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Abstract: The location of the critical slip surface is a very important issue in slope stability analysis and reinforcement design.
In this study, an improved particle swarm optimization (VSPSO) algorithm is proposed to search for the critical slip surface
based on particle variation (PV) and sequential quadratic programming (SQP). PV enhances the ability of PSO in jumping out
of the local optimum, and SQP accelerates local search. The combination of PV and SQP greatly promotes the capacity of the
original PSO in looking for the global optimum. An example with analytical solution is analyzed by the VSPSO, and the results
demonstrate the accuracy and efficiency of the proposed model. Three typical examples from ACADS are then given, which are
respectively homogeneous slope, multilayer soil slope and slope with weak layer. It is shown that results from the VSPSO are
more approximate to the recommended values than those from the PSO. Furthermore, the VSPSO has a quite well robustness
for the slopes with very complicated geometries and material properties.
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Fig. 1 Particle sub-swarms and variant particle
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Fig. 3 Slip surface of slope
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Table 2 Results of test functions using different optimization methods
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20 20 2726 1046 1.085 1972 1697 0 222%X101%  292%x10"  1.63x107 2.76X107
30 5025 11.65 3.94 23072 7543 0 1.43X10°  4.98X10"°  282x107 3.38%X107
10 3.482 5.089 1.06 3352 2.719 0 1.89X10"?  6.14X10'  124x107 5.84%X10"
40 20 20.52 7297 05 6249 1018 0 2.05%X10"°  1.73%x10'  2.89x107 3.15%107
30 44.14 7.735 0.593  133.6 4666 0 837X101 563%X10"°  1.75X107 3.95%X107
10 1.99 3.123 0.262 3.845 0.254 0 1.41 X107 0 1.31X107 29x10™"
80 20 1423 7.087 0.279 2331 689.4 0 1.57X101°  6.4%x107"° 531X107  1.48%107
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Fig. 4 Evolution curves of test functions using different
optimization methods
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Fig. 5 Example of cohesionless soil slope
A3 TSR S BX 50 PE Y. B2 T BB A kAR
FEhZe, il 6. FEFPsk it AR RY], Hi%5 PSO
SREMSGE VSPSO HE M /N A R U0 1, brifE
Z55 3.86X 10 'O F1 2.89X 107", I FPEE 0 T-LE

B fi] H IS e BEAR I TS 5 R (HE R 1

VSPSO HIEIEMAE] 10 I AAERE R e LA, Mufe

48 PSO SEIEAE 75 /i A WSk B L e, BiW]
et Je SRS W AR AR

1.005

1.004

= 1.003

e
glOOZ
= |

~

~*1.001 H

PSO
1.000 |-

VSPSO

0.999

0 10 20 30 40 50 60 70 80 90 100 110
AR E
6 TRt LAKIERTIZM L
Fig. 6 Iteration times of cohesionless soil slope
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Table 2 Factors of safety for examples of ACADS
ACADS %14 a YUl bt c BRI
PSO VSPSO PSO VSPSO PSO VSPSO

S 1.036 0.995 1.513 1.407 1.697 1.263
w/ME 1.006 0.973 1.447 1.374 1.506 1.259
wNE 1.104 1.036 1.671 1.473 1.999 1.363
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F1°0.185, 1kt VSPSO SVE AR R 2 /INT 3%,
FrtfEZE I/ T 0.03, K WA 4 52 2 R FE 1R 38 T,
% PSO BIEI A R4 2R e Tl Rk 22, iy ok
VSPSO HiE R IR FFEUF A8 R B8 7, 7] W53 VSPSO
SR S 2 3 W e o8 S LR

(m)
O I cara o) 7GR =5 ——-PSO — VSPSO
1 00 380 195
35k 2 53 20 195 (50, 35) (70, 35)
372 200 105
B (1)

30~ (54, 31) (70, 31)

25 = = ZQ)HH(Z)(M 24)
(20, 25) /Hﬂ (3) (522D :

20 30 0 50 60 70(m)

8 EilbZERLiAK
Fig. 8 Example of multilayer soil slope
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Fig. 9 Example of slope with a weak layer
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