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Design Optimization of Large Scale Structural Systems based on
Multilevel Hybrid Approximation
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ABSTRACT

A new optimization procedure with approximate reanalysis module, using the staged hybrid methods
with substructuring, is proposed in this study. In this procedure, displacements are calculated with two
step mixed procedures. First step is to introduce the conservative approximation, which is a hybrid form
of the linear and reciprocal approximation, as local approximation. In the next step, it is combined with
the global approximation by reduced basis approach. The quality of reanalyzed quantities can be greatly
improved through these staged hybrid approximations, specially for large changes in the design. Overall
procedures are based on substructuring scheme. Several numerical examples illustrate the validity and
effectiveness of the proposed methods.
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Modulus of elasticity 30,000 ksi
Allowable stress limit + 30.0 ksi
Displacement limit * 05 in.
Specific weight 0.1 Ib/in?
Upper limit on area 100.0 in2
Lower limit on area 0.01 in?

Loading condition : 1

1.0 kips acting in X-direction

at node point 1, 6, 15, 20, 29,
34, 43, 48, 57, 62, 71

-10.0 kips acting in Y-direction
at node point 1, 2, 3, 4, 5, 6, 8,
10, 12, 14, 15, 16, 17, 18, 19, 20,
22, 24, ---, 71, 72, 73, 74, 75

Table 52 Results of optimization for 200-bar plane truss
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Fig. 5.1 200-bar plane truss

; DY | Member | procent |SUBANA| Ref?
0.1687 0.1967 0.1878 20 39, 42 0.7742 0.5837 0.1000
0.1000 0.1150 0.1000 21 40, 41 0.4873 0.3964 0.1000
42272 4,4364 47832 22 43, 55 7.1905 7.3808 8.1292
0.2415 0.2407 0.1703 23 44, 54 1.3199 1.0977 0.2476
0.1000 0.1000 0.1000 24 45, 53 0.1000 0.1000 0.1000
2.0093 1.9870 2.3462 25 46, 52 4.,4080 44745 4.4206
0.1000 0.1000 0.1876 26 47, 51 0.4807 0.4258 0.2802
0.4284 0.1000 0.1000 27 48, 50 0.1271 0.1000 0.2673
2.9498 3.0302 2.8809 28 49 45160 47974 47929
0.1000 0.1000 0.1000 9 10 56, 63 0.1000 0.1000 0.1000
0.1000 0.1000 0.1000 29 57, 58, 0.1000 0.1000 0.1000

61, 62

0.1000 0.1000 0.1000 30 59, 60 0.1000 0.1000 0.1002
6.5096 6.5496 6.7767 31 64, 76 8.2920 8.6086 9.3389
0.1000 0.1000 0.1000 32 65, 75 0.1000 0.1000 0.1000
0.4555 0.3528 0.2361 33 66, 74 1.4106 1.1905 0.3362
3.0178 29156 3.3133 34 67, 73 5.0599 5.1569 5.0733
0.3508 0.1454 0.1732 35 68, 72 0.1000 0.1000 0.3008
0.1000 0.1000 0.2227 36 69, 71 0.5045 0.4453 0.3096
3.7508 3.9181 41473 37 70 5.0519 5.3958 55744
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Table 5.2 Continue

. 141,151 | 0.1667 .
39 | 78,79 { 01000 | 09838 | 0.3865 69 | 142,150 | 30742 | 33584 | 3.3000
40 | 81,93 | 80981 | 79610 | 9519} , | 70 | 143149 | 98482 | 107141 | 95771
41 | 82,92 | 18225 | 29093 | 09366 71 | 144,148 | 10383 | 06966 | 09814
42 | 83,91 | 01000 | 0.1000 | 0.1000 72 | 145147 | 01000 | 03233 | 0.2269
43 | 84,90 | 68553 | 7.0650 | 6.2617 73 146 | 7.1694 | 76412 | 7.0561
44 | 8,89 | 04984 | 57047 | 0.3508 74 | 153,156 | 19403 | 21753 | 2.5500
45 | 86,8 | 04834 | 04457 | 04835 75 | 154, 155 | 0.1000 | 0.1000 | 0.6074
46 | 87 | 57973 | 62450 | 58679 76 | 157, 169 | 7.3955 | 6.7635 | 7.5376
g | 10 |94 101 | 01000 | 01000 | 0.1000 77 | 158, 168 | 3.1011 | 35204 | 41216
47 | 95,96, | 01000 | 01000 | 0.1000 78 | 159, 167 | 0.1000 | 01000 | 0.1000
99, 100 79 | 160, 166 | 1.2390 | 135400 | 133290
48 | 97,98 | 01000 | 01000 | 0.1000 80 | 161, 165 | 16715 | 16335 | 1.8691
49 [102, 114 | 89135 | 88963 [10.4800 81 | 162, 164 | 0.1000 | 02645 | 03045
50 | 103, 113 | 0.1000 | 01335 | 0.1108 82 163 | 74359 | 7.6876 | 7.4246
51 [104, 112 | 19190 | 29858 | 1.0313 10 | 170, 177 | 0.1000 | 0.1000 | 0.1000
52 [ 105, 111 | 7.4016 | 7.6467 | 68203 83 | 171, 172, | 01000 | 0.1000 | 0.1000
53 | 106, 110 | 05343 | 04743 | 0.5012 175, 176
54 (107,109 | 05210 | 06229 | 03754) 5 | 84 | 173, 174 | 01000 | 0.1000 | 0.1000
55 | 108 | 62149 | 6.6961 | 6.4768 85 | 178 190 | 7.9579 | 7.3685 | 82183
56 | 115118 | 19177 | 19992 | 1.9807 86 | 179, 189 | 0.1000 | 0.1000 | 0.1000
57 | 116,117 | 08350 | 1.1243 | 14784 87 | 180, 188 | 3.18%4 | 37127 | 41916
58 | 119131 | 80777 | 7.7406 | 9.1546 88 | 181, 187 | 1.2849 | 140092 | 13.833
59 | 120,130 | 29836 | 3.2684 | 3.1979 89 | 182, 186 | 0.1000 | 03557 | 03354
60 | 121,129 | 01000 | 0.1000 | 0.1000 90 | 193,185 | 17021 | 16748 | 1.9082
61 | 122,128 | 93732 | 102112 | 9.0271 91 184 | 77754 | 80467 | 7.8840
62 | 123127 | 01000 | 02185 | 0.2074 92 | 191, 194 | 60294 | 54524 | 58649
41 63 | 124126 | 10240 | 06712 | 09717 93 | 192 193 | 40152 | 35035 | 3.4248
64 | 125 | 67812 | 7.2398 | 65338 94 | 195, 200 | 1.1370 | 100032 | 10636
10 | 94101 | 0.1000 | 0.1000 | 0.1000 95 | 196, 199 | 20736 | 188069 | 17.777
65 | 133,134, | 0.1000 | 0.1000 | 0.1000 96 | 197,198 | 85128 | 81781 | 7.7140
137,138 Total wight(ib) | 29,2474 | 29,1550 | 28,963.0
66 | 135,136 | 0.1000 | 0.1000 | 0.1219
67 | 140,152 | 87483 | 84734 | 99624 | Run time (sec) | 20.130 | 76.280 -
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Fig. 5.2 1208-bar plane truss
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