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Layered gravel soil slope stability of a waste dump considering long-term hard rain
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ABSTRACT In order to examine the effect of long-term hard rain on the layered gravel soil slope stability of a waste dump the for—
mula derivation relating natural water content natural unit weight and natural volumetric water content was conducted to help to con—
firm the initial suction of the slope rapidly. A numerical analysis model of a waste dump with a layered gravel soil slope based on the
finite element method was established to analyze the saturated-unsaturated seepage coupled stress-pore pressure and slope stability.

The results show that a seepage channel will be formed in the slope surface due to its high permeability during the rain. If there exists
a water—resisting soil layer in the bottom of the slope water will come out from the slope toe. The displacement of the slope increases
with a decreasing rate during the rain and decreases immediately after the rain. The stability coefficient of the slope decreases rapidly
at the beginning of the rain. Then the stability coefficient barely changes till the rain stops as the seepage in the slope surface becomes
stable. After the rain the stability coefficient increases slowly. It is most possible for the layered gravel soil slope of a waste dump to
fail in the middle and late stages of long-term hard rain.
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Table 1 Mechanical and VG model parameters of different soil layers

VG
v/( kNem~3) E/kPa v o /(°) ¢’ /kPa kg/(mes™") 0, 0, a n
(1-1) 19.6 13000 0.32 31 6.5 3.472x107*  0.294 0.05 3.170  1.782
(1-2) 21.5 20000 0.34 33 9.0 2.604x10°* 0.288 0.05 3.170 1.782
(1-3) 22.6 39000 0.37 35 11.0 1.736 x10™*  0.281 0. 05 3.170  1.782
(2-2) 19.0 11500 0.25 17 32.5 1.0x10~? 0.432 — — —
(3-3) 19.2 12000 0.25 16 30.5 1.0x10~° 0.419 — — —
(4-1) 23.5 44000 0.32 24 47.5 1.0x10°¢ 0.504 0.195 10.359 1.896
(5-1) 25.4 3.16 x 107 0.34 39 400 1.0x10~? 0.400 0.188 9.109 2.616
2 N
Table 2 Design of the rainfall pattern Om
/ / / / 35.57m ( 348. 59 kPa)
mm d d (mm-d"") 35.57m 0m (
457 8 2 57.125 0 kPa) 42.57 m
-2.76 m (
2.2.2
_— -27 kPa) 76 m
-4.59m ( - 45 kPa)
(1-1) . (1-2)
(1-3) 3
40
q q 2
2.2.3
3 ( . kPa)
Fig.3 Initial pore-water pressure of the calculation profile ( unit:
kPa)
2.3 -
4
15
0 ~ 10 kPa.
: 16 7m 0 ~10kPa
( 42.57 m) 8 0 ~ 10 kPa
6 m.
0.6 . (1-1) 4.1%
19.6 kNem™’ 9.8kNem™ 10 20 kPa.
(7) 6 0.079 - 5
45 kPa 75.5m
(1-1) 2 - 10 kPa
- 10 kPa
45 kPa. SEEP/W  “Spatial Functions ( 60 ~75.5m
)" ~5.3kPa. 8 10
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4 ( :kPa). (a) 8 ;(b) 10
Fig.4 Pore-water pressure contours of the waste dump at different moments ( unit: kPa) : (a) the 8th day; (b) the 10th day
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Fig.5 Pore-water pressure of selected nodes at different moments
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Fig.6 Seepage velocity at different moments: ( a) the 2nd day; (b) the 8th day; (¢) the 10th day
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Fig.7 Relationship between maximum displacement and time
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Fig.8 Shear strain contours at the 8th day
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Fig.9 Typical landslide of Shanbeidong waste dump
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Table 3  Stability coefficient of the waste dump slope after raining for

different time

/d /d
0 1.308 7 1. 207
1 1.288 8 1.207
2 1.264 8.25 1. 209
3 1.232 8.5 1.211
4 1. 209 8.75 1.214
5 1. 208 9 1.216
6 1.208 10 1.224
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Fig.10  Pore-water pressure of selected nodes at different moments

after rain
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Fig.11 Minimum stability coefficient and slip surfaces at different moments: ( a) the 8th day; ('b) the 10th day
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Fig.12 Pore-water pressure distribution along the slip surface at different moments: ( a) the 8th day; (b) the 10th day
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