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1
Table 1 Main shape parameters of arch dam by multi-objective optimization
/
m’ /m /m /m /°
699.40 16.321 78.415 84.912 99.164 0.299 -0.111
643.72 14.862 74.716 84.980 94.327 0.244 0.164
670.17 15.638 76.476 84.282 96.708 0.296 0.020
2 2
Table 2 Value of objective functions
by multi-objective optimization
V/ m Oma/MPa Ogu/MPa dyy 10 Q
699.40 4.41 12.05 0.3242
643.72 6.13 12.31 0.3767
670.17  5.29 12,13 0.3523 0 = V., Zwex | Tomax drzax 1
679.94 8.58 17.03 0.3921 v O tmax 0 cmax dmax
4.683  4.440.
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Table 3 Shape parameters of arch dam by optimal design based on game theory ; l — A EEEE
/o m /s /o H— =
/m l
827.00 0.000 15.638 17.068 17.450 48.538 48.170  322.419 234.237
780.00 -22.018 35.136  39.416 35.241 47.652 44.636  298.259 250.309
740.00 —-34.276 44.415 48.933 51.247 50.377 41.045 245.776 273.350
690.00 -41.911 50.622 51.844 58.035 48.742 42.233  226.129 247.236
640.00 —-41.789 55.453  66.092 65.551 44.545 44.094 213.754 205.344
600.00 -36.673 61.653 76.996 72.399 41.589 38.162  185.601 207.682 1
570.00 -30.192 69.327 76.089 77.491 34.468 31.213 178.707 203.521 Fig.1 Comparison of profiles
550.00 -24.713 76.476  84.103 84.282 17.530 13.444  163.446 216.391

of crown beams

3—¢ 1 -2.00MPa

1 -12.00 MPa

2 -1.00MPa 2 -10.50 MPa
3 0.00MPa 3 -9.00 MPa
4 1.00 MPa 4 -7.50 MPa
5 2.00MPa 5 -6.00 MPa
6 3.00 MPa 6 -4.50 MPa
7 4.00 MPa 7 -3.00 MPa
8 5.00 MPa :
min -2.72 MPa M 1831\1/}/{)1)"‘
e g max 5.29 MPa max -2.78 Mpa
2 1 3 3
Fig.2 Contours of principal stress ¢; on upstream surface Fig.3 Contours of principal stress ¢; on downstream surface
of arch dam by optimal design based on game theory of arch dam by optimal design based on game theory
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Fig.4 Contours of principal stress a; on base of arch dam by optimal design based on game theory
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Multi-objective optimization for shape design of
arch dams based on game theory

SUN Lin-song’ ZHANG Wei-hua! XIE Neng-gang’
1. College of Water Conservancy & Hydraulic Engineering Yangzhou University ~ Yangzhou 225009  China
2. Department of Mechanics Anhui University of Technology ~Maanshan 234002 China

Abstract A multi-objective optimization model for shape design of arch dams was developed with the dam volume

maximal principal stresses and maximal relative depth of large tensile stress region taken as objective functions. Based on
the similarity between multi-objective optimization and game problems in economics each objective function was taken as
a game player and all the feasible solutions constituted the game strategy set. Consequently a cooperative game method
for multi-objective optimization of the shape of arch dams was worked out. A case study of shape optimization of the
Baihetan arch dam demonstrates that compared with other multi-objective optimization methods including the linear
weighting method and utopia point method the present method is of high efficiency of calculation and can

comprehensively reflect the requirement of each objective to be optimized and that the optimized result is reasonable.
Key words arch dam multi-objective optimization cooperative game
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