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Optimization of Steel Box Girder Highway Bridges
Using Discrete Variables
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ABSTRACT

In this study, the optimization program is developed to provide preliminary designs of
steel-box girder bridges with minimum cost. The advantages of steel-box girder deck,
when comparing with other girder types, are higher torsional rigidity and better resistance
against corrosion. To achieve more rational design, systematic design procedure is
required, by which the design constraints on steel-box girder are satisfied and the design
variables with minimum cost are obtained. In the proposed optmum design process, the
design variables are forced to be selected from the available discrete value set. The
efficiency of the developed program has been verified by companing with previous designed
sections and the resulting optimum cost with discrete variables has been compared with
those of continuous variables.
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2. CHEA MO ZHEY
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Optimize X
Subject to  G; <0, H, =10 j=12 - m k=12 -1
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O, - 04 = 0 Ts = Tew < 0 2
oA71A, g, 1 ZAe 2849 O, ZFA9] 314884
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2) 459 AgxA
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(2) + (&) =12 @
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(bw)min = bw (bw)max (4)
O:} 7] ki, (bw)max , (bw)min . X\ﬂ_— 721.0191 )g-'s}'é}i]
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by f by
310 Bfn = - B =l (5)
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5) FRZF) g7t Az
gtaAde] A-StE ZAAS nAY BRANE RAE A$ FERAZ g FHLgHE =
Aol FA wal 4 6 o &) 2AHBT}. (FF, SWS5H0)

b
7;)1}—” <t 9 A 0p = 1,900  (ke/cm?) 6.2)
_Yf & o o —_ 2

i < t(24fn 1A%, 0 = 190 — 39 @ —21) (el om?) 6b)
_°f e ) — __f__ 2
s <! <48f QA AL o, = 2,200,000( bf) (kg/cm®) 6.c)
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Ao ge MAAANINAY ALzdse ¥ ol Wfo g MIEFH oz St o
g wrEa g b getA FHE E?‘;fﬂ 2l 7 3 2
X = X7+ a8 @
A7 g & HEZFoT S & BAFTTAXN GAPE (search direction) ©1Th. o & VA
urgl S oA 9] olF A g (step length) ©] vt

3.2 UjAESHS. Y (Penalty Function Method)
B 7oA 0|23 Interior Penalty Function Method® Transformation Methods ¢l ©i3 3
ol W#o|ul Penalty Value, Rgte ZAso2A AAX ZAE 78 & A& wyon.
Aol A o] &8t wlATTE A 8 I o] FHEn.
Px,R) = Ax) + AR, g(x), h(x) (8)
o37]A, R : penalty i/} ¥H<(parameters)
2 : R gx), h(x) 9 ¥4, penalty &
gx) 1 2E A %2 (inequality constraints)
A(x) : S A %FZA (equality constraints)
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g ol&d Ul HALAES YAt ol WEAAE Foo| ZE HTFE

2 AAste] Ao AAWSEY olAtgk(discrete values)S e dnFE =Yttt

4. A A
B AT At Ferarvle] AAE 2o gFgAdS HES] Hste & Al
o] AZHE wHAHET B 7o HFAMAZ ol &7 AutAAr e HAUUS ua-AESA

5 2
oogaEraE e UEEAe 0¥ 1 % gon, gaTEe o848 AR 547 WAy

®1 ABREA (29 @ kg/em®)  F 2 As w9 Ay

Z3E | ZA(SWS50) 23 E A
g4 A 5 | 25%10° 2.04x10° A 8w | 118000 $/m® | 396000 ¥/ton
R 108.0 1,900 w %o | 127,000 9/m’ | 485000 9/ton
Hguaed - 1,900 A 274 8) 2,700 9/m’ 645,000 ¥ /ton
HedESH - 1,100 & A | 247,700 9/m® | 1,526,000 €Y/ton
19 ARERS &g AAHd 7xdte] Z2aAYAM ] AAR ZAYESG ZFA

(SWSEDY SdAS 2 S48 Yud Acln, ¥ 2 o wAAvE Al w ga 2
59 4 glou, A% FAS 7122 222E9 BRI ¢ 2A) BAF o BE 3
S GEd Aol
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o
o 2% 13 59% g ddALH s sexde 8 3 3 Atk
x

g | oA 9 3 = z 2
= L K\ﬂ_— —}'}__'—'-0] (bw) 2,800 mm S ]\‘1;‘(:1
o fi° 2776221 (t'm)
B9 A (tw) 10.0 mm AbetE EUE
b3 W] Z(by) 2,400 mm 5} A1 B
il _?‘;}f; 164.238 (t'm)
ABZ AR FA (tur) 28.0 mm AletE ZHE
SFEZ WA FHA (tor) 36.0 mm
2 =1 == _‘?_E*_]E X .
’z}—‘?‘—%%‘l?\ 3}_74'1 _;1\_ 7 %5}'6” 1634.219 (t m)
S EAA AN & 3
= o .
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£ 3 9 dde vle H2AYE FAE dEdad WEAY
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TEFY GHAdeld AR
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= 7 g | 459 AAR 1 | 89 AA@ 1
(AALAGH) (bw, by 173) (bw, by IA)
Byl xol(hy) 2,800 mm 2,800 mm 2,800 mm
B2 F7(ty) 10.0 mm 9.04 mm 100 mm
AE R ZWA o] E(ly) 2,400 mm 2,400 mm 2,400 mm
A8 ZAA Y FA (b 280 mm 19.06 mm 20.0 mm
BH5 S WA S T () 360 mm 3094 mm 320 mm
A AR 1629.1 1897.0 1823.6
fHATY | AAY ¥E$ -1467.1 -1899.5 ~18175
(kg/cm®) | 23ES 9 -40.93 4565 4491
Ag g9 36.98 40.91 36.89
@9 do] AAgrt (AL/m) 2,786.6 2,319.6 2,441.6
E5 diddde H¥LA A 2
Rt A CEL EEF S BETEEP S
EH %o Eol(bw) 3,093 mm 3,100 mm 3,105 mm 3,100 mm
5o F7(tw) 10.15 mm 100 mm 10.33 mm 10.0 mm
AatR ZAA 9] E(by) 2,400 mm 2,400 mm 2,853 mm 2,900 mm
AR ZTAAY FA(b) 15.40 mm 16.0 mm 13.76 mm 14.0 mm
5 ZAA ] T () 26.73 mm 28.0 mm 22.28 mm 24.0 mm
99l do] Azdrt (4¢/m) 2,239.3 2,289.5 2,226.1 2,286.1
B Ay e A dHm HAHdwe Fas uasidvr. HAG 1 & ERRY Fo|9)
Aol £2 nAsld AHLAE $99 Aot & ARNE FRTAne sz
oF 124% 9 AnlE éﬂé F AR ARG 2 © TEAZE 2ZANI L HAHLAE +9
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oo LYy B oro (2 R
Qoo U

£4 AFgoR Yud g
grlol Xk AA AR AF

2 JEgth
BE A ooz Wdsta A HPHAS

AR Ao DAYl AARAL FAOZ S o

o el Brbs@ wHelTh o¥Y Aoz e vw
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FYsts wAH AAGIEE o
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gA AT ey FUF 247 A522@65M=130m)e] FFAFF G S A
3}91‘3} £ 77% 3% 1 3% 2ol iy ZuraAYz A" 3en, & dqAdA i
2 3te dH2 a5 Ao & ‘ﬂ%’—ﬂ‘ﬂi sttt dFue FYARRE FERAES F
£HoR FAGES eidw vigd FTae e JdFHE FAsn T AXHLGE 19
i AbstR TAaAe RAANY AFd EFH BPAY AA @HRAA dn. AT
auiAdT FEH TP X 6 3% Zo

¥ 6 o9HAdy stz

g 8 A4 s = = A
E3 % E0|(by) 2,300 mm SR B4507 ()
223 27 (1) 140 mm AetE mHE ' m
A S-S WA F () 2,400 mm 5} A) B
i ! ) ?_;}f%z -382.168 (t'm)
ARZE AR FA () 40.0 mm AbeE EWE
B WA F7 (tar) 40.0 mm P 1907514 (b
AREUA wgA F 3 v ERE 514 (em
.
SHRE A 2GR & 7
q o -
PR . A 447.483 (ton)
E 6 9 sFzAL AA FZAMA] AMNY sFAstE FrA4E ol gstHd. ofd
3 gEAYE 27IFoE 5 HFLAAE AN AP B 7, § 8 F Zoh

x 71 & A£3 A1 | oY AR 1
(AALAGDHA) (bw, bs IA) (bw, br ZL7A)
594 Fol(ow) 2,800 mm 2,800 mm 2,800 mm
239 F (tw) 140 mm 13.06 mm 14.0 mm
A-ah s EFAAe] F(by) 2,400 mm 2.400 mm 2,400 mm
g EAA Y A () 40.0 mm 38.04 mm 38.0 mm
g3 Ao FA () 40.0 mm 40.13 mm 400 mm
A 1389 1717.0 1792.5 1780.9
Aaaxn | AN 4%8Y 17757 -1792.4 -17835
(kg/em’) | @azEe $9 693.0 718.0 7143
R | -570.8 -611.8 -570.8
@9 dol ARdrt (HY/m) 3,515.0 3,399.2 3,457.5
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¥ 8 dddwe HALA A 2
_/.t & Ol AL S A %
- RS A EECEE D BETEERE
| EBE Eolb) 3139 mm | 3100 mm | 3224 mm | 3200 mm |
BEE Rl FA(,) . 11.33 mm 12.0 mm 11.10 mm 12.0 mm
ApatR ZAR 9] Z(by) 2,400 mm 2400 mm |- 2,285 mm 2,300 mm
F}?ﬁ ZWA ] F 7 () 3356 mm 340 mm 33.49 mm 340 mm
S ZHATY F o (ty) 35.58 mm 36.0 mm 3554 mm 36.0 mm
@9 dol A7t (Hd/m) 31155 3,179.5 3,040.6 3,1354

£ dAere A 1 9 Fegde 28 gHe] AdHe A 23 Q7] Wil 2 2 o A)
3 Eras %3“7(14 AgRel AeHE Gl Atzhoz ALHAT. oA 2 9
+ AAGH vt 16% ~ 108% A= AJ}ABE F@se AHE BYch

d ode7b AR FEAFEASES Delstel AMsstnEm BRel
3 ovd 7 2R FWFEL W AER FA4E BUS 4AT F 9
AFNNE AEFAF} o NPAFe) U AILAS vwshn, AFe] A
AFE els T 5 e wAS A AALANN JaYASE a3
Aadr,. dASE Food AE 2 BAE A8 9o 2y,

E dFoAE oA AY T2ue HILA 22238 Adsigdet. o] AFHA =2

7lexte Aol g3 Aoz AAR /1&g FHaAY G dHig, &
otsle HAAA Z2ade 93 v A(ARNLGAYG A 4 FA okHg
T AZZR FAE ¢ U :

“de] dAM HAFSA Ei:}.%ﬂ Agda AZFH A Feol dojdtA FEE] A8
Zhzbel Mg oA R qelste Aol BgEid.
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