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Differential evolution algorithm of reliability
optimization for truss structure

Hu Changyuan' Tang Hesheng'® Xue Songtao' > Deng Lixin'
(1. Research Institute of Structural Engineering and Disaster Reduction Tongji University Shanghai 200092 China; 2. State Key Laborato—

ry of Disaster Prevention in Civil Engineering Tongji University Shanghai 200092 China; 3. Department of Architecture Tohoku Institu—
te of Technology Sendai 982 —8577 Japan)

Abstract: To solve the uncertainties for structural engineering design and reliability analysis and avoid
undermining engineering decisions the structual optimization design was conducted with the consideration
of the uncertainties of materials geometric size and loading. Taking the uncertainties as random varia—
bles a reliability optimization design of truss structure was proposed by differential evolution ( DE) algo—
rithm to solve uncertain problems. The node coordinates and the cross—sectional areas of truss were intro—
duced as design variables. The objective of the structural weight was considered to formulate a mathemati—
cal model of the shape optimization problem under reliability-based constraints. The typical truss shape
optimization problems were conducted and the influences of reliability index and variance factors on opti—
mum results were also investigated. The results of the numerical example indicate that the proposed
method can full play the advantage of the differential evolution algorithm and can be applied for reliabili-
ty based truss structure shape optimization design effectively.
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Case2 Case5 Case8
A, /mm? 257.33 263.43 276.57 258.48 212.80 269.70
Ay /mm? 50.01 51.08 60.90 50. 05 50. 00 50.00
Ay /mm? 50.00 50.02 50.02 50.03 50. 00 50.00
A, /mm? 236.61 254.62 284.36 234.22 170. 00 241.30
Ay /mm? 50.01 50.00 50.00 50.21 50.00 50.00
Ag /mm? 50.01 50.03 50.03 50.07 50.00 50.00
Ay /mm? 232.61 256.49 293.16 226. 66 151.50 212.80
Ag /mm? 50.01 50.01 50.02 50. 06 50. 00 50.70
Ag /mm? 50.00 50.02 50.03 50. 05 50. 00 50.00
Ao /mm? 220.71 237.39 263.48 216.51 128. 60 190. 40
Ay, /mm? 50.01 50.05 50.06 50.04 52.30 53.30
Ay /mm? 50.00 50.00 50.01 50.02 50.00 50.00
A3 /mm? 206. 61 209. 86 217.93 205.79 107.80 175.70
Ay /mm? 50.00 50.02 50.02 50.21 50.00 50.00
A5 /mm? 50.01 50.03 50.07 50.41 100.70 50.00
A /mm? 50.01 50.09 50.02 51.32 100.70 50.00
A /mm? 50.00 50.01 50.09 50.07 109. 00 50.00
Ag /mm? 50.00 50.01 50.06 50.07 108. 40 50.00
Ay /mm? 50.01 50.00 50.01 50.67 105. 80 50. 00
Y; /mm 1 106.58 1197.27 1 238.56 1 054.68 1 862.00 967.30
Y5 /mm 1713.15 1 849.74 1 940. 04 1674.38 3 059.00 1799.80
Y; /mm 2 150.12 2 287.40 2371.19 2 103.50 4 036.00 2 427.80
Yy /mm 2 466. 65 2 560.57 2617.75 2 432.70 4727.00 2 850.40
Y, /mm 2 567.72 2 640.04 2 692.87 2 548.58 4 937.00 2994.20
/kg 38.456 40.707 43.589 37.922 50.740 39.277
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