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&UDFN WLS VLQJXODULW)\ ILHOG LQ IUDFWXUH PHFKDQLFV I!DVANCESAINA-ECH
To{a 5t-0 ieW>04é F1 j.DO!/, OFF ... 0 -FJO +ZDQJ . & IXR ;)

SBHFHQW SURJUHVYV LQ WKH VWXG\ Rl HODVWLF SODVWLF FUDFN WLS ILHOC
w8 j LxA-~ QlyY>0E- GU 0-*x/n :DQJ = 4 &KHQ 6 + $GYDQFHG IUDFW
PHFKDQLFV %HLMLQJ 6FLHQFH 3UHVV
L S8y ]1-0j5 "/- MeWABE® [/ ..>..K 8200-0 <DQ & /

'"HYHORSPHQW DQG SURVSHFW RI DLUFUDIW VWUXFWXUDO OLIH UHOLDELOLYV
IERONAUTICAETAISTRONAUTICAA3INCA

> ¢P20Y>0E—- GU -Lb J*x/n <DQJ : ODFUR DQG PLFUR IUDFWXUH PHFK
%HLMLQJ 1DWLRQDO 'HIHQVH ,QGXVWU\ 3UHVV

>O N®Q 0j5 AMAN GU -Lb J*(x/n <DR : ; *X < $LUFUDIW VWUXFWXUDO G
%HLMLQJ 1DWLRQDO 'HIHQVH ,QGXVWU\ 3UHVV

$FKHQEDFK - ' .DQQLQHQ 0 ) 3RSHODU & + &UDFN WLS ILHOGV IRU IDVW
PDWHULDO *OURNALAOFATHEA-ECHANICSAANDAOHYSICSAOFA3OLIDS

$PD]JLJR - & +XWFKLQVRQ - : &UDFN WLS ILHOGV LQ VWHDG\ FUDFN JURZW
*OURNALAOFATHEA-ECHANICSAANDAOHYSICSAOFA3OLIDS

$QGHUVRQ 7 / JUDFWXUH PHFKDQLFV )XQGDPHQWDOV DQG DSSOLFDWLR

&5& 3UHVYV

$WNLQV $ * ODL < : JUDFWXUH VWUDLQV LQ VKHHW PHWDOIRUPLQJ DQG V¢
%NGINEERINGA&RACTUREA-ECHANICS

$WNLQVRQ & (VKHOE\ - 7KH IORZ RI HQHUJ\ LQWR WKH WLS RI D PRYLQJ
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&RACTURE

$WOXUL 6 1 SDWK LQGHSHQGHQW LQWHJUDOV LQ ILQLWH HODVWLFLW\ D
DQG DUELWUDU\ FUDFN IDFH FRQGLWLRQV %NGINEERINGA&RACTUREA-ECHANI
$WOXUL 6 1 1LVKLRND 7 1DNDJDNL O ,QFUHPHQWDO SDWK LQGHSHQG!
G\QDPLF IUDFWXUH PHFKDQLFV %NGINEERINGA&RACTUREA-ECHANICS

%DR < % :LHU]JELFNL 7 2Q IUDFWXUH ORFXV LQ WKH HTXLYDOHQW VWU
YJNTERNATIONALA*OURNALAOFA-ECHANICALA3CIENCES

%DUHQEODWW * $ 7KH PDWKHPDWLFDO WKHRU\ RI HTXLOLEULXP FUDFN!'
IPPLIEDA-ECHANICS

%R\FH % / .UDPHU 6 / % )DQJ + ( HW DO 7KH 6DQGLD IUDFWXUH FKDC
SUHGLFWLRQV RI GXFWLOH WHDULQJ )NTERNATIONALA*OURNALAOFA&RACTURI
%R\FH % / .UDPHU 6 / % %RVLOMHYDF 75 HW DO 7KH VHFRQG 6DQGLD |
RI GXFWLOH IDLOXUH XQGHU TXDVL VWDWLF DQG PRGHUDWH UDWH G\QDPLF C

%UREHUJ . % &UDFNV DQG IUDFWXUH /RQGRQ $FDGHPLF 3UHVV

%UXVW ) : 1LVKLRND 7 $WOXUL 6 1 HW DO YXUWKHU VWXGLHV RQ HODV)
WKH 4 LQWHJUDO %NGINEERINGA&RACTUREA-ECHANICS

%XUWRQ : ODKPRXG 6 /HDVH . (IHHFWV Rl PHDVXUHPHQW WHFKQLTX
FKDUDFWHUL]DWLRQ RI FUDFN WLS RSHQLQJ DQJOH "A UHVLVWDQFH FXUYHV

&DVWDQHGD 3 3 0DWDJD 3 $ 6WDEOH FUDFN JURZWK DORQJ D EULWWOH

JNTERNATIONALA*OURNALAOFA30OLIDSAANDA3TRUCTURES

&KDLWDQ\D . ' 9HQNLWDQDUD\DQDQ 3 6XPLW % JRUPXODWLQJ D FRKI
SRO\FDUERQDWH VKHHWYVY XVLQJ WKH FRQFHSW RI WKH HVVHQWLDO ZRUN RI |

&KDQGUD 6 . 6DUNDUD 5 %KRZPLFN $ ' HW DO JUDFWXUH WRXJKQHVV |
VWHHO VKHHW XVLQJ HVVHQWLDO ZRUN RI IUDFWXUH (:) PHWKRG %NGINEER
&KDQGUD 6 . 6DUNDUD 5 %KRZPLFN $ ' HW DO &UDFN WLS RSHQLQJ

PHDVXUHPHQWY RQ 6(17 DQG '(17 VSHFLPHQV RI D WKLQ LQWHUVWLWLDO IUH
-ECHANICS

&KLWDOH\ $ ' OF&OLQWRFN ) $ (ODVWLF SODVWLF PHFKDQLFV Rl VWHDG
VKHDU *OURNALAOFATHEA-ECHANICSAANDAOHYSICSAOFA3OLIDS

&RWWHUHOO % $WNLQV $ * $ UHYLHZ RI WKH * DQG ) LQWHJUDOV DQG W
UHVLVWDQFH DQG WRXJKQHVV LQ GXFWLOH IUDFWXUH )NTERNATIONALA*OURN
&RWWHUHOO % 3DUGRHQ 7 $WNLQV $ * OHDVXULQJ WRXJKQHVV DQG W
UHODWLRQVKLS E\ WKH HVVHQWLDO ZRUN RI IUDFWXUH FRQFHSW %NGINEERII
&RWWHUHOO % 5HGGHO - . 7KH HVYVHQWLDO ZRUN RI SODQH VWUHVV IUDF

&XL 3 ) 6KH & 0 '"HQJ 5 HW DO *HRPHWU\ GRBHGHWGRH@ WI WKUHH GLPHQ
VWHDG\ JURZLQJ FUDFN WLS ILHOGY LQ GXFWLOH PDWHULDOV )NTERNATION

'‘DUFLV 3 3 OF&RZDQ & 1 :LQGKRII + HW DO &UDFN WLS RSHQLQJ DQ.
PHWKRGV LQ ILYH SLSHOLQH VWHHOV %NGINEERINGA&RACTUREA-ECHANICS
'UXJDQ : - 5LFH - 5 6KDP 7 / $VIPSWRWLF DQDO\VLYV RI JURZLQJ SODQt

HODVWLF LGHDOO\ SODVWLF VROLGYV *OURNALAOFATHEA-ECHANICSAANDAOHY
(VKHOE\ - ' 7KH IRUFH RQ DQ HODVWLF VLQJXODULW\ OHILOSOPHICALA4
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,ONDON A3ERIESA! A-ATHEMATICAL AOHYSICALAANDA%NGINEERINGA3CIENCES

(VKHOE\ - 7KH FRQWLQXXP WKHRU\ RI ODWWLFH GHIHFWV 30OLIDA3TATEA
(VKHOE\ - (QHUJ\ UHODWLRQV DQG WKH HQHUJ\ PRPHQWXP WHQVRU

,QHODVWLF %HKDYLRU RI 6ROLGV OF*UDZ +LOO 1HZ <RUN

JUHXQG / % (QHUJ\ IOX] LQWR WKH WLS RI DQ HIWHQGLQJ FUDFN LQ DQ HC
YUHXQG / % '\QDPLF IUDFWXUH PHFKDQLFV &DPEULGJH &DPEULGJH 8QLYF
*DR < & 1HPDW 1DVVHU 6 1HDU WLS G\QDPLF ILHOGV IRU D FUDFN DGYD
SODVWLF PDWHULDO ORGH , ,, DQG,,, -ECHANICSAOFA-ATERIALS

*ULIILWK $ $ 7KH SKHQRPHQD RI UXSWXUH DQG IORZ LQ VROLGV OHILOS
30CIETYAOFA,ONDON A3ERIESA! A-ATHEMATICAL AOHYSICALAANDA%NGINEERIN
*XR : |/ D (ODVWRSODVWLF WKUHH GLPHQVLRQDO FUDFN ERUGHU ILHOG

%NGINEERINGA&RACTUREA-ECHANICS

*XR @/ E (ODVWRSODVWLF WKUHH GLPHQVLRQDO FUDFN ERUGHU ILHOG ,,
%NGINEERINGA&RACTUREA-ECHANICS

*XR : |/ (ODVWRSODVWLF WKUHH GLPHQVLRQDO FUDFN ERUGHU ILHOG ,,,

&RACTUREA-ECHANICS

*XUWLQ 0 ( 7KHUPRG\QDPLFVY DQG WKH FRKHVLYH JRQH LQ IUDFWXUH *OL
OHYSICSA :1-0

*XUWLQ 0 ( &RQILIJXUDWLRQDO IRUFHV DV EDVLF FRQFHSWV RI FRQWLQXX
<RUN

*XUWLQ 0 ( )ULHG ( $QDQG / 7KH PHFKDQLFY DQG WKHUPRG\QDPLFV
&DPEULGJH 8QLYHUVLW\ 3UHVYV

*XUWLQ 0 ( 3RGLR *XLGXJOL 3 &RQILIJXUDWLRQDO IRUFHV DQG WKH ED)
*OURNALAOFATHEA-ECHANICSAANDAOHYSICSAOFA3OLIDS

*XUWLQ 0 ( 3RGLR *XLGXJOL 3 &RQILIJXUDWLRQDO IRUFHV DQG D FR

SURSDJDWLRQ WKDW DOORZV IRU NLQNLQJ DQG FXUYLQJ *OURNALAOFATHEA

+HHUHQV - B6FKRGHO 0 2Q WKH GHWHUPLQDWLRQ RI FUDFN WLS RSHC
PLFURVFRS\ PH®VXUHPHQW WHFKQLTXH %NGINEERINGA&RACTUREA-ECHANICS
+LOO 5 7KH PDWKHPDWLFDO WKHRU\ Rl SODVWLFLW\ 1HZ <RUN 2[IRUG 8Q
+LOO 5 2Q GLVFRQWLQXRXV SODVWLF VWDWHYV ZLWK VSHFLDO UHIHUHQ
*OURNALAOFATHEA-ECHANICSAANDAOHYSICSAOFA3OLIDS

+XWFKLQVRQ - : 30DVWLF VWUHVY DQG VWUDLQ ILHOGYV DW D FUDFN WLS
30LIDS

+XWFKLQVRQ - : 2Q VWHDG\ TXDVL VWDWLF FUDFN JURZWK +DUYDUG 8QLY
+XWFKLQVRQ - : YXQGDPHQWDOV RI WKH SKHQRPHQRORJLFDO WKHRU\ R
*OURNALAOFAIPPLIEDA-ECHANICS !3-%

+XWFKLQVRQ - : (YDQV $ * OHFKDQLFV RI PDWHULDOV 7RS GRZQ DSSI
-ATERIALIA

+ZDQJ . & /XR ;) 1HDU WLS ILHOGV RI JURZLQJ FUDFNV DQG UHVLVWDQFH

+ZDQJ . & <X 6 : <DQJ : 7TKHRUHWLFDO VWXG\ RI FUDFN WLS VLQJXODUL
-ECHANICSA2EVIEWS

,UZLQ * 5 $QDO\WLV RI VWUHVYVY DQG VWUDLQV QHDU WKH HQG RI D FUDF
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IPPLIEDA-ECHANICS !3-%
.DQQLQHQ 0) 3RSHODU & + $GYDQFHG IUDFWXUH PHFKDQLFVY 1HZ <RUN
.IRXUL $ 3 &ERQWLQXRXV FUDFN JURZWK RU TXDQWL]HG JURZWK VWHSV

JRXUL $ 3 OLOOHU . - &UDFN VHSDUDWLRQ HQHUJ\ UDWHV LQ HODV\
OROCEEDINGSA)NSTITUTIONAOFA-ECHANICALA%NGINEERS

.QRFNDHUW 5 'RJKUL , ODUFKDO < HW DO ([SHULPHQWDO DQG QXPHULF
GRXEOH HGJH QRWFKHG VWHHO SODWHV )NTERNATIONALA*OURNALAOFA&RACT
.ROHGQLN 2 B6FKRQJUXQGQHU 5 )LVFKHU ) $ QHZ YLHZ RQ * LQWHJUDO
JNTERNATIONALA*OURNALAOFA&RACTURE

.QRZOHV - . BWHUQEHUJ ( 2Q D FODVV Rl FRQVHUYDWLRQ ODZV LQ OLC
IRCHIVEAFORA2ATIONALA-ECHANICSAANDAINALYSIS

IX [ . $ TXDQWLWDWLYH GHVFULSWLRQ Rl WKH LQIOXHQFH Rl SODVWLF GL
%NGINEERINGA&RACTUREA-ECHANICS

IX 1. D $ FRPSDULVRQ Rl WZR SRZHU EDODQFH ODZV WR HOXFLGDWH WKF
UHVROYLQJ WKH WUDQVIHUDELOLW\ SUREOHPV %NGINEERINGA&RACTUREA-EC
IX | . E $ VWUDWHI\ RI FRQYHUWLQJ + 2 FXUYHV WR FULWLFDO &72% YDO
$670 ( DQG $670 ( %NGINEERINGA&RACTUREA-ECHANICS

/X | . JLX =/ &XL < 1 HW DO D 'ULYLQJ IRUFH RQ OLQH IUDFWXUH S
SDUDPHWHUV VXLWDEOH IRU HODVWLF SODVWLF PDWHULDOV )NTERNATIONAL

/X . /LX =/ :DQJ 7 HW DO $Q DQDO\WLFDO PRGHO RI IUDFWXUH SURFH\
WLS RSHQLQJ DQJOH ZRUNV %NGINEERINGA&RACTUREA-ECHANICS

/X | . JLX =] =KXDQJ = E $ XQLILHG SHUVSHFWLYH RI LQFUHPHQWDO * L
*ULIILWK IUDPHZRUN %NGINEERINGA&RACTUREA-ECHANICS

/X [ . ILX = =KXDQJ = 7KH SK\WVLFDO PHDQLQJV RI WZR LQFUHPHQWDC
FULWHULD IRU FUDFN JURZWK LQ HODVWLF SODVWLF PDWHULDOV %NGINEERI|
IX | . ILX =/ =KXDQJ = $ WKHRUHWLFDO DQDO\VLV IRU WKH QRUPDO LF

SODWHV EDVHG RQ WKH SULQFLSOH RI PLQLPXP H[WHUQDO ZRUN *OURNALA

/X | . :DQJ 6 1 5HODWLRQVKLS EHWZHHQ FUDFN JURZWK UHVLVWDQFH F.
&RACTUREA-ECHANICS

/X | . :DQJ 6 1 D $Q DQDO\WLFDO PRGHO WR SUHGLFW UHVLGXDO VWUH
%NGINEERINGA&RACTUREA-ECHANICS

/IX | . :DQJ 6 1 E 1HZ LQVLJKW RQ SK\WLFDO PHDQLQJ RI IUDFWXUH FUL
JNTERNATIONALA*OURNALAOFA30OLIDSAANDA3TRUCTURES

/X | . :DQJ 6 1 F $ VLPSOH PRGHO WR H[SODLQ WKH WUDQVIHUDELOLW\
%NGINEERINGA&RACTUREA-ECHANICS

/IX /. :DQJ 6 1 7RQJ * 5 5HODWLRQVKLS EHWZHHQ LQFUHPHQWDO * LQWt
DQJOH LQ HODVWLF SODVWLF PDWHULDOV %UROPEANA*OURNALAOFA-ECHANIC
ODKPRXG 6 /HDVH . 7KH HIIHFW RI VSHFLPHQ WKLFNQHVV RQ WKH H[SFH
FULWLFDO FUDFN WLS RSHQLQJ DQJOH LQ 7 DOXPLQXP DOOR\ %NGINEE

ODKPRXG 6 /HDVH . 7ZR GLPHQVLRQDO DQG WKUHH GLPHQVLRQDO ILQL'
FUDFN WLS RSHQLQJ DQJOH LQ 7 DOXPLQXP DOOR\ DW IRXU WKLFNQHVV]
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oDL < : 2Q WKH SODQH VWUHVV HVVHQWLDO IDFWXUH ZRUN LQ SODV!
JNTERNATIONALA*OURNALAOFA-ECHANICALA3CIENCES

ODL < : &RWWHUHOO % 7KH HVVHQWLDO ZRUN Rl IUDFWXUH IRU WHDUL
*OURNALAOFA&RACTURE

ODUFKDO < 'HODQQD\ ) ,QIOXHQFH RI WHVW SDUDPHWHUV RQ WKH PHDV
IUDFWXUH RI JLQF VKHHWYV )NTERNATIONALA*OURNALAOFA&RACTURE

0DXJLQ * $ 7KH 7TKHUPRPHFKDQLFV RI SODVWLFLW\ DQG IUDFWXUH &DPE
3UHVV

O0DXJLQ * $ &RQILIJXUDWLRQDO IRUFHVY 7KHUPRPHFKDQLFV SK\VLFV PDW
5DWRQ &5& 3UHVV

OF&OLQWRFN ) $ $ FULWHULRQ IRU GXFWLOH IUDFWXUH E\ WKH JURZWK RI
13-%

OFOHHNLQJ 5 0 3DUNV 'O 2Q FULWHULD IRU * GRPLQDQFH RI FUDFN WLS
$670 673 3KLODGHOSKLD $PHULFDQ 6RFLHW\ IRU 7HVWLQJ DQG ODWHULDO
ORKDPPHG < $ (VWVHQWLDO ZRUN RI IUDFWXUH DVVHVVPHQW IRU WKLQ DO>»
DQDO\VLY %NGINEERINGA&RACTUREA-ECHANICS

ORUDQ % 6KLK & ) D $ JHQHUDO WUHDWPHQW RI FUDFN WLS FRQWRXU L
&RACTURE

ORUDQ % 6KLK & ) E &UDFN WLS DQG DVVRFLDWHG GRPDLQ LQWHJIUDO!'
EDODQFH %NGINEERINGA&RACTUREA-ECHANICS

1HZPDQ - & -DPHV 0 $ =HUEVW 8 $ UHYLHZ RI WKH &72% &72' IUDFWXUH
&RACTUREA-ECHANICS

1LVKLRND 7 $WOXUL 6 1 3DWK LQGHSHQGHQW LQWHJUDOV HQHUJ\ UHOI
QHDU WLS ILHOGV LQ PL[HG PRGH G\QDPLF IUDFWXUH PHFKDQLFV %NGINEERI
2FKHQVEHUJHU : .ROHGQLN 2 3K\WLFDOO\ DSSURSULDWH FKDUDFWHUL]D
UDWH LQ HODVWLF SODVWLF PDWHULDOV XVLQJ * LQWHJUDO FRQFHSW )NTER
2NDGD + $WOXUL 6 1 YXUWKHU VWXGLHV RQ W& W HKDDJ® FWCDUQW WMWAYHR V |
FUDFN SURSDJDWLRQ LQ GXFWLOH PDWHULDOV #OMPUTATIONALA-ECHANICS

2NDGD + $WOXUL 6 1 2PRUL < HW DO "L W I FWH JHNDBDO XIDRVAL RIQSRUL P HQ\
PHDVXUHG QHDU WLS GLVSODFHPHQW ILHOG IRU D SODWH ZLWK VWDEO\ SU|
OLASTICITY

2PRUL < .RED\DVKL $ 6 2NDGD + HWWHJIUDO DV D FUDFN JURZWK FULWHULF
-ATERIALS

3DUGRHQ 7 +DFKH] ) ODUFKLRQL % HW DO ORGH , IUDFWXUH RI VKHHW
ANDAOHYSICSAOFA3OLIDS

3DUGRHQ 7 ODUFKLRQL % 'HODQQD\ ) 7KLFNQHVYV GHSHQGHQFH RI FUDFN
SODWHV *OURNALAOFATHEA-ECHANICSAANDAOHYSICSAOFA30OLIDS

5LFH - 5 $ SDWK LQGHSHQGHQW LQWHJUDO DQG WKH DSSUR[LPDWH DQI
QRWFKHYV DQG FUDFNV *OURNALAOFAIPPLIEDA-ECHANICS !13-%

5LFH - 5 7KH PHFKDQLFV RI TXDVL VWDWLF FUDFN JURZWK ,Q WKH 3UI
1DWLRQDO &RQJUHVV RI $SSOLHG OHFKDQLFV

5LFH - 5 'UXJDQ : - 6KDP 7 / (ODVWLF SODVWLF DQDO\VLV RI JURZLQJ

3KLODGHOSKLD $PHULFDQ 6RFLHW\ IRU 7THVWLQJ DQG ODWHULDOV
5LFH - 5 5RVHQJUHQ * ) 30DQH VWUDLQ GHIRUPDWLRQ QHDU D FUDEN
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PDWHULDO *OURNALAOFATHEA-ECHANICSAANDAOHYSICSAOFA3OLIDS

5LFH - 5 6RUHQVHQ ( 3 &RQWLQXLQJ FUDFN WLS GHIRUPDWLRQ DQG IUDF)\
LQ HODVWLF SODVWLF VROLGY *OURNALAOFATHEA-ECHANICSAANDAOHYSICSAC
6DUNDUD 5 &KDQGUD 6 . 'H 36 HW DO (YDOXDWLRQ RI GXFWLOH WHDU

JUDGH DXWRPRWLYH VWHHO VKHHW IURP HVVHQWLDO ZRUN RI IUDFWXUH
&RACTUREA-ECHANICS

6FKZDOEH . + 6FKHLGHU , &RUQHF $ *XLGHOLQHV IRU DSSO\LQJ FRKF
EHKDYLRXU Rl HQJLQHHULQJ PDWHULDOV DQG VWUXFWXUHV 6SULQJHU %HUO|
6LPKD 1 . )LVFKHU ) ' 6KDQ * ; HW DO * LQWHJUDO DQG FUDFN GULY!
PDWHULDOV *OURNALAOFATHEA-ECHANICSAANDAOHYSICSAOFA3OLIDS

7\WVRQ : 5 1HZPDQ - & ;X 6 &KDUDFWHUL]DWLRQ RI VWDEOH GXFWLOH FlI
5HYLHZ RI WKHRU\ DQG DSSOLFDWLRQV &ATIGUEAANDA&RACTUREAOFA%NGINE
:DQJ / %UXVW ) : $WOXUL 6 1 7KH HODVWLF SODVWLF ILQLWH HOHPHQW

DQG WKH SUHGLFWLRQ RI IUDFWXUH XQGHU :)' FRQGLWLRQV LQ DLUFUDIW
LQWHJUDO SDUDPHWHU #OMPUTATIONALA-ECHANICS

:LOOLV - 5 $ FRPSDULVRQ RI WKH IUDFWXUH FULWHULD RI *ULIILWK DQG ¢

ANDAOHYSICSAOFA3OLIDS

QXN 0 3 4XDVL VWDWLF H[WHQVLRQ RI D WHQVLOH FUDFN FRQWDLQHG LC

OFA!'PPLIEDA-ECHANICS 13-%

QXN 0 3 2FFXUUHQFH Rl FDWDVWURSKLF IUDFWXUH LQ IXOO\ \LHOGHG

JNTERNATIONALA*OURNALAOFA&RACTURE

QXN 0 3 6WDEOH SKDVH RI GXFWLOH IUDFWXUH LQ WZR DQG WKUHH GLPH

OFA!PPLIEDA-ECHANICS !3-%

:LDQJ 0 *XR : / JRUPXODWLRQ RI WKH VWUHVV ILHOGV LQ SRZHU ODZ VR(

WHQVLOH FUDFNV )NTERNATIONALA*OURNALAOFA3OLIDSAANDA3TRUCTURES

;LDR 6 :DQJ + / /LX % HW DO 7KH VXUIDFH IRUPLQJ HQHUJ\ UHOHDVH UD

HODVWLF SODVWLF FUDFN SURSDJDWLRQ *OURNALAOFATHEA-ECHANICSAANDA

:LDR 6 :DQJ + / /LX % HW DO 7KH VXUIDFH IRUPLQJ HQHUJ\ UHOHDVH

UHOHDVH UDWH %NGINEERINGA&RACTUREA-ECHANICS

;X : 5HQ < 6 ;LDR 6 HW DO $ ILQLWH FUDFN JURZWK HQHUJ\ UHOHDVH U

*OURNALAOFATHEA-ECHANICSAANDAOHYSICSAOFA3OLIDS

<XDQ + /L ; &ULWLFDO UHPDUNV WR FRKHVLYH ]JRQH PRGHOLQJ IRU WKUH

FUDFN SURSDJDWLRQ %NGINEERINGA&RACTUREA-ECHANICS

=HUEVW 8 +HLQLPDQQ 0 'RQQH & ' HW DO JUDFWXUH DQG GDPDJH PHFKEL

VWUXFWXUHV2$Q RYHUYLHZ %NGINEERINGA&RACTUREA-ECHANICS

=KX ;. +ZDQJ . & $VI\IPSWRWLF FUDFN WLS ILHOGV IRU G\QDPLF FUDFN JU

ODZ KDUGHQLQJ PDWHULDOV )NTERNATIONALA*OURNALAOFA3OLIDSAANDA3TRI

=KX ; . -R\FH - % 5HYLHZ Rl IUDFWXUH WRXJKQHVV ' + * &72' &7:

VWDQGDUGL]DWLRQ %NGINEERINGA&RACTUREA-ECHANICS

(CS +5F : ¢-0)
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ORGH , HODVWLF SODVWLF IUDFWXUH WKHRU\ IUR
IUDFWXUH SURFHVV J]RQH

N=SNBt ,ZtS~

7{YBBjSBPSV,,BtsZ ${R SWB, Yb,R ,,tS_Bjk ,{Yt${sjS=t$%,,R$ k Se$Ts
Ws $BtsjS€,kSNsAB,s B,kSBPS7 ,,t YSstIS7 ,Z{ Z,sjSyt, ,$ k S3$7stS

$EVWUDFW qY,S},BAj,8SBPS,jsR B}jsR ${S{,s{,S},B}s s $BtS$tS$RB Y,,85s]!
Bt8,t R S k}$P$,ISAKS Y,SPs$jz,,SBPS Y$tTbsjj,ISs$,{,sP S8, sjj${SR ,z{ Z,
Y,Ss}}j${sA$j$ kKSBPSj$t,s,S,jsR ${SP,s{ Z,,S8,{Yst${RSwNe3 DSstIS*T$t , ,
${RSRZ{Y SsR Sjs, ,TR{sj, Sk$,jI$t SstISR sAj,S{,s{.S .Bb Y S*,R}$ ,S Y,SR
}s.,s8, ,,R2$t{jzI$t SP,s{ Z,, SR ,s$t S{,s{, S $} SB},t$t Sst j,\I$SR}js{,8,t Sw]
bB,,SBPSP,s{ Z,,.SweG3D SstIS$t{,,8,t sjS{,s{.T $}S$t, ,SjR? Y,SI$R $t{ S}Y
A$ ZBZR S$t ,,,,js $BtRYS$}R Sstl SJZ,R $BtsAj,S * ,stRP,,sA$j$ k'S BP S Y,I
Y$tl,,, 1S Y,SI,%,jB}8,t SBPSsSZt$P$,IS Y,B,kSstIS$ RS,t $t,,,$t Ss}}i${s $
j,88s S Y$RS}s},,S{BtR ,Z{ RSsSZt$P$,IS Y ,B,, ${sjSP,s8,bB,,SPB,S,jsR B}
P,s{ Z,, S},B{,RRS9Bt,Sw3_DSsRS Y,S{B,,S},,R},{ $%,SZtl,,S Y,SR$8}j$PKk¢
Y,,8sjSRBZ,{,S,PP,{ RSstISABIKSPB,{,R SqY$RSP,s8,bB,,StB SBtjkSBPP,,R
}jsts $BtSPB,SY$R B,${sjS{BtZtl,Z8RSRZ{YSsSRS Y, Si${,S}s,sIB-SAZ SsjRI
Ys S8s$tR ,,s8S}s,s8, ,,R S$t{jZzI$t S$t{,,8,t sjS$t, ,sjR S]q!'V\* SP,s{ Z2,,S|
$t ,$tR${sjjk S, JZ$%sj,t SBS Y,SI,$%%$t SPB,{, SBtS3R ,slkS3_ " S Y,,,AkS,
s8Bt S,-$R $t S,jsR B}jsR ${sP,s{ Z,,S}s,s8, ,,R S3Z, Y,,8B,, SAKS,jZ{$Ils $t
t$P${st{,SBPS Y,S}Bb,,SAsjst{,SjsbRSPB,SsSABIkSb$ YSstS,- ,tI$t S{,s{, S
3_ SsRSstS$tl,},tl,t S Y,,8BIkts8${SRkKkR ,8S}BRR,RR$t S3sZ BtB8k”™ S},B%$
PBZtls $BtSPB,S Y,S3% ,stRP,,sA$j$ k' SBPSP,s{ Z,,S}s,s8, ,,R SqQY$RS}s},, S
s ,SBtS Y,S{BtR ,z{ $BtS},B{,RR S{B,,Ss, Z8,t R SstISs{sl,8${SR$ t$P${st{,
bB,,

.H\ZRUGV P,s{ Z,,S},B{,RRS9Bt, S,jsR ${T}jsR ${SP,s{ Z,,S8,{Yst${R SP,s{
B,k

i,{,$%,1USd(S*,{,8A,,S1(1x Ss{{,} ,IUSddS s,{YS1(1E SBtj$t,uSd S s,{YS1(1E
-1SeT8s$jUSjZjBt ,Ztoth}Z ,1Z {t
EIL(1ES &8#0%'5S+0S '%*#0+%5
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