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Improved biogeography-based optimization algorithm for
optimization design of engineering structure

WU Zhifeng, YANG Haixia, CHU Xunyi
(College of Mechanics and Materials, Hohai University, Nanjing 210098, China)

Abstract: In order to improve the performance of the biogeography-based optimization ( BBO) algorithm applied to
optimization design of engineering structures, an improved BBO algorithm was proposed through introduction of a nonlinear
model for migrating species and an idea of “elite guidance”. The improved algorithm was then applied to optimization design
for structural engineering. Taking classical truss structures with two continuous variables as examples, optimization design of
structures with a minimum mass under the constraints was performed. Numerical experiments show that the improved
algorithm has faster convergence speed, better stability, and better performance as compared with the BBO algorithm, and

can be effectively applied to optimization design of engineering structures.
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Table 1 Loading conditions for 25-bar truss

T A F./kN F,/kN F./kN
0) 4.448 44.482 —22.241
® 0 44.482 -22.241
1 ® 22.241 0
©® 22.241 0
) D 0 88. 964 -22.241
® 0 -88. 964 -22.241

xR2 BHTEHEEESA

Table 2 Classification of bars of 25-bar truss

M@y S (o7 1/MPa || A5 5 [0 ]/MPa
Al 1 241.959 A5 12.13 241. 969
B 1 25F#4HrZ A2 2345 79.913 A6 14.15.16.17  46.603
Fig. 1 Configuration of 25-bar truss A3 6.7.8.9 119.318 A7 18.19.20.21  47.982
A4 10,11 241.959 A8 22232425  76.401
> H] IBBO FkBEHLILAL 5 ¥ &% BBO 5k BfAL
Al 3 W, B — AR AR E o 40, SRR ECH %3 B HHKETEEEERAKESR
200,1‘?4#@@%@3“323%&4%1%% M2 W 3 K2, Table 3 Optimized cross-sectional areas of bars of 25-bar truss
IBBO ¥4 5 AR 2y 70 Yk & Hk A W 8, d5 A0 Ry FFAFIRAT T RY mm?
247. 327 kg, f 2= My 247. 775 kg, ¥I{H Ky 247. 464 kg, FF4 5 IBBO 2 i IBBO 513 BBO itk
FRUEZE J9 0. 1615 BBO %3k i Fe AL % M 250. 80 kg, (Hefle) (Fe22) (Hefle)
IBBO B AN 3 (1) S DL it RT3k [ 12- : 12.379 57477 16.238
147 il LS55 bR 22 80/, 0 IBBO 253 AL 2 1297.248 1324.919 1036. 085
AN AR RE ) FLBRAE MR AT BT ’ 190507 19878 200998
B2 3 K72 FERZS AR, SR ) o2 -5 BT
FFAESY M 16 4103 4) WA AR An T s T8 1,5 2 . - o
FHOOOO, F, F, BN OKN, F 8y 7 1078. 300 1064. 985 1347461
~22.241kN. TBL2, W Rigi 5 D, F, Al F, %% 8 1712.031 1685.772 1638.902

22.241 kN, F_J3-22. 241 kN, AT 0 3 v 45 6 oy
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68950 MPa , % 8 41 2768 keg/m’ K& L=1524mm, ZERTZT 380 A
S vy ORI 6. 35 mm, FEPERK ARV 0] = 0 T haRoR s
£172. 375 MPa, SEBHRTSI 15 BT 64, 516 mm? I 5 0 T hoB e
PR 1935. 48 mm®, 32—~ 2 1000 H AR i 45508 5 (16 4) @ ol ;_-g;%&g%;i?ﬁ‘
HODRALIEE , SRS e e A S LR ., Y s i
K] BBO 2 BEALIE AL 3 ¥k K IBBO i BE HLAL 1L T gl .
5 U, B EABEECH 80, M IR UK 300, P 1 i s 5 7 i 260l B
LR LI 4 FFOFIEARDEALss S 03 4. ARl 4 WT LU Y, IBBO gl T ——
T ARL 140 KT 2 EL 26RO, ISR BE R, LY e
IBBO 0 A3 e i Jy 170. 431 kg, e 25/% K 172. 325 kg, 2 3 25 HFHG RO AL S A

fH4 171. 88 kg, BBO LW A o 227. 592 kg, Pl T3 Fig. 2 Convergence history for 25-bar truss design
BR[12-15 ] M5 45 5%, W IBBO S AU AT AT, iff HLHA

. . . o . . \ @
ARG ORAE ST, [WIBE R 220, 800 SBAMIF I B B e .
R o AN ® —
F4 2AHEFHEEERRLER 6 13 7
Table 4 Optimized cross-sectional areas of bars of 72-bar truss 1 @ 5 3 ’ 3 0=
FFAFA T 1 BY mm® 34N 33@
FF 2 - — - N
IBBO ( fF) IBBO($#2) BBO( fekf) Bk 2 =g -
1-4 101. 167 100. 961 85.291 ) N 32 /)
5-12 359. 381 352. 157 626. 196 @ K26 14
13-16 232.786 264. 742 188. 000 XIS ©
17-18 360. 953 367.356 267. 825 ; 3
19-22 323. 468 334.281 451.423 ) ; o 5
23-30 339.026 336. 091 336. 800 5 A
31-34 65. 113 64. 601 100. 352 ® -
35-36 64.517 64. 860 372.623 e o Ty
37-40 864. 261 817. 840 676. 071 e
41-48 327.939 327.191 755. 666 ® 5 & ¥
49-52 64. 864 68. 906 213.478 :
53-54 64. 596 64.516 230.299 @ ~
55-58 1192. 605 1218.774 737.022 { ©
59-66 310.771 330. 986 285.755 ) ® ¥
67-70 64.526 64.516 66. 220 0 Q O
71-72 64.713 64. 667 146. 183 |
2L
DL b 2 AN ESR B BIMTAR G5 RO IR S B IBBO 45
24 BBO HIETEL ) TR T h g MERE A TR KAR T, Be 8 3 T2 IR
TRl R S A B 2 R R ST Ak ) Fig. 3 Configuration of 72-bar truss
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3 & L T — IBBOSL 4 2
. . . 4000 - - - IBBOBZ 4513
a. BBO S5 BRI T A AR I R, RO S
P ZHUD RREPERF IR, A SCRBIECE BBO JEAME = 3000 wﬁm§§%1
. . — g - 3 --e-- BBOSL 14 12
BCATSEINR 22 e T AR 0 FLADS A ik i - on0 - BBOFLILS 13
LS, 5 BBO LA FL, IBBO BILINSGEE T
Vet ZEVERE AT BT ool B
b. S RO R4 4 R L AR5 SR 91, TBBO 3% fibsssssenansans .
153 BN S LB BRI 7 22 0 GA (PSO SRS AR, Wi s i T 0 100 5 ﬁwﬁm 300
y %’\H_" NG é:k H 3 ngﬂ: ;
bR e PE Y, B(EZE SRR W], IBBO Sk B T TR 5 Y Ea 72 AR LS TS

S, ML El P L‘ L
PALBLITHE AT AT AR Fig. 4 Convergence history for 72-bar truss design
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