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Discrete Optimal Design of Truss Structure Using Genetic ‘Algorithm
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ABSTRACT

This paper describes the application of genetic algorithm(GA) in the discrete optimal design of truss
structures. Stochastic processes generate an intial population of design and then apply principles of
natural selection/survival of the fittest to improve the design. GA is applied to minimum weight of truss
subject to stress and displacement constraints under multiple loading conditions. First, optimum solutions
obtained from GA are compared to verify the reliability of GA with an well-known transmission tower
structure which is referred to by other authors. Then, discrete optimal design is performed in satisfying
service conditions of truss structure with commercially available fabricated sizes. From the results, it is
found that GA search technique is very effective for discrete optimal design of truss structure and has
high robustness.
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2. #HUD2F(GA)

GAE Aa3re) P HAYE(survival of fittest) ¥ A4 T Ei(natural selection)®] #& 7|8 o8
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2.1 ™4 2Hreproduction)
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GAYAl e @3 234 AYEwE 987 fFo] Aok A3 E A (constrained minimization
problem)= WA HlA¢F Ho3HE A (unconstrained maximization problem)E F&#AZ HL7t 9ot g
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subject to g =0 7=1,2 - n (2
o] Mo HAAEAE 958 A 34 (exterior penalty function)E ©] &3] &3 Zo] Jehd £ 9o},
Minimize F* = F + P : (3

Gi7]¥, P& ¥¥ Folv, & AFAE o % AdFel U9 LimT Hajela”®l AA3t W
(bounding strategy)2 AH&-8tdrh 715 AAIS(feasible designs)®] H HPEE F, 8 & o dx =2
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Maximize  Fitness =1/ F n
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fc = fcag : fcal / fctw (13)
A7IA,  froe - Table 20 EAE ZRA=E ugiA L 3 L5ue 4234
Few : Table 30| 7R3 THAF) gt 5839
oo : Table 2 (@)l AAE FRAZ S ndx L 3 &2ds f222o) A3z
Table 1. #-4&%W&A344( kgf/cm?)
SS 400 SWS 490Y SWS 570
A E3 SWS 400 SWS 490 SWS 520
SMA 41 SMA 50 SMA 58
Zubgolzh-5-2 1,400 1,900 2,100 2,600
Table 2. =5F#2¢ neetx 22 HE5LF 453 ( kgf/em?
7 SS 400 SWS 490Y SWS 570
K SWS 400 SWS 490 SWS 520
o SMA 41 SMA 0 SMA 58
1 1z A i
(@ -+ =20 @ <15 @ - <14 @ - <18
= 1400 1,900 2.100° 2,600
K i i 1 i
g | ® 20 (<9 (b) 15 <~ <80 (b) 14 <~ <76 (b) 18 < <67
% _ 2 _ _qaf L _ _efL _ _o9of L _
H 1,400 8.4( . 20) 1,900 13( £ 15) 2,100 15( ‘ 14) 2,600 22( . 18)
S l I I /
5 | @ 93¢y, © 80¢~ © 76<- © 67¢%
12,000, 000 12,000,000 12,000,000 12,000, 000
6,700+ (1 »* 5,000+ (4 »? 4,500+ (1 »* 3,500+ (1/»?
B [ BAe] fazEde (cm)
L oy RAe] 39 gH2iAE (em)
Table 3. A4E&e ZRAZ )3t 5428 kef/cm?
3 = Zuzzd Y3t 5§42 B E zrad Y 58y
ss 40 | 1400 'IBLlSt SWS 490Y | 2100 . 10”7 <t
SWS 400 VIR , SWS 520 O ,
SMA 41 240,000(3) g ST SMA 50 240000(3) 6 ST
1,900 : ﬁ <t SWS 570 | 2600 51’6— <t
SWS 40 t\? b. b t\? .b b
#4000 (4] g5 <t< 15 SMA 88| 2000 (§) i qF <t<gE
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Fig. 1 25 bar space truss
Table 4. Data for 25 bar space truss
Modulus of elasticity: 107 psi Minimum area: 001 in?
Specific weight: 010 1b/in® | No. of design variable: 8
Displacement limit: +0.35 in. No. of load case: 2

Table 5. Allowable stresses for 25 bar space truss (ksi)
Members Tension Compression Members Tension Compression
1 40.0 -35.092 12,13 40.0 -35.092
2-5 400 -11.590 14-17 40.0 -6.759
6-9 40.0 -17.305 18-21 400 -6.959
1011 40.0 ~35.092 22-25 400 -11.082
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Table 6. Nodal load components (kips) for 25 bar space truss

Load case Node X v z
1 1 1.0 10.0 -5.0
2 0.0 10.0 -5.0
3 05 0.0 0.0
6 0.5 0.0 0.0
2 1 0.0 20.0 -5.0
2 0.0 -20.0 -5.0

Table 7. Optimum results for 25 bar space truss

Design variable | Member No. | Ref” Haftka | Ref” Arora ‘GA
1 1 0.010 0.010 0.010
2 2-5 1.987 2.048 1.981
3 6-9 2.991 2.997 2.989
4 10,11 0.010 0.010 0.010
5 12,13 0.012 0.010 0.010
6 14-17 0.683 0.685 0.714
7 18-21 1.679 1.622 1.682
8 ) 22-25 2.664 2671 2.626

Total weight (Ib} 545.22 545.04 545,30

Fig. 12 BEA2 zte 94 Ea F2E2A 2709 94U g/le] dA¥NTE AAALD, o] 7
280 et AT BA9 88 L F2AL 27 Table 4, 5, 6% 2t} Table 72 £ AT
A% A} /& o) o8 AHAE H L Aotk 474 & § UKl GAY 3 FL A FIRFY
AHAARSE gol 712 AN AN FED vag 9 A4 Qe &S T 48L& F Atk

3k GAQ) oAt A o] thE MFAE HFEr] s AAYF o AFLRA x=(001, 0], 02,
03, )7 x,=(001, 04, 08, 12, )& 13l ol AHstE FaPatArt. 2 ZFE Table 8lA & 5 3

o, T A% RFA ANY B ol A¥AE AN

N

Table 8. Optimum results for 25 bar space truss with discrete design variables

x%,=(0.01, 0.1, 0.2, 0.3,..) x,=(0.01, 04, 08, 1.2,..)
Design variable Ref.” © Ref.
Schmit SDR GA Schmit SDR GA
1 0.10 0.01 0.01 0.40 0.01 0.01
2 2.00 2.10 1.90 2.00 2.00 1.60
3 3.00 3.00 3.00 3.20 3.20 3.60
4 0.01 0.01 0.01 0.01 0.01 0.01
5 0.10 0.01 0.01 0.01 0.01 0.01
6 0.70 0.60 0.80 0.80 0.80 0.80
7 1.70 1.60 1.80 2.00 1.60 2.00
8 2.70 2.80 2.50 2.40 2.80 240
Total weight (Ib)| 553.00 547.04 549.57 575.41 564.86 568.69
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6. X0

B9 A Efad) wrt AAHA AHUALS A% P4 49 A YAFA Table 99 59 L%
o ZANYEZRE AAHES SQor], LEF FFE 9749 BF(SS 400, SWS 400, SMA 41, SWS
490, SWS 490Y, SWS 520, SMA 50, SWS 570, SMA 58) oAl AARte] o8] 24-§A 2498 5 Q=
2 s 24 B4ASS BAFH ge TANE SREAPAAA ANGE % g

Table 9. 5% L 4 g ZAALE

A4 (mm) | @BE | nagAug| HAFmm) | DEH (HasEwg| Asmm) RGPS RO
AxB | t [(em®| (cm) AXB | t |(em®| (m) AXB | t |(cemd| (om)
®x%5 | 3 | 1427 | 0483 | B5xB | 9 | 1269 145 | 150x150] 19 | 5338 201
sox30 | 3| 1727 | oss | x| 12| 16% 144 11| 12 | 2052 344
aox40 | 3| 23% 079 | sox80 | 6 | 9327 18 |1mxims| 15 | 502 342
ax40 | 5 | 375 077 | 9%ox% | 6 | 105 178 |200x200| 15 | 5775 393
x5 | 4 | 342 088 | wx% | 7| 122 177 [ 200%200] 20 | 7600 390
sx45 | 5| 4302 | 084 | 90x%0 | 10| 1700 174 |200x200| 25 | 875 388
50x50 | 4 | 3892 098 | %x% { 13| 217 173 [ 20x250] 25 | 1194 490
sox50 | 5 | 4802 | o097 |100x100| 7 | 1362 198 |20x2%0| 35 | 1626 483
50x50 | 6 | 564 | 093 [100x100{ 10 | 1900 1%

60x60 | 4 | 4692 119 |100x100| 13 | 2431 194 ;

60X60 | 5 | 5802 18 |1oxiw| 8 | 187 238 ? !

Bx65 | 5 | 6367 128 |130x130| 9 | 2274 257 < L

65x65 | 6 | 75277 127 |130x130| 12 | 2076 254 ‘l i

65x665 | 8 | 9761 125 |130x130| 15 | 3675 253 0
7070 | 6 | 8127 137 |soxis0] iz | 347 2.9 S
x5 | 6 | 8727 148 | 150%150 | 15 | 4274 202

Table 11. Nodal load compbnents (kgf)

Table 10. Data for 25 bar space truss for 25 bar space truss

Modulus of elasticity: | 2.047 x 10% kgf/cn Load \Node|  x v z
Specific weight: 0.00785 kef/cm® 1 1 454.0 | 4540.0 |-2,270.0
2 0.0 | 45400 |-2,270.0
Displacement limit: +1.0 cm 3 227.0 0.0 0.0
No. of design variable: |- 8 6 227.0 0.0 0.0
2 1 0.0 |9,080.00 | -2,270.0
No. of load case: 2 2 0.0 {-9,080.0(-2,270.0
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Table 12. Optimum results for 25 bar space truss

Design variable Member No. SS 400 SWS 490 SWS 520 SWS 570
1 1 1427 2.336 1427 1.427
2 2-5 18760 19.000 19.000 19.000
3 6-9 18760 19.000 19.000 19.000
4 10,11 1427 1427 1427 1.427
5 12,13 2336 2.33%6 3492 3.492
6 14-17 12.220 12.220 16.560 16.560
7 18-21 22.740 22.740 29.760 29.760
8 22-25 18.760 22.740 19.000 19.000
Total weight (kgf) 1,07321 1,121.48 1,24789 1,247.89
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