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Improved complex method based on particle swarm optimization algorithm and
its application to slope stability analysis

LI Liang, CHI Shi-chun, LIN Gao
(State Key Laboratory of Coastal and Offshore Engineering, School of Civil & Hydraulic Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: In order to increase the successful rate of the original complex optimization algorithm, the mutation particle swarm
optimization (MPSO) calculation would be introduced for all design points of the initial complex and the current complex while the
mapping of the bad design point was unsuccessful firstly. One of the design points is replaced by a point with quasi-optimum object
function value that has been gotten by the MPSO based on the substitution rule of maximum complex central distance; and a new
complex has been formed. The original complex optimization calculation would be continued with the new complex until the
stopping criterion. The improved complex method is applied to searching minimum safety factors in two complex soil slopes; and the
result has shown that the method is much more likely to locate the true minimum.
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Fig .3 Sketch of the cross-section and soil properties
of slope S1
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Table 1 Comparisons among three PSO methods
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FEA PSO(w=0.5)2.13 2.13 1.48 2.14 1.54 1.91 2.222.151.73 1.54 0
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Fig.4 Optimum scatter points versus
complex central distance
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Fig.6 Sketch of cross-section and soil properties of slope S2
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Table 2 Results for slope S1

_— (ﬁTﬁ)%ZF’Eé%& MPSO MCM (e, =1.3)
i =1.3 w=0.5 w=0.3 w=0.1 w=0.5 w=0.3 w=0.1

1 1.57 137 214 136 135 215 135
2 2.15 1.43 138 1.38 138 136 136
3 1.41 141 142 150 141 136 1.35
4 1.38 1.36  1.36 147 135 135 135
5 1.41 .72 1.35 143 136 135 135
6 1.38 1.36 1.38 144 135 136 135
7 2.16 1.41 137 136 138 136 135
8 2.23 1.51 214 145 136 214 135
9 1.38 1.49 136 141 135 136 135
10 1.35 1.37 138 138 136 136 136

R3 S2MHEER
Table 3 Results for slope S2
PN =

5 RTFE) %diﬁf. Wik MPSO MCM (e, =1.3)
o =1.3 w=0.5 w=0.3 w=0.1 w=0.5 w=0.3 w=0.1

1 1.45 1.38 133 1.37 130 1.31 1.31
2 2.77 143 141 133 130 1.31 1.30
3 2.16 1.38 133 1.71 130 1.31 1.30
4 1.34 1.31 137 135 130 1.34 1.31
5 1.30 1.31 139 134 130 130 1.30
6 2.16 1.40 142 131 130 1.31 1.31
7 2.17 1.30 131 1.55 130 130 1.30
8 1.30 1.37 137 1.60 130 130 1.30
9 1.30 1.32 141 141 130 1.30 1.30
10 1.31 1.40 149 135 130 1.30 1.31

R4 ST RN LB AL %)
Table 4 Comparison of percent of successful
run for slope S1 (unit: %)

MPSO MCM ( a,,; =1.3)

Y 1% 3% 5% 1% 3% 5%
0.1 20 40 50 100 100 100
0.3 30 70 80 80 80 80
0.5 20 40 60 70 90 100

o 4.7 141 124 124 8.1 9.4
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Table 5 Comparison of percent of successful
run for slope S2 (unit: %)

MPSO MCM (ozi“i =1.3)
Y 1% 3% 5% 1% 3% 5%
0.1 10 30 50 100 100 100
0.3 10 30 30 90 100 100
0.5 30 40 40 100 100 100
o 9.4 4.7 8.1 4.7 0.0 0.0
6 4% 15
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