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Inverse Analysis of Dynamic Parameters of Rock
Materials Based on Adaptive Hybrid Genetic Algorithms
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Abstract The hybrid genetic algorithms is composed with the down hill optimization methods embedded in basic
genetic algorithms by coding in real number so capabilities of the local search are enhanced. The crossover
probability and mutation probability of the genetic algorithms can be adjusted with the change of fitness functions
of individuals. Furthermore, the local search probability is changed with the progress of generations.
Characteristic parameters of the nonlinear dynamic constitutive model of granite and concrete are ascertained by
the inverse analysis method based on the adaptive hybrid genetic algorithms. The results indicate that the
calculated stressstrain curve matches with the experiment curve, and the approach presented here satisfactorily
accounts for the features of dynamics of rock and other brittle materials.
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Tab. 1 Standardization Data of Inverse Analysis Method Gauss-Newton - [ 8]
9 14 21 28 42 57 63 70 79 [9] 2
8.93 10.80 18 59 22.33 39.35 56. 11 61.73 64. 62 67.08
b
2
Tab. 2 Estimation of Parameters on Growth Models in This Paper and Literatures| 7-9]
0,62) (9 ©, 62 0,62) | (0,62
82 821014 4 82 832 19 82 83 82 822 6
1 223820 33 122371 1 224 1 223 85
Gompertz f(x)= a exp(— expB—7x))
Q0 037083 08 Q 037 07 Q0 037 Q 037 0835
36323290 3 632 33 3 64 3 632 32
72 462 005 62 72 462 24 72 46 72 460 5
2 618 009 81 2 618 08 2 618 2 618 17
Logistic f(x)= o/ (1+exp(B—¥x))
Q0 067 357 93 Q 067 36 Q0 067 Q0 067 363 6
1 342751 34 1 342 7538 1 3879 L 342 75
69 567283 63 69 628 62 69 62 69 622 5
4 295349 12 4 250 47 4 255 4 254 52
Richards f(x)= o/ (1 exp(B—7x))V 9 0 089 889 00 Q0 089 24 Q0 089 0 089 2973
1 742 815 97 1721 85 1 724 1 723 81
1 210035 515 1 209 8229 1 23195 1 209 82
80 953369 8 80 953 73 80 96 80 959 1
8 897 623 06 8 896 19 8 895 8 894 11
MMF  f(x)= @r+ ax A/ (v x9 49 647 765 625 49 650 810 82 49577 0 49 554
2 828353 6 2 828 4137 2 828 2 827 88
2 7114349 2 711 4369 2 71144 2 711 43
69 957733 15 69 958 74 69 96 69 957 2
61 684 425 35 61 687 04 61 68 61 683 51
Weibull f)=af exp(—Vx %) Q 000 100 20 Q 000 1003 Q 000 100 Q 000 100
2 377 640 25 2 377 4 2 378 2 377 61
1 675176 048 3 1 6751785 1 675234 1 675 03
00 (B V) 0(aB Y 9502
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EoR s Tab.3 Key Parameters of Hybrid Genetic Algorithm
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o— LowRa > 6>, 3 000
1+8l =l +d = /% 1~10
’ ~ /% 60~ 90
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b
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° Tab.4 Range of Non Designated Parameters in
Constitutive Functions of Rock Materials
n1
2 2
o = 2{[0'()()*01]/01} /(ninnumbers) (10)
=1 m 1
:0(x) &
( ) - a
s $ Mnumbers A Q00~10
Bukit Timah
/GPa 5090
/GPa 10~40
b
i 22
b
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Tab.5 Analysis Results of Nonlinear Elastic Constitutive M odel
/s 1 62
/ GPa m B C
G5 50 56 779 Q0 486 105 1 709 90, 0 004 999 39 L 593 18,2 789 02X 10~ ¢ 0 027 648 3
G21 75 59 8087 Q 511 458 1 709 86, 0 004 999 01 1 61892, 3 948 73X 10 # Q0 016 860 5
G24 97 60 5243 Q0 435 385 1 729 92, 0 005 198 38 1 18676, 3 934 84X 10 ¢ Q0 049 694 2
C09 87 25 1271 Q 487 98 1 819 89,0 008 093 51 3 76412, 8 203 51X 10°° 0 034011 5
C19 194 23 7857 Q 403 95 1 448 96, 0 001 147 33 3 748 22, 5 454 3X 10 3 Q0 019 308
Co1 260 22 448 4 Q 510 13 1 742 31, 0 002 535 54 2 901 36, 9 442 29X 105 Q 044 805 7

[12

o



291

(D

2

S F1 / MPa

M1/ MPa

B2 A1/ MPa

2.3.

0.2 0.3
RLAE [ %

a WAES0s"

2

250
ol
=9
§ 150
=
—a— FIR L 7 —a— FE L
—— HAEMZE 50 —e— FHAEME
01 0.2 03 0.1 0.2 03

REAE /%
b mAHEISs

BLAE /%

¢ WAROTs

Fig. 2 Experiment and Reconstituted Strain-Stress Curve of Granite Under Different Strain Rates
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Fig. 3 Experiment and Reconstituted Strain-Stress Curve of Concrete Under Different Strain Rates
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