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Analysis of Rock Slope Stability by Using GIS in Mt. Keumsu Area

Hyun-chul Bae*, Sang-ki Moon* and Young-hoon Lee*

ABSTRCT: The goal of this study is to assess the spatial distribution of unstable natural slopes and cutting slo-
pes under would-be development. For this goal, a quantitative slope stability analysis method using GIS inte-
grated with a computer program was developed. Through field investigations, the discontinuity parameters were
collected such as orientation of discontinuity, persistence, spacing, JRC, JCS, and water depth. The distibu-
tions were interpolated from the ordinary kriging method in ARC/INFO GIS after variogram analysis. The
layers showing all parameters needed for limit equilibrium analysis were constructed. The final layer using
GIS works was composed of 162,352 polygons, that is, unit slopes. The rock slope stability analysis pro-
gram was coded by C++ languge. This program can calculate geometrical vectors related to rock block fail-
ures using input orientation data and direction and dimension of strength to occur failure. Also, this can
calculate shear strength of joints through empirical equations and quantitative factors of safety. This method-
ology was applied to the study area which is located in Jaecheon city and Danyang-gun of the northeastern
part of the Okcheon belt showing various lithologies and geological structures. The area including Mt
Keumsu is about 135 km® As a result, the study area was entirely stable but unstable, that is, factor of safety
less than 1.0 dominantly at the slopes near Keumsil, Daejangri, Keumnsungmyun and Sojugol, Mt. Dongsan,
Juksongmyun by the natural slope stability analysis. Assuming the cutting slope showing the same direction
as natural slope and the slope of 63 degree, the stability map was made. It was concluded that economical,
immediate, and quantitative analysis of factors of safety for a regional area could be conducted through GIS
integrated with a computer program of the limit equilibrium.
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Fig. 1. Flow chart of rock slope stability analysis used in
this study.
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Fig. 4. Geological boundary and sites of sampling for joints
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Flg. 5. Stereonets of discontinuity orientation. (a) Total site, (b) The great limestone series, (c) Biotite granite, (d) Keumsusan

quartzite, (e) Suchangni formation, and (f) Schistose granite.
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Fig. 6. Flow chart of kriging interpolation.
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Fig. 7. Results of kriging interpolation and its semvariogram for joint set 1.
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Table 1. Model parameters of semivariogram.
Model parameter distance range sill nugget difference
Joint parameter (d; m) (a; m) (s) (co) (s~cq)
jl-dip direction 100 100 10269.811 10269.801 0.010
jl-dip 200 1322.088 471.159 0 471.159
j1-spacing 200 635413 0.170 0 0.170
j1-persistence 200 200 10.819 0 10.819
jl-rebound no. (fresh part) 200 4074.181 101.574 28.156 73.418
jl-rebound no. (weathered) 180 7127.764 94.564 12.669 81.895
jl-joint roughness coeff. 180 11700 14.038 8.426 5.613
jl-overturn 200 13200 0.087 0 0.087
j2-dip direction 200 200 9258.183 7924.340 1333.842
j2-dip 200 200 214.887 134.332 80.554
j2-spacing 200 784.385 0419 0 0.419
j2-persistence 250 250 3.101 2.118 0.983
j2-rebound no. (fresh part) 200 3216.152 122.217 11.328 110.890
j2-rebound no. (weathered) 200 4297.229 100.549 97.684 2.865
j2-joint roughness coeff. 200 13200 14.728 9.379 5.349
j2-overturn 200 10200 0.117 0 0.117
j3-dip direction 200 200 9575.408 9560.520 14.889
j3-dip 200 519.413 508.207 0 508.207
j3-spacing 350 12950 25.752 0.389 25.363
j3-persistence 200 200 5.934 0 5.934
j3-rebound no. (fresh part) 200 4112.774 119.061 7.750 111.311
j3-rebound no. (weathered) 150 6166.664 90.203 13.421 76.782
j3-joint roughness coeff. 150 7326.049 10.701 4.864 5.837
j3-overturn 200 13200 0.265 0 0.265
water depth 100 100 2.863 0 2.863
average 194.4 4619.2844 1240.5926 1123.407 117.1856

*j1 : joint set 1, j2:joint set 2, j3:joint set 3, d:distance between lattice mesh points, m : meter
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FIg. 10. Kriging interpolation for (a) the water depth and
(b) its semivariogram.
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Fig. 11. Flowchart of rock slope stability analysis program.
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Table 2. Input parameters for rock slope stability analysis.
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Fig. 12. Geometry of wedge failure problem. (a) Plane numbers (b) Geometrical vectors.

Legand

Il o0-:.0
H 1020
SN 2000
N 2040
MR ¢0-5.0
N 5 05.¢
B s0-70
Ml 700
[ EEINY

Fig. 13. Natural slope stability map.
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