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SHAPE OPTIMIZATION OF SHELL ROOFS SUBJECTED TO STRONG WIND
USING MULTIGRID METHOD AND VARIABLE COMPLEXITY MODEL

W F S, RE A ER, N AT, BN R R

(\LE*****

N

Takuzo YAMASHITA, Tomohiko KUMAGAI, Toshiyuki OGAWA,
Tomoshi MIYAMURA and Makoto OHSAKI

Shape optimization of shell roofs subjected to strong wind is carried out to minimize the maximum vertical displacement. The three dimensional
(3D) fluid flow analysis is performed to obtain highly precise dynamic wind load. To reduce the large computational cost of the 3D analysis, the
multigrid method is employed to solve the pressure Poisson equation. The objective function of the optimization problem is expected to have strong

nonlinearity. Employing Response Surface Model (RSM), the objective function is approximated as a smooth function so that computational cost

of the optimization is reduced. Analyses for several experimental points are required to generate RSM. It is not practical to perform 3D analyses
for all experimental points due to huge computational cost. Variable Complexity Model (VCM) is useful for generating RSM. VCM is the method
combining a high-fidelity model and a low-fidelity model. As the method of generating RSM, two kinds of methods are employed ; (1) VCM (2)
3D analyses for all the experimental points. Optimized shapes are obtained by both methods. Although the value of the objective function of (]) is
slightly larger than that of (2), the computation for (1) is much faster than that for (2).

Keywords : Shell roof, Shape optimization, Fluid flow analysis, Multigrid method, Variable complexity model, Computational cost
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O P BN ISIIEO RO RELEIT>TOE ™. LinL
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DFHELLT, XM 18) D VCM £ VA FE R-VCM) &, 2 THE
R T SRR ENT & Fl VWA F 3 (R-3D) 2845, R-VCM B
R-3D TO&HMEIITR VT MG HBIZ L2 RH LA OE RO L
HBL, B LBRE CEEBIRICET 2585175,

PAF, %82 BCIRAEZITEY = A O IE B R O E 1>
WTIRARD. 8§ 3 BETIHMAEZTDY = VIEEY O R S LR RE
ERERL, EOMIBIZOVWTIRAS. H 4 BTHEFEIZHL T R-VCM
& R-3D THRBE(LEITY, MG EE VCM K XA HE B O ED
FERAEATHIELEIZ, R-VCM & R3D kA5 IC ¢ 5E 825175,
55 BRI B.
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L CBITEF A 2mT. S BEyIEBE A &0 —FrE ki
Y=V Thad., ZWRITETT AT, ZKITETVE Y FTIHIC0.8D
BELb ORI 8 EIL TV, TIREBELEITIR, =50
DO R ERICHETDEE, ERANKIT -k 28 %
PAELBZEBMBN TS P 72, RITET L OBROERICITA
VMG € 6)=(0() (D% x-z FETO o kD= ilh
BWELT, R DIokeET O,

@ (5) =R () 0
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TERRAORFIECIVER L ERIC I 5L 8% 522 ). sHER L
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T % free-slip BEREL T3, 31 x-z BiE COBERLSEZR
. TRGIHREBT TR ZARE - REREAY, HiRkke103, R
B 11816 THY, ZWRTHMEMNT CIIMEE—RERZ R, S
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ZEM R OBERBALIITE R EREE VD, BLMETAVELTLES @
Smagorinsky &7 VEBND. FRESHEEROBERIIBE LRV,

WEEROIEERITIZOVWTIE, MIBERIXRAIEE 22 L CRRO L fiE
WaiTH., BRMEEAEEIY e LT 5. BIRIEINT H I &R
I COBERELT, Hiask49, BEFEK 48 OMBITVESR LAV
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7120, UE—F<hIZR, £ s KROJRBHBERETHY s IRE—
FOBEEHRELRODIZLIZIVEED. 1R, 2 RE—FOBEERZ
2%, 3 WE—RLEIZ DWW TIL 20% &35, FikmirLoE b
BT =D 5 AT T HEOEENELT, FHADOISEERDB.
ZWRTTHARIEAT O RIE A1 y 7N U TR B RTINS,
2.3 EZRFTHREBHAOTILFT)IEE MG ) OFEA
ERFTMERRITCB O TEART Y HRRORMBE TL K25
HAMRID. KRR TIHENRT Y FRROMEICHVDIE
AELEE (CG ¥ )12, SChk 14) CIRESN MG B LD RILE L+
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dcoarse

Coarse grid (2D mesh)
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7 MG BB

€coarse
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%) 0T NIV ALERT. PCGIRIIENRT Y FEA Ax=b O K&
FREELTHNVS. e=M,d (BT, WX 1 134W ) OLEIC MG
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W SHRBEOREEFEHLT, FOEEa—RT YR EORISETS
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RET D77 ATV R By FEICE S G AR, £OEIEST
LEETHD. 22T Q) ORI, BESIME Yy FRICEHLEDL
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3. BEZEZTLAVIEEMORKEEL
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31 EHIE
HHEEDORRETHDOIMAEBEF & = VO BRI O A THD, {5
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LT OISR Bl L AR AT 5.
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