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Table 1 Initial design parameters of the dam
/m /m / ° /m
/m
827.00 0.000 14.000 19.035 19.000 46.891 45.073 341.617 261.046
780.00  —19.582 30.820 30.650 39.679 47.325 45.620 301.730 241.896
740.00  -32.563 41.510 42.822 55.000 47.876 46.746 268.473 223.934
690.00  —43.508 51.368 58.165 69.945 48.174 47.959 229.704 201.973
640.00  —48.000 58.677 70.442 78.787 46.396 47.060 200.492 185.014
600.00 -46.524 63.655 75.744 80.437 43.000 43.600 176.757 171.928
570.00 —-42.250 67.365 75.929 77.997 37.000 37.000 163.024 163.842
550.00 —37.816 70.000 73.834 74.435 18.500 18.500 154.557 154.836
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2
Table 2 Modified design parameters of the dam

/m /m /° /m
/m
827.00 0.000 12.545 17.176 16.193 49.574 46.597 310.852 247.509
780.00 -22.551 32.229 33.583 36.833 47.568 42.419 299.140 270.484
740.00 —-38.150 44 .441 47.198 52.577 49.248 44.088 255.795 245.693
690.00 -52.194 55.033 59.688 59.681 47.967 44.982 232.377 224.580
640.00 -59.259 61.796 68.739 70.630 45.120 44.561 209.503 202.018
600.00 -59.224 65.430 72.842 79.279 40.497 41.558 192.881 184.097
570.00 —-55.550 67.610 75.906 76.233 33.323 33.624 186.586 185.443
550.00 —51.245 68.979 74.936 72.304 15.301 17.295 188.708 166.126
3625 2738 n =959 b=
1948. K, PCG
“ + + " 3. PCG-3  PCG-7 PCG
3 7 Cholesky
3 3 7
4
3
Table 3 Stress extremes of the dam
/MPa /MPa /MPa

O ymax O ymin O Imax O3min O ymax O ymin O Imax O3min O ymax Oymin O Imax O3min

PCG-3 2.8839 -3.0306 5.3034 -6.4073 -0.5921 -10.9021 0.3238 -15.1290 2.5322 -10.9021 5.3043 -15.1290
PCG-7 2.8892 -3.0111 5.3086 -6.4347 -0.5974 -10.8787 0.3144 -15.1054 2.5423 -10.8787 5.3086 -15.1054
2.8808 -3.0114 5.3096 -6.4344 -0.5965 -10.8803 0.3156 -15.1071 2.5431 -10.8803 5.3096 -15.1071

4
Table 4 Iteration process of the maximum principal stress and the largest displacement along river
O max/ MPa 3uin/ MPa O umax/ M) 6 1max/MPa 3uin/ MPa O umax/ CM
0 4.7628 -13.9422 10.4617 4 5.3225 -15.1246 11.9191
1 5.0037 —-14.7415 11.1814 5 5.3166 -15.1118 11.9263
2 5.1868 -15.0673 11.5919 6 5.3100 -15.1057 11.9187
3 5.3043 -15.1290 11.8536 7 5.3086 -15.1054 11.9161
a.
b.
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Application of preconditioned conjugate gradient method to
finite element reanalysis of arch dams

SUN Lin-song' GUO Xing-wen’ LI Chun-he'
1. College of Hydraulic Science & Engineering Yangzhou University =~ Yangzhou 225009  China
2. College of Civil Engineering Hohai University ~Nanjing 210098  China

Abstract The initial design stiffness matrix was regarded as the precondition matrix. The preconditioned conjugate
gradient PCG method was proposed for the finite element reanalysis of large structural optimization. This algorithm is
not necessary to form and store the stiffness matrix of modified structures. It can save memory and has a high precision
and convergence speed. The finite element reanalysis of an arch dam shows that the proposed method rapidly achieves

excellent approximate results even with many changes of the design variables.
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