=S| 2219235, pp 75~80, 2007 4Y(ISSN 1225-0767)

Optimum Design of Two-Dimensional Steel Structures Using
Genetic Algorithms
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ABSTRACT: The design variables for structural systems, in most

practical designs, are chosen from a list of discrete values, which are

commercially available sizing. This paper presents the application of Genetic Algorithms for determining the optimum design for two-dimensional
structures with discrete and pseudocontinuous design variables. Genetic Algorithms are heuristic search algorithms and are effective tools
forfinding global solutions for discrete optimization. In this paper, Genetic Algorithms are used as the method of Elitism and penalty parameters,

in order to improve fitness in the reproduction process. Examples in

this paper include: 10 bar planar truss and 1 bay 8-story frame. Truss

with discrete and pseudoucontinuous design variables and steel frame with W-sections are used for the design of discrete optimization.
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TZES HAAAE AAE F2EY EA ma AASe
o] Adeo] Fagt 94} HAuh F2E HAHAE MdAWSFY
ARl wal ALE 2 ASHSE ALgSe BS99 o)at
®e oS E AR ASE UE § Jdou, A9 o
Fell wel ALY o[BS E ELSY AgEE A4E
ATk o]s} Zo] FERE HAAC) AAEFe] MU FeAde
TEEC AA 7 AAF] QARE dua = ook
Aoz pxEe AAs AAFHA ZHAA FA3E
Mg A3l Aol d4xoz lgslth 7438 RAle
FAto) Thsstel AART Mol S JIXE o)Ho] Utk
3] HZolle F2ES gFsle mel FRE AAAlY AAHS
9 7L dldEn, of B ALWSE ALl HHAHAA
de B2 oElE WEd. o3t o]fE 2B AFPMAE A
AHQ HE a3l FARAE &3S HASRs Aol v
Ao, o]e FAE A3l FRES AEPuE o)ak
& AH&-3loF Fth(Jenkins, 1992: Rajeev and Krishnamoorthy,
1992; Kirsch, 1997, 789, 199; 789 %, 2002, A¥9 T,
2003). ol¢tzo] oliHHSE AN EE EAE o3
TAl(Discrete optimization)7} ®th F2E9 o4t A3 EA=
27kA19 HASPIYE AMSStn Qlth(Yadava and Gurujee,
1997). ARAE, F2E AAA] AAESFE 4 dSHTE HF

B
2
=
1=

713 0]

E’_’i‘lﬂﬂ' ™S Il %’%‘E"E %og/\] ?_1“—%]% 445

055)640-3154 bikim@gnu.ac.kr

o] BE AgxdS wEshe d&HE FIY Lo 7
A AL E vl R oIAR FellM A& 71 ke
AAUS AHE & A" ARE F2EY A AL
el o] AArERE 7P ol AMEUD HAE A%
TEHTE ARSSt o Agsl7t g Adbel AARS 7}
ks BAo] gitke Wao] Qlotk A= o] dAWHe 274
AE Eeske oY d&sE 3 7MY AEd dAssiE A
dsfjolshs WAZ o] BEAch EAZ, 72E HAA AW
TE ONIAFE ARSIt o] AANELE FoR oAMAIFR
oM HHFAE Tl HAol Bag ol (R ARNE HE
Zo} 7k oltk. o 1 FEHR SR 7 A
& v FERESEAC AR & Jd' Aol ok 2y, o
WHE o] 7HX|9] oA H AT FollA Al A
A3 HHg s ddsolsts ol ge] glon, B F
5 AAAN AAAZRAN P Hde olkElE 2e e

HAS & 4 e JE0) dHolg & & Aok
£ d7dMs #2E AAA #8430 AAHQ FHe
aHsle] FARANE AMEste ARG oW, AAA ] oAk
TE AR 239 729 ol IAHFIEAE gRuA
oA AZEA oA o]2gkE FEE Wl Branch and
bound, Simulated annealing®-©] J1THKocer and Arora, 2001).
olgg ot sl WHEL oliiSY] 7t e AL Ay
S olitelE 2E ¢ Ao FEES W33 wel iy
o2 olihire 7t F7 & Aol AMATUNA Hd
olxtelE el g ol At} o] olf&E £ Al
ojahARe] Fo=
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AgE A 3, HHPAE A% 27) HARE 27HA &
o, AkzAd 7 Gradientse] STHA Q= AR o
28] F(Genetic  algorithms)S AMS-3IGTE #-42F ¢3FS
FEE4 FHH 2A% F2 I3 gAo) AAHos
AREEE Fdaubgold). FIole tdgt Bolol Fate ZyA)
AT gloH, F2EY AT fAA dunEEE o4
B d7E°] HEFUHGoldberg, 1989; Camp , Pezeshk
and Cao, 1997, Chan, 1992; Jenkins, 1992, Kocer and Arora,
1997). & d7dMe FAZ guelge] WAHAY FoA Hit-
smAyFH Atz VE AR g} Z+ AAG SHER
(Penalty) & H-of3te HAAGY] HI=E P 7e e
AHESE T 23 2B HH YA 10-Bar E&2, 1-Bay
8-Story Z&|Y(Frame) T2E0] o2 AHE =Holon, tE o
o7 A} Blud F At e 048 dFsanh

T T 7o0=

2. RMA daElE

T2 SnEFL BEAS AAHE §8] RN A EAE
3 dsh= WHoltiHolland, 1975; Goldberg, 1989). #3A} &
AT PHEANTE Sl AT £ o, Agz
AR EWE i A%FE FA devh A% gndS
& 27) AR 275HA o, g9 nEs4E 87
A @3 &R o] ggt aFEHEE o bALE Algshe
HH A Y Aol - AP dAMEel & 4 Utk
oj2]3 o]fFZ Goldberg 52 olibsol o3t F2E A4
T84 duYgES AT =3 FHA gagEe 9
A At PHAMHYE 27) AA%ES AHEEA) g1 A
AaS ARSStEE AAe] dFom XexqM ym Ans
7HE @45 U4 da g+ g 434 dugse A
ARGE AEFEE Ao Ad oA HPAo] o A
A7 B Atz Ags, o]go] wWe|(Reproduction), W3}
(Crossover), &1 o](Mutation)52] I3-& AX =& A
£ o|F#A 9. §34 daeFel AHLAE % g o
A g2 He g A AXE AR o)Fo] A
oM Haog o]fojRrhs Holn, o3 A} ¥y
BN 3 AAEE FAEE AARE £ P S5ad

AAZY HHe S(EA)7 =e Rolth

21 MAso| B8

FU4 GuAFe BAWS 1 AAE A8 2 £
Y(sting) e AT AWS AP 2 BALelE ol
AAAME e Ued 4 e 274 (Binary numbers)7}
AHgEITE Tl ZelA, 10942 BESE AAdSE Zew
Bagoe 205z WAL, o] 2748 7Y AP
A W2, w3, gddol $o Bl & AU o)Foln
o %34 FuelFANE 2058 AES] MR olas
Agel S U WAL AGEYG. & 2052 BAL 5 3
£ oRiARe] & 27 2 4,8 16 - - 59 F2 AW,
AT AR FE 2 4, 8, 1657 2 A%e) A= Fol

il

A A9 sjojol & Aol

2.2 B4

HAARAG Y £ A Ao dARGNA SAge A7)
Aoz Hoh & HAE AL A% ARE 7 QA
Agdhe FFolch thAl T3, W2l HPAol L AAe
Adeld 71871 gol Foixjm whdd] HFAo] Y& sFE
AdE 7187 A FARE Zb JjA) FEL oL,
Zzke} QAel FoE FEo] e} 2 AjFEc] A2 HAd
AM 2L MAERZ AdHE P& 2otk & dpdae
Elitism(Goldberg, 1989) AM§-3l2.21, Hitismol@ & At
AX 71 e sl AT gty dgds, oS
Aol Agd shve] AAels 2F7L Az (Random
processor) 2 AA AMFA HARAGE FAIFES s FHo)
. B dFee HAHAoNA Hitisme ZH&xA s 7}
e AR AR E 2719 ARAZE HEE X
BRoH, ol 7 5% AV B & 58 WAS
whe) 3] $1g WiHole stk

2.3 mx}
wxRE AU AAAGA el 27 BExlgel dng
A3 98 ] 27 x4 ojv] Ajoj REL Mz u
g Inz A2 27 BAEE vEe Fgelth oA T,
ks WY #AY & unE o] ¢3 ANER T
A FAdolA UAE Mg w@goas ofd MRt e
WEe 2ol AAE ATk Aol make & 4] 27
EAE ApololA] o]FojA Y Zizte] 23 EADEL WAS
THE & Ay 2R9E Hdegn) mal= RE AH)9)
el AF olFolxE Aol oh}t wAIFEP)ol wel M=
oz olfoAtt wate W= Uniform Wi, 18 WA,
23 wAFsol Jow, B Ao 24 wapie AR
o, WAFE(Pe)l= 058 ARSIt
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AE & ARAE] Y8 HAE Abolol] Wz}
L83 AAHolm, o] APL AV} Feg A
At Hoh U2 o HAIE 32 5 YA
Hol AL e @ ity ZX HHHA o
E gE FA AFHLAR ol & = A k= F
CEddols § Ao RE 24 B9 A vE
Yo 2 sln, Z+ HEd dis] F2}H9] o} Eduo) &
t FZLe7t 0] FEPm)ET Fe A9 3
He HEZ sigs Ze fAoltk 2ol FE(Pm)dl
= 0028 AHg-3tgch
OIIARE AMEE 23 ATFREY olAH A3 i 2
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Zo] WA e AAle 2 PenalyE F
oA AN BE AR G0 WS
oz q2 dARGS AT

i) "Gl Hitisme] Y2 Ao, shtel 7b
& AAZE o AddlA 2708 ARz AT
HES st

i) AP E 28 23 S AT aARE
Z 058 AH83lsla, e8] 0018 AT

AAR
= A

3. PEE0| o|AXE 2HHA

Yoz TREHANNN EHTSLE T2 HE(Cost)
&AM glou, Aol weiE TEEY FHAE 24
Y5z ARAIIE BTk B ATolME B2 2 Frame T
229 ARWAE AL ALFACT, A AgHE
Azl ERAZ} Axst DA AAST. AGEDe PRE
o hg BASHA L, SRAANEP)IAY WAt B 2
Ao @ AtzEd So| HEHUD. FREE o2
HHEAG) e 22 P WL AR ofehe} gt

Minimize =3} p, A, L, W
subject to
{0}/ < {0} < {0}* @
Al < A < A ©)
d'< d< d* @)

A7, p, A, ,L,; A5 A B, do] ¢ G
{o}, 4, d ; 224 €Y, @HF 2 HHH

10-Bar E2]2¢] F¢-E ZRAe A G ZE AR
o] x, y' 8T Wi WA Ge] HEHAT. HAYMEFE o4t
Aot AEUTE ARR3IF o, HAHLAA o IBFE AL
3l o]1kaf9} F ¢ M 4(Pseudocontinuous design variables) S
A3 d4ElE ekt 10Bar ESAAESE BAlast 2
2 1070¢] SHE AARTE AMSE e, A =2 19
shA} &3tk

1-Bay 8-Story =#|(Frame)e| 73-9-+= 24719 F-A4E 87)9
502 53t 8719 AT HA S ol tE =
AISC Manual 228 26871¢] W-section 3 2°¢l] 3|2t 256
Q) olFAEE ARSI AABIAE AgEAL FAGET}
AAZEE ZH3HA 2A st

4. ZA|ofx|

A7 GnEES ol 8% 22 FFEEY ojFH A EA
£ 10-Bar E229} 1-Bay 8Story Z#lYS dldez 3t

dftEo e HHGAE e x71gs AHStd HAHY g
& Fe S ARSslE oy f3A dadEe dAY
S A7) miEel ARbA]l HAAAHAE sl HS W
2o] ZolstAl 2t} olgjsie B AT e TR HHEA
8 AHHF 2AE AHBst oY dF dast & A7l
A ANE QTEHHILAATE) O A% AHE M= Hlws)
et

4.1 10-Bar E2{A&

10-Bar Ed2 FTZE] g Alde ol Fg 13 2th
10-Bar Ed&E o7 HH3 7HE] UG 98 5
}E AL + Ue 3 7IFo] He TREZ ARREHL
Utk 10-Bar E¥f2 FZE9] ojit AAMSE I RAY @
HAo] HH, BT 107§ SHE AANSTE /Rt Egx
TFEE HAHAAY AHEE e e I}FToE I,
Fig. 10149} Zo] A 2, 40 Ztzt 202 45400kgf(100
kips)S #&3th A5 Aegoze VAT F=7.03x
10°kgf/cm’(10'%ksi), FA8) Y= p=2770kgf/cm’(0.10Ib/in’) 5
o] g AHE-3|ch 10Bar E3x FRELS F TAV FAx
7t A dAEReH, RE AARAC +1757.65kgf/cm(
+25ksi) o} S YA kH BE AN 508mm(+2in)2] W) 2F
Z7A& AHEEH 10-Bar ESA TZE) AMEE 41719 o]
AR oleel 2tk {1045, 11.61, 12.84, 13.74, 1535, 16.9,
1858, 189, 19.93, 20.19, 21.81, 22.39, 229, 23.42, 24.77, 24.97,
25.03, 2697, 27.22, 2897, 29.61, 3097, 3206, 33.03, 37.03,
4658, 51.42, 7419, 87.1, 89.68, 91.61, 100.0, 108.22, 109.03,
121.29, 128.39, 141.93, 147.74, 170.97, 193.55, 216.13}(cm).
10-Bar Ez{=9] 79 & A7 ZAIE Rajeev and
Krishnamoorthy$} Camp, Pezeshk and Caodll 93t d+2#
£ vl AE3ATE Rajeev and Krishnamoorthy® ©|3tzl5
g A&AFTE AFES 10Bar Edla HZAAY Goldberg
(1989)ell 21§ dEFAALREFGCA)S ARS8l
Camp, Pezeshk and Cao® 10-BarE# 2]l FEAPGENS A%
3t9itt. FEAPGENS Az 2a18]&L ulelOE  Finite
element analysis program(FEAP; Zienkiewicz, 1982)& 443}
o grEolA 8= 2 3olry. FEAPGENd = 0|4y 44

S © ®©
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Fig. 1 Configuration of ten-bar truss
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Table 1 Comparison of results for ten-bar truss using discrete variables

Size of members
2 3 4 5 6 7 8 9 10 Total weight Population
(cm (o) (am’) (am’) (co) (cm) () (cm) (cm®) (co) (kef) size
1 @ 3 @ ® ©) U] ® &) 310 11 (12
(a) Rajeev and Krishnamoorthy(1992)
216.08 1045 14.90 100.0 1045 11.61 91.60 128.36 128.36 16.90 2549.22 20
216.08 1045 14.90 100.0 1045 1045 91.60 12836 12836 16.90 2546.36 30
216.08 1045 14.90 100.0 1045 1045 91.60 12836 12836 16.90 2546.36 40
(b) Camp, Pezeshk and Cao(FEAPGEN;1997)
193.50 11.61 1935 100.0 12.84 1161 7547 12836 128.36 1045 2543.28 20
193.50 13.74 17093 12836 1045 13.74 46.57 14771 128.36 1045 2533.80 30
193.50 1045 17093 87.08 1045 1045 4657 14771 141.90 1045 2526.60 40
(c) Ganetic algorittun for this paper
216.08 1045 147.71 91.59 1045 1045 5141 147.71 141.90 1045 2490.54 20
216.13 1045 147.74 91.61 1045 1045 51.42 147.74 141.93 1045 2492.80 30
216.08 1045 147.71 91.59 1045 1045 5141 147.71 141.90 1045 2490.54 40
Note: 1 sq in. = 6.45 cm®
Table 2 Comparison of design for ten-bar truss using continuous variables
Size of members
Method 1 2 3 4 5 6 7 8 9 10 Total weight
1 (co®) () (o) (em®) (en®) (c®) (o) (c?) (cm®) (c) (kgf)
M @ ®) ) ©) ©® @) ® ©) (10) an 12
CONMIM™ 162.54 12.19 160.42 102.10 0.645 11.29 108.10 127.26 133.32 16.19 2523.32
OPTDYN' 165.77 0.645 160.0 125.07 0.645 0.645 99.33 131.06 133.77 7.35 2482.04
LINRM 139.13 70.82 142.42 96.43 0.645 70.82 122.0 118.81 118.68 87.14 2834.48
SUMT 197.95 15.29 203.95 75.21 0.645 2393 140.03 133.81 90.12 21.03 2690.70
M3 166.67 19.80 170.41 82.37 0.645 22.12 124.74 123.65 1210 28.51 2594.08
M5 166.60 18.58 170.28 82.24 0.645 24.32 124.94 123.71 121.07 28.25 2596.80
GRP-UI' 159.83 26.90 159.32 157.70 0.645 26.90 112.62 124.23 124.29 33.93 259771
FEAPGEN™ 186.53 0.645 155.25 90.04 0.645 3.61 49.60 141.58 142.48 0.645 2302.88
This paper 196.21 0.710 142.22 91.98 0.710 4257 50.052 142.22 141.77 0.710 2302.60
* See Rajeev and Krishnamoorthy(1992): ** See Camp , Pezeshk and Cao(1997): Note 1 sq in = 645 et
Ak fe ARERE 10-Bar ES2e] B9 B 70 9

W=, F¥ FE)(Open format)e] Atz 2 tFsEzd 5
< AHg & 4 Itk FEAPGENS HHAHAA AlSCoA AT
FeS] TREFANE AT & don, AlSC-
ASD(Manual 1989)°] 9]¢+ AAPEES g 3|t 10Bar E
H2o HALAARS ALY A7NE 20, 30, 4022 Y
t}. ol2Rg o) olg AAE Table 1019, Q&3lo] tig A
£ Table 29} 2t} Table 19] Ax2RE AT =7] 20,
30, 40F £ 79 F1x gl o3 dAFID 20, 40
9] 7397} Rajeev and Krishnamoorthyol| €3+ A3 Hrle
22%, Camp, Pezeshk and Cao®l] 93+ A3 Htpe= 14%4
AYE L}t Table 2& Rajeev and Krishnamoorthy 2
Camp, Pezeshk and Caodll &% d&3)e] Ao} £ Aol
A AHEE AR 23 HAARE YERUT. Table 22
e B A7l 93 {3 ¢nEEe] A= Rajeev and
Krishnamoorthy¢] OPTDYNe] €]t d&sl Hohs 72% v
AN}E PQew, Camp, Pezeshk and Cao2] FEAPGEN®] 2|
& aAxdidhe A ZATE 53] A&HFE A3 10Bar
EFx9] FHFGACs grtAE] HH 3 H(Table 2)ET £
ArdA At wbHolu FEAPGENS} 22 34 4ngZ
S AHEE HA3 o] Bt U Fo g Fel g4

A =]
- X

& #24 YuFe) At e T AT 9% Fsuo
ve 2ae 9+ A9

4.2 1-Bay 8-Story =2{|

1 733 8% =Y AYe Fig 29 2k ZaYY 3¢, 8
Mol EPAANFTE AREHALH, Fig. 29014 15-E 8714
8708l a5 vEbd 71 & FAje] g dAWEsr "ok
AR RE AISCAHA AFTHE 268709] W-section® 2°(An
eight digit binary number)oll 3|F=E 256715 Ao,
shie] 2A gEde tg PRE IndexE AME3IA s
o} IndexiSolle ©He] AR Z WA 77, d¥o] X4
(& E°l), 99 2AEYE F9| ghEo] EFH] Uk A=z
AL FHRe FRHEAWAY} 508mm(+2in)E ZHEHA| Fo
m, AISCASDHH o2 RAZE7l BAREE 23314 87
sk A8 @A E=2.0387x10°%kgf/cm’ (29x10°ksi),
BAe] UE p=0.0078336kgf/cm’(2.83x10-*kip/in’) 5] L
A&-3tgith. Table 3914 FEAPGENY 93 dibe 42 &
ae}Fo A uA(Flexible crossover)7t AEElen, AAF
©e] 37) 50, w3} &F 085, E4We] FE 005 122
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Fig. 2 Dimension for 1-bay 8-story frame structure

ZAUGE 502 AH3IQT 1-Bay 8-Story ZH Yol h3f &
ApdNE 24 wz, ARG =) 30, AXEFE 05 X
wo| &8 002, FANFE 3008 A3tk Table 32 £
ApaNg  FRAA  gmEEHR  Camp, Pezeshk and
Cao(Optimality criteria, FEAPGEN)®| Z3}& iehi ek
Table 3223 2 A7 {1z dxaFd g st
FEAPGEN®] 9J&t A 2o}t 28%<] v ARE Ut ©] 2
#2222 1-Bay 8Story el sl wadHst AuisE
ged A ¢nYEE AMsIed dAddE AlE
BTy ojE 2L HFolgg A stz HHs
FAe] YR FHoZ AAdE 9FS VB F UAFS & F
lth. Fig 32 #AA gugEel g ZIHE W-section® =
vehd Aojd

Table 3 Comparison of design for 1-bay 8-story frame structure

Group Optimality Genetic algorithm

number criteria 3 for this paper
M @ @
1 Wi4 x 34 WI8 x 46 W16 x 40
2 W10 x 39 W16 x 31 W16 x 26
3 W10 x 33 W16 x 26 W12 x 26
4 W8 x 18 WI2 x 16 Wi4 x 22
5 W21 x 68 WI8 x 35 W16 x 26
6 W24 x 55 W18 x 35 W16 x 26
7 W21 x 50 WI8 x 35 W18 x 35
8 WI2 x 40 WI16 x 26 W21 x 4

Total weight(kgf) 4183.02 3348.66 3254.06
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Fig. 3 Design of 1-bay 8-story frame structure
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S FAFHY) Y3 Ao Zzhel Al E 2 Zh(Penalty
parameters) 2 F-oJEH:, AR ololAE A=
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