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Analysis on Stability of Gravel Slope under
Rainfall and Earthquake

REN Debin ,WANG Ying,YU Shihai

(School of Civil Engineering, Shenyang Jianzhu University , Shenyang , China, 110168 )

Abstract; To analyze the slope stability under rainfall and earthquake conditions,and get sensitive
factors that lead to slope unstability. The ABAQUS software is used to simulate the slope stability
changes, and the slope is simulated with the quasi-static method and the strength reduction method.
It compares the factor of safety with the safety factor obtained by the limit equilibrium method.
The result shows that; the slope safety factor is very small at 20 mm/h under weak rainfall, and
weak rainfall with certain intensity will not pose a threat to slope safety. In the heavy rainfall at 50
mm/h, the early safety factor is not changed much, the late safety factor is gradually reduced and
the change is obvious,even after about 34 hours of rainfall , the safety factor is greatly reduced,and
it can be seen that the heavy rainfall will pose a great threat to the safety and stability of the slope.
The conclusion shows that:the influence of rainfall and earthquake on its ability and safety is more
important than other external factors in geotechnical engineering such as slope or dam.
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Fig. 4 The distribution of pore pressure before the
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Fig. 5 The saturation of pore pressure before the
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Fig. 6 The distribution of vertical effective stress
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Fig.7 Rainfall intensity pore pressure distribution

chart state

B RRTAE I A [R] B (R340 33 1 52 8 43
B8 . AT LA w730 i 3 T A
B B, S BT R R A T 3 3 A R0
I3 NI P 3 A 28 I 5 T A A R A (DL I 8
(a).(e)). AR5 1k ) 3 TR 2500 ) 328 W 1
K, X AR B A W 457 L T2 2k ( ILIET 8
() .(g)). BEmt R b B AN T () 57 75 22
AN, (RN 20 mm/h IS0 mm/hAHEL,
R 50 mm/h 7T 32038 05 B A8 Ak B e T
R 20 mm/h RIS AR TR .



31 ATAE A . Tl e R TR R R A R B Mo 443
+4.644x 107 +9.781x10°°
+3.870x10™ +4.549x 107
+3.096x 107 -6.819x10°°

L +2.322x10™ -5.913x 10
- +1.548x 107 -1.114x 10™
o +7.741x 107 -1.638x10™
-4.366x107" -2.161x10™
-7.741x10°° -2.684x10™
-1.548x10™ -3.207x10™
-2.322x10™ -3.730x 10™
-3.096x10™ -4.253x10™
-3.870x10™ -4.776 x 10™
-6.644x10™ -5.299x 10™

(a) 20 mm/h 12 Wi /K SR8 A (b) 20 mm/h 12 hi) & B8 23 A
+1.297x 107 +4.433x 107
+1.080x 107 +2.686x 107
o +8.644x 107 +9.390x 107
u +6.483x10™ -8.080x 10
+4.322x107 -2.555x10™
| +2.161x10™ -4.302x10™
-2.910x10™ -6.049x10™
-2.161x10™ -7.796 x 107
-4.322x10™ -9.543x10™*
-6.483x10™ -1.129%x 10
-8.644x10™ -1.304x10°
-1.080x 107 -1.478x 10
-1.297x107 -1.653x 10

() 20 mm/h 24 hi§ K DL 7 A (d) 20 mm/hF24 hi9 S F AL B A
+7.274 % 10': +2.179% 10~
+6.062x10° +8.534x10°
e
) - || -1.797x 107
+3.637x 10 B
+2.425x 107 -3.123x10°
+1212x10° 4448107

Z1.455% 107" -5.774x 10

-1.212x 10" -7.099x10*
-2.425x 10 -8.425x 107
-3.637x10™ -9.750x 10™*
-4.849%10™ -1.108x 10
-6.062x 10™ -1.240x 107
-7.274x10™* -1.373x 107

(e) 50 mm/hF 12 hifI 7K AL 8 47 (f) 50 mm/h 12 &Y B [ S B 44
+3.462x 107 +1.307x10°
+2.885x10° +7.066 x 107
4 +2.308x10™ +1.068 x 107
{ +1.731x 10 -4.931x10™
+1.154x 107 -1.093x 107
+5.770x 107 -1.693x 107
-1.164x10™ -2.293x 107
-5.770x 10™ -2.893x 107
-1.154x 107 -3.492x 10
-1.731x 10 -4.092x 107
-2.308x 107 -4.692x 107
-2.885x 107 -5.292x10°
-3.462x 10 -5.892x 107

(g) SO mm/hF 24 hif A P-HL s 53 i
8 ks

Fig.8 Vertical displacement distribution chart state

(h) 50 mm/h'F 24 hi % i S8 A




444 YW EE BT R N R (H SR R )

%33 %

2.2.3  [EFRBER XD AR R A
PRRR R RR SR AR T, ST A S

B XRS5 BT RS OC R AN 9 FR
R RT LU Y 76 R R 58 B T B 451
Bl 5 3 T ) 2R AT, 30 3B A G A7 A 328 348 o 559
RERRTE , 305 B ARG S 38 i A 22 12, 553
WA B THS A 530S B AR X LRSI
FEAAHIA] , PSR SR L[ 25 s b

ZAFT B 10 h N, A X AR b
K, 10 h J5 H AR B AR AR K, B
Bt R R AP T L3 T A5 AR A B K F
R AR AS . [R)ERE R LA 3 B R T
FERRREFRAE R AR K T 85K sAVE R T 1Y)
fif.

0.006 -
50 mm/h3E TRA
0.005
0.004 - 50 mm/hi B
E
%00.003
&
r
%0002
20 mm/h3 THA
0.001 |
20 mm/h3% JEB

0 2 4 6 8 101214161820222426
e At )/

B9 FEHAE S B ER
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Table 2 The slope safety factor under the action of rainfall and seismic

DA YEFE

MR/ g 0Oh 4h 8h 12h 16 h 20 h 24 h 28 h 32 h 36 h
0.00 1.4 1.39 1.39 1.37 1.37 1.34 1.29 1.23 1.12 0.96
0.05 1.26 1.26 1.24 1.22 1.2 1.16 1.12 1.04 0.99 0.72
0.10 1.23 1.23 1.22 1.2 1.18 1.14 1.11 1.01 0.97 0.72
0.15 1.22 1.21 1.2 1.18 1.16 1.12 1.08 1 0.96 0.71
0.20 1.2 1.19 1.18 1.16 1.14 1.11 1.06 0.98 0.94 0.69
0.25 1.17 1.17 1.16 1.14 1.12 1.08 1.03 0.97 0.93 0.69
0.30 1.15 1.15 1.14 1.12 1.11 1.06 1.01 0.96 0.91 0.67
0.35 1.13 1.13 1.12 1.11 1.08 1.03 0.99 0.94 0.9 0.62
0.40 1.12 1.11 1.1 1.08 1.06 1.01 0.98 0.92 0.88 0.61
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Fig. 11 Variation surface of safety factor of stabil-
ity coefficient with acceleration and rain-
fall duration
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