400
200 |
0 ,
1 2 3 4 S [} 7 8 9 10 1t 12
Month
Fig. 6. Cumulative precipitation curves of
rainfall data in Chulwon, 1996 ;the
solid line indicates precipitation of

1996 while the dotted means that of
mean monthly precipitation.

Table 5. Daily and hourly maximum precipitation records of rainfall in the study area.

Daily records(mm) 6 hour records{mm) 1 hour records(mm)
Station
July 26 July 27 July 26 July 27 July 26 July 27
Chulwon 225 268 142 45 |

123



299, JNE, ABF, AT

MAP : mean annual precipitation=1,324
PRE : precipitation record of event=493
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Fig. 7. Histogram shows relations between
landslide frequency and topographic
height ; elevation of 200-300m show

the highest frequency of landslide.
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Table 6. Relations between topographic height and landslide frequency:.

Height(m) Area(km?) Area(%) Frequency{No.) Freq./km*
0 - 100 260 20.7 139 0.38
100 - 200 409 2018 2] 0.24
200 - 300 367 26.21 465 1.27
300 - 400 i 151 10.78 132 087
400 - 500 91 65 63 0.69
500 - 600 48 339 18 0.28
600 - 700 24 172 0 0
700 - 800 13 0.92 0 0
800 - 900 6 0.43 0 0
900 -1000 2 0.15 0 0
Total 1,402 100 916 avr. =0.62

Fig. 8. Map showing landslide locations associated with topographic height.
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139/ 2F dFAY AMgie] A, 6k
FHFAAE 200-300mol A A e WNESFE
Rol¥, 2 thg o2 100-200mSt 300-400m ZEo
A Hl=g Nng HolHa EXItl FRIAME
300-400m TEA L] HIE7L A% w31 1 o)
200-300m IZollA ttER}: Qi) A giREe
M E AMEEe] A Eu2RE 100m
o 53X &S AR AA BT gle], YR
A7 dold A AFHoZ QAztolA B

HE oF7l & + U&S £d

L

MAERR} AITHZAL
A AbEe) AAE AMAFE, B8 oM -F(debris
flow] A% W F48 oulg gtk 9P

HollAl dojut dFE gHFES BAS dhg
10-20° Aole] A} AWM 70% o]ide], 5-10° At
APHO A 20%7F HAEEA I, 400 ol ZAAbHEA
t 23 7ud Aoz HuEUchlkeya, 1929).
ATAGAN & MAEEE iR R 5-25° A}
old] IFHE NS R dB Feo fAE
$4& YeEla 9tiTable 7). AFA LA E A}
AL 10-20° Atel2] A FAFRAA oF 5099 At
AHRZE JF A glow, 40° oo 1 ZHAPHE| A
© 1970vte} A Folth(Fig. 9.

o}, @9l AT AR EE Al ekg
o A AHHEXE ¥+ AoZ HAHTable 7,
Fig. 10). I3 10914 AHA7E g3l A4Z kAL
B W=7k Eolxle £ SHAIRE HAL 50° ol A
At A ol AR AG(AAAGY 037%)S
AL Z &, 10-2001 M A HiEE FHaele
Boh 1438 o

Table 7. Landslide frequency associated with slope inclination.

Slope (degree) Area(%) Frequency(number)} Frequency(%) Frea./km?
0-5 30.55 74 8.08 017
5-10 17.09 159 17.36 067
10-15 17.15 254 2773 1.06
15-20 14.28 190 2074 095
20-25 9.78 105 11.46 0.77
|
25-30 597 65 7.10 0.77
30-35 294 39 426 095
35-40 1.10 i1 1.20 0.73
40-45 0.51 6 066 0.86
45-50 0.29 2 0.22 050
50-55 0.20 4 0.44 1.43
55-60 0.12 5 0.55 250
60-65 0.04 2 0.22 5.71
65-70 0.01 0 0 - _4‘
Total 100 916 100
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g qg—g— AES BN(Table 8), AATFZ%S SHH
50 Aaxge wasA Zaoh ot $EveEielA
A o2 4] 13 A AF =z NEH3EF
e e R 882838 3 8 2 ;w i}l};ﬂ} Efigli:‘;z R
MR R smo o cael SW maemL ot
} & RSN 6]
Siope Inclination{Degree) % glsdod 1 gl SW WFeEE v
3 REE E°1C}
Fig. 9. Hi;;togra:meshovls_/ingiorr]ilagﬁgs?i?]dstlng— AN HlESE BXUERS AR BZudo)
ween slope inclinati a e .
freauoncy, A3 »}E}wv}(mg 1. B4 R k)
TE BEE A didsEe EANEs 5%
6 g7t (392 315°-0907) BT 147719 W, E&E
g5 Abgel Gewrda g AE s 135°-2707)
= 7AAe Fg HEE 075700 BHsiel, 5F ApA
[+
fg o] gZo| Hizle] 2ule] WIRE Holxm vt ¥
s U, oleig @4o] ojud e oy AR E
=2
g g3z Zalgoh gk YoM E AFEHUAR] A
w
1 A7ze L okl Aoz HNarh otE )
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Fig. 10. Histogram showing landslide freqg-
uency per unit area within the given
slope inclinations.
Table 8. Relation of topographic aspect to landslide frequency.
Aspect Areatkm2) Areal(%) Frequecy Freq./Area
1. Flat area 124 8.86 0 0
2. N 145 10.35 135 143
3. NE 142 10.16 151 1.62
4. E 155 11.05 149 1.47
5. SE 151 10.79 90 091
6. S 150 10.73 64 0.65
7. SW 166 11.83 65 0.60
8 W 194 13.82 109 0.86
9. NW 174 12.42 153 J 1.34
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