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Back analysis on mechanical parameters of dams based on uniform
design and genetic neural network
LI Duan-you, GAN Xiao-qging, ZHOU Wu
(Yangtze River Scientific Research Institute, Wuhan 430010, China)

Abstract: A new approach for back analysis of mechanical parameters of dams combining BP neural network with uniform
design and genetic algorithm was established. Firstly, basic genetic algorithm was improved for very good global and local
searching capability. The genetic neural network using the improved genetic algorithm as its learning algorithm was established
to overcome the shortcoming of BP algorithm. Secondly, the sample of material parameters was designed by the uniform design
method, and the sample of the calculated displacement of dams was obtained by use of the finite element method. Through
these samples, the above genetic neural network was trained to describe the sophisticated nonlinear relationship between

displacement and material parameters of dams. Finally, the actual dam displacement was input into the trained genetic neural
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It was shown that the method could shorten the time of back analysis and improve the efficiency and accuracy of back analysis.
Key words: back annlysis; uniform design; genetic algorithm; BP neural network; Geheyan Dam
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network to obtain the real material parameters. As an example, the elastic moduli and the linear dilatable coefficient of concrete

of the dam body and the elastic moduli of rockmass under the base of Geheyan Dam were back-analyzed by the above method.
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Fig. 1 Flow chart of improved genetic algorithm
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Table 1 The characteristic points and their elevations

SR BREA wRim | B RRIEAL SF/m
I PLIS801 2035 4 PL10701 1845
2 PLI5501 1450 5 PL21801 2035
3 PLI080I 2035 6 PL21701 1845

*2 FEREMBIEE

Table 2 Displacement increments of characteristic points
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Fig. 2 Distribution of measured radial displacements of segment
No.15 & No. 21
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Table 3 The calculated parameters and the range of their values
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Table 4 The samples of material parameters
¥ E, Es; Es Ej
1 16.0 19.2 20.0 23.0
2 17.5 27.0 14.5 20.5
3 19.0 15.6 25.0 18.0
4 20.5 23.4 19.5 15.5
5 22.0 12.0 14.0 13.0
6 23.5 19.8 245 10.5
7 25.0 27.6 19.0 24.0
8 26.5 16.2 13.5 21.5
9 28.0 24.0 24.0 19.0
10 29.5 12.6 18.5 16.5
11 15.0 20.4 13.0 14.0
12 16.5 28.2 235 11.5
13 18.0 16.8 18.0 25.0
14 19.5 24.6 12.5 22.5
15 21.0 13.2 23.0 20.0
16 22,5 21.0 17.5 17.5
17 24.0 28.8 12.0 15.0
18 25.5 17.4 22.5 12.5
19 27.0 252 17.0 10.0
20 28.5 13.8 11.5 235
21 30.0 21.6 22.0 21.0
22 15.5 29.4 16.5 18.5
23 17.0 18.0 11.0 16.0
24 18.5 25.8 21.5 13.5
25 20.0 14.4 16.0 11.0
26 21.5 222 10.5 24.5
27 23.0 30.0 21.0 22.0
28 24.5 18.6 15.5 19.5
29 26.0 26.4 10.0 17.0
30 27.5 15.0 20.5 14.5
31 29.0 22.8 15.0 12.0
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Table 5 Calculated displacements of characteristic points

¥ {7 #/mm
%5 PL21801 PL21701 PL10801 PL10701 PL15801 PL15501
1 -4.62 -4.57 =7.79 =725  -15.72 -9.56
2 -3.67 -3.65 =7.15 -6.65 -14.82 -8.92
3 -3.75 -3.80 -6.43 -6.22 -12.63 -8.25
4 -2.93 -3.15 -6.25 -6.00 -12.76  -8.16
5 -3.98 —-4.07 -6.51 -6.37 -11.70 -8.13
6 -2.87 -3.01 -5.88 =576 -11.78 -7.78
7 -2.02 -2.42 -5.19 -5.16  -11.10 -7.37
8 -2.68 -3.00 -5.53 -5.53 -10.83 -7.50
9 -2.03 -2.34 -5.02 -5.04 -1042 -7.06
10 -3.51 -3.55 -5.77 =577  -10.16  -7.38
11 -4.69 -4.53 -8.14 -7.53  -16.36 -9.83
12 -3.79 -3.73 -7.34 -6.82 -15.37 -9.17
13 -3.85 -3.88 -6.86 -6.51 -13.74  -8.60
14  -2.79 -2.97 =6.17 =592 -13.38 -8.12
15 -3.81 -3.97 -6.38 -6.23 -12.01 -8.18
16 -2.82 -3.10 -6.04 =586 -12.09 -7.96
17 -1.80 -2.18 -5.12 -5.10  -11.25 -7.35
18  -3.13 -3.23 -5.89 -5.80 -I11.30 -7.73
19 -1.79 -2.10 -5.07 -5.11 -10.83 -7.22
20 -2.95 -3.14 -5.67 -5.65 -10.83 751
21 -2.20 -2.49 -5.16 =517  -1043 7.5
22 434 -4.14 =7.94 -7.25 -16.35 -9.56
23 411 -4.12 =7.39 -6.97 -14.78 -9.23
24 325 -3.37 -6.59 -6.25 -13.62 845
25 -390 -3.90 -6.82 -6.58 -13.12 -8.58
26 =272 -2.94 -6.03 -5.83 -12.55  -7.99
27 221 -2.49 -5.53 =537 -11.90 -7.55
28 275 -2.94 -5.78 -5.66 -11.46 =7.60
29 -1.58 -1.98 -4.94 -498 -1094 -7.18
30 -3.31 -3.46 -6.07 =598 -11.21 =7.80
31 -2.00 -2.34 -5.29 -530 -10.83 -7.38
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Table 6 The result of back analysis
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Fig. 4 Distribution of measured and calculated displacements of

segment No. 15
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