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Abstract The improved limit equilibrium method, which bases on the finite element stress field to analyze the stability of
a slope, has an advantage in the analysis of the stability of a slope or a foundation with complex geological composition
and strong coupling effect of seepage and effective stresses. In this paper, a virtual power method for slope stability
analysis is proposed. The safety factor is calculated by using the ratio of anti-slip power to sliding power on the velocity
discontinuities of the sliding mechanism by using the permissible velocity field for maneuvering of the combined rigid
body sliding mechanism and the finite element stress field. The stability safety factor of a given sliding mechanism of
the slope is obtained by the method of a step by step optimization strategy. Two typical sliding slope cases with weak
interlayers are analyzed, including the comparison of the influence to the safety factor results of the stress fields whether

static equilibrium only or also hydrostatic allowable. The safety factor in virtual power safety factor method based on
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linear elastic effective stress field is still a good measure to the stability of a slope even if it is not the best while the stress
field is not static permissible. Slope safety factors calculated here are very close to the reference answers in the literature,
the sliding mechanisms are consistent with and the safety coefficients are close to that of by the strength reduction finite

element method. These show that the proposed method is reasonable. The proposed method is an alternative for the

stability analysis of slopes and foundations.
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(a) Sliding mechanism
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(b) Velocity triangle
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Fig. 2 Slope geometry, the specified polygonal sliding surface and

the finite element mesh in EX3
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Table 1 Material parameters in EX3

Soil  ¢/kN-m™2) ¢/°) y/(kNm) E/(kN-m72) v
1 28.5 20 18.84 6.0x10* 025
2 0.0 10 18.84 20x10° 025

R 2 EX3 RN &B AT S
Table 2 Control points of the specified polyline sliding surface

Point D C B A
X 41.85 44.00 63.50 73.31
Y 27.75 26.50 27.00 40.00
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(20, 18.88) soil 1
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(84, 15)
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Fig. 3 Slope profile, load condition and the finite element mesh in EX4
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Table 3 Material parameters in EX4

Soil  ¢/(kN-m™2) ¢/C°) y/(N-m?) E/(Nm?) v
1 28.5 20 18.84 6.0x104 025
2 0.0 10 18.84 20x103 025

3 4 EX4 RiH%4HR
Table 4 Phreatic line position in EX4

Point 1 2 3 4 5 6 7
X 20 43 49 60 66 74 80
Y 2775 2775 298 34 358 376 384
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Fig. 4 The phreatic line and pressure contour in EX4
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Table 5 Comparison of safety coefficient results of examples

Program/provider EX3-2 EX4
GWEDGEM 1.34 0.78
EMU 1.34 0.78
SSA 1.37 0.65
STAB 1.255 0.746
fredlund 1.261 0.63
reference answer 1.34 0.78

this paper 1.360 0.703
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Fig. 5 Position of the sliding surface in EX3
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Table 6 Coordinates of initial and optimum (in parentheses)
points on the sliding surface

Point D C B A
X 41.85 44.00 63.50 73.31
(39.62) (45.20) (76.61) (79.65)
Y 27.75 25.6 30.46 40.00
(27.75) (25.94) (34.13) (40.00)
B, A

interal sliding surface

polyline bottom slip surface
soil 2 soil 1

6 EX4 A5 i sh i i &

Fig. 6 The optical sliding surface position in EX4

KF ABAQUS(JIUAS 6.14) B4 A (R i B Hr ik,
AFRERR ] M-C #E AL, Be 2R AR 2 IR= A

BTG, HUAN ] ) A 2 B 2 il i H 5 EX3 5 EX4 [1FR
TE A R A, RIVIBE X T SR IR S AL A
— 2, MR ER 224 REGEN. 0.1 m K RS A5E
TSR P X S hae e 4 R B E 7 s, %
R AN 1.261 A1 0.785(A% L 1.0 m AT
24 BB 9 1.285 A1 0.810). KEThRVER J1iH 5
IR RN KT 1.0 m. X6 EERE, R T 2R A3 1)
U T 7 5 5 A IR G 8 P T IR BT AR R 45 SR AR — B
M 22 4= 2808 A9 EX3 A —5, EX4 /N2 10%.

PLANE STRAIN STRAIN

E-EQUIVALENT, None
+5.00e-001
+4.58¢-001
+4.17¢-001
+3.75¢-001
+3.33¢-001
+2.92¢-001
+2.50e-001
+2.08¢-001
+1.67¢-001
+1.25¢-001
+8.33¢-002
+4.17¢-002
+0.00¢+000!

F,=1.261

(a) EX3

PLANE STRAIN STRAIN

E-EQUIVALENT, None
+4.44¢-001
+4.07¢-001
+3.70e-001
+3.33¢-001
+2.96e-001
+2.59¢-001
+2.22¢-001
+1.85¢-001
+1.48¢-001
+1.11e-001
+7.40e-002
+3.70e-002
+3.85¢-006

F,=0.785

(b) EX4
7 SREEPTIR RN X e A R E

Fig. 7 The plastic zone and safety factor calculated by

strength reduction method
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Table 7 Stress condition and azimuth angle of
optimal subslip surfaces

Model condition A B C D
BB, 116.8° 117.9° 117.1° 118.3°
CcC 69.1° 73.2° 69.1° 73.1°
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Table 8 Stress condition and safety factor of
polyline sliding surface

Model condition A B C D
safety factor 1.360 1.348 1.333 1.367
relative error — -0.9% -2.0% 0.5%
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Table 9 Stress condition and safety factor of
polyline sliding surface

Model condition A B C D
safety factor 1.484 1.482 1.470 1.481
relative error — -0.1% -0.9% -0.2%
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