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Characteristics of Slope Failure Due to Local Downpour and Slope
Stability Analysis with Changing Soil Depth and Groundwater Level
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Korea Institute of Construction Technology, Dept. Geo-technical Eng.
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The failure of cut slope and landslide sometimes come from a local downpour within a short duration in
Korea. Especially, most of recent downpour converged upon a limited region and seemed the characteristics of
guerilla. Characteristics of slopes failed due to local downpour are analyzed. Failure mode is also analyzed
with respect to the depth of soil layers and the change of groundwater level. To know the influence factors of
the slope stability during local downpour, the authors conducted field survey for failed slopes and tried to
make a comparative study of 1,372 cut slope data distributed in the national road. FLAC-SLOPE(ITASCA Co.)
is used to analyze slope stability with changing depth of soil layers and groundwater level. The result shows
that the failed types of domestic slopes during local downpour are mainly shallow collapse and landslide. The
change of soil depth and groundwater level have influenced on the stability of slopes.

Key words: downpour, cut-slope, numerical analysis, shallow collapse, geometrical analysis

* Corresponding author : backd4@kict.re kr
57



58 e
M E

FolAE Y e AdAE el ge
1 2 AAalh s Sick A s 5
90 9 ATESE T At W2 3
o @ A7) o), S5 0024E BhFFA) 93
Sl H3] /155012 B 5 APHALTEH, 2002).
2 AFolE AEFAN AFE5 Slstel ¥ ojd
Apde] 23] We 9 F2, F1eHa Sl thatel ¥
4 AEE AA g

AR 339 D9l 714 2

g v]3)

= 8oz

= 7399} AudElst O‘li‘r(Hoe k and Bray, 1981). &
.j.oﬂl_ A&} gkl & Al et a Ao #st 4
77} o) o 2olA 1 Qi Aot 399 wE AL
W B 97 3P AHEE 08T 20 $U8 5
710 A]

(1996)o] o] 3F% Qael s Askael 4

Fig. 1. Collapsed slope in Myeongho Pungho,
Bonghwa
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Fig. 2. Collapsed slope in Songack nurupze,
Jaecheon

Fig. 3. Collapsed slope in Socheon Buncheon,
Bonghwa

Fig. 4. Collapsed slope in Bulgyo Jangyang, Bosung
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Table 1. List of collapsed cut slopes analyzed in this study
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Name of site LEEYI; H?;n ht Arz)%le Rock type V}/)ezgt;eeeri?ifg
1 Danyang Gakok Gadae 1 220 74 58 Phyllite %‘;‘;‘fﬁiﬁfg
2 Danyang Gakok Gadae 2 120 30 58 Meta sediment %’gﬁgﬁg
3 Danyang Dansung Janghae 20 27 18 57 Limestone Wliai Jed
4 Danyang Dansung Gasan 40 11| 68 | Granitic gneiss %322?&2&213
5 Jaecheon Bongyang Okjeon 30 17 40 Biotitic gneiss %\(]):325{321
6 Danyang Dansung yeojungbang 15 137 21 63 Dolomite WI(;I; ez,e d
7 Jaecheon Songack Mudonurupjae 1 66 2 53 Biotitic granite WIe_g ezled
8 Jaecheon Songack Mudonurupjae 2 U5 | 31 | 53 | Biotiticgranite | (LA
9 Jaecheon Ducksan Sinhyeon 47 16 46 Dolomite ngzit ezed
10 Kyeosan Munkang Yangkok 8 40 17 53 Limestone Wlei\it ez:sd
11 Kyeosan Munkang Yangkok 7 o0 20 48 Limestone %{[)S;E{g:ig
12 Danyang Dansung Duhang 1 119 20 60 Quartzite %\(f)ggigig
13 Danyang Dansung Duhang 1 72 B |57 Granite %ngﬁgeelg
14 Jaecheon Susan Sungam 120 8 62 Limestone Wilj?}l,gfed
15 Bonghwa Socheon Buncheon 16 70 17 45 Gneiss %’g&gﬁg
16 Bonghwa Myeongho Pungho 32 50 40 Sediment %’Qfﬁﬁi‘?g
17 Bonghwa Socheon Kanghae 100 12 50 Gneiss (‘/:\(,)g;glgilg{
18 Bosung Bulgyo Jangyang 100 50 54 Granite Wi&tg}klglyed
19 Goheong Bongrae Singum 50 20 55 Tuff Wliait ez,ed
2 Goheong Pungyang Pungnam 0 | 2 | e Tuff Weghly |

Range 27~220 | 8~74 | 40~68
Aver. 91 25 54
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Table 2. Distribution of slope lengths for the pre-investigated and the collapsed cut slopes

Pre-investigated cut slopes Collapsed cut slopes
Length(m)
No. of sites Percentage(%) No. of sites Percentage(%)

0~50 122 9 6 30
50~100 537 39 5 25
100~150 367 26 7 35
150~200 166 12 - -
200~250 105 8 2 10
250~300 23 2 - -
300~350 24 2 - -
350~400 14 1 - -

400~ 14 1 - -

Total 1,372 100 20 100
Average 119m 91m

Table 3. Distribution of slope heights for the pre-investigated and the collapsed cut slopes

) Pre-investigated cut slope Collapsed cut slope
Height(m) - -
No. of sites Percentage(%) No. of sites Percentage(%)

0~10 139 10 1 5
10~20 553 41 7 35
20~30 412 30 7 35
30~40 149 11 2 10
40~50 72 5

50~ 47 3 3 15
Total 1,372 100 20 100

Average 22m 25m
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Table 4. Distribution of slope angles for the pre-investigated and the collapsed cut slopes

Slope ratio Pre-investigated cut slope Collapsed cut slope Remark
~1:03 241 - 73%~
1:0.3~1:0.5 449 2 63~73°
1:0.5~1:0.7 349 8 55~63°
1:0.7~1:1.0 262 8 45~55°
11.0~1:1.2 55 2 40~45°
1:1.2~ 16 - ~40°
Total 1,372 20
Average 62° 54°

Table 5. Weathering grade distribution of pre-investigated and collapsed cut slopes

Pre-investigated cut Percentage Percentage
Grade slope %) Collapsed cut slope %)
Fresh 52 4 - -
Slightly weathered 350 26 - -
Moderately
weathered 565 4 3 15
Highly
weathered 319 z ? 5
Completely
weathered 86 6 8 40
Total 1,372 100 20 100
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Fig. 6. Distribution of the ratio of collapsed
width(W) to slope length(L)
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Fig. 7. Distribution of the ratio of collapsed
depth(Df) to collapsed length(Lf)

(@) Front view
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Fig. 5. Geometric factors to analyze a collapsed cut slope
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Table 6. Input parameters for numerical analysis in this study

y (kg/m) C(t/m’) o ()

Soil 1,500 01 25

Weathered rock (WR) 1,900 1.0 27

Hard rock (HR) 2,100 3.0 30
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Fig. 10. Safety factors with changing soil depth under dry and wet conditions

Table 7. Safety factors with changing water level

W, Fs
X-axis Y-axis H'=04H H'=0.6H H'=0.8H

0.55 072 - -
0.50 093 0.70 0.50
045 2.03 1.00 0.66

0.5 040 274 1.61 0.78
0.35 - 208 122
0.30 216 1.64
0.25 - 1.74
0.20 182




AF 594 A B &

49 53 AR ASHE

(a) H'=04H

5ol T AFH A s 65

{b) H'=0.6H

Fig. 11. Results of numerical analysis showing displacement vectors
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