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3-D Slope Stability Analysis on Influence of Groundwater Level
Changes in Oksan Landslide Area
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In the study, we carried out a 3-D analysis to assess the influence of groundwater level changes on the slope sta-
bility, conducting a series of back-numerical analysis to delineate the critical line of the shear strength of the fail-
ure surface of a landslide, and a laboratory test to determine the geo-mechanical properties of soil samples. The
analysis result shows that the shear strength determined by the laboratory test was distributed below the critical line of
shear strength estimated by back-analysis. Differences between driving and resisting force were also analyzed in
groundwater conditions of dry and saturation. It appeared that the stress gets greater towards the slope center of the
landslide, and the debris mass moves downwards. According to the analysis, the factor of safety becomes 1 with

the rise of groundwater level up to —0.85 m from the slope surface, while the slope tends to stay stable during dry
seasons.
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Fig. 1. Location of the study area and runout migration route of debris.
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Fig. 2. Photographs of the landslide area showing a failure
type.
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Table 1. Physical and engineering propetties of soil collected in the study area.

Atterberg limits(%o)

Gs o (% D;o (mm C C e n(% USCS
(o) 1 oL o1 10 (mm) u g (%)
271 8.49 372 146 22.6 0.19 4.67 0.89 0.79 443 SP
Grain size(%) Unit weight (g/cm?) Shear strength
Gravel Sand Silt/Clay Dry Wet Sat. c(t/m?) ¢(°)
7.73 91.68 0.59 1.50 1.63 1.95 0.1 30.3

Gs, specific gravity; w, natural moisture content; LL, liquid limit; PL, plastic limit; PI, plasticity index; D, effective size; Cu, uni-
formity coefficient; Cg, coefficient of gradation; e, void ratio; n, porosity; USCS, unified soil classification system; ¢, cohesion; ¢,

friction angle.
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Fig. 4. Geologic map of the study area.
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(a) Original Landform

(b} 3D configuration

Fig. 5. Configuration of the landform before occuring landslide in the study area.

(a) Rupture surface

(b) 3D configuration

Fig. 6. Configuration of the failure surface in the study landslide area.
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Fig. 7. Estimated critical line of shear strength based upon
the resuls of back analysis for the study landslide area.
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(a) Vectors of driving force (b) Difference between driving and
resisting force |

Fig. 8. Stress distribution under dry condition in the study slope. The blue and the red mean resisting and driving force,
respectively.

(a) Vectors of driving force (b) Difference between driving and
resisting force

Fig. 9. Stress distribution under saturated condition in the study slope. The blue and the red mean resisting and driving force,
respectively.

Table 2. Forces and safety factors calculated by 3D limit equilibrium analysis.

Condition of groundwater Driving force(ton) Resisting force(ton) Safety factor
Dry 588.1 959.7 1.632
0.85m below the surface 743.7 743.7 1
Saturated 764.9 562.4 0.735
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