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Three-dimensional slope stability analysis was applied to a failed dual-lithology slope containing both granite
and an andesitic dyke, taking account of the differences in shear strength of the different lithologies. A direct shear
test of the soil-rock boundary was performed to examine the shear strength of two different types of failure sur-
faces within different lithologies, and a laboratory test was performed on an upper, weathered soil layer. The test
results indicate that shear strength was lower at the soil-rock boundary than within the weathered soil layer. A rep-
resentative geological section was subjected to two-dimensional slope stability analysis using a limit equilibrium
method to assess whether the distribution of lithologies upon the slope influences the results of stability analysis.
The results were then compared with those of three-dimensional slope stability analysis, for which input parame-
ters can be varied according to the distribution of lithologies upon the slope. The three-dimensional analysis yielded
safety factors of 1.26 under dry conditions and 0.55 under wet conditions, whereas the two-dimensional analysis
yielded unstable safety factors of 0.92 and 0.32, respectively. These findings show that the results of stability anal-
ysis are affected by the distribution of different lithologies upon the slope. Given that the studied slope collapsed
immediately after rainfall, it is likely that the resuits of the three-dimensional analysis are more reliable.

Key words : Soil-rock boundary, Direct shear test, Three-dimensional slope stability analysis, Two-dimensional
slope stability analysis, Safety factor
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Fig. 1. Location (a) and geological map (b) of the study area.
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Fig. 3. Photographs of slope failures: (2) after the first faiture, (b) afier the second failure, and (¢} lateral view after the second failure.
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Table 1. Physical and mechanical properties of a soil sample.

Grain size (%)

Sample name Specific gravity = Moisture content (%) - USCS
Gravel Sand Silt’clay Cu  Cg

CW-3 2.67 8.9 3.8 85.8 104 26 24 SM
Unit weight {g/cm®) Shear strength

Sample name Void ratioPorosity (%) Degree of sat. (%)

Dry Wet Sat.  Cohesion (MPa) Friction angle (°)

CW-3 0.87 46.4 0.27 1.43 1.55 1.89 0.0048 315
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Fig 5. Direct shear apparatus for the soil-rock boundary test. {a) Detailed drawings of the shear box, (b) direct shear
apparatus, (¢) shear box before a test, and (d) shear box after a test,
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Table 2. Results of soil-rock boundary tests.

Shear strength

Sample no.  Soil Rock  Cohesion  Friction angle
(MPa) ©)
CW-3-1  CW-3  granite  0.0076 325
CW-3-2 CW-3  dyke 0.001 212

Table 3. Input parameters used in two-dimensional slope
stability analysis.

‘ - ioh hesion Fricti
Geo-materials Unit weight Cohesion Friction angle

(g/em’)  (MPa) )
Dry 1.43
Soil 0.0048 31.5
Saturated 1.89
Rock 2.65 0.0002 36.6
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Fig. 6. Results of a direct shear test conducted at the soil?rock boundaries of (a) granite and (b) an andesitic dyke.
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Fig. 7. Two-dimensional FEM slope stability analysis by
PHASE2, showing (a) the maximum shear strain and
trajectory, and (b) the total displacement.
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Fig. 8. Results of 2D slope stability analysis by TALREN97
under (a) dry conditions and (b) saturated conditions.

Table 4. Safety factors calculated for a 2D slope stability
analysis using TALREN97.

Groundwater condition Safety factor
Dry 0.92
Saturated 032
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Fig. 9. Three-dimensional configurations of (a) the analysis zone, (b) the original surface, and (c) the failure surface.
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Fig. 10. Results of 3D slope stability analysis using 3D slide, under (a) dry conditions and (b) saturated conditions.
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Table 5. Forces and factor of safety calculated by 3D limit
equilibrium analysis.

Condition of Driving  Resisting Factor of

Site No. groundwater force (kgf) force (kgf) safety
Dry 103,225 129,598 1.26

CW-3
Saturated 103,225 56,216 0.55
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