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Optimal Design of Structures with Standardized Structural Members
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Abstract

In this paper research results of dewveloping a method of selecting design variables of an
optimization problem from a finite set of pre-specified numbers, which can be utilized for
the structural optimization with standardized structural members, is presented.

The method first finds a c‘ontinuoué optimum under the assumption that design variables
can be varied continuously. Then a pseudo-optimum is determined by selecting numbers
from the set that are near to the continuous optimum and do not violate ‘constraints. The
pseudo-optimum is further improved to obtain the final discrete optimum from the set
which minimizes cost function of the problem. In this research, the method is combined
with the gradient projection optimization algorithm.

The method is applied to several minimum weight truss optimiization problems ‘with
constrzints on the stresses, displacemdnts, and design variables. As the results, it is found
that the method can be efficiently applied to various optimization problems of which design
variables must be chosen from a stan&ard.
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H 1. Specified Member Sizes

Nominal Section Nom ihal | Section
Dia(in) Area(in?) | Diafin) , | Area(in?)
3/8 0.11 3 7. 069
1/2 0.196 3.1/4 8. 296
5/8 0.307 | 3.1/2 9.621
3/4 0. 442 3.3/4 11.04
7/8 0. 601 4 12.57
1 0.785 | 4.1/ 14.19
1.1/4 L2217 | 41/2 15.9
1.1/2 1.767 4.3/4 17.72
1.3/4 2. 405 5 19. 64
2 3.142 5.1/2 23.76
2.1/4 3.976 6 28.27
2.1/2 4.909 6.1/2 33.18
2.3/4 5.94 7 38.48

A2 FAL F 16 Fo14 glch,

4.1 Ed{A 2@ T8

o] A A FHGHY 4EFE AYHql
dlalels] #& Hua®r} o] FA48 Ed48E
TFatgich FzEe 4L 27 26 Bl wiel
Zx HdFE2Ae A2 9 40 2, HEYF
2 —100kips 4 #g3tm glon] Aws A
Z7 +2inch ¥ A A4 38 x4 0.1inch*
H A= +25ksi & w3t o] F2E
o HA4A Ase B 20 veht g 9%
gl oef Aas F2E %2 5066.981bs.
ol o]F A B4 sl 5655 72 bs o)

¥ 2. Optimization Results of Example 1

Design |Continous| Discrete | This [Reference
Variable |Solution | Solution | Paper (5)
1 30.98 33.18 28.27 38.48
2 0.1 0.11 0.11 0.11
3 24.169 28.27 23.76 19.64
4 14, 805 15.9 12.57 12.57
5 0.1 0.11 0.11 0.11
6 0. 406 0.442 0.11 0.11
7 7.547 8. 296 8. 296 9. 62
8 21, 046 23.76 23.76 19. 64
9 20,937 23.76 23.76 23.76
10 0.1 0.11 0.11 | 0.11
WEleht | 5066.98 | 5655.72 | 5184.77 | 5261.7
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'8 3, Design Data for Example 2

Modulus of elasticity

Material density

Stress. limits

Displacement: limits
Lower limit on design variable
Upper limit on design variable
No. of loading condition

=10% ksi
=01 ¢h/in?
=140 ksi
=40, 35in
=00l in?
=None

=2

Loading Data

Direction of Load

Load
.y Node
Condition x: xa ’ e
1 1 0.5 0 0
2 0.5 0 0
3 1.0 10.0 —5.0
4 0 10.0 —5.0
2 3 0 2.0 | —5.0
4 0 —20.0 —5.0




¥ 4. Optimization Results of Example 2
Design | Element |Continous | Discrete | This
Variable| Number Solution | Solition | Paper

1 1 o.01 a1t ol
2 2,3,4,5 20476 | 2,405 | 2.405
3 6,7.8,9 2.9965 | 8,142 2.405
4 10,11,12, 13 0.01 0.1 o1
5 14,15,16,17, 06863 | 0,788 | ~0.601
6 18:19,20,21] 1.6217| L. P67 || 1.767
7 | 28,23,24, 25 2,6712 | 8,148 . 8,142
bt 545.04 | /616,543 | 571726
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B 5 Design Data for Example 3

Modulus of elasticity

Material density

Stress limits

Displacement limits

Lower limit on design variable
No. of loading condition

=80, 000 kips/in?
=(), 283 /b/in3
=+30ksi

=+, 5in

—0. 1'in?

=3

Loading Condition 1. One kip acting in positive xi-direction at node points 1,6, 15, 20, 29, 34, 43,

48, 57,62, 71.

Loading Condition 2. 10kips acting in negative xs-direction at node points 1,2,3,4,5,6,8,10,12,

14, 15, 16,17, 18, 19, 20, 22, 24, --+, 71,72, 73,74, 75.
Loading Condition 3. Loading Conditions 1 and 2 acting together.
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# 6. Optimization Results of Example 3

Design Variable Element Number : Gonftzimuwuviﬁolutim Discrete Solution This Paper
1 1,4 0.1878 0.196 0. 196
2 2,3 0.1 0.11 0.11
3 5,17 4.7832 4.909 3.976
4 6,16 0. 1703 0.196 0. 11
5 7,15 0.1 0.11 Q11
6 8,14 2. 3462 2.405 2,405
7 9,13 0.1876 0.196 011
8 10,12 0.1 0.11 0. 442
9 11 2. 8809 3. 142" 2. 405

10 18, 25, 56, 63, 94 0.1 0.11 0.11
101, 132, 139, 170, 177 !
11 19,20, 23,24 0.1 | 0.11 0.11
12 | 21,22 0.1 0.11 0.11
13 | 26,38 6.7767 7.069 5.94
14 ! 27,87 0.1 0.11 0.11
15 28,36 0. 2361 0. 307 0.196
16 29,35 3.3133 3.976 3, 142
17 | 30,34 0.1732 0.196 0. 442
18 31,83 0.2227 0. 307 0. 196
19 32 4.1473 4.909 3.976
20 39, 42 0.1 0.11 0. 11
21 40, 41 0.1 0.11 0. 196
22 | 43,55 8.1202 8. 296 7. 069
23 | 44,54 0..2476 0. 307 0.196
24 | 45,53 0.1 0.11 0.11
25 46,52 414206 4,909 4,909
26 47,51 0. 2802 0.307 0. 196
27 48,50 0. 2673 0.307 0. 307
28 49 4.7929 | 4.909 3,976
29 57, 58, 61, 62 0.1 } 0.11 0.11
30 59, 60 0.1002 0.11 0.11
31 64,76 9,13889 9. 621 8. 296
32 65,75 0.1 0.11 0.11
33 66, 74 0. 3362 0.442 0. 307
34 67.73 5. 0733 5. 94 4.909
35 68,72 0. 3008 0. 307 0. 307
36 69,71 0. 3096 0. 442 0. 196
37 70 5, 5744 5,94 4.909
38 77,80 0. 4967 0. 601 0. 442
39 78,79 0. 3865 0.442 0. 307
40 81,93 9.5196 9. 621 8. 206
41 | 82,92 0. 9366 1. 227 0.785
42 83,91 0.1 0.11 0.11
43 84,90 6. 2617 7. 069 5. 94
44 85, 89 0. 3508 0. 442 0.307
45 86, 68 0.4835 0. 601 0. 442
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46
47
48
49

51
52
53
54
55
56
57
58
59

61
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67
68
69
70
71
72
73
74
%
7%
77
78
79
80
81
82
83
84

86
87
88
89
90
91
92
93
94

87
95,96, 99, 100
97,98
102,114
103,113
104,112

105, 111
106,110

107, 109

108

115,118

116, 117
119,131
120,130
121,129
122,128
123,127
124,126

125

133, 134, 137,138
135, 136

140, 152
141,151
142,150
143,149
144,148

145, 147

146

153, 156

154, 155

157, 169

158, 168

159, 167

160, 166

161, 165

162, 164

163
171,172,175, 176
173,174

178,190
179,189
' 180,188
181,187
| 182, 186

184
184

191,104
' 192,193
| 195, 200

5. 8679
0.1
0.1
10. 48
0.1108
1.0313
6. 8203
0.5012
0.3754
6. 4768
1.9807
1.4784
9. 1546
3.1979
0.1
9.0271
0. 2074
0.9717
6.5338
0.1
0.1219
9. 9624
0. 1341
3.3
9.5771
0. 9814
0. 2269
7. 0561
2.55
0. 6074
7.5376
4.1216
0.1
13.329
1. 8691
0. 3045
7. 4246
0.1
0.1
8.2183
0.1
4.1916
13.833
0. 3354
1.9082
7.884
5.8649
3.4248
10. 656

8 —

5.94
0,11
0.11
11.04
0. 169
1.227
7. 069
0. 601
0. 442
7. 069
2. 405
1.767
9.621
3.976
0.11
9. 621
0. 307
1.227
7.069
0.11
0.196
11. 04
0.196
3.976
9. 621
1.227
0. 307
7. 069
3.142
0.785
8. 296
4.909
0.11
14.19
2. 405
0. 307
8. 296
0.11
0.11
8. 296
0.11
4.909
14.19
0. 442
2.405
8. 296
5.94
3.976
11. 04

4.909
0.11
0.11
9.621
0.11
0.785
5.94
0.442
0.307
5.94
1.767
1.767
8.296
3. 142
0.11
8.296
0. 196
0.785.
5.94
0.11
0.11
9.621
0,11
3. 142
8. 296:
0.785.
0. 196
5.94
2. 405
0.785
7.069
3.976
0.11
12.57
1.767
0. 196
7. 069
0.11
0.11
7.069
0.11
3.976
12.57
0.307
1.767
7.069
5.94
3.142
12. 57
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