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ABSTRACT This paper presents a method for size optimization problems of trusses by coding the increase and

decrease parameters of the cross-sectional areas of the members as chromosomes in applying genetic algorithm. A sim-

ple method to apply genetic algorithm, which allots a binary substring to a member, requires a long length of strings in

the chromosomes to represent the trusses composed of a large number of members, and does not necessarily certify a sta-

ble convergence. For the shape and topology optimization problems in two-dimensional finite element models, the

authors have devised a method, in which removal and addition parameters of finite element are adopted as chromo-

somes, and which leads to an efficient and stable optimization process. The method is modified so that it can be applied

to the weight minimum problem of trusses. The efficiency and reliability of the method is demonstrated with various ex-

periments.
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THEEREERL, TOoRHO [7 v 7 2@l 38
b, 7V IRIEeTaAl ¥BEEDSD TV ETER
ThH, IDHBEFCERETH AT A2 BHAT

®1 W@ETEES V2T

Rank Cross. area (cmz) Diameter (cm) Thickness (cm) Rank Cross. area (cmz) Diameter (cm) Thickness (cm)
0 1.799 2.72 0.23 186 167.10 60.00 0.90
1 5.760 6.05 0.32 17 179.10 60.96 0.95
2 12.26 10.16 0.40 18 195.40 70.00 0.90
3 nn 16.52 045 19 206.10 55.88 120
4 29.94 21.63 0.45 20 217.30 50.80 1.40
5 38.36 21.63 0.58 21 221.70 60.00 1.20
6 54.08 26.74 0.66 22 238.20 60.96 1.27
7 67.55 31.85 0.69 23 259.40 70.00 1.20
8 7021 35.56 0.64 24 272.80 55.88 1.60
9 86.29 35.56 0.79 25 301.70 70.00 1.40
10 98.00 35.56 0.90 26 322.20 55.88 1.90
11 103.30 35.56 0.95 27 343.80 70.00 1.60
12 133.60 4572 0.95 28 349.40 7112 1.60
13 138.80 50.00 0.90 29 400.50 81.28 1.60
14 148.80 50.80 0.95 30 451.60 91.44 1.60
15 155.50 55.88 0.90 31 502.70 101.60 1.60
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Chromosome

(Cadl a | B8 | 7 )

* The numbers show the truss member's number.
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£2 BYBTEALTVAERHERS LURRERR

Structure Population Pe Pm Reference
Beam structure with . 3)
9 members. 10~100 | 0.6, 0.8, 1.0 0.01, 0.1, 1.0] Sugimoto et al.
10 bar truss 10~100 [ 0.2~1.0 0.1 Sakamoto & Oda 4
10 bar truss 200 0.8 0.005 Goldberg & Samitani®
10 bar truss 2~20 0.8 0.01 Asayama, Hasegawa & Kawamo >
10 bar truss 60, 70 0.8 0.009 Hajela?
2 dimensional 20~40 0.8 0.01 Hasegawa & Kawamo 7
continua

Pe : Probability of crossover
Pm : Probability of mutation

Yy
@ : Truss member
1 : Node number
F F F 1 981kN
B5 108+ 72
Trial 1 Trial 2 Trial 3 Trial 4 Trial 5
Trial 6 Trial 7 Trial 8 Trial 9 Trial 10
FSD

Re6 BRemiEhE

Rh b EDORTCTHIRITE USRI LT 5
bbb,

713, ThZThoRTOFHHEILE (D% b, 20
BiEDOFICE OFH) R LTy ey P LER
THDH. PHBEIGEILLTORTTIRIT0.87~0.88D
EIRE LTS, 6~8HR SV F TOHHIHAN
DER L, BH~THELYKENCREL TV B8 TH
b, Thlblgoltfir, MEEL M RET 5B

PR 9 12

Average ratio and

‘—D—Trial 7
|- Trial 8
~Trial 9 |

N l—a—Trial 10
——FSD

S S

1 6 11 16 21 26 31 36 41 46
Generation
R7 FHBEGE LR
2 A il [ | ]
15 . L ||+ Volume
o L‘[‘ “x\-.....q* -+ Stress
2 1 ——Fitness
P
i
0.5
OIAIIAJAL\\IIIAAJAI
1 6 1116 21 26 31 36
Generation
B8 SEHEEE, GHHLOFHs L OEEEIGE

THhEEEROBEA - EInv i DR UREKESTE
IR LTV BETHAZ LRSS, R8T
10EIFAFT LR TR d B H /N X WERTT 3 o F itk
B, SFHENER ICHEHICE R AR, XRI
%, FSD (X (5)Tad=1& LTEHE) 2BEMBRTRAT
LB & L R HEORIT 3 OREHWEVREDO S v 7,
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F3 RREBEVE

GA (Trial No. = 3) FSD
1 23 45 6 7 8 9101 2 3 4 56 7 8 910
Rank
103 13 5 11 7 6 4 0 211312 6 107 7 4 0 3
Stress ratio 0.995 0.935
Volume ratio 0.117 0.121
Generation 36 7
i ios 5 AL, XX XX XX XX XX
KF k1054 + 7 ARBECEMB L, 10@RT L , _ , ‘ ‘
e . . . . Trial 1 Trial 2 Trial 3 Trial 4 Trial 5
BR, TXTCORTTRERBORKBETRELES
TENTEI. ¥7, FSDRWDO GARR X 5 HET mmmmm
Bohlcd 09 L 3E—RLCERBELREYE S Trial 6 Trial 7. Tral8 Tral9 - Trial 10
TENTEL. ZhicX hERFED + 5 ABED O+ m
BRELCHRLFETS DT Lobhot. -

4.3 EREZERLIBE

FSD Ti%, MBI CHRENRRALD + 7 A THRH
ERRDLNINZ ERBHD EVIREND B0,
F T, 4201086 + 7 AR X S BRI
mz, BHECHBILNIDRLDBE OV TREE
BRAEfT5. M~ BER&MHR X OWMESMHR,
42 AETHD. BEAHEML S Z Lk VIR
SUELXLUTOL5EETS.

0,20 DFF
g,<oy 17
a;,<0 D
low | <104l 7e51E, o, < lay,] (18)
lo | > a5l e B, oyl <logl (19)

72t L, oy, 0y 35 LU gy, X TR ENSRAOHFEIG
B, ERAOFBENB ICERERLITHS. B
FERE B LT, Mms EEumOEcbgd 5+
457 —EBROARXTHAVT A, SIRAIDOHSIET &
ERAOFER 142 L REEIK1.96X102MPa & L
1o

9 2 10ERAST LR ORKBETRETHS.
X 5 ERER I LOBE & FRIIER URETLRE
CIRELTWBZ EMbrd. ZhsbORKEEETE
DI LORGHEIGEDOE W+ 7 AME (BT &
FSDI L AEKE b7 AED S v 7, R, #F
B hE X ORKE R AR 4 RT.

RO ER6, BIOELERS LPHRTHE, K

9 BEEEVE EEHNDY)

BREETURE CHEMIC A E LTV 53BH 3, 4, 6, 8D
WEEOMEY, EREFHOBEEC L YR ->THD,
fLOMH TR XK ELENIRD b eh o7, T
FEfEiphiest LRI Tiie < BRI X b S h
TWhEELILRS.

K9 tE4MBLAFEL FSDIR L W ELRIER
HEHEELRHETREL BB b0 D, T,
AFEW X BREBEVREO KL, FSDIR L3
OB LTEKIENELKRDOLNTE D, K
ML OMRE L LTEREO I RER T3 LB
ha, Dbk L b RFENEREHKLY S AICHE
X LTCHHERTHDHZ Edbh T,

4,4 a— MHITHE

2 — MO RBCAFEYEA TS, H100MEaE
I (BEXH1m, EX1.6m) *»AREES CRT
ISt ARETFMEL, EADOHAYEE, A4
s D SR E F=1.96 MN 2 AT 5. =1L,
F 7 AD & ERFEROTEG OGO K% €T L
LR EOMISE AR E AR BB Lo & T 55R
&lhEr D, BHERTA—ZI410BYTHS.
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F4 BRBEVE (BEHOSH)

GA (Trial No. = 1) FSD

1 23 4 5 67 8 9101 2 3 4 5 67 8 910

Rank

13 4 15 12 10 18 7 12 4 4 {11 3 17 25 10 31 7 30 2 3

Stress ratio

1.007 1.011
Volume ratio 0.208 0.380
Generation 37 10

£5 I AOBMAKETHE

Truss No. of nodes No. of members

A 9 28

B 15 58

C 21 88

D 27 (45) 96 (184)

E 27 (45) 118 (228)

S AR
RIS

)

KRR

N
QORI
R RERELREL

R

il

Truss A, B and C' s boundary condition

PR 9 128

B410

R
\,iﬂ“k\v'ﬂ‘i\v:/“\ %
CNZIEENN
SRS

KT SxT
\Vl/‘!l {

|

Initial truss structure

T ¥
“x\!/'&

Truss D (96 members, Lower half of domain)

Truss D and E’ s boundary condition

bS5 ADBBEHE

1l BB b v1 7o F RER

(b) 100 individuals

AT YR
DRINMIAE DN D S
LA SN b7
%»q@qwnf‘ /oq@NQ»¢

5

(a) 20 individuals

B3

(b) 100 individuals

FSAB

WELEC L 0L, 7y b EERY RS TS, H
HWZEELDO VA 7Y FEERYTT.
El12~F6ixAxFE L v B hi-E F 7 ADEMG
FH20 L 100 CTHICENRAD & X OREKEEVEEC
HB. RIRIZR LT WA, FJAB DRIUE

— 67 —
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NN
XA

d

(a) 20 individuals

e
Dar A

(b) 100 individuals

H14 +r5=xC

8 A
N X4
»Qn‘\o
P"“

e

()
q‘#“\‘.’%’
K

(a) 20 individuals

K15 +5AD

(b) 100 individuals

TIEFE60THE E$K100 & [ URE ORKEELRE
HNELRTWS. BI7TMh)IL 5 X B ORKEETEE
(13(b) B 5\ ik R17(a) BIR) PO HEHIHE BT H
DAPEE LTV AHEXBRELTHORTLTEDL
NBERRET, 00X 5 kfiiBREC L > THEY
BRKELELBZ Mot 2D &, 11U
HORAIT TE LN SR O 7o CHER/N X 1olh
AROTHEERLTL IV EWS T ERERL T
5EBbRhA. FRR7EAEM ST
NEELTWAHHatlbDRYBE LI FRAD
BEEEVRTHS. oBEOHEELRBIL, AR
BYD X5 EHHOBERIEHE I Twiowa, Kl
DVATY YRBEBZ LY I<SELMLTWT, X
12(b)~16(b) DEFEHE DO/ NI VEHEER LT, K
NEHETAE, V5AE D BOJRCEELHDH
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