$A% FABL ol &Y MHY By JHA

Nonlinear Elastic Optimal Design Using Genetic Algorithm
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ABSTRACT : The optimal design method in cooperation with a nonlinear elastic analysis method was presented. The
proposed nonlinear elastic method overcame the drawback of the conventional LRFD method this approximately accounts
for the nonlinear effect caused by using the moment amplification factors of and .

The genetic algorithm uses a procedure based on the Darwinian notions of the survival of the fittest, where selection,
crossover, and mutation operators are used to look for high performance among the sections of the database. They satisfy
constraint functions and give the lightest weight to the structure.

The objective function was set to the total weight of the steel structure. The constraint functions were load-carrying
capacities, serviceability, and ductility requirement. Case studies for a two-dimensional frame, a three-dimensional frame,
and a three-dimensional steel arch bridge were likewise presented.
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(2a)
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(3b)
@)% AR p= £ = —L— etk

P, E1/L?

3 B7|% By @ie 2 £5(YS 2 ZF) dist
o] YRHE-gHzto] N ERFolnz SHPrE 74 w3
™ (Plane of Bending) ol Wale] 2211 B-7]%F FAjol| thgt
HAESE agE AR ¢ ok Yo dig S

S, S,2 Uehm, 73 @ HHFE S, S B W
Ee 33kl B7)E RAle P89 WAE A4S &
ot (Kim %, 2001: Kim %, 2003)

sta7xss =27 M 153 25(8H 63%) 20034 48



£ 0 0 6 0
P El, . EI b
P 3 aanbelh 'S 4
", 0 STt St 0 0 0 6.0
My 0 sEh s EL 0 0 6,5
M. 0 0 S R
M. EI, . EI b.n
0 0 0 54'—5‘ Sa”z"‘ 0
| 7 | 4]
GI
o 0 0 0 o Y
(4)

AN, P, My, My M, Mp 3 T 39,
y o 239 g% EAlE 9 NEYRAES 22 )
th 8 O Oy 0. 0.5 2 ¢E 39Y, 8 3
A7 2 mEYZelth S, S, S,% S,& A% ys}
2% dF o $eEA 4 (5a) ~ A (5d) 9 B,

w/o,sin(m/p,) = o,cos (o) . <0
2 — 2cos(m/p,) — Mo, sin(xVp,)
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3.1 X ¢n2iE(Genetic Algorithm)

fAA dae]EF(GA)S  Michigan ®H8me John
Holland®ll ¢j#} Avi€ AE skt A2 284170 4
Agl 71Holt}, fAA daEEe oA JAER TAE
AdE 7132, M€ (selection), T (crossover), EXR]
(mutation)2hs Al 71 A4 F3to a2y HAslehe &
pEFoltt, fAA duelEe] Mg e 1y 29 2t

Tz duElEe 9A e 4% BE o
dAA S, wlg, EAWolE, HAAAUS, AAF, a8n
Ao g ARE) tdgog AAe AP=EE Hrislel

sRYTxets =27 H153 25(EA 6335) 2003 48 199



sl - oparg

MRS Aesta, Adge ANE el SQH0] AAN T8
Z22190 AAM 7t 398 wi7A] whEh, A H8)
07 1Y 2Fo| 8719 et & 0¥ 29 R
A4 '1011000100011010 2709 7HA1(10110001=
00011010)2 w3t} 101100013 000110102 AR
1773 260101, Aehd 7k FjAle] A2 grell ‘1o] HEAA
1783} 270] @t} oA databased] AFE 29 8%
(=256)70] ©iZ 178W3} 279 wdo|t}, w3k zt A
otk 270 (A e AAAE TRE IHEER) Y Hte] 3
AE3, 3AE AT T AZEE F2 HE A 20
7F A, A me), 9018 AMM ATt L2
el AAA 104 CAAA4) 7 A" g, B3V
ol ¢ HAAulse AAT F2ES A 2A AR}
APt F2E AN, AAee HH3 & FRE A}
L5 oo folnd, AAP} A3 AAAD Rl A
A<l A7} Mg,

QU4 e

s =g 2N (RSN )
bl =0.20
BovoE s TR
BUAGS =10 0010000001001000
s = 0010000001001000
age =3 0000000000000
i mw Ll
0000000000000000
1A (RE2XE ) 0000000000000000
0010000001001000
RSy s gormp e
ARRRRRERRRERRRES M111011 11111111
1011000100011010 AARRRREERARRRERE]
0111001100010100 M1 11111111111
e AR P e e TA BN
256 256 252 256
178 7 250 258
118 21 256 256
NG W e e EBC W
mﬂxud‘ avann Mt]udn L)
118 21 252 256

J8 2. RO dDelFe] M2RRY

B doa AHRR 484 daelEg o83 HHMA A
e a8 33 2o A duelEe AR 248 o
W gkt Mel(selection), @M (crossover), 18]i EAW
ol(mutation)2k= Al 7FA A2l & AAHEA HH sl 2
28 A P43 gt 2 Adle] AHNEL 8] dX
A 7 2749 230 R o|Roix|H, 275 e Al
X AISC 749 WFE7Z v 2917] ol Ad) & 3570
Z AL 2567129 8570 & A3l £§, AISC 72
o] BOX&7% & 26370 S0l 2 9 TS A3 256
NE ARgsigt b, 7k AuE sk iAES 43
of AHEEE AANS S A o 27)7) gk

200

F4. AR daelFE o8] 14 dARTE A
et 1AM AR o3 2B FFFE AL, A}
893 A ged e AR, 449 FAd g 47 A
F @ G(1)(3.4% #85= 4 (8a), 4] (8b))e] 1.0 ©I
3 A of sEAEEE S wEITh wek 1Az} AR
AFATTHE WHaA Zeod, fAz dnFd AP
2HNE M2E HAMsR d9ac. 240 AARsr 32
E9 AHAT ssAdsE e ST, 240 A
oA T2E T FHUT AL 71F0] "ot

ez, 3AHE MEs AAMSE Adetn, 34l
A T2EY FTH, A, 221 AT E HA
o st WEIA et 4AUE NEE dANTE
ATt ek 3AT) ARl AF 7289 FFF] 2
Al AR g P28 FEFEA 2, AR &
FAYEE e 25 UEGR, Mg AAMEd] o 72
29 FFFol BT HAkY 71Ee] Iy, o2id Wt 3
A AL 2R A duelge) weq HoA
Her7br] RhESt mebA], Al WA AT k5
AFeHE WEshe Ho THE 2 T7E2EC] g5 F
A7 FRE

3.2 cHHAEEH(Section Increment Method)

A GuelEE o &% HHHA Bt vlmslr] lsi
RS SRS duelEe O¥ 49 o Zodwe v}
7 ez s A g uiAy gy
Mol 23 XAt Atz AS SR oA HE, @
He AR s FUMFeEM HAEHE Feth e
o7l Ae, el 2 EQwo] il gl 7k AR
thio] Aeslojrle 447 duelEde g dudEHe
thee] F 7B Al gsld 9 dAE S

AR, Fo] 2 Al wHo] gtk T Eolrt v
£ Z3E Megich d8E80], AISC A9 WFEZ 99
20178 ZollA Fike] 301b%] THell= W10X30, W12X30
2 W14X300] Sich. wiek who] W10X309! FAl7F Ak
ANE sl gethd, A2 B wae W12X300] A
et WI2X30%: AGz=A4E s gt Wid
X300] A2 ThHo R Mednt 29 FREIE e 34
9 F2ENME dE(weak-axis) e AT 733 (strong
-axis)¥Ee] o] BE mefsoloRtng, 7HdRlel7t 2
o & BAle] v oyt AL A BH HAYstes aixith

E5), 22 FEe o] glod 27 ¢ BAL 9
Aegith AISC 749 WFE7Z 9w 29170 FollA Fo]

T xEs =23 H153 28 (83 63%) 20034 4¥



30lbXct 25 & 31bY B8 W8X313 W16X31elH.
ARA T+l oaf Heid W14X30% A%Ee W3R
S, A R ols) WeX31o] Aezd vHes A
gt WeX3lo] AfzAE 1A etk oA A
A THAo] ofsf W16X310] g€t

dHAFEY Hake 4, 2B AHAE epe A
A F2F s i B2 Heled ARzl &
Mg s ek B AR g AdziE wEek|
%A = AzHoldl dig) 7P 2 AFE 7R B A 2
718 & 9 P B B 3 sEEUE UEA
717 @A =9 ol R wiRAPR] thef T 2
A& 71 715 FA 21E & A STIA Erk

o, AAsEE e TxEY sAYedE %t
371 Sl widE ddade sddn. A A &
G(1)o] 1.0 o3 FAE F 7P 2 & 7We A
sl slole] FUelM RS shbd S7RIAIT. o- W
e F2Ee ZE e A A & G(De] 1.0
ojst o W7k Algdnt.

FAA GaGgFA A @
Add dA8F 894

A

J8 3. RAA YIEiE ¥ HIME EHdEiME 0I83 A XA

HERT

RUR YT2IFE 01 UMY B HHYA
3.3 FX&=
2RYSE JTage T3 Y54 4 (N3 2

NB NC
0B1=o v+ SV, )

AN (V)& oA Bel A%, (V)& A 7%
o] A, NBe B9 Mg, NCe 7159 7ot ox
o9 AHT SRl

3.4 FetzY
3.4.1 3FAYEel thd Az

H-71% HAjel W@ s-AsHe AISC-LRFD 4
PAE AHgeten] Aokad L vt 2o

¢§)n > 0.2 9 4%
__ P .8 M, 8 M,
¢§,n < 0.2 9 AL
___P M, M,
G() = 59.P. + PN + T <1.0 (8b)

A7, ¢, 2 ¢, © 4F 2 ol diF ezl
T}, AISC-LRFDeINE AgASF2 HAlo &7, A7
= 9 ¥z tis 47 0.85, 0.9 2 0.9 AMgstn
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G(3) =455~ (4); = 0 (13)
7N G2) B GO 22 A B 3] ol Al

zadelth. L, 9 (4,,),= i-#4 5o A7kdo] 3 A
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