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Modeling Study for Effects of Hydrothermal Clay Vein on Slope Stability
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*Dohwa Consulting Engineers Co. Ltd., Seoul, 135-080, Korea

Clay veins that occurred in a slope by hydrothermal alteration, can significantly affect its slope stability. The
effect of clay veins on the slope stability was investigated by numerical modeling study. Various parameters such as
cohesion, internal friction angle, orientation, groundwater level, rainfall intensity and duration, have been modelled.
As shear strength increased, factor of safety increased. As groundwater level developed, factor of safety decreased.
For the case of slip surface developed on interface, factor of safety was lower than that for case of slip surface
developed on either weathered soil or clay vein. The effect of various soil types of the slope stability was also
investigated by simulating seepage through the slopes with various soils. The groundwater level significantly
increased on the slopes with silty and generic soils. For the slope with sandy soil, almost no change in groundwa-
ter level was observed due to rapid drainage.

Key words : clay vein, slope stability, groundwater level, numerical modeling
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Fig. 1. Tension cracks of slope occurred landslide (above)
and quartz and clay veins developed by hydrothermal
alteration (below).
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Fig. 2. A conceptual slope used in the study (revised from
Min et al., 2007).

Table 1. Shear strength parameter in the stope used by Min
et al.(2007)

Soil y (kN/m%) ¢ (kPa) ¢ (9
Weathered soil 18.6 36 28.0
Clay vein 17.1 11.0 18.6
Soft rock 23.0 60.0 350
Interface - 1.1 17.2
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Fig. 3. Interface and no-interface conditions used in this
study. (a) Interface condition and (b) no-interface condition
with clay vein by direction of 20°. () interface condition
and (d) no-interface condition with clay vein by cross
direction to slope surface.
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Table 2. Conditions and parameters used in the modeling study

- AL

Shear strength i
- g — Orientation of Groundwater Rainfall I;ilrr;gag:l
Cohesion  Internal fﬂcuo;’ Clay vein level Intensity h
(c, kPa)  angle(, kKN/m?) (hour)
1
2
1 4
2 6 C 1 rf:
4 8 ross to slope surface 03
Interface 6 10 (Cross) 00 |
condition 3 12 1 mm/hr 0'2
10 14 Parallel to soft rock Low 0' 4
11 16 (Parallel) 5 mm/hr 0'9
18 o . 1.8
18.6 15 Medium 10 mm/hr 35
1 ! 20° 50 mm/hr 71
5 142
5 Saturated 28.4
10 " 25° 100 mmhbr g
No-inte.r.face 15 20 . 113..8
condition 20 30
25
25
30
30
40 40
50
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Fig. 4. Three different conditions of water table with various orientation of clay vein. (a) low, (b) medium and (c) saturated
conditions with clay vein by direction of 20°, (d) low, (e) medium, (f) saturated conditions with clay vein by cross direction to
the slope surface.
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Fig. 5. Soil-water characteristic curves of unsaturated soils
(Sandy soil, Silty soil, Clayey soil) (Fredlund and Xing,
1994).
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Fig. 6. Effect of internal friction angle and cohesion on
factor of safety. (a) interface, (b) no-interface.
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Fig. 7. Effect of groundwater table level.
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Fig. 8. Different shapes of failure surface between (a) clay vein by direction of 20° and (b) clay vein by cross direction to the
slope surface. (a) and (b) have interface and low groundwater table condition.
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Fig. 9. Results of transient analyses by SEEP/W for sandy soil slope with clay vein which cross direction to the slope
surface. Value in parenthesis is a factor of safety. SWCC of sandy soil (Fredlund and Xing, 1994) has conducted. Numbers in
parenthesis represents time (hour).
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Fig. 10. Results of transient analyses by SEEP/W for silty soil slopes with (a) 20° and (b) cross direction of clay vein. Value
in parenthesis is a factor of safety. SWCC of silty soil (Fredlund and Xing, 1994) has conducted. Numbers in parenthesis

represents time (hour).
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Fig. 11. Effect of rainfall intensity and duration on sandy
soil slopes with (a) 20° and (b) cross direction of clay vein.
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Fig. 12. Effect of rainfall intensity and duration on silty soil
slopes with (a) 20° and (b) cross direction of clay vein.
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