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Z . Soil *! ’ Hooke- Tab.1 Safety factors by different methods
Jeeveese (homogeneous slope)
H 7 = 20 kN/m?
ANSYS 30° 35° 140° 45° 50°
7 Soil, 0 1570  1.437 1.330 1.230 1.140
) . 2 ANSYS 1.560 1.420 1.310 1.210 1.120
Geo—Slope ' Slope/W 372 Soil 1.560 1.420 1.310 1.220 1.130
(M Bishop 1.556  1.416 1.302 1.204 1.118
31 (3)Spencer 1.553 1.413 1.300 1.204 1.120
’ 1 ’ H =20m, 7 =25 kN/m®
¢ =17 20 kN/m’ 25 30° 35° 10° 45° 50°
kN/m?, ¢ = 42 kPa, B = 30°, ® 1.408 1.287 1.178 1.075 1.007
35°.40°.45°.50° ) © ANSYS 1,390 1.270  1.160 1.060 1.000
55 m ) Z Soil 1.390 1. 260 1. 150 1. 070 1. 000
) Bishop 1.396 1.263 1.154 1.064  0.985
() Spencer 1.392 1.260 1.152 1.063 0.985
[®) ANSYS
2 B = 30°
1 , ,
Fig.1 FEM meshes
(a) (Z Soil) (b) (ANSYS)
[
[
| [
| _ |
(c) (d)  Slope/W  Spencer
2 30°

Fig. 2  The critical slip surface under angle 30°
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Fig.3 Undrained clay slope with a weak

foundation layer

2 ( )
Tab. 2 Safety factors by different methods (slope with a weak foundation layer)
cuz/
0.50 0.75 1. 00 1.25 1. 50 1.75 2. 00
@ — 1.158 1.455 1. 746 2.015 2.016 2.010
@ ANSYS 0. 850 1. 150 1. 450 1. 750 2.020 2.020 2.025
®) Z Soil 0. 860 1.160 1.455 1.755 2.030 2. 065 2. 065
@ Bishop 0.873 1.186 1.496 1.795 2.034 2.034 2.034
(5 Spencer 0. 878 1.181 1.482 1. 781 2.023 2.023 2.023
4~ 6 Cor/Coy = 1.0,1.5, 5
2.0 , s s
B ¢’ “K < 1”
s |
’ b
’ ’
b
b b

(a) (Z Soil) (b) (ANSYS)

(c)
4 cp/cy, = 1.0

Fig.4 The critical slip surface under ¢,,/cyy = 1.0
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Fig.5 The eritical slip surface under ¢, /e, = 1.5

) BRI TWHEEFARHEE Sl Cb) PR A O W R A ST CANSTYS)

(e RV G A7 447 2 480 R 900 90 ) 2 7
M6 colea =2.0%EETRITHRER

Fig. § The critical slip surface under ¢,3/c,; = 2. 0
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3 ( )
Tab. 3 Safety factors by different methods (slope with a foundation layer including a thin weak layer)
Cuz/Cur
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

® - — — 1.166 1.373 1.409 1.430 1.446  1.456

2 ANSYS 0.514 0.745 0.980 1.205 1.365 1.405 1.425 1.445 1.450

3 Z Soil 0.520 0.750 0.990 1.215 1.370 1.400 1.420 1.440 1.455

) 0.480 0.732 0.973 1.210 1.459 1.702 1.946 2.170 2.388

® 1.246 1.303 1.338 1.364 1.390 1.413 1.438 1.459 1.482
Morgenstern-Price  ,®) Spencer

(@ AXFEENORRFORS 0 BEUBERETNERFN  © BREELN LR R
e 0 3)  (ANSYS) bt
B8 cofea=05RkFETHRIT

Fig.8 The eritical alip surface under Coglte = 0.3
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Fig. 9 The critical slip surface under cp/c, = 0. §
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Fig. 1¢  The eritical slip surface under ¢ sfc, = 1. 0
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Comparison of two kinds of finite element methods for
slope stability analysis under plane strain condition

ZHAO Jie', SHAO Long-tan*?

( 1. School of Civil and Hydraul. Eng. , Dalian Univ. of Technol. , Dalian 116024, China;
2.Dept. of Eng. Mech. , Dalian Univ. of Technol. , Dalian 116024, China )

Abstract: The two kinds of definitions of safety factor in slope stability analysis by FEM (finite
element method) were discussed, and it was indicated that the two definitions, which were based on
the conception of strength reduction, were consistent with the definition in limit equilibrium method.
In the analysis of examples, D-P yield criterion which is transformed from and matches precisely M-C
criterion is used to analyze the stability of natural slope (homogeneous slope, undrained clay slope
with a weak foundation layer, undrained clay slope with a foundation layer including a thin weak
layer) under the plane strain condition. The results show that the shapes of critical slip surface and
the magnitude of safety factor are very similar with those obtained by the two kinds of methods. It is
also pointed out that the slip surface stress analysis method does not suit with calculating the safety
factor of the instability slope.

Key words: slope stability analysis by FEM; definition of safety factor; slip surface stress analysis

method ; strength reduction method; slip surface



