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Double mutation genetic algorithm and its application to the
critical slip surface search

QIN Wei
(Chongqing Vocational Institute of Engineering, Chongqing 402260, China)

Abstract: Considering the fact that the optimization function of the critical slip surface search problem has many
variables, complex constraints and many local extremum points, it is difficult for the traditional optimization
method to achieve better search results. Therefore, a genetic algorithm based on double mutation strategy is
proposed to search the critical slip surface of slope. On one hand, the algorithm improves the local optimization
ability of the algorithm by detecting mutation operation and the global optimization ability of the algorithm by
direct mutation operation. The combination of detection mutation operation and direct mutation operation enables
the algorithm to achieve a good balance between the breadth and depth of the search. On the other hand, the
algorithm adopts adaptive crossover probability and adaptive mutation probability considering individual fitness
value and evolution times, so that the algorithm can increase the diversity of population in the early stage of
evolution. The algorithm can protect the better individuals from destruction in the later stage of evolution. The
algorithm is combined with the simplified Bishop method to calculate the examination questions provided by
ACADS and a seawall slope problem. The results show that (1) for both homogeneous and heterogeneous slopes,
this method can accurately search the critical slip surface of the slope and calculate the corresponding safety
factor. (2) Compared with genetic algorithms that only carry out direct mutation or detect mutation, the double
mutation genetic algorithm has stronger global search ability and better robustness, and has a broad application

prospect.
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detecting mutation operation
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Fig. 6 Profile of slope in EX1 (a) ( after
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Table 1 Material characteristic in EX1 (¢ ) ™

+5 FhR 41/ kPa N RS/ (°) EF/(KN-m>)
'+ 0.0 380 195
2+ 53 23.0 195
3"+ 72 20.0 19.5

ACADS % H 1975 180 1(a) 3 e /N 4 B0
HHFEFERA: 0.990,0.991, 1.000; Z % 1(c) hdk
B /NG A BB EFIRR T B %A : 1.385, 1.390, 1.406,
32 HHESH

AR BN sh i A R, OB AL BR xR
O G\ AL Ry, 148 &R X E] 4 5 ke RE (0,99], x, €
[~99,99], y, €[0,99].

TR T KA SO E T

(a) WA + 4% 98 8 # R/S0 BEAT B, H 2aA4S 468
AN 5 TR b ) T P e AT 0N . Y A A MR AT A 1B
11 55 M 1 KM B IS 2k 00 2k Bk, HLBE AN R R/S0 I
= A A ) R A B i

(b) 28 SR A (10) T 25 a=0.5, k=0.6;

() 52 %5 2 5 14 £ K g 18 (48728 b 1) 4 1 K
b6, HAR BB E] 3 A7 /NEO , WA 1 TR

(d)FHHFEL N 24 50;

(&) WK e KFEALACHL T4 200, 4 5 K kA4 %L
HEAAEME B AR Z 2/ T 5% T 30 8, & Kk
FREIE N 30 X, e Rk A AREU 55 K AB 500
3.3 RS L b
3301 WEARBEELITE R

F2, K3 HE I T N E A Tk BT
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1) 1(0) By PS4 5 (R RTIR, 0910 T 533
HLER).

F2 EZE1(a) WITELER (DMGA)
Table 2 Calculated results of EX1 (a) ( DMGA )

ig= F R/m X,/m yo/m
1 0.9853 28.967 -0.637 28.960
2 0.9852 28.824 —0.501 28.820
3 0.9852 29.003 -0.564 28.998
4 0.9852 28.231 —0.291 28.230
5 0.985 5 29.899 —0.882 29.886
6 0.9857 30.246 —1.044 30.228
7 0.9855 27.486 —-0.026 27.486
8 0.9852 29.040 —-0.591 29.034
9 0.9859 30.390 —0.999 30.374

L=
S

0.985 6 30.035 —0.950 30.020

£33 EiZF1(c) WIHELESR (DMGA)
Table 3 Calculated results of EX1 (¢) ( DMGA )

F5 F R/m X,/m y/m
1 1.396 6 19.365 4.300 18.799
2 1.397 8 19.749 4.200 19.036
3 1.3954 18.344 4.412 17.659
4 1.400 1 20.140 3.818 19.699
5 1.3999 20.255 4.129 19.609
6 1.397 1 18.740 4.169 17.994
7 1.3949 18.400 4.551 17.809
8 1.396 1 18.921 4.027 18.439
9 1.3972 18.766 4.300 17.899

L=
(=]

1.400 3 20.086 3.893 19.699

ARG B, X FH S 1(a), 50 T
o, 4 2B e/ IME N 0.985 2, i KAE M 0.993 7, F
BIE N 0.985 7, 51% 75 1% 80 1) 3 A 72 P 25 R I A —
2, W BT 2 R 3 R T R R T A% R
1(c), 50 RItHh, 24 R A o/ ME R 1.394 9, Fie K
84 1.407 0, SE-I4ME N 1.397 9, 5512 % 4% R0 HE 15 1 4%
A B AR B, UL TR B Z S B T A AL
332 —FERIHRE LR

T AR T AL % (DMGA) | BL3EAS 1%
75 (DIMGA) | #8048 538 % 5% (DEMGA) , 43 3
X T 5 A AR 50 IR IS TTH25 R (5% 4) 7R, DMGA
BPAR RS B L 2 RO/ T DIMGA Bk
DEMGA F 5B 455, Ui DMGA 5. HoA iR
B4R 8 & AE J1 . JF H DMGA 55 ¥ 8 T 15 i bk o
FERUIN, ULBZ A HA B e

F4 FZE1(a) .1 (c) HIHELERGTHHH
Table 4 Statistical analysis of computation results of EX1 ( a )
and EX1 (c)

RANEE BREE FHRE RREFEW

AE A 2 bR s

DMGA 0.9852 0.993 7 0.9857 0.001 3

1(a) DIMGA 0.9853 1.0299 0.995 8 0.0113
DEMGA 0.9852 1.116 0 1.0107 0.036 5

DMGA 1.3949 1.407 0 1.3979 0.003 0

1(c) DIMGA 1.3979 1.4387 1.4125 0.009 1
DEMGA 1.3953 14711 1.4132 0.026 0

333 SRERITR R

(1) BRI A 3 B % L

[ 8 % H DMGA % 7% . DIMGA . % . DEMGA
L B 1(a) . 1Ce) FATRYEE 1 oA 1y ik fkat
FRHhZE; % 5 R DMGA $.i%. DIMGA 574 DEMGA
BIEX A 1(a) . 1(e) #ATHIES 1 Ut ks
Xt . 8 8 78 DEMGA B E7E T %8 1(a)
BF, B R 3 I B A I 2 W AR AR, R WIBA A T Jm B A%
{H 51 ; DIMGA 535 750 0 i KGR (i i 26 78 ik 1k
I R AIG, XA 1(a) L 1(c) 43 BIFES 116
FRFNEE 1SUARA WS (55 5), 3¢ B Hfie S50 i 4 12
DMGA 51653 B TE 55 66 AXRIEE 72 AR i 8, Hoitis
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Fig. 8 Evolution curve of the first calculation of
EXI1 (a) and EX1 (¢)
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®5 Bz (a) 1 (c) HEKSITEI LR
Table 5 Comparison of convergence processes of
EX1 (a) and EX1 (c)

B R7S Weshrtgx e GE I FE(E ZEFH
DMGA 66 0.503 71 0.9853
1(a) DIMGA 116 0.503 21 0.9872
DEMGA 110 0.493 75 1.0253
DMGA 72 0.417 26 1.396 6
1(c) DIMGA 151 0.416 05 1.403 6
DEMGA 27 0.416 73 1.399 6

(2)50 Y A~ E Ak FR X L

R T k5 X b = R ARk A R A G AR Ak
PR, AR 45 B 50 UOTH B 0 D AR e A A AR B 3
FEAE VTS 0 D3 AR SR A A R 10 - 238 7 AL, 22 o il
200 fRA PR kb B h 4 (K1 9) o ih&k s, 5 1k
AV BN 25, DEMGA 55125 1 Jm 388 -0 fE 7
5, TESE A S, BB DA R B )R R (R A5 Bk, 5
Bk R SR AE A RE 1 5, B S R B 4
DIMGA Bk B A 2 i R RS, RS ILae T3
55, WS JE #5212 ; DMGA 53k ¥ 4800 48 5 55 B340
Sa G, BRRA RN R RS, LEARIEN
Bk R S BE T, BEE R R )T 5 IRE b
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Fig. 9 Average evolution curve of EX1 (a) and EX1 (¢)
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Fig. 11 Evolutionary process curve
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5 #ig
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