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7 ANAOBR-28'f0 —*H Swd1(*1( 1 SddE+1(MxDS %U UE"s-1dLA LON®©- )\.DO!,” 1
ucCt U %

g 69 % )d

*E H#AT 2" 1y iR’CO"u®"=201i65 "C(6 E-W7-D0! O;E- /LDR <

6KL 6 4 ;LD ) HW DO 6WXG\ RQ DQWL H[SORVLRQ PHFKDQLFDO SURSHUW
3RLVVRQYTV UDWLR DX[HWLF VDQGZLFK KRQH\FRPE VWUXFWXUH %NGINEERING
»JO#- N1 G)F 1y COJOECp5s "E-W7-.D0' A+X -V E - :DQJ 4 =

+DQ % =KHQJ 3 < HW DO 5HVHDUFK RQ PHFKDQLFDO SURSHUWLHYV
PHWDVWUXFWXUHV IPPLIEDA-ATHEMATICSAANDA-ECHANICS
Wh— PO> G e+ 1y u) O»95%CO"a®"5 ‘AiANG&a+h7-©OW _@>a+

:DQJ : - =KDQJ : 0 *XR 0 ) HW DO '"HVLJQ DQG LPSDFW HQHUJ\ DEVRUS\

FRQFDYH VWDU WKUHH GLPHQVLRQDO QHJDWLYH 3RLVVRQYVY UDWLR VWUXFW>

» #E 9539 ,CO"0®"5 "AIANAf7>E-W7->" + >S5 —JAé - @ oD% oD% JW-

:DQJ ; 7 7KH GHVLJQ IDEULFDWLRQ DQG PHFKDQLFDO FKDUDFWHUL]DWL
DX[HWLF FHOOXODU VWUXFWXUHV >3K' 7TKHVLV@ +DUELQ +DUELQ ,QVWLWXWI|
(E)t/e 953CO"1®" O»5 "a+@E-DO! >... —}JAé - @ ~ ~ W- ;XH < ; 6WXG\

RQ WKH LPSDFW G\QDPLFV RI WKUHH GLPHQVLRQDO QHJDWLYH 3RLVVRQTV

7KHVLV@ *XDQJ]KRX *XDQJ]KRX 8QLYHUVLW\

~8Z 5F0;jaCu€E,5 ‘AIANGE —>|jD0O! >SS —-}JAé - @ oD% oD% JW- <DQJ +
BWUXFWXUH GHVLJQ DQG PHFKDQLFDO EHKDYLRU Rl SURJUDPPDEOH P

7KHVLV@ +DUELQ +DUELQ ,QVWLWXWH Rl 7THFKQRORJ\

%MtE BRU 7% CO"G®"CUEEDOF ... jao,-0 <X - - ;LH < 3HL ;
6WDWH Rl DUW Rl PHWDPDWHULDOV ZLWK QHJDWLYH 3RLVVRQYV UDWLR *OUR
%oLc H#HE ~FO 4 +;CO"0®"=0=!"=20ii8R , BEYA (6&&>a+ <X < )X 7

"\QDPLF UHVSRQVH RI D VDQGZLFK SDQHO FRUHG E\ EXWWHUIO\ VKDSHG KRC
UDWLR WR ORZ YHORFLW\ LPSDFW %XPLOSIONAANDA3HOCKA7AVES
Piq » 0Ece »CO"1 ®" O '=20i5 ‘7-Gy hf(©OW.DO! *fE—--0 =KDQJ % 4
-LDQJ 6 6WXG\ RQ HQHUJ\ DEVRUSWLRQ FKDUDFWHULVWLFV Rl URWDWL
ZLWK QHJDWLYH 3RLVVRQYYVY UDWLR #HINESEA*OURNALAOFA3OLIDA-ECHANICS
C¥$#K )»E ~_ 1y B3 x' 7068 E —Cu € EAIAN f 7 >>" +A0#{.DOF ... =8€E-0

=KDR & = :DQJ ; /L = HW DO 5HVHDUFK SURJUHVV LQ WKH G
FKDUDFWHUL]DWLRQ DQG HYDOXDWLRQ RI WDLORUDEOH WKHUPDO H[SDQVLR
#OMPOSITAEA3INICA

$LUROGL $ 1RYDN 1 6JREED ) HW DO JRDP ILOOHG HQHUJ\ DEVRUEHU
ORFDOL]JHG LPSDFWV -ATERIALSA3CIENCEAANDA®%NGINEERING A!
$OGHUVRQ $ $OGHUVRQ ./ $WWDUG ' HW DO (ODVWLF FRQVWDQWYV RI

DQWL FKLUDO KRQH\FRPEV VXEMHFW WR XQLD[LDO LQ SODQH ORDGLQJ #OMP

$OGHUVRQ ./ :HEEHU 5 6 (YDQV . ( 1RYHO YDULDWLRQV LQ WKH PLFURV!
PROHFXODU ZHLJKW SRO\HWK\OHQH 3DUW OHFKDQ KLF DI IFWREEHUWLHY 00L
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$QGUDGH & +D & 6 /DNHV 5 6 (I WUHPH FRVVHUDW HODVWLF FXEH VWU X
QHJDWLYH 3RLVVRQYV UDWLR *OURNALAOFA-ECHANICSAOFA-ATERIALSAANDAS3
%DXHU - 6FKURHU $ 6FKZDLJHU 5 HW DO $SSURDFKLQJ WKHRUHWLF
QDQRODWWLFHV .ATUREA-ATERIALS

%DXJKPDQ 5 + 6WDIVWURP 6 &XL & HW DO ODWHULDOV ZLWK QHJDWLYH
GLPHQVLRQV 3CIENCE

%HUWROGL . 5HLVY 3 0 :LOOVKDZ 6 HW DO 1HIJDWLYH 3RLVVRQYTV UDWL
LQVWDELOLW\ IDVANCEDA-ATERIALS

&KHQ & 4 $LUROGL $ &DSRUDOH $ 0 HW DO D ,PSDFW UHVSRQVH RI FRPSF
IRDP ILOOHG PHWDOOLF DQG SRO\PHULF DX[HWLF IUDPHV #OMPOSITEA3TRUC™
&KHQ & 4 +H </ ;X 5 HW DO E '\QDPLF EHKDYLRUV RI VDQGZLFK SDQHOV
DX[HWLF FRUHV VXEMHFWHG WR EODVW ORDG )NTERNATIONALA*OURNALAOFA)
&KHQ & 4 -LDQJ/ :DQJ + 5 HW DO F 4XDVL VWDWLF DQG G\QDPLF UHVSHF
DX[HWLFV ([SHULPHQWDO DQG QXPHULFDO DQDO\VLV -ATERIALSA40DAYA#OM
&KHQ < )X 0 + OHFKDQLFDO SURSHUWLHV RI D QRYHO JHUR 3RLVVRQTY)\
%NGINEERINGA-ATERIALS

&XL + +HQVOHLJK 5 <DR ' HW DO 7KUHH GLPHQVLRQDO SULQWLQJ RI SLH
DQLVRWURS\ DQG GLUHFWLRQDO UHVSRQVH .ATUREA-ATERIALS

'H -RQJ 0 &KHQ : $QJVWHQ 7 HW DO &KDUWLQJ WKH FRPSOHWH HOD
FU\WWWDOOLQH FRPSRXQGV 3CIENTIFICASATA

'"HO %URFFROR 6 /DXUHQ]L 6 6FDUSD ) $X[+H[ $ .LULIJDPL LQVSLUHG ]H
VWUXFWXUH #OMPOSITEA3TRUCTURES

'LQJ / =KDQJ ' /LQ < HW DO ,PSURYLQJ HQHUJ\ DEVRUSWLRQ RI U
PHWDPDWHULDOV WKURXJK PXOWLVWDJH SHUIRUDWLRQV -ATERIALSA40DAYA;
'RQJ < +XDQJ 1 OXOWLILHOG DQG KLJKHU RUGHU DQDO\VLV RI VDQGZLFI
JUDSKHQH RULJDPL DX[HWLF PHWDPDWHULDO -ECHANICSAOFAIDVANCEDA-ATE
'RQRJKXH - $OGHUVRQ . (YDQV . 7KH IUDFWXUH WRXJKQHVV Rl FRPSRVL
3RLVVRQYV UDWLR OHYSICAA3TATUSA3OLIDIA"

(VPDHLOL $ .DULPL 0O +HLGDUL 5DUDQL 0 HW DO $ QHZ GHVLJQ RI VWD
HQKDQFHG HQHUJ\ DEVRUSWLRQ XQGHU YDULRXV ORDGLQJ UDWHV ([SHULPH

(WHPDGL ( %DVKWDQL 0 +X + 1RYHO DX[HWLF PHWDPDWHULDOV LQVSLU|
,UDQLDQ ORVTXH ZLWK LPSURYHG HQHUJ\ DEVRUSWLRQ FDSDELOLW\ -ATERIAL
(YDQV . ( $X[HWLF SRO\PHUV $ QHZ UDQJH RI PDWHULDOV %NDEAVOUR
(YDQV . ( $OGHUVRQ $ $X[HWLF PDWHULDOV )XQFWLRQDO PDWHULDO
WKLQNLQJ !DVANCEDA-ATERIALS

)DQ - =KDQJ / :HL 6 HW DO $ UHYLHZ RI DGGLWLYH PDQXIDFWXULQJ RI
WUHQGV -ATERIALSA40DAY

YX 0 + =KHQJ % % /L : + $ QRYHO FKLUDO WKUHH GLPHQVLRQDO PDWHL
UDWLR DQG WKH HTXLYDOHQW HODVWLF SDUDPHWHUV #OMPOSITEA3TRUCTUR
YX 0 /LX) +X [ $ QRYHO FDWHJRU\ Rl ' FKLUDO PDWHULDO ZLWK QHJDWL
3CIENCEAANDA4ECHNOLOGY

YX 7 +X ; <DQJ & ,PSDFW UHVSRQVH DQDO\VLV Rl VWLIIHQHG VDQGZLFI
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PDWHULDOV GRXEO\ FXUYHG VKHOO ZLWK UH HQWUDQW KRQH\FRPE DX[HWLF

YX 7 :DQJ ; +X ; HW DO ,PSDFW G\QDPLF UHVSRQVH RI VWLIIHQHG SF
PDWHULDOV VDQGZLFK GRXEO\ FXUYHG VKHOOV ZLWK DUF W\SH DX[HWLF F
%NGINEERING

*DR < :HL ; +DQ ; HW DO 1RYHO ' DX[HWLF ODWWLFH VWUXFWXUHV GH
ULJLG PHFKDQLVP )NTERNATIONALA*OURNALAOFA3OLIDSAANDA3TRUCTURES
*LEVRQ / - $VKE\ 0 ) 6FKDMHU * HW DO 7KH PHFKDQLFV Rl WZR GLPHC
OROCEEDINGSAOFATHEA2OYALA3OCIETYAOFA,ONDON Al A-ATHEMATICALAANDAO
*IPJ[U\') 6RORY\RY 0 a4RXF - HW DO ([SHULPHQWDO UHDOL]DWLRQ RI D |

*RQJ ; +XDQJ - 6FDUSD ) HW DO =HUR 3RLVVRQYVY UDWLR FHOOXODU
PRUSKLQJ DSSOLFDWLRQV #OMPOSITEA3TRUCTURES
*UHDYHV * 1 *UHHU $ / /DNHV 5 6 HW DO RLVVRQTY UDWLR DQG PRGHL

*ULPD - 1 (YDQV . ( $X[HWLF EHKDYLRU IURP URWDWLQJ VTXDUHV *OURN

*ULPD - 1 *DWW 5 )DUUXJLD 3 6 2Q WKH SURSHUWLHV RI DX[HWLF PHWD
3TATUSA3OLIDIA"

*ULPD - 1 OL]JJL / $]]JRSDUGL . 0 HW DO $X[HWLF SHUIRUDWHG PHFKDQ
UDQGRPO\ RULHQWHG FXWV IDVANCEDA-ATERIALS

*ULPD - 1 20LYHUL / $WWDUG ' HW DO +H[DJRQDO KRQH\FRPEV ZLWK
HQKDQFHG VWLIIQHVY IDVANCEDA%NGINEERINGA-ATERIALS

*«QD\GOQ . 5HD & .D]DQFO = (QHUJ\ DEVRUSWLRQ HQKDQFHPHQW RI
KH[DJRQDO DQG UH HQWUDQW DX[HWLF ODWWLFH VWUXFWXUHV E\ XVLQJ |
-ANUFACTURING

*XR 0 ) <DQJ + 0D / D 'HVLJQ DQG DQDO\VLV RI ' GRXEOH 8 DX[HWLF KR
3TRUCTURES

*XR 0 ) <DQJ + 0D / E 'HVLJQ DQG FKDUDFWHUL]DWLRQ RI ' $X[+H]
JNTERNATIONALA*OURNALAOFA-ECHANICALA3CIENCES

*XR 0 ) <DQJ + 0D / " OLJKWZHLJKW GRXEOH DUURZ KHDG SODWH ODW\
HQKDQFHG VWLIIQHVY DQG HQHUJ\ DEVRUSWLRQ SHUIRUPDQFH #OMPOSITEA3
*XR < =KDQJ - &KHQ / HW DO F 'HIRUPDWLRQ EHKDYLRUV DQG HQHUJ\ I
F\OLQGULFDO VWUXFWXUHV XQGHU D[LDO FUXVKLQJ ORDG !EROSPACEA3CIEN
+DR - +DQ ' =KDQJ ; * HW DO 1RYHO GXDO SODWIRUP OLJKWZHLJKW P}
%NGINEERINGA3ZTRUCTURES

+H + :HL ; <DQJ % HW DO 8OWUDVWURQJ DQG PXOWLIXQFWLRQDO DHUR.
Rl FRPSRVLWH SRO\PHULF QDQRILEHUYV .ATUREA#OMMUNICATIONS

+RX < 4XDQ - 7KDL % 4 HW DO 8OWUDOLJKW ELRPDVV GHULYHG FDUERQ
DQG DFRXVWLF QRLVH PLWLJDWLRQ *OURNALAOFA-ATERIALSA#HEMISTRYA!

+X 4 /X * 7VH . 0 '"\QDPLF UHVSRQVHV Rl VKHDU WKLFNHQLQJ IOXLG
JNTERNATIONALA*OURNALAOFA)MPACTA%WNGINEERING

+XDQJ - *RQJ ; =KDQJ 4 HW DO ,Q SODQH PHFKDQLFV RI D QRYHO ]JHUR
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FRUH #OMPOSITESAOARTA" AWNGINEERING

-LDQJ ) <DQJ 6 4L & 4XDVL VWDWLF FUXVKLQJ UHVSRQVH RI D QRYHO
PHWDPDWHULDO #OMPOSITEA3TRUCTURES
-LDQJ : =KDQJ ; * +DQ ' HW DO (ISHULPHQWDO DQG QXPHULFDO DQDO

DX[HWLF VWUXFWXUH ZLWK WZR VWDJH SURJUDPPDEOH PHFKDQLFDO SURS

-LDQJ = 5RQJ - &KHQ = HW DO '"HIRUPDWLRQ PHFKDQLVPV DQG HQHUJ\ DE
SULQWHG QHJIJDWLYH 3RLVVRQTV UDWLR VDQGZLFK VWUXFWXUHV VXEMHFW
IJNTERNATIONALA*OURNALAOFAYMPACTA%NGINEERING

-LDR & <DQ * '"HVLJQ DQG HODVWLF PHFKDQLFDO UHVSRQVH RI D QRYH
VWUXFWXUH ZLWK QHJDWLYH 3RIASEBQGN UDWLR -ATERIALSA

.DVKDQL + ,WR < +DQ - HW DO ([ WUDRUGLQDU\ WHQVLOH VWUHQJWK DQ
JUDSKHQH 3CIENCEAIDVANCES HDDW

.RNNLQLV ' 6FKDIIQHU 0 6WXGDUW $ 5 OXOWLPDWHULDO PDJQHWLFDOO\ |
PDWHULDOV .ATUREA#OMMUNICATIONS

/IDNHV 5 JRDP VWUXFWXUHV ZLWK D QHJDWLYH 3RLVVRQYV UDWLR 3CIENC
/IDNHV 5 (OPV . ,QGHQWDELOLW\ Rl FRQYHQWLRQDO DQG QHJIDWLYH 3F
#OMPOSITEA-ATERIALS

/IDUVHQ 8 ' 6LJQXQG 2 %RXZVWD 6 '"HVLJQ DQG IDEULFDWLRQ RI FRPSC(
VWUXFWXUHV ZLWK QHJDWLYH 3RLVVRQYYV UDWLR *OURNALAOFA-ICROELECTR
/JHQGOHLQ $ *RX0OG 2 ( 5HSURJUDPPDEOH UHFRYHU\ DQG DFWXDWLRQ
SRO\PHUV .ATUREA2EVIEWSA-ATERIALS

/L & =KRX 4 /L + HW DO D '\QDPLF FUXVKLQJ UHVSRQVHV RI HQKDQFHG I
EDVHG RQ DGGLWLYH PDQXIDFWXULQJ 3TRUCTURES

/L) /LQ ' &KHQ = HW DO 8OWUDKLJK SLH]JRHOHFWULFLW\ LQ IHUURHO!
-ATERIALS

/L + %L . +DQ 4 HW DO D $ VWDWH RI WKH DUW UHYLHZ RQ QHJDWLYH V\
FRQWURO %NGINEERINGA3TRUCTURES

/L / +H 4 -LQJ ; HW DO 6WXG\ RQ WKUHH SRLQW EHQGLQJ EHKDYLRU R
DX[HWLF KRQH\FRPE FRUH -ATERIALSA40DAYA#OMMUNICATIONS

/L 4 ; =KL ;' )DQ) 4XDVL VWDWLF FRPSUHVVLYH EHKDYLRXU RI ' SULQW
VWUXFWXUH ([SHULPHQWDO QXPHULFDO DQG WKHRUHWLFDO VWXGLHV 6IRTL
/L : =KRQJ < =KX < HW DO E (QKDQFLQJ WKH VWUXFWXUDO VWLIIQHVV DQ
DX[HWLF KRQH\FRPEV XVLQJ IROGHG VWLIIHQHUV 4HIN 7ALLEDA3TRUCTURES

/L ; )DQ 5 )DQ = HW DO 3URJUDPPDEOH PHFKDQLFDO PHWDPDWHULDOV
VWUXFWXUHVY )NTERNATIONALA*OURNALAOFA3OLIDSAANDA3TRUCTURES

/L ; /L = *XR = HW DO E $ QRYHO KV\EULG VWDU KRQH\FRPE ZLWK LQGI
SODWHDX VWUHVVHV #OMPOSITEA3TRUCTURES

ILQ + % /LX + 7 OHFKDQLFDO SURSHUWLHY DQG EDQG JDS FKDUDFWHULVW
FRQFDYH DQJOH KRQH\FRPE -ATERIALSA40DAYA#OMMUNICATIONS

/ILQ < ; =KRQJ <) +LHQ 3/ HW DO *UDGLHQW UH HQWUDQW KRQH\FRPE Z|
RXW RI SODQH IOH[LELOLW\ WKURXJK WXQDEOH KRULJRQWDO OLJDPHQWYV 4HI
/LUD & 6FDUSD ) 7DL < + HW DO 7UDQVYHUVH VKHDU PRGXOXV RI 6,/
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#OMPOSITESA3CIENCEAANDA4ECHNOLOGY

/LX + 'HQJ + %DR - D $ GHSOR\DEOH PRGXODU VWUXFWXUH ZLWK JHUR
UHIOHFWRU DQWHQQDV DQG LWV VWUXFWXUDO SHUIRUPDQFH 3TRUCTURES
/LX . +DQ / +X : HW DO ' SULQWHG JHUR 3RLVVRQTV UDWLR PHWDPDWH L
PHFKDQLFDO DQG YLEUDWLRQ LVRODSWARESISSHNUIRUPDQFH -ATERIALSA

/LX 5 -L & ORFN - HW DO %URDGEDQG JURXQG SODQH FORDN 3CIENCE
/LX : =KX + =KRX 6 HW DO ,Q SODQH FRUUXJDWHG FRVLQH KRQH\FRPE
DSSOLFDWLRQ RQ YDULDEOH FDPEHU ZLQJ #HINESEA*OURNALAOFAIERONAUTI(
/LX = /Y 4 /L' HW DO E $ VWUDLJKW DUFK VWUDLJKW EHDP WDQGHP T
JNTERNATIONALA*OURNALAOFA-ECHANICALA3CIENCES

/X + :DQJ ; &KHQ 7 ,Q SODQH G\QDPLFV FUXVKLQJ RI D FRPELQHG DX
QHJIJDWLYH 3RLVVRQTVY UDWLR DQG HQKDQFHG HQHUJ\ DEVRUSWLRQ 4HIN 7ALL
/X + :DQJ ; &KHQ 7 'HVLJQ DQG TXDVL VWDWLF UHVSRQVHV RI D KLHUDU
VWUXFWXUH ZLWK WKUHH SODWHDX VWDJHY DQG WKUHH VWHS GHIRUPDWLRQ
/X + :DQJ ; &KHQ 7 4XDVL VWDWLF EHQGLQJ UHVSRQVH DQG HQHUJ\ DEV

EHDP ZLWK D UHLQIRUFHG DX[HWLF FRUH XQGHU WKH IL[HG ERXQGDU\ DW ER

IX < IXR 4 7RQJ / 7RSRORJ\ RSWLPL]DWLRQ IRU PHWDVWUXFWXUHV ZLWHK
WKURXJK IHDWXUHV #OMPUTERA-ETHODSAINAIPPLIEDA-ECHANICSAANDA%NGIN
/X < 0D < 'HQJ ) HW DO *UDGLHQW ZRRG GHULYHG K\GURJHO DFWXDWRL

DQLVRWURSLF VWUXFWXUH VWUDWHJ\ ZLWK UDSLG WKHUPDO UHVSRQVH KLJK
#HEMICALA%NGINEERINGA*OURNAL

/IXR + & 5HQ ; =KDQJ < HW DO OHFKDQLFDO SURSHUWLHV RI IRDP ILOC
KRQH\FRPEV XQGHU XQLD[LDO FRPSUHVVLRQ #OMPOSITEA3TRUCTURES
ODOGRYDQ 0 6RXQG DQG KHDW UHYROXWLRQV LQ SKRQRQLFV .ATURE

ODR $ =KDR 1 /LDQJ < HW DO OHFKDQLFDOO\ HIILFLHQW FHOOXODU PI
IDVANCEDA-ATERIALS

OLUDEROJKDVHPL $ $NEDU]JDGHK $ 5RGULJXH ' HW DO 7KHUPDO FRQGX]|
PHWDPDWHULDOV ICTAA-ATERIALIA

OXHOOHU - 5DQH\ - 5 6KHD . HW DO $UFKLWHFWHG ODWWLFHV ZLWK }
PXOWLFRUH+VKHOO ' SULQWLQJ IDVANCEDA-ATERIALS

OXWK - 7 'L[RQ 3 * :RLVK / HW DO $UFKLWHFWHG FHOOXODU FHUDPLFV Z
IRDP ZULWLQJ OROCEEDINGSAOFATHEA.ATIONALAICADEMYAOFA3CIENCES

1D + .DQJ < : 3DUN & 6 HW DO +\GURJHO EDVHG VWURQJ DQG IDVW D
WXUJRU SUHVVXUH 3CIENCE

1L ; :RQJ = - OUHMHQ 0 HW DO $Q XOWUDWKLQ LQYLVLELOLW\ VNLQ FOF
1LFRODRX = * ORWWHU $ ( OHFKDQLFDO PHWDPDWHULDOV ZLWK QHJDW
. ATUREA-ATERIALS

1LX + /X - 4LQ 5 HW DO $ VHOl ORFNHG FKLUDO KRQH\FRPE ,Q SODQH FF
DEVRUSWLRQ %UROPEANA*OURNALAOFA-ECHANICS ! 30LIDS

2X\DQJ 6 % =KRQJ <) +LHQ 3/ HW DO '"HVLJQLQJ UH HQWUDQW QHVWHC

HQHUJ\ DEVRUELQJ DQG ORDG EHDULQJ FDSDELOLWLHY %NGINEERINGA3TRUC
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2YHUYHOGH - 7 % %HUWROGL . 5HODWLQJ SRUH VKDSH WR WKH QRQ OLQ
VWUXFWXUHYV *OURNALAOFATHEA-ECHANICSAANDAOHYSICSAOFA3OLIDS

3DQ ' 7DQ 6 =KDQJ = HW DO 7KH PHWDVWUXFWXUHV DFWXDWHG E\ UR\
VWLIIQHVV QHJIJDWLYH VWLIIQHVV DQG ELVWDELOLW\ 4HIN 7ALLEDA3TRUCTUF
3HQGU\ - % B6FKXULJ' 6PLWK '5 &RQWUROOLQJ HOHFWURPDJQHWLF ILHO
3UDOO ' /DNHV 5 6 BURSHUWLHY RI D FKLUDO KRQH\FRPE ZLWK D 3RLV
*OURNALAOFA-ECHANICALA3CIENCES

4X < & 7HQJ ; & =KDQJ < HW DO $ QRYHO ' FRPSRVLWH DX[HWLF VDC
DEVRUSWLRQ LPSURYHPHQW %NGINEERINGA3STRUCTURES

5DIVDQMDQL $ 3DVLQL ' %LVWDEOH DX[HWLF PHFKDQLFDO PHWDPDWHUL
PRWLIV %XTREMEA-ECHANICSA ETTERS

5DYLUDOD 1 $0OGHUVRQ $ $OGHUVRQ . / ,QWHUORFNLQJ KH[DJRQV PRGHO
-ATERIALSA3CIENCE

5LWFKLH 5 2 7KH FRQIOLFWY EHWZHHQ VWUHQJWK DQG WRXJKQHVV .ATUF
6DGLNEDVKD 6 3DQGXUDQJDQ 9 +LJK YHORFLW\ LPSDFW UHVSRQVH RI V
WHWUDFKLUDO FRUHV $QDO\WLFDO PRGHO ILQLWH HOHPHQW VLPXODWLRQV

6DKDULDK % - %DLVK\D 0 - 1DPGHR $ HW DO $ QRYHO VWUDWHJI\ WR GH\
3RLVVRQYVY UDWLR %NGINEERINGA3TRUCTURES

6FKDHGOHU 7 $ -DFREVHQ $ - 7RUUHQWV $ HW DO 8OWUDOLJKW PHWDO
6FKHQN 0 *XHVW 6 ' *HRPHWU\ RI OLXUD IROGHG PHWDPDWHULDOV OROC
OFA3CIENCES

6FKXULJ ' ORFN - - -XVWLFH % - HW DO OHWDPDWHULDO HOHFWURF
IUHTXHQFLHV 3CIENCE

6FKZDUW] - %R\GVWRQ $ OXOWLPDWHULDO DFWLQLF VSDWLDO FRQWL
#OMMUNICATIONS

6KHOE\ 5 $ 6PLWK ' 5 B6FKXOW] 6 ([SHULPHQWDO YHULILFDWLRQ RI D (
3CIENCE

6LIJPXQG 2 7RUTXDWR 6 $NVD\ , $ 2Q WKH GHVLJQ RI SLH]RFRPS
RSWLPL]DWLRQ *OURNALAOFA-ATERIALSA2ESEARCH

6NODQ 6 5 /L % 7KHUPDO PHWDPDWHULDOV )XQFWLRQV DQG SURVSHFW\
6PLWK & : *ULPD - 1 (YDQV . ( $ QRYHO PHFKDQLVP IRU JHQHUDWLQJ
UHWLFXODWHG IRDPV OLVVLQJ ULE IRDP PRGHO ICTAA-ATERIALIA

6RQJ = *XR ' /LX < HW DO '"HVLJQ RI NLULJDPL PHWDPDWHULDOV ZLWK
XQGHU ODUJH VWUHWFKLQJ 4HIN 7ALLEDA3TRUCTURES

6\GQH\ *ODGPDQ $ ODWVXPRWR ( $ 1X]]JIR 5 * HW DO %LRPLPHWLF ' SUL
7DQ ; &KX . &KHQ = HW DO 5HFHQW DGYDQFHV LQ VHOI KHDOLQJ K\G
ZHDUDEOH HOHFWURQLF GHYLFHV .ANOA2ESEARCHA%NERGY H

7DQJ < ; =KRQJ <) =KX </ HW DO (QHUJ\ DEVRUSWLRQ FKDUDFWHULVWI

HOOLSWLF DUF UH HQWUDQW KRQH\FRPE VWUXFWXUHV %NGINEERINGA3TRUCT
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7KHRFDULV 3 6WDYURXODNLV * 3DQDJLRWRSRXORV 3 1HIJDWLYH 3RLVVR
VKDSHG LQFOXVLRQV $ QXPHULFDO KRPRJHQL]DWLRQ DSSURDFK I!RCHIVEAOF
7RRPEV - 7 /XLW] 0 &RRN & & HW DO 9ROXPHWULF DGGLWLYH PDQXID
PLFURVFDOH FRPSXWHG D[LDO OLWKRJUDSK\ 3CIENCE

9LUN . ORQWL $ 7UHKDUG 7 HW DO 6,/,&20% 3((. .LULIJDPL FHOOXODU
UHVSRQVH DQG HQHUJ\ GLVVLSDWLRQ WKURXJK JHUR DQG QHJDWLYH VWLIIQ

'DQJ + /X = <DQJ = HW DO $ QRYHO UH HQWUDQW DX[HWLF KRQH\FRPE Z
UHVLVWDQFH #OMPOSITEA3TRUCTURES

'DQJ - /XR ; :DQJ. HW DO 2Q LPSDFW EHKDYLRUV Rl ' FRQFDYH VWUXFW)>
UDWLR #OMPOSITEA3TRUCTURES

'DQJ 1 /LX : 7DQJ $ HW DO 6WUDLQ LVRODWLRQ $ VLPSOH PHFKDQL
GHWHFWLQJ VWUXFWXUHV RI JHUR 3RLVVRQTV UDWLR OHYSICAA3TATUSA3OLIL
'DQJ 4 7LDQ ; +XDQJ / HW DO D 3URJUDPPDEOH PRUSKLQJ FRPSRVLWHYV
ILEHUV E\ ' SULQWLQASESTERIALSA

'DQJ 6 /LX + 7 (QHUJ\ DEVRUSWLRQ SHUIRUPDQFH RI WKH DX[HWLF D!

WKLFNQHVY DQG DUF DQJOH JUDGLHQW EDVHG RQ DGGLWLYH PDQXIDFWXULQ

:DQJ 6 /LX + 7 4XDVL VWDWLF FRPSUHVVLRQ UHVSRQVH RI D QRYHO PXO'
WXQDEOH WUDQVLWLRQ VWUDLQ 'EROSPACEA3CIENCEAANDA4ECHNOLOGY
'DQJ 6 /LX + 7 &DL * % D 3URJUDPPDEOH PHFKDQLFDO UHVSRQVHV RI
KRQH\FRPE EDVHG RQ GLJLWDO GHVLJQ PHWKRG 4HIN 7ALLEDA3TRUCTURES
:DQJ : - <DQJ + =KDQJ : 0 HW DO ([SHULPHQWDO VWXG\ RQ WKH LPS
HQKDQFHG PHFKDQLFDO PHWDPDWHULDOV )NTERNATIONALA*OURNALAOFA-ECH!
:DQJ : - =KDQJ : 0 *XR 0 ) HW DO (QHUJ\ DEVRUSWLRQ FKDUDFWHULVWLI
KRQH\FRPE XQGHU ORZ YHORFLW\ LPSDFW ORDGLQJ 4HIN 7ALLEDA3TRUCTURE
:DQJ : - =KDQJ : 0 *XR 0 ) HW DO E ,PSDFW UHVLVWDQFH RI DVVHPEOF
VWUXFWXUHV #OMPOSITEA3TRUCTURES

:DQJ ; 7 :DQJ % :HQ =+ HW DO E )DEULFDWLRQ DQG PHFKDQLFDO SURSI
WKUHH GLPHQVLRQDO GRXEOH DUURZ KHDG DX[HWLF VWUXFWXUHV #OMPOSIT
:DQJ < & /DNHV 5 &RPSRVLWHYV ZLWK LQFOXVLRQV RI QHIJDWLYH EXON P/
QHJDWLYH 3RLVVRQYVY UDWLR *OURNALAOFA#OMPOSITEA-ATERIALS

HL 7 /X ) =KDQJ & HW DO (QHUJ\ DEVRUSWLRQ RI ' DVVHPEOHG DX]!
FRPSUHVVLRQ WZLVWLQJ HIIHFW 3TRUCTURES

:RMFLHFKRZVNL . : 7ZR GLPHQVLRQDO LVRWURSLF VI\VWHP ZLWK D QHJDW
!

X /| =KDR ) /X = HW DO ,PSDFW HQHUJ\ DEVRUSWLRQ FRPSRVLWHV ZL
QHJDWLYH 3RLVVRQYTYV UDWLR VNHOHWRQ E\ NLULJDPL PHWKRG #OMPOSITEA3
X : +X : 4LDQ * HW DO OHFKDQLFDO GHVLJQ DQG PXOWLIXQFWLRQI
PHFKDQLFDO PHWDPDWHULDO¥A$HEHSHENHZ -ATERIALSA

X ; B6X < B6KL - ,Q SODQH LPSDFW UHVLVWDQFH HQKDQFHPHQW ZLWK D JI
DX[HWLF PHWDPDWHULDOV #OMPOSITEA3TRUCTURES

:X ; =KDQJ 6 'LQJ / HW DO %L PDWHULDO PXOWLVWDEOH DX[HWLF KR
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HQKDQFHG HQHUJ\ DEVRUELQJ SKDVHV XQGHU LQ SODQH FUXVKLQJ 4HIN 7ALL

;LD ; $IVKDU $ <DQJ + HW DO (OHFWURFKHPLFDOO\ UHFRQILJXUDEOH DL
;X & B6WLXELDQX * 7 *RURGHWVN\ $ $ $GDSWLYH LQIUDUHG UHIOHF
FHSKDORSRGV 3CIENCE

X+ /LX + 7 /L *) ,Q SODQH FKDUDFWHULVWLFV RI D PXOWL DUF UH HQ'

HQKDQFHG QHJDWLYH 3RLVVRQYV UDWLR HIIHFW DQG HQHUJ\ DEVRUSWLRQ ¢

;X 0 ;X = =KDQJ = HW DO OHFKDQLFDO SURSHUWLHY DQG HQHUJ\ DEVF
VWUXFWXUH XQGHU LQ SODQH FRPSUHVVLRQ 7KHRUHWLFDO DQG H[SHULPH
-ECHANICALA3CIENCES

<bQ < ;X 6 :DQJ ; HW DO $ SKRWRWKHUPDO UHVSRQVLYH DQG JOXFF
K\GURJHO IHDWXULQJ WXQDEOH PHFKDQLFDO SURSHUWLHV #OLLOIDSAANDAZS3!

ISPECTS
<bQJ + 'T$PEURVLR 1 /LX 3 HW DO 6KDSH PHPRU\ PHFKDQLFDO PHWDPDV

<DQJ + 0D / ,PSDFW UHVLVWDQFH RI DGGLWLYHO\ PDQXIDFWXUHG ' GRXI
7ALLEDA3STRUCTURES

<DQJ + <DQJ / =KHQJ ; HW DO +LJK SHUIRUPDQFH ' DX[HWLF PHWDPDW
DX[HWLF PHFKDQLVPY )NTERNATIONALA*OURNALAOFA-ECHANICALA3CIENCES
<DQJ 6 &KDOLYHQGUD 9 % .LP < . JUDFWXUH DQG LPSDFW FKDUDFW&
.HYODUn (SR[\ ODPLQDWHG FRPSRVLWHV #OMPOSITEA3TRUCTURES

<HR 6 - 2K 0 - <RR 3 - BWUXFWXUDOO\ FRQWUROOHG FHOOXODU DUFKLW
OLJKWZHLJKW PDWHULDOV !DVANCEDA-ATERIALS

<X 3 =KDQJ 3 -L 4 HW DO $ PXOWL VWHS DX[HWLF PHWDPDWHULDO
JNTERNATIONALA*OURNALAOFA3OLIDSAANDA3TRUCTURES

<X 5 /XR : <XDQ + HW DO ([SHULPHQWDO DQG QXPHULFDO UHVHDUFK RQ
VWUXFWXUH ZLWK QHJDWLYH 3RLVVRQYTV UDWLR 4HIN 7ALLEDA3TRUCTURES
<X ; &KHQ + /LQ + HW DO &RQWLQXRXVO\ WXQLQJ HIIHFWLYH UHIUDF!
FRQWUROODEOH PDJQHWLF PHWDPDWHULDOV /PTICSA,ETTERS

<X ; =KRX - /LDQJ + HW DO OHFKDQLFDO PHWDPDWHULDOV DVVRFLDW
FRPSUHVVLELOLW\ $ EULHI UHYLHZ OROGRESSAINA-ATERIALSA3CIENCE

<XDQ & O0X ; 'XQQ & . HW DO 7KHUPRPHFKDQLFDOO\ WULJJHUHG WZR VW
ODWWLFHYV IRU DGDSWLYH VWUXFWXUHV IDVANCEDA&UNCTIONALA-ATERIALS
<XH / /LX + &KHQJ = HW DO "\QDPLF FUXVKLQJ EHKDYLRU RI D QRYHO E
VWUXFWXUH XQGHU D[LDO DQG REOLTXH LPSDFW ORDGLQJV 4HIN 7ALLEDA3TR
=H 4 .XDQJ ; :X 6 HW DO ODJQHWLF VKDSH PHPRU\ SRO\PHUV ZLWK LC
VKDSH PDQLSXODWLRQ !DVANCEDA-ATERIALS

=KDQJ % =KDQJ : =KDQJ = HW DO D 6HOI KHDOLQJ IRXU GLPHQVLRQDO
FXUDEOH GRXEOH QHWZRUN VKDSH PHPRU\ SRO\PHOAYNVERFACHESAIPPLIED A-/

=KDQJ & /X ) OR : HW DO D '\QDPLF UHVSRQVHVY DQG HQHUJ\ DEVRUSWLR(
VKDSHG DX[HWLF VWUXFWXUH XQGHU LPSDFW ORDGLQJ 3TRUCTURES
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=KDQJ ' /LP ; - * /L ; HW DO D '3ULQWHG SRURXV WKHUPRHOHFWULFV 1
I#3A%NERGYA ,ETTERS

=KDQJ + &KHQ 3 /LQ * HW DO E $ FRUUXJDWHG JUDGLHQW PHFKDQLFD
WXQDEOH DX[HWLFLW\ DQG HQKDQFHG VSHFLILF HQHUJ\ DEVRUSWLRQ 4HIN 7/
=KDQJ 4 6XQ < (QHUJ\ DEVRUSWLRQ FKDUDFWHULVWLF Rl DX[HWLF PHWDI
ZLWK QHIJDWLYH WKHUPDO H[SDQVLRQ 4HIN 7ALLEDA3TRUCTURES

=KDQJ : &KHQ - /L ; HW DO /ILTXLG PHWDO SRO\PHU PLFURODWWLFH PH
WRXJKQHVYVY DQG GDPDJH UHFRYHUDELOLW\ 3MALL

=KDQJ : :DQJ + /RX : HW DO 2Q LQ SODQH FUXVKLQJ EHKDYLRU RI D FR
DUURZ KRQH\FRPE 4HIN 7ALLEDA3TRUCTURES

=KDQJ ; 9\DWVNLNK $ *DR + HW DO E /LJKWZHLJKW I10DZ WROHUDQW D
FDUERQ OROCEEDINGSAOFATHEA.ATIONALAICADEMYAOFA3CIENCES

=KDQJ < 5HQ ; -LDQJ : HW DO F ,Q SODQH FRPSUHVVLYH SURSHUWLHYV
KRQH\FRPE FRPSRVHG RI VORWWH®G AZESHGNODWH -ATERIALSA

=KDQJ = *X < : :X +$ HW DO E ,QYHVWLJDWLRQ RQ WKH HQHUJI\ DEVRUS
JUDGHG DX[HWLF UH HQWUDQW KRQH\FRPEV #OMPOSITEA3TRUCTURES

=KDQJ = /HL < 3 :DQJ + F 'HIRUPDWLRQ DQG HQHUJ\ DEVRUSWLRQ FKDUTL

PHWDPDWHULDOV IHDWXULQJ SHDQXW VKDSHG SHUIRUDWLRQV XQGHU LQ SOI
30LIDSAANDA3TRUCTURES

=KHQJ ; /HH + :HLVJUDEHU 7 + HW DO 8OWUDOLJKW XOWUDVWLII PHFKD
=KRX & =KDQJ ) =KDQJ ; HW DO +LHUDUFKLFDO QHJDWLYH VWLIIQHVV V)
DQG HQHUJ\ DEVRUSWLRQ FDSDELOLW\ -ATERIALSA40DAYA#OMMUNICATIONS
=KRX - :DQJ < /XR + HW DO (QHUJ\ DEVRUSWLRQ RI DX[HWLF KRQH\FRPE
EDVHG RQ %H]LHU FXUYH !EROSPACEA3CIENCEAANDA4ECHNOLOGY

=KRX < &KHQ & =KX 6 HW DO $ SULQWHG UHF\FODEOH XOWUD VWU
VWUXFWXUDO PDWHULDO -ATERIALSA40DAY

=KX < )X < 5XL ; HW DO 2Q WKH GHVLJQ DQG FUDVKZRUWKLQHVYV RI D QI
DEVRUSWLRQ V\VWHP )NTERNATIONALA*OURNALAOFA30LIDSAANDA3TRUCTURE
=RXDRXL 0 6DLIRXQL 2 *DUGDQ - HW DO ,PSURYHPHQW RI IUDFWXUH

SDWWHUQV IDEULFDWHG E\ PHWDOOLF H[WUXVLRQ LQ ' SULQWLQJ OROCEDIA,

(CS +5F : ~ fLn)
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'HVLIJQ VWUDWHJILHY IRU QRQ SRVLWLYH 3RLVVR(
PHWDPDWHULDOV DQG WKHLU FXVKLRQLQ
HQHUJ\ DEVRUSWLRQ FKDUDFWHULVWLF

GVWpSG,$ $t ¢ OVWpS<st! <VWpSG,$8%t 9 VSN$?~

iS],t ,,SPB,S]B8}BRS$ ,S s ,,$sjR S<s,A$tSytR $ Z ,SBPSq,{YtBjB k S<s,/
'S*,}s, 8,t SBPS ,{Yst${sjSet $t,,,$t SWs $BtsjS=t$%,,R$ KSBPS7$t
+Z,,tR BbtSddexex S7$t s}B,,

$SEVWUDFW WBtT}BRS$ $%,S_B$RRBtfRS,s $BS8,{Yst${sjS8, s8s ,,$sjRSs,,S
sjS8s ,,$sjRS Ys S,-Y$A$ St, s $%,SB,S9,,BS _B$RRBtfRS,s $BS,PP,{ Ss S Y
Z,s $BtSI,R$ t SqY,$,SI$R $t{ $%,S{s}sA$j$ $,RS$tS{Bt ,Bjj$t S ,stR%,,R,SI
R$Btsj SR sA$j$ k Sstl S,tYst{$t S,t,, Kk SSARB,} $Bt S{BtP,, SR$ t$P${st S}t
s,,BR}s{, S8s,%t,S,t $t,,,$t S ,stR}B, s $Bt Sb,s,sAj,S}.B .{ $%,S,JZ$}8,t S:
{,t Sk,s,R S{Bt $tZBZR Ssl%st{,8,t RS$tS8%${,BR ,Z{ Z,sjSI,R$ t Ssl%st{,1 S8
t$JZ,R SstiS8Zj $T8s ,,$sjS$t , ,s $BtS8, YBIRSYs%,SI,$%,tSR$ t$P${st S},B
.S $BS8,{Yst${sjS8, s8s ,,$sjR S}s, ${Zjs,jkS$tS{BtPS$ Z,s $BtSI$%,,R$ k S8,
stIS8zj $PZt{ $BtsjS$t , ,s $Bt SpZ$I,ISAKS Y,SIB8$tst S8,{YSt$R8RS Ys Ss{
s $Bt S Y$R S}s},,SRkR ,8s ${sjjkSRZ,%,kRS Y,S k}${sjSI,R$ tSR ,s, $,R Sk
8,{Yst${sj S8, s8s ,,$sjR S3B, St, s $%, S_B$SRRBtJR S,s $B Ss,{Y$ .{ Z..R S
s,BzZtls,, T,t ,st S ,B8, ,$,R S,B s $t SRkR ,8RSw,B s $t S,$ $ITABIk\ ,ZRRSs
Z,s $BtRD S,$,$ s8$\B,$ s8$SR{Y,8,R S,jsR ${S$tR sAS$j$ kT$t1Z{,1S8,{Yst$
,,BS B$RRBtJRS,s $BSs,{Y$ ,{ Zz,,RSs,,S{s , B,$9,IS$t BS ,B8, ,${S}s,sl$ 8
sjj,jB ,s8Tj$,, SR,8%$T,,T,t ,st S}BRS$ $%,\t, s $%,S_BSRRBtIRS,s $BSZt$ S{
{B8}BR$ ,R S3B{ZR$t SBtS},,PB,8st{,S,,JZ%$,,8,t RS$tS{ZRY$Bt$t SstIS,t,, k
R,s, $,RS$t{jz1,S8Zj $T}js ,sZS,,R}BtR,SI,R$ tR S ,sI,ISR ,Z{ Z,sjSs,{Y$ ,{
j$t SstlS Y,ss$t{B,}B,s $BtSBPSR8s, S8s ,,$sjR SV S Y,Sj,%,jSBPSR ,zZ{ Z,
bskRSRZ{YSsRS8BIZjs,SsRR,8Ajk SRstIb${YSR ,Z{ Z.,, SstIS$t ,$tR${sjjksS

s,,S,,%%$,b,l S3%tsjjk SAKSRkt Y,R$9%t S,.{,t S,,R,s,{YS},B ,,RRSBtStBtT}BR
${sjS8, s8s ,,$sjRS$tS ,,8RSBPSI,R$ tSstISPsA,${s $Bt S},,PB,8st{,S,, Zjs !
Y,s{z,,,t s{B,,S ,{Yt${sjSAB j,t,{,RSs,,S$I,t $P$,I S Y,S,,kS1$,,{ $BtRSPB,
stISPZ Z,,S1,%,jB}8,t S}s YbskRSPB,S8Zj $R{sj,S8stzZPs{ Z,$t S8Zj $P$,jl S
ot $t,,,%t Ss}}j${s $BtRSs,,S},B}BR,I

.H\ZRUGV 8,{Yst${sjS8, s8s ,,$sjR StBtT}BRS$ $%,S _B$SRRBtIRS,s $B S8%${,F
$t SstlS,t,, kSsARB,} $Bt S8Zj $T8s ,,$sjS$t , ,s $Bt

i,{,$%,1USd SVZ ZR S1(1x Ss{{.,} ,IUS1InS!{ BA,,S1(1x SBtj$t,US1xS!{ BA,,S1(1x
~1SeT8s$jUS8sj$o0YS$ ,1Z {t
EIL1(1xS &8#0%'5S+0S "% *#0+%5
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