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Table 1 Minimum weight design for the square

grillage girder shown in Fig. 4

J Design Variables (xqa?/2)
B=ToM, {
| x % | x|

6.97464
6.92964
6.79581
6.68316
6.46452
6.17837
5.85107
5.33536
4.78910
4.25962
3.46342

| Weight

e
X, [ (x2ga®)
18.98980
18.95857
18.90341
18.81888
18.69587
18.51980
18.26443
17.88313
17.43164
17.01639
16.43095

0.1 7.97346
0.2 7.92819
0.3 7.79246
0.4 7.68577
0.5 7.47023
0.6 7.17328
0.7 6.85346
0.8 6.32930
0.9 5.75191
1.0 5.13839
1.15 4.04372

1.00204
0.99233
1.00157
0.96471
0.91332
0.81470
0.58030
0.17047
0.15414
0.24237
0.43134

1.01881
1.05804
1.15600
1.26026
1.46724
1.76938
2.19965
2.93877
3.20118
3.56682
4.03057

Table 2 Convergency of solution

Number
of
iteration| X,

Design Variables
x| x| x
6.4941 | 0.3529 | 5.0000 | 2.0000 | 16.2000/0.8284250.345704
5.9506 | 1.4448 | 5.0000 | 2.0000 | 17.8402)0. 164784)0.250367
7.2330 | 0.6783 | 5.9846 | 1.7784 | 18.131110.0348420.085322
6.7806 | 0.7518 | 6.0132 | 1.9226 | 18.142610.018137/0.077669
6.6450 | 0.7008 | 5.6326 | 2.2696 | 18.2184/0.002737/0.025401
7.1031 | 0.5175 | 6.0900 | 2.0084 | 18.24490.000607,0.013080
6.7997 | 0.6063 | 5.8669 | 2.1886 | 18.2564|0.000000/0.005946
6.8842 | 0.5638 | 5.8605 | 2.1931 | 18.2584i0.0000000.003333
6.7425 | 0.6179 | 5.7645 | 2.2601 | 18.26290.0000000.001526
6.8635 | 0.5810 | 5.8831 | 2.1773 | 18.2632i0.000000/0.000879
6.8213 | 0.5905 | 5.8225 | 2.2196 | 18.26390.000000[0.000382
6.8841 | 0.5708 | 5.8811 | 2.1787 | 18.26420.000000/0.000223
6.8481 | 0.5841 | 5.8567 | 2.1957 | 18.2644{0.0000000.000096
6.8535 | 0.5803 | 5.8511 | 2.1997 | 18.2644{0.000000/0.000000

Weight
W-co 8 3,
(X 2qa®)

(=3

W oo -3 U AW =

vt
N = O

Jony
w
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Table 3 Minimum weight design for the grillage girder shown in Fig. 5 where a=1.0 and P=10Xqa/2

e TuMs Design Variables (xqa?/2) Weight Weco,
X, | X, ’ X | X, i X X X X X, Xo (xqa’/2)
0.05 15.667 9.5340 8.6694 6.5033 5.6640 4.2463 0.16991 0.17149 0.17038 0.16956 101.0228
0.1 15.727 9.2963 8.5913 6.4443 5.6862 4.2677 0.16277 0.16708 0.16143 0.16751 101.0051
0.3 16.001 9.5205 8.1228 6.0614 5.8772 4.4638 0.12500 0.12500 0.12500 0.15758 100.8751
0.5 16.000 9.5070 8.0000 6.00C0 6.0010 4.5156 0.12500 0.12500 0.12500 0.12500 100,7969
0.8 16.000 9.5029 8.0000 6.00C0 6.0005 4.5061 0.12500 0.12500 0.12500 0.12500 100.7689
1.0 16.000 9.5017 8.0600 6.0000 6.0002 4.5038 0.12500 0.12500 0.12500 0.12500 100.7615
1.15 16.000 9.5012 8.0000 6.0000 6.0000 4.5026 0.12500 0.12500 0.12500 0.12500 100.7577

Table 4 Minimum weight design for the grillage girder shown in Fig. 5 where a=1.0 and 8=0.55

qa/2: P Design Variables (x qa?/2) Weight W-co,
X1 X, X, X, Xs Xe X; Xs X Xio (% qa’2)
1: 0 6.0000 4.5129 8.0000 6.0000 6.0000 4.5129 0.1250 0.1250 0.1250 0.1250 70.802
1:1 7.0000 5.0116 8.0000 6.0000 6.0000 4.5129 0.1250 0.1250 0.1250 0.1250 73.799
1: 3 $.0000 6.0097 8.0000 6.0000 6.0000 4.5129 0.1250 0.1250 0.1250 0.1250 79.795
1:10 16.0000 9.5000 8.0000 6.0000 6.0000 4.5129 0.1250 0.1250 0.1250 0.1250 100.776
1:50 '56.0000 29.5000 8.0000 6.0000 6.0000 4.5129 0.1250 0.1250 0.1250 | 0.1250 220.776
1:00 1.0xPa | 0.5xPa 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0xPa
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Table 5 Minimum weight design for the grillage girder shown in Fig. 5 where P=10%qa/2 and $=0.55

u Design Variables (xqa2/2) Weight Weco
X X, X; X X; X5 X; X X } X0 (xqa¥2)
0.4 14.800 8.6000 5.8463 4.3820 4.5537 3.4256 0.1250 0.1381 0.1250 0.1370 83.5301
0.6 15.200 8.9000 6.4000 4.8000 5.2000 3.9149 0.1250 0.1250 0.1250 0.1250 89.2797
0.8 15.600 9.2000 7.2000 5.4000 5.6000 4.2138 0.1250 0.1250 0.1250 0.1250 95.0276
1.0 16.000 9.5000 8.0000 6.0000 6.0000 4.5129 0.1250 0.1250 0.1250 0.1250 100.7758
1.2 16.400 9.8000 8.8000 6.6000 6.4000 4.8121 0.1250 0.1250 0.1250 0.1250 106.5242
1.4 16.800 10.100 9.6000 7.2000 6.8000 5.1114 0.1250 0.1250 0.1250 0.1250 112.2728
2.0 18.000 11.000 12.000 9.0000 8.0000 6.0097 0.1250 0.1250 0.1250 0.1250 129.5194

Table 6 Minimum weight design for the grillage girder shown in Fig. 6 where P=10Xqa/2 and £=0.55

d Design Variables (xqa?/2) Weight Wec,
x| % | x| x| x| %] % % | % | X | X | X | X | Xu | (e
0.4 14.800] 8.6000] 5.6000] 4.2000| 5.8493 4.3818 4.5507| 3.4258 0.1250| 0.1250| 0.1388] 0.1250{ 0.1250| 0.1367 103.280
0.6 15,200/ 8.9000; 6.4000] 4.8000| 6.4000] 4.8000| 5.2000; 3.9149] 0.1250| 0.1250| 0.1250! 0.1250| 0.1250| 0.1250| 111.905
0.8 15.600; 9.2000) 7.2000 5.4000| 7.2000{ 5.4000( 5.6000| 4.2138 0.1250 0.1250| 0.1250( 0.1250 0.1250| 0.1250) 120.528
1.0 16.000] 9.5000{ 8.0000( 6.0000| 8.0000| 6.0000| 6.0000] 4.5129] 0.1250| 0.1250| 0.1250( 0.1250f 0.1250{ 0.1250 129.151
1.2 16.400] 9.8000] 8.8000| 6.6000] 8.8000( 6.6000{ 6.4000f 4.8121| 0.1250 0.1250, 0.1250| 0.1250| 0.1250] 0.1250 137.774
1.4 16.800 10.100 | 9.600C| 7.2000] 9.600 | 7.2000| 6.8000{ 5.1114] 0.1250| 0.1250| 0.1250] 0.1250| 0.1250| 0.1250 146.398
2.0 18.000| 11.000 | 12.000 | 9.0000| 12.000 | 9.0000{ 8.0000] 6.0097| 0.1250| 0.1250| 0.12500 0.1250| 0.1256] 0.1250 172.269
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Table 7 Values of 8 of the I cross section shown

in Fig. 1
tp(em) | tem) | Alem?) 1(1::[;}/53 g;",{;é‘) B=ToM,
0.45 0.424 19.9 203 4.4 0.0126
0.50 0.518 26.1 306 6.7 0.0126
0.60 0.458 31.8 407 9.1 0.0129
0.65 0.606 41.3 608 13.3 0.0126
0.70 0.700 50.0 811 17.7 0.0126
0.75 0.762 58.0 1013 22.1 0.0126
0.85 0.891 76.1 1522 33.2 0.0126
0.95 0.950 92.1 2027 44.2 0.0126
1.00 1.073 107.0 2536 55.4 0.0126
1.10 1.063 120.8 3044 66.4 0.0126
1.20 1.192 146.3 4058 88.4 0.0126
1.25 1.235 158.2 4563 99.4 0.0126
1.30 1.269 169.8 5073 110.6 0.0126
1.35 1.292 180.9 5577 121.6 0.0126
1.40 1.424 202.2 6593 143.7 0.0126
1.50 1.427 222.5 7607 165.9 0.0126
1.56 1.517 241.8 8621 187.9 0.0126
1.60 1.593 260.4 9636 210.0 0.0126
1.60 1.834 287.8 11155 245.9 0.0127
1.60 2.048 315.3 12674 286.7 0.0131
1.60 2.361 361.3 15201 364.2 0.0138

Table 8 Values of 8 of the box cross section
shown in Fig. 1

Mfo, Tolty

ty{cm) t{cm) Afem?) (em?) (em®) B=Ty/M,
0.50 0.434 6.2 | 500 233 0.467
0.50 0.539 525 | 608 334 0.549
0.55 0.509 57.8 701 353 0.503
0.60 0.548 68.3 900 446 0.495
0.70 0.675 95.9 1499 789 0.526
0.75 0.788 116.1 2000 1097 0.548
0.80 0.866 134.8 2501 1373 0.549
0.85 0.920 152.2 3000 1647 0.549
0.90 0.958 168.7 3501 1921 0.549
0.95 0.982 184.3 4000 2192 0.548
1.00 0.995 199.4 4499 2447 0.544
1.05 1.105 227.9 5497 3015 0.549
1.10 1.097 241.6 6000 3271 0.545
1.15 1172 267.7 7000 3832 0.548
1.20 1.231 292.6 8003 4384 0.548
1.25 1.276 316.5 9003 4930 0.548
1.30 1.310 339.6 10003 5472 0.547
1.35 1.459 383.5 11999 6587 0.549
1.40 1.470 404.5 13000 7130 0.548
1.45 1.528 435.0 14495 | 7952 0.549
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