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+XR 6 / HW DO $ UHYLHZ RI PXOWL VFDOH VWUXFWXUDO WRSRORJ\ RS
IERONAUTICAA%4AISTRONAUTICAA3INICA
Lx)'m Poe+ %O 1y JjO=8€EE-DOF .. *fE--0 &KHQ </ 0D < 3DQ)

HW DO 5HVHDUFK SURJUHVV RI PXOWL VFDOH FRPSRVLWH PHFKDQLFV #t
"o L d: % f8£ 1y & @PE-98 E+X;Jb5 "JjO>|@E- «HF _@>a+

-LDQJ ; ' :X + 7HQJ ; < HW DO OXOWLVFDOH FRQFXUUHQW WRSRORJ)\

VWUXFWXUHVY ZLWK PXOWLSOH PLFURVWUXFWXUHV VXEMHFWHG WR G\QDPLF C

$IURXVKHK 0 ODU]JEDQUDG - *|KOLFK 7TRSRORJ\ RSWLPL]DWLRQ RI

FUDVKZRUWKLQHVY XVLQJ PRGLILHG K\EULG FHOOXODU DXWRPDWD 0+&
-ULTIDISCIPLINARYA/PTIMIZATION

$LIHQEHUJ - :HDYHU - & 7KDQDZDOD 0 6 HW DO 6NHOHWRQ RI %UPLEC
IURP WKH QDQRVFDOH WR WKH PDFURVFDOH 3CIENCE

$OH[DQGHUVHQ - /D]DURY % 6 7TRSRORJ\ RSWLPLVDWLRQ RI PDQXIDFW


https://doi.org/10.7527/S1000-6893.2023.28863
https://doi.org/10.7527/S1000-6893.2023.28863
https://doi.org/10.7527/S1000-6893.2023.28863
https://doi.org/10.19636/j.cnki.cjsm42-1250/o3.2017.030
https://doi.org/10.19636/j.cnki.cjsm42-1250/o3.2017.030
https://doi.org/10.1007/s00158-019-02254-2
https://doi.org/10.1007/s00158-019-02254-2
https://doi.org/10.1126/science.1112255

14 EAAA-AAAF AAA .. TTTe 1\ T§

ZLWKRXW OHQJWK VFDOH VHSDUDWLRQ XVLQJ D VSHFWUDO FRDUVH EDVLV SL
-ECHANICSAANDA%NGINEERING

$QGUHDVVHQ ( $QGUHDVHQ & 6 +RZ WR GHWHUPLQH FRPSRVLWH PDWH
KRPRJHQL]DWLRQ #OMPUTATIONALA-ATERIALSA3CIENCE

$XOLJ 1 20KRIHU 0 6WDWH EDVHG UHSUHVHQWDWLRQ IRU VWUXFWXUDO
WR FUDVKZRUWKLQHVV ,((( &RQJUHVV RQ (YROXWLRQDU\ &RPSXWDWLRQ
$YHOODQHGD O 2SWLPDO ERXQGV DQG PLFURJHRPHWULHY IRU HODVWLF \
ONAI!PPLIEDA-ATHEMATICS

&KRL : 6 3DUN * - 7UDQVIRUPDWLRQ RI G\QDPLF ORDGY LQWR HTXLYDOH:(
DQDO\WLVY )NTERNATIONALA*OURNALAFORA.UMERICALA-ETHODSAINA%NGINEER
'X =/ &XL 7 & J/LX & HW DO $Q HIILFLHQW DQG HDV\ WR H[WHQG 0D\

PRUSKDEOH FRPSRQHQW 00& PHWKRG IRU WKUHH GLPHQVLRQDO WRSROR
-ULTIDISCIPLINARYA/PTIMIZATION

*DQJZDU 7 6FKLOOLQJHU ' &RQFXUUHQW PDWHULDO DQG VWUXFWXUH RSV
VI\VWHPV ZLWKLQ D FRQWLQXXP PLFURPHFKDQLFV IUDPHZRUN 3TRUCTURALAZ

*DR - /XR = ;LD / HW DO &RQFXUUHQW WRSRORJ\ RSWLPL]IDWLRQ RI PXC
ODWODE 3TRUCTURALAANDA-ULTIDISCIPLINARYA/PTIMIZATION

*LUDOGR ORQGRXR 2 3DXOLQR * + 3RO\'\QD $ ODWODE LPSOHPHQWDWLR(
VWUXFWXUHVY VXEMHFWHG WR G\QDPLF ORDGV 3TRUCTURALAANDA-ULTIDISCIP
+DR : 'X = /L - HW DO D ODFKLQH OHDUQLQJ HQKDQFHG PXOWLVFDOH
VWUXFWXUDO JHQRPH GDWDEDVHV 3CIBRNMCERRBNOWOHYSICS A-ECHANICSA
+DR : 'X = +RX ; HW DO E ,QWHOOLJHQW GHVLJQ RI PHFKDQLFDO PHW
VWUXFWXUDO JHQRPH GDWDEDVH DSSURDFK .ATIONALA3CIENCEA2EVIEW Q
+XDQJ ; ;LH < 0 /X * 7RSRORJ\ RSWLPL]DWLRQ Rl HQHUJ\ DEVRUELQJ
*OURNALAOFA#RASHWORTHINESS

-DQJ + + /HH + $ 3DUN * - S3UHOLPLQDU\ VWXG\ RQ OLQHDU G\QDPLF UHV
XVLQJ HTXLYDOHQW VWDWLF ORDGV 4RANSACTIONSAOFATHEA+OREANA3OCIET
-DQJ + + /HH + $ /HH - < HW DO '"\QDPLF UHVSRQVH WRSRORJ\ RSWLPL]
XVLQJ HTXLYDOHQW VWDWLF ORDGV !ITA*OURNAL

.LP <, 3DUN * - 1RQOLQHDU G\QDPLF UHVSRQVH VWUXFWXUDO RSWLPL
ORDGV #OMPUTERA-ETHODSAINAIPPLIEDA-ECHANICSAANDA%NGINEERING

/HH + $ 3DUN * - 1RQOLQHDU G\QDPLF UHVSRQVH WRSRORJ\ RSWLPL]DW|I
ORDGV PHWKRG #OMPUTERA-ETHODSAINAIPPLIEDA-ECHANICSAANDA%NGINEER|
/L + [XR = ;LDR 0 HW DO $ QHZ PXOWLVFDOH WRSRORJ\ RSWLPL]DW
FRPSRVLWH VWUXFWXUHV Rl IUHTXHQF\ UHVSRQVH ZLWK OHYHO VHWV #OMF
%NGINEERING

/LX . 'HWZLOHU ' 7RYDU $ OHWDPRGHO EDVHG JOREDO RSWLPL]DWLR
FUDVKZRUWKLQHVV VXSSRUWHG E\ FOXVWHULQJ PHWKRGV :RUOG &RQJUHVV
2SWLPLVDWLRQ

/ILX | <DQ - &KHQJ * 2SWLPXP VWUXFWXUH ZLWK KRPRJHQHRXV RSWL
#OMPUZBRFTRUCTURES

ORKDPPDG 9 +HUPDQQ 6 6KRXIHQJ < $ UHYLHZ RQ ' PLFUR DGGLWLYH PD


https://doi.org/10.1016/j.cma.2015.02.028
https://doi.org/10.1016/j.cma.2015.02.028
https://doi.org/10.1016/j.commatsci.2013.09.006
https://doi.org/10.1137/0147082
https://doi.org/10.1137/0147082
https://doi.org/10.1002/(SICI)1097-0207(19990910)46:1<29::AID-NME661>3.0.CO;2-D
https://doi.org/10.1007/s00158-022-03239-4
https://doi.org/10.1007/s00158-022-03239-4
https://doi.org/10.1007/s00158-021-02907-1
https://doi.org/10.1007/s00158-019-02323-6
https://doi.org/10.1007/s00158-021-02859-6
https://doi.org/10.1007/s11433-025-2744-6
https://doi.org/10.1007/s11433-025-2744-6
https://doi.org/10.1007/s11433-025-2744-6
https://doi.org/10.1007/s11433-025-2744-6
https://doi.org/10.1007/s11433-025-2744-6
https://doi.org/10.1093/nsr/nwaf053
https://doi.org/10.1080/13588260701497862
https://doi.org/10.1080/13588260701497862
https://doi.org/10.3795/KSME-A.2009.33.12.1401
https://doi.org/10.2514/1.J051256
https://doi.org/10.1016/j.cma.2009.10.014
https://doi.org/10.1016/j.cma.2014.10.015
https://doi.org/10.1016/j.cma.2019.07.020
https://doi.org/10.1016/j.cma.2019.07.020
https://doi.org/10.1016/j.compstruc.2007.04.030
https://doi.org/10.1016/j.compstruc.2007.04.030
https://doi.org/10.1016/j.compstruc.2007.04.030
https://doi.org/10.1016/j.compstruc.2007.04.030
https://doi.org/10.1016/j.compstruc.2007.04.030
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AHEA)NTERNATIONALA*OURNALAOFAIDVANCEDA-ANUFACTURINGA4ECHNOLOGY
OR]XPGHU & 7RYDU $ 5HQDXG - ( 7RSRORJ\ GHVLJQ RI SODVWLFDOO\ G
FRQWUROOHG HQHUJ\ DEVRUSWLRQ IRU SUHVFULEHG IRUFH DQG GLVSODFHF
BWUXFWXUDO DQG OXOWLGLVFLSOLQDU\ 2SWLPL]JDWLRQ /LVERQ 3RUWXJDO
1JRF 1 0 +RDQJ 91 /[HH ' &RQFXUUHQW WRSRORJ\ RSWLPL]DWLRQ RI |
KRPRJHQHRXV PDWHULDOV XQGHU EXFNOLQJ FULWHULD %NGINEERINGAWITHA
1JX\HQ 01 +RDQJ 91 [HH OXOWLVFDOH WRSRORJ\ RSWLPL]DWLRQ Z
G\QDPLF FRQVWUDLQWY XVLQJ DGDSWLYH JHRPHWULF FRPSRQHQWYV 4HIN 7AL
1LX % :DGEUR ( OXOWLVFDOH GHVLJQ RI FRDWHG VWUXFWXUHV ZLWK St
VXSSUHVVLRQ &#OMRWICERIFIE S

3DUN * - .DQJ % 6 9DOLGDWLRQ RI D VWUXFWXUDO RSWLPL]DWLRQ DOJR!
LQWR HTXLYDOHQW VWDWLF ORDGV *OURNALAOFA/PTIMIZATIONA4HEORYAAND
3DWHO 1 0 .DQJ % 6 5HQDXG - ( HW DO &UDVKZRUWKLQHVV GHVLJIQ X
*OURNALAOFA-ECHANICALASESIGN

BHGHUVHQ & % : 7RSRORJ\ RSWLPL]DWLRQ GHVLJQ RI FUXVKHG ' IUDPHV
KLVWRU\ 3TRUCTURALAANDA-ULTIDISCIPLINARYA/PTIMIZATION

6YDQEHUJ . 7KH PHWKRG RI PRYLQJ DV\PSWRWHV2$ QHZ PHWKRG IRU
JNTERNATIONALA*OURNALAFORA.UMERICALA-ETHODSAINA%NGINEERING

7LQJ 7 & $QLVRWURSLF HODVWLFLW\ 7KHRU\ DQG DSSOLFDWLRQV 2[IRUG
7RUVWHQIHOW % .ODUEULQJ $ &RQFHSWXDO RSWLPDO GHVLJQ RI PRG
VLPXOWDQHRXV VL]H VKDSH DQG WRSRORJ\ RSWLPL]DWLRQ &INITEA%LEMENT
:DQJ - =KX - /LX 7 HW DO 7RSRORJ\ RSWLPL]DWLRQ RI JUDGLHQW ODW
ORDG EDVHG RQ PXOWLVFDOH ILQLWH HOHPHQW PHWKRG 3TRUCTURALAANDA-
X - B6LIJPXQG 2 *URHQ - 3 7RSRORJ\ RSWLPL]DWLRQ RI PXOWL VFDOH VW
ANDA-ULTIDISCIPLINARYA/PTIMIZATION

=HQJ ' 'XGGHFN ) ,PSURYHG K\EULG FHOOXODU DXWRPDWD IRU FUDVKZF
ZDOOHG VWUXFWXUHVY 3TRUCTURALAANDA-ULTIDISCIPLINARYA/PTIMIZATION
=KDR - <RRQ + <RXQ % ' $Q HIILFLHQW FRQFXUUHQW WRSRORJ\ RSWLPL
UHVSRQVH SUREOHPY #OMPUTERA-ETHODSAINAIPPLIEDA-ECHANICSAANDA%NG


https://doi.org/10.1007/s00170-012-4605-2
https://doi.org/10.1007/s00366-022-01718-2
https://doi.org/10.1016/j.tws.2022.110405
https://doi.org/10.1016/j.tws.2022.110405
https://doi.org/10.1016/j.tws.2022.110405
https://doi.org/10.1016/j.compstruc.2021.106622
https://doi.org/10.1016/j.compstruc.2021.106622
https://doi.org/10.1016/j.compstruc.2021.106622
https://doi.org/10.1016/j.compstruc.2021.106622
https://doi.org/10.1016/j.compstruc.2021.106622
https://doi.org/10.1023/A:1024799727258
https://doi.org/10.1115/1.3116256
https://doi.org/10.1007/s00158-003-0282-y
https://doi.org/10.1002/nme.1620240207
https://doi.org/10.1016/j.finel.2007.06.005
https://doi.org/10.1007/s00158-023-03652-3
https://doi.org/10.1007/s00158-021-02881-8
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'\QDPLF PXOWLVFDOH WRSRORJ\ RSWLPL]DWLRQ
HQW VWDWLF ORDG PHWKRG DQG VWUXFWXUDO

NyWSe$st $,9 «=S Y$st 91 p=1SqBt Bt *E yVWS<Z$b,t
p=1Sezd" *=5 Bt j$st 9"~

1S*sj$stS=t$%,,R$ kSBPSq,{YtBjB kS*,}s, 8,t SBPSet $t,,,$t S ,{Yst${R S7

7 .Z{ Z,sjSVtsjkR$R S!} $8$9s $BtSstIS]VeS7BP bs,,SPB,SytIZR ,$s]jSeJZ$}!

'S*=qT 7=SFB$t SytR $ Z , S*sj$stS=t$%,,R$ KSBPSq,{YtBjB k S*sj$st!

"S*sj$stSytR $ Z ,SBPSytIZR ,$sjS7BP bs,, S*sj$stSddE(Mx S]Y
'S]Y$tsSTYS$}ST{$,t $P${Si,R,s,{YS],t ,, SGZ-$S1d;(M1 S]Y$ts

*SWs $BtsjS€,kSNsAB,s B,kSBPS7Y$}S7 ,Z{ Z,sjS7sP, k SGZ-$S1d;

ESqs$YZSNsAB,s B,kSBPS*,,}R,sSq,{YtBjB ${sjS7{$.t{, SGZ-$S1d; (M

$EVWUDFW VSIkts8${S8Zj $R{sj,S B}BjB kSB} $8%$9s $BtS8, YBISASR,ISBtS,
BISwe7N DSstlISR ,Z{ Z,sjS ,tB8,SIs sAsR,RSw7p*DS$R S},B}BR,IS$tS Y$R
PB,8RS Y,S{B8}j,-S ,stR$,t SIkts8${RSB} $8$9s $BtS},BAj,8S$t BSsS8Zj $T{
}.BAj,8SAkSe7N SstlS,,}js{,RS Y,SsRk8} B ${SYB8B ,t$9s $BtSstsjkR$R Sh.
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sStz8,,${sjS,-s8}j,SBPS SA,s8SR ,z{ Z,,SZtl,,S ,stR$,t SjBsl SqY,S,,RZj R
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. 1Z{,ISAkSxd ;;0 SstlIS Y,S8s-$8Z8SI$R}js{,8,t Ss8}j$ ZI,SBPS Y,SjBsIS}BS$t
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