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Analysis on the Influence of Groundwater Level Changes on Slope Stability
using a Seismic Refraction Survey in a Landslide Area
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Landslides is mainly induced by a heavy rainfall, earthquake ground motion, and some other factors like soil
mechanics, morphological-geological factors etc. Since the starting point of the failure seemed to be originated at a
construction site in the study, it is meaningful to find out the relationship between the landslide and the construc-
tion. For this study, the slope failure factor was examined carefully to see that the original natural slope had vul-
nerability and that the complex ground had unstability changed by construction. A field survey was conducted on
the original ground surface and filled-up ground. A laboratory test was also conducted to determine the geo-
mechanical properties of soil samples. 2D and 3D limit equilibrium analysis with changing groundwater level were
conducted at the failure depth using a seismic refraction survey. The result shows that the factor of safety is similar
stability under all condition, but unstable under saturated condition.
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Fig. 1. Landslide location and geological map of the study
area.
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(a) The starting point of landslide

(b) Mass movement causes trees to lean
downhill

(¢) Tip of debris flow
Fig. 2. Photographs of the landslide area.
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Fig. 3. Block diagram of the landslide area and seismic refraction survey lines.

(a) Ellipsoid
(b} Landslide

Fig. 4. Estimation of landslide volume assuming a half-ellipsoid shape(Beyer, 1978).
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Fig. 6. Definition of travel angle (a) of a landslide.
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Fig. 7. Seismic refraction results for the lines of (a)Linel,
(b)Line2, and (c)Line3. Subsurface velocity structures for
the three lines commonly show large velocity contrast at
depth of 4-5m as represented by grey dashed line
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Table 1. Physical and mechanical properties of soil samples.
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Sample . .. Moisture content Grain size (%)

nanll)e Specific gravity (7o) Gravel Sand Silt/clay Cu Cg UScs
Natural slope 2.49 23.42 24.12 57.96 17.92 182.6 7.7 SC
Complex slope 232 22.83 11.20 56.18 32.62 107.7 0.8 SM
Failure surface 2.09 14.82 14.48 54.39 31.13 183.3 0.7 SM

Sample Void  Porosity Degree of sat. Unit weight (t/m”) Permeability Shear strength

name ratio (%) (%) Dry Wet Sat (cm/sec) (tm?) ©)
Natural slope  0.86 46.28 68.22 1.34 1.65 1.80 992107 8.63 30.8
Complex slope 141 58.43 37.90 096 118 155 8451073 6.69 36.2
Failure surface 0.41 29.19 76.81 1.48 1.70 1.77 61710 - -
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Table 2. Safety factor of 2D limit equilibrim analysis with changing groundwater level.

Groundwater level

Factor of safety

Natural slope Complex slope

Dry
Saturated
-Im below the slope surface
-2m below the slope surface
-3m below the slope surface
-4m below the slope surface

1.90 1.92
0.78 0.77
1.03 1.02
1.30 1.29
1.56 1.54
1.77 1.75
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Fig. 9. 3D configurations of the ground and failure surface of each slope.

Table 3. Safety factor of 3D limit equilibrium analysis with changing groundwater level.

Groundwater level

Factor of safety

Natural slope Complex slope

Dry
Saturated
-Im below the slope surface
-2m below the slope surface
-3m below the slope surface
-4m below the slope surface

1.909 1.909
0.825 0.816
1.071 1.069
1.315 1.319
1.553 1.560
1.774 1.780
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(a) Dry

Fig. 10. Sliding forces and vectors of natural slope.

-

(a) Dry

Fig. 11. Sliding forces and vectors of complex slope.

(b) Saturated

(b) Saturated

Table 4. Forces and factors of safety calculated by 3D limit equilibrium analysis.

Slope type Condition of groundwater Driving force (ton) Resisting force (ton) Factor of safety
Dry 2.026 3.869 1.909
Natural slope Saturated 3.014 2.508 0.825
Complex slone Dry 2.068 3.949 1.909
plex siop Saturated 3.050 2.489 0.816
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