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Optimum Design of Trusses Using Genetic Algorithms
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ABSTRACT: Optimum design of most structural systems requires that design variables are regarded as discrete quantities. This paper presents
the use of Genetic Algorithms for determining the optimum design for truss with discrete variables. Genetic Algorithms are known as heuristic
search algorithms, and are effective global search methods for discrete optimization. In this paper, Elitism and the method of conferring penalty
parameters in the design variables, in order to achieve improved fitness in the reproduction process, is used in the Genetic Algorithm. A 10-Bar
plane truss and a 25-Bar space truss are used for discrete optimization. These structures are designed for stress and displacement constraints, but
buckling is not considered. In particular, we obtain continuous solution using Genetic Algorithms for a 10-bar truss, compared with other results.
The effectiveness of Genetic Algorithms for global optimization is demonstrated through two truss examples.
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Fig. 1 Geometry of 10-Bar plane truss
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Table 1 Comparison of results for 10-Bar plane truss with discrete variables

w

o Al A2 A3 A4 A5 A6 A7 A8 A9 A10
g
GA. population
s 24980 21613 1045 14774 9161 1045 1045 5142 14774 14193 1045
S1Ze=
A. populati
GA. pop 5: ' 240814 21613 1045 14193 8968 1045 1045 5142 14774 14774 1161
size= )
A. populati
G ,P"plgo O 249320 21613 1045 14774 1000 1045 1045 5142 14193 14193 1045
S12e=
GA. by
. 254868 21613 1045 14193 1000 1045 1045 9161 12839 12839 1690
S. Rajeev
Table 2 Comparison of results for 10-Bar plane truss with continuous variables
W
o Al | A2 | A3 | A4 | A5 | A6 | a7 | a8 | a9 | a0
g
Genetic Algorithm
by continuous 241946 | 19535 | 006 | 13819 | 9787 | 006 | 006 | 93.68 | 13729 | 1391 | 006
variables
YN b
OPTDYN by 248429 | 16581 | 065 | 1620 | 12510 | 065 | 065 | 9935 | 13110 | 13381 | 7.10
S. Rajeev
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Fig. 3 Geometry of 25-Bar space truss
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2193 (i) 2 SR, shte] AWM 10-Bar Ed2e] 7
99} o] o|AALE () = 16709 ARE M I £ QE=
stk oAE(S) FolA 16708 ddste A4S (5} A&7 F
FA98 delsks o] o o]dAEY ol A&HA F
7¥ehe AUE 16719 AAAEE A= E sgck 74
2 daglEelA Jge =7|E 20, 508 AME-EHTh 25-Bar
Eg)2e HAHHA AFE Table 59 2t} Table 5258 3
el =] 20, 508 A} 257} Rajeev(247.8%g), Zhu(255.57
kg)ok Wu(20.78kg)ell ©J3t A7 R}t $53ion, oo
7] 504 W 7 & AHE AUk

Table 3 Load data for 25-Bar space truss

Nodes F . (kgf) F (kg F (kgf)
1 45416 45416 45416
2 0.0 45416 45416
3 227.08 0.0 0.0
6 272.49 0.0 0.0
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Table 4 Member group for 25-Bar space truss

Numbers of
pToUp Members

1 1-2
14, 2-3, 15, 2-6
2-5, 24, 1-3, 1-6
3-6, 45
34, 56
310, 67, 49, 5-8
3-8, 47, 69, 5-10
3-7, 48, 59, 610
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Table 5 Results of 25-Bar space truss

25~31.

A8 (1999). “HAFAE AT wlpxEY oitHF
3), UESESE=FF, A197 A 1-6%, pp 869~878.

Chan, C. M. (1992). “An Optimality Criteria Algorithms for
Tall steel Building Design Using Commercial Standard
Sect- ions”, Structural Optimization, Vol 5, pp 26~29.

Goldberg, E. (1989). Genetic Algorithms in Search, Optimiza-
tion and Machine Learning, Addison-Wesley, Reading,
MA.

Holland. J. H (1975). Adaptation in Natural and Artificial
Systems, The University of Michigan Press, Ann Arbor, ML

Jenkins, W. M. (1992). "Plane Frame Optimum Design
Environment Based on Genetic Algorithm", Journal of
the Structural Engineering, ASCE, Vol 118, No 11, pp
3103-3112.

Kocer, F. Y., and Arora, J. S (1997). "Standardization of Steel
Pole Design Using Discrete Optimization", Journal of
Structural Engineering, Vol 123, No 3, pp 345~349.

S. and Krishnamoorthy, C. S5.(1992).
Optimization of Structures Using Genetic Algorithm".
Journal of Structural Engineering, ASCE, Vol 118, No 5,
pp 1233-1250.

Wu, S J. and Chow, P-T. (1995). "Steady-state Genetic
Algorithm  for Optimization  of
Computer & structures, Vol 56, No 6, pp 979~%1.

Yavada, R. S. S and Gurujee, C. S. (1997). "Optimal Design

Using Available Sections", Journal of
Structural Engineering, ASCE, Vol 123, No 5, pp 685-688.

Zhu, D. M. (1986). "A improved Templeman’'s Algorithm for
Optimum Design of Trusses with Discrete Member
Sizes', Engineering Optimization, Vol 9, pp 303-312.

Rajeev, "Discrete

Discrete Trusses",

of Trusses

20039 109 69 Y3 HF
2003 114 19 HF £AHE A

W
1 A2 A3 Ad A5 A6 A7 A8
(kg)
GA. population.
POpUaton- o5, 45 0.64 258 21.93 0.64 11.61 645 32 21.93
size= 20
GA. populati
POpHation - 0 0.64 322 21.93 0.64 1226 5.80 322 21.93
size= 50
GA. by
. 247.89 0.64 11.61 1484 129 0.64 516 11.61 1935
S. Rajeev
Zhu 255,57 0.64 1226 1677 0.64 0.64 516 1355 1677
S. J. Wu 2078 0.64 32 2193 0.64 9.70 5.80 387 21.93




